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P R E F A C E

Radiant floor heating systems have been around since the days of
the ancient Romans. People throughout the ages have recognized

the comfort associated with radiant floor heating systems. Even with
their long and successful history, radiant floor systems have only re-
cently begun to gain major attention in modern construction. Even to-
day, there is some market resistance to what is an excellent heating
system for a multitude of purposes. Understanding the features and
benefits of radiant floor heating is the first step in learning to appre-
ciate this quality form of heating.

Old-school heating contractors can be stubborn when it comes to
touting the advantages of little plastic tubes installed under a ply-
wood subfloor. It’s common for tradespeople to assume that radiant
floor heating systems must be installed in concrete to achieve suitable
heat delivery. This is because “in the old days this is the way it was al-
ways done.” Not so today. It’s very common to find radiant floor sys-
tems installed without the use of any concrete. Heat tubing can be sta-
pled to the bottom of subflooring, it can be installed on top of
subflooring, and it can be installed in thin-slab applications. And, of
course, conventional slab installations are still quite popular. The fact
is, almost any job is a potential job for radiant floor heating.

Did you know that radiant floor heating systems can be combined
with hot-water baseboard heating systems? Is it possible for one
boiler to serve both types of heating systems? Certainly. Minor mod-
ifications allow the temperature of supply fluids to be controlled for
both types of systems. Radiant floor heating can be used in additions,
remodeling, and new construction. Both commercial and residential
buildings can be heated with radiant heat tubing in floors. And, spe-
cial heating needs such as snow and ice melting systems can be com-
bined with the general heating system. 

Radiant floor heating systems require only a low temperature fluid
to do their job. This translates into lower operating costs. The PEX
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tubing used to create most radiant floor systems is very inexpensive
when compared to copper tubing. Since radiant floor heating rises
from a floor, it actually heats more space than perimeter heat emitters
do. There is little dust movement with a radiant floor heating system.
Radiant heating systems deliver a clean, comfortable, even heat in all
applications.

The past few years have seen surges in the use of radiant floor heat-
ing. This trend is likely to not only continue, but to expand. The sys-
tems available today offer a wide range of opportunities for contrac-
tors and installers. Radiant floor systems can be tailored to meet any
number of heating needs. However, installers and contractors must
be aware of the wide array of options open to them. This is where the
concept for this book originated. Here you will find the guidance
needed to launch your career or heating business into the future with
the power of radiant heating systems at your disposal.

Did you know that gypsum-based material can be used to create a
thin-slab, wet-system radiant floor heating system? Well, it can.
Lightweight concrete is another option for thin-slab systems, but no
slab is required. Modern radiant floor heating systems can be in-
stalled in direct contact with plywood subfloors. This makes the cost
of an installation less and the weight that can be a problem with a slab
system is not a consideration. Heat transfer plates boost the effective-
ness of dry systems. Modern materials and methods, which are dis-
cussed in detail in the following chapters, allow for all sorts of cre-
ative heating systems.

Why do you need this book? You may think that you don’t need it,
but you won’t know what you’re missing by not having it. Can you
afford to move into the next decade without having a full grasp on ra-
diant floor heating systems? Progress demands innovation and im-
provement, which is exactly what modern radiant floor heating sys-
tems deliver. Consider this book your survival guide in the
ever-changing world of heating systems. With it, you have plenty of
opportunity to grow and prosper. Look over the table of contents.
Thumb through the pages. Look at the numerous illustrations. Scan
the reader-friendly text. It will only take a few moments for you to see
that this single book may be the most valuable tool in your arsenal of
money-making tools. You are holding the power of the future in your
fingertips. Don’t let it get away from you.

xvi PREFACE
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R adiant floor heating systems have been around for quite some time.
If you want to go back to the origins of heating buildings by hav-

ing heated floors, you can trace the process all the way back to the
Roman Empire. The Romans heated their floors by directing exhaust
gases from wood fires to open space under raised floors. Today’s ra-
diant floor systems depend on hot water rather than exhaust gases, to
heat floors. For many years, the concept of heating homes and build-
ings by putting heat in the floors of the structures was largely ignored.
This fact is changing. With modern technology, the cost of installing
radiant floor heat is lower. Additionally, the problems that were often
associated with threaded pipe connections and steel pipe, as well as
the pin-hole leaks sometimes experienced with copper tubing, have
been greatly reduced with the introduction of PEX tubing. 

The benefits of radiant floor heat are numerous (Figures 1.1 to 1.6).
Such systems give unsurpassed thermal comfort, produce no noise,
can operate with low-temperature water, and often use less energy
than other options. Another advantage of radiant floor heating is the
fact that the heating pipes are out of sight, out of mind, and don’t in-
terfere with furniture placement. Dust can be a problem with fin-tube
baseboard heat, and it can be a big problem with some fan-assisted
heating units. This is not a problem with radiant floor heating. Strat-

1
C H A P T E R

Why Aren’t More Contractors
Using In-Floor Heating Systems?

1



ification is another problem that may occur with baseboard heating
systems, but it is not a problem with radiant floor heating. The key to
having an enjoyable experience with radiant floor heating systems is
to have the system designed and installed properly.

Radiant floor heating is not new, but the methods and materials
used to install the systems are new. When this type of heating system
first gained acceptance in the U.S., it was most often installed in con-
crete slabs. Concrete is a good place to embed radiant heat pipes. The

2 CHAPTER 1

Ideal heating curve. (Courtesy of Wirsbo)



concrete gathers the heat and stores it. As the desire for in-floor heat-
ing increased, so did new installation methods. The three types of in-
stallations used today are: slab-on-grade systems, thin-slab systems,
and dry systems. For a long time, slab-on-grade systems were the
most often used type of radiant floor heating. This is still a popular
type of heating installation, but other ways are growing in popularity,
as people want more of the advantages possible with radiant floor
heating.

WHY AREN’T MORE CONTRACTORS USING IN-FLOOR HEATING SYSTEMS? 3

Forced air heating curve. (Courtesy of Wirsbo)



Putting Heat in a Concrete Slab
Putting heat in a concrete slab is not a huge undertaking. When pay-
ing to have a concrete slab installed, it makes a lot of sense to consider
putting radiant heat in the concrete. Since there will be a slab regard-
less of whether there is heat or not, the only real cost of adding the heat
is some inexpensive PEX tubing and some installation labor costs. This,
of course, is assuming that some form of hot-water heat will be used for
the remainder of the heating system. If the slab will hold the entire liv-
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Convection heating curve. (Courtesy of Wirsbo)
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ing space of a home, the situation is even better. This means that there
will be no need for any other type of above-floor heating units.

A very important part of installing radiant heat in a concrete slab is
the protection of the tubing used to transport hot water through the
concrete. It is normal to install PEX tubing on the reinforcement wire
that is generally placed in the slab area prior to pouring concrete. The
tubing is looped throughout the slab area and can be attached to re-
inforcing wire with wire ties that are specifically designed for this pur-
pose (Figure 1.9). Another method that many contractors prefer is to

Radiator heating curve. (Courtesy of Wirsbo)



use special clips to support the PEX tubing. The clips are available as
individual clips or as bars that are notched to accept the tubing. Re-
gardless of your preference for securing the tubing, refer to the in-
structions provided by the tubing manufacturer. Failure to secure the
pipe in compliance with manufacturer’s recommendations can result
in a voided warranty.

The spacing between loops of radiant piping can vary a great deal.
Loops that are placed close together will boost heat output. Loops
may be placed as far as 2 feet apart in some jobs and much closer in
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Radiant floor heating curve. (Courtesy of Wirsbo)



other jobs. Most installers attempt to keep the loops about 1 foot apart.
This makes bending PEX tubing much easier, without as much fear of
kinking the tubing. The distance between loops is determined when
a heat load is computed and a system is designed. 

Just as the distance between loops varies so does the depth at which
radiant tubing is installed. It’s generally considered best to position
tubing so that it is concealed approximately midway in a slab. How-
ever, tubing is often set lower in concrete. This can be due to many
factors, such as reinforcing wire sinking during the pouring of con-

WHY AREN’T MORE CONTRACTORS USING IN-FLOOR HEATING SYSTEMS? 7

Radiant ceiling heating curve. (Courtesy of Wirsbo)



crete. When tubing is placed deep within a concrete slab the heating
efficiency is reduced. This means that hotter water is needed to pro-
duce the same amount of heat that cooler water would produce if the
tubing was closer to the surface of the slab. If a system has been shut
down for awhile, it will take longer for tubing that is deep within a
slab to warm the surface of the concrete (Figure 1.10).

8 CHAPTER 1

Radiant ceiling heating curve. (Courtesy of Wirsbo)

Radiant heating system on a suspended wood floor. (Courtesy of
Wirsbo)
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In order to maximize heating effi-
ciency, rigid foam insulation should be
installed between the earth under the
slab and the tubing installed for heat-
ing. Older homes where radiant floor
heating was installed often did not
have the benefit of such insulation. As
a result, the heating systems were
forced to work much harder to main-
tain a comfortable heating tempera-
ture. Without the insulation, much of
the heat produced by the tubing is lost
to the earth. In time, the ground
reaches a level temperature that allows
the tubing to heat the slab fairly well,
but this lost heat can be greatly reduced when insulation is installed
below the tubing. A foam insulation board with a thickness of just 1
inch will make a huge difference in how well a radiant floor heating
system performs.

Site Preparation
Before heating tubing is installed in anticipation of concrete being
poured, there are some required site preparations. It is common for
plumbing and electrical work to be installed in a way to be covered

Attachment method for heat tubing when
wire ties are used. (Courtesy of Wirsbo)

Tubing installed within a slab. (Courtesy of Wirsbo)



with concrete. When this is the case, make sure that all of the plumb-
ing and electrical work is completed before installing heating tubing.
The earth in the slab area should be fully prepared for concrete prior
to heating tubing installation. Before tubing is placed for heating, all
aspects of the slab preparation should be complete. Check to make
sure that foam insulation is in place, that reinforcing wire is installed,
and that there are no rocks or dirt clumps laying on top of the insula-
tion board. Sweep the insulation, if necessary, to provide a clean sur-
face for your tubing. Rocks or other sharp objects could cut or crimp
tubing when concrete is poured. 

Manifold Risers
Manifold risers are the sections of tubing that are turned up to be ex-
posed above a slab when concrete is poured. These are the feed and re-
turn pipes for the heating system. Assuming that you are working with
a detailed heating design, and you should be, the locations for mani-
fold risers will be shown on the layout drawing (Figure 1.11). Precise
placement of the manifold risers is usually critical. These pipes are typ-
ically designed to turn up in wall cavities. Since installers are working

10 CHAPTER 1

Heating design. (Courtesy of Wirsbo)
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prior to full construction, the walls that the
risers are to turn up in are not yet in place.
This requires the installer to read plans
perfectly and to create mock walls. The
mock wall locations can be created with
string and stakes. Some installers use what
are called block guides. These guides are
usually the same width as the walls to be
installed. Not everyone likes the idea of
using wood below grade due to the po-
tential risk of termite infestation. For this
reason, many installers pull strings to in-
dicate wall locations and then stake the ris-
ers with non-wood stakes.

Plastic bend supports are used to turn
risers up through the concrete. The sup-
ports act as sleeves to protect tubing that
is to penetrate concrete. Another purpose
of the supports is to guide the tubing
through a tight bend to an upright position without kinking the tub-
ing. If stakes are used to hold risers in place, the supports are gener-
ally attached to the stakes with several wraps of duct tape. It is
essential that the risers not move during the pouring and finishing of
the concrete. If the tubing is moved accidently, it may wind up stick-
ing up through the finished floor in a place that is not acceptable. This
could result in the use of a jackhammer and a good deal of money lost
to correct the problem. To avoid this, make sure that all risers are se-
cured in a way that is sure to produce desired results.

Follow the Design
When you begin to lay tubing in a groundworks (Figure 1.12) (the pre-
pour slab area) you should always follow the heating diagram pro-
vided by your design engineer. After finding locations for manifold
risers, it’s time to run the tubing system in the groundworks. All tub-
ing should be installed without joints or couplings. When it is ab-
solutely necessary to install a joint below a slab there are approved
fittings for the job, but they should only be used in extreme circum-
stances. Use full lengths of tubing whenever you can. When joints
don’t exist, they can’t leak, and this is a big advantage, especially in
underfloor systems (Figure 1.13).

The finished floor covering on a floor
containing radiant heat must be
taken into consideration. Some types
of floor coverings allow heat to rise
better than others. For example, a
tile floor will allow much more heat
to escape from a radiant system than
a padded, carpeted floor covering. To
control this, insulation can be placed
under the subflooring of a radiant
system. When the R-value of the 
insulation under the floor is greater
than the R-value of the finished floor
covering, heat will rise through the
floor rather than escaping below it.

TECH>>>TIP
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Basement heating design. (Courtesy of Wirsbo)

Supply and return heating layout. (Courtesy of Wirsbo)
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PEX is the tubing most often used for
heating, but PB tubing is also used, and
was used more than PEX for a long time
in the U.S. Both types of tubing are easy
to work with and neither of them crimps
quickly. But, crimping or kinking is a pos-
sibility that must be avoided. Since there
is a large volume of tubing needed for
most jobs, you need some way to manage
the tubing. Using an uncoiler is a good so-
lution. The uncolier is basically a rotating
spool that allows tubing to come off a
large roll with little likelihood of kinking.
It’s similar to the uncoilers so often used
by electricians for their large rolls of elec-
trical wire. 

All tubing installed should be installed in compliance with the man-
ufacturer’s recommendations. In typical, straight runs, the tubing
should be secured in increments of 24 to 30 inches. It is common prac-
tice to install three fasteners on return bends. But, it is important to
read and follow the fastening instructions provided by manufacturers.
If you are securing tubing to reinforcing wire, make sure that the wire
is not sharp where it comes into contact with tubing.

All tubing should be protected from any anticipated damage. If you
have tubing in an area where damage may occur, such as if it is pass-
ing through an area that will become a foundation wall or is in an area
where expansion joints or sawn control joints might exist, sleeve the
tubing. Any sleeve used should be at least two pipe sizes larger than
the tubing it is protecting. The pipe used by plumbers for drains and
vents works well for sleeving PEX or PB tubing. This could be
polyvinyl chloride (PVC) or acrylonitrile butadiene styrene (ABS)
plastic pipe. If tubing is already installed before you realize the need
for a sleeve, you can cut a section out of the sleeve material and place
it over the tubing. The main thing is to make sure that all tubing is
protected from potential damage.

Testing
Testing a new installation before concrete is poured is important.
Even when there are no joints in a system, the tubing should still be
tested with air pressure to make sure that there are no defects in the

Before tubing is placed for heating,
all aspects of the slab preparation
should be complete. Check to make
sure that foam insulation is in place,
that reinforcing wire is installed, and
that there are no rocks or dirt clumps
lying on top of the insulation board.
Sweep the insulation, if necessary, to
provide a clean surface for the tub-
ing. Rocks or other sharp objects
could cut or crimp tubing when con-
crete is poured.

Sensible Solution



system. Procedures for testing are easy,
don’t take long to perform, and assure a
much better job. Once you create a test
rig, or rigs, the testing process is fast. You
can test each line individually, or you can
tie the tubing together with temporary
connections to test all of it at once.

What amount of air pressure should
you use when testing a system? A stan-
dard test pressure is 50 psi. A system
should be able to maintain this pressure
for 24 hours. It’s not uncommon for the
tubing to expand during a test period. If
this happens, the air pressure on an air
gauge will drop. It is also possible that
leaks may be present in the temporary
connections used to join a system for test-

ing. If you suspect a leak at a test joint, use some soapy water to paint
the connection points. When a leak is present, bubbles will appear in
the soapy water. Don’t omit the test stage. Even without underfloor
joints, tubing can have holes in it. This could be a factory defect, a hole
that was created during storage or transportation, or a hole that was
made during installation. Check all the pipes. It’s much easier to make
replacements before concrete is poured.

Thin-Slab Installations
Thin-slab installations are pretty much what the name implies. Ra-
diant heating systems installed above a large slab can be done with
a thin-slab approach. This means installing the heating tubing on a
wooden floor and then pouring a thin slab of concrete over the heat-
ing tubing. This procedure is common and effective. A thin-slab sys-
tem is not the only way to use radiant floor heating above a slab, but
it is a fine choice. The thickness of concrete used in thin-slab systems
doesn’t usually exceed 11/2 inches.

Piping procedures for a thin-slab system are about the same as
those used for larger concrete slabs. One difference is how the tubing
is attached. In a slab-on-grade system, the tubing is usually attached
to reinforcing wire or with special clamps. When installing a thin-
slab system, the tubing is secured to the wood subflooring. The floor
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The spacing between loops of radiant
piping can vary a great deal. Loops
that are placed close together will
boost heat output. Loops may be
placed as far as two feet apart in
some jobs and much closer in different
jobs. Most installers attempt to keep
the loops about one foot apart. This
makes bending PEX tubing much 
easier, without as much fear of kink-
ing the tubing. The distance between
loops is determined when a heat load
is computed and a system is designed. 

HOT POINT
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joist cavities below the subflooring should be filled with insulation.
Batt, glass fiber insulation is the typical choice for insulation. 

Manifold risers are needed with a thin-slab system, just as they are
with a large slab. The risers usually turn up either in walls or inside
closets. When the risers are in a wall, there should be an access door
provided for service and repair. All tubing must be attached securely
to the subflooring. Since thin slabs don’t have much concrete cover
for tubing to be protected and covered, the tubing must be held
tightly to the floor. Any loose-fitting tubing can rise up and protrude
above the finished concrete covering. General principles call for tub-
ing to be secured at intervals of no more than 30 inches on straight
runs. It is a good idea to keep the fasteners closer together.

Construction Considerations
Special construction considerations must be addressed when a thin-
slab system is used. Weight is one major concern. The weight added
when concrete is poured over subflooring can be quite substantial.
This has to be considered during the planning stage of construction.
Larger floor joists or other means of additional support are needed to
accept the added weight of concrete. While weight is a major consid-
eration with thin-slab systems, it is not the only thing to think about.

Adding about 11/2 inches of concrete to a subfloor raises the level of
a finished floor. This is not a big problem when it is planned for in ad-
vance, but it can mean trouble if allowances are not factored in for the
increased height. For example, door openings and thresholds will be
off if the added height is not anticipated. Plumbing fixtures and base
cabinets will be affected by the increased height. As long as adjustments
are made during rough construction, the
finished product should turn out fine.

Concrete or Gypsum?
There are two types of cover to place over
heating tubing in a thin-slab system. In
my region, lightweight concrete is the
leading cover for thin-slab systems. But,
gypsum-based underlayment is another
popular material for covering heating tub-
ing. Lightweight concrete in a typical mix
will add up to about 14 pounds per square
foot to the dead-load weight rating of a

All tubing installed should be 
installed in compliance with the man-
ufacturer’s recommendations. In typ-
ical, straight runs, the tubing should
be secured in increments of 24 to 30
inches. It is common practice to install
three fasteners on return bends. But,
it is important to read and follow the
fastening instructions provided by
manufacturers.

Sensible Solution



floor. Believe it or not, this is actually a lit-
tle less weight than what gypusm-based
material will add. Either type of cover ma-
terial will work fine, it’s a matter of re-
gional preference as to which material is
most likely to be used.

When gypsum-based materials are used,
a sealant is generally sprayed on the sub-
flooring. By spraying a sealant and bonding
agent on the subflooring, the floor surface

is strengthened and made more resistant to moisture problems. The
spraying process is done after all tubing is installed. Once the floor is
prepared, the gypsum material is mixed, in a concrete-type of mixer, and
pumped to the location of the heating system through a hose. The ma-
terial is loose enough in consistency to flow under and around the tub-
ing. Material is pumped in until the level of it is equal to the tubing’s
diameter. This is called the first coat or the first lift. More material will be
needed after the first coat is dry.

The first layer of cover material should dry, depending upon site con-
ditions, within a few hours. After the material can be walked on, which
could be as little as two hours, you can apply the second lift or coat.
When the second level is distributed, it should cover the tubing by at
least three quarters of an inch. After a few hours, the second coat should
be dry enough to walk on, but this does not mean that it is dry enough
to install a finished floor covering. Depending upon site conditions,
meaning air temperature, humidity, and so forth, it can take up to a full
work week for the material to dry adequately for finish flooring. 

There are pros and cons to gypsum-based cover material. A big ad-
vantage over concrete is the ease of application offered with gypsum-
based material. Another advantage of the gypsum material is that it
doesn’t shrink or crack as badly as concrete might. Gypsum floor ma-
terial is strong enough to support foot traffic and light equipment,
but the material is subject to cuts and gouges, which must be avoided
during construction. Any type of consistent water leak can ruin the
gypsum material. Even a minor leak that goes undetected for a period
of time can turn the material to mush. It is common for a finished
gypsum-based cover material to be sealed with a sealant. Another
disadvantage of the gypsum material is that it does not have the ther-
mal conductivity of concrete. This means that the water temperature
in heating tubing covered with gypsum material is likely to be higher
than it would need to be in a concrete floor.
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Just as the distance between loops
varies, so does the depth at which 
radiant tubing is installed. It’s gener-
ally considered best to position tubing
so that it is concealed approximately
midway in a slab.

HOT POINT
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Lightweight Concrete

Lightweight concrete is a common cover material for thin-slab sys-
tems. The concrete can be delivered to the point of installation in buck-
ets or wheelbarrows. It can also be pumped to the distribution point
with a hose and grout pump. Since concrete is what it is, the material
is not affected greatly by moisture, as a gypsum-based product would
be. But, concrete does have a tendency to crack, and this can be a prob-
lem for finished floor coverings. Most contractors install control joints
in the material to reduce, or at least control, the effects of cracking.
Control joints are often placed under door openings. 

The finished floor covering on a floor containing radiant heat must
be taken into consideration. Some types of floor coverings allow heat
to rise better than others. For example, a tile floor will allow much
more heat to escape from a radiant system than a padded, carpeted
floor covering. To control this, insulation can be placed under the sub-
flooring of a radiant system. When the R-value of the insulation under
the floor is greater than the R-value of the finished floor covering, heat
will rise through the floor rather than escaping below it.

Dry Systems

When radiant heat is installed beneath a floor and is not covered with
concrete or gypsum-based material, the installation is known as a dry
system. The reason for this is simple. The fact that no material is
poured over the tubing makes the system dry. These systems are great
in that they don’t add any appreciable weight to a flooring system.
Since weight is not added in substantial
amounts, a dry system can be used in re-
modeling without the need for additional
floor support. However, a dry system
does need some help in producing heat in
desirable quantities.

Since dry systems do not have concrete
or gypsum to conduct heat, it’s common to
install heat transfer plates for lateral heat
conduction. The plates may be installed
above or below subflooring, depending
upon the design. Heat plates are made of
aluminum and work very well. The instal-
lation of below-floor systems is less ex-

Piping procedures for a thin-slab sys-
tem are about the same as those
used for larger concrete slabs. One
difference is how the tubing is 
attached. In a slab-on-grade system,
the tubing is usually attached to rein-
forcing wire or with special clamps.
When installing a thin-slab system
the tubing is secured to the wood
subflooring.

HOT POINT



pensive than above-floor systems. There is much less labor involved in
below-floor systems and this is one reason why the cost is less.

Above-Floor Systems
Above-floor systems are installed above subflooring and below finished
flooring. Since space is needed for tubing, a sleeper system is required
for above-floor systems. The sleeper system is a series of wood strips
that provide cavities for the tubing to run through and give flooring in-
stallers a nailing surface for an additional layer of subflooring. Heat
transfer plates are installed for straight runs of tubing. The plates are
placed between the sleeper members and stapled down on one side.
Once the plates are in place, the tubing can be installed in them. Since
sleepers and a second subflooring is installed in an above-floor system,
the floor height is raised by an inch or more. This can be a problem for
doors, plumbing fixtures, and base cabinets. Just as with a thin-slab sys-
tem, these problems can be avoided with proper planning.

Below-Floor Systems
Below-floor systems require less time and labor to install. They also re-
quire less material, since sleepers and a second subflooring are not
needed. Whether remodeling or building, below-floor systems make
a lot of sense. Heat tubing is usually placed in heat transfer plates that
are stapled to the bottom of subflooring. When tubing penetrates floor
joists, the holes should be drilled near the middle of the joist, rather
than the top or bottom edge. This helps to maintain structural in-
tegrity. Also, the holes should be somewhat larger than the tubing di-
ameter, to avoid squeaking as the tubing expands.

When heat tubing is attached to the underside of subflooring it is at
risk of damage. A plumber or electrician who is not aware of the heat
tubing may drill through it accidently. It’s not practical to protect all
tubing with nail plates, but it is wise to make all workers aware of the
tubing under the subfloor. If a section of tubing is damaged, repair cou-
plings can be used to correct the problem. However, whenever possible,
avoid joints and connections in heating systems. It’s best to maintain
full lengths of tubing rather than coupled sections.

Radiant floor heating systems are quickly gaining popularity. They
can be quite cost-effective to install and operate. The comfort offered
from a radiant system is, in many ways, unmatched. If you are not fa-
miliar with this type of heating system, you owe it to yourself and
your customers to learn more about it. Radiant heating systems in
floors are well worth consideration.
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Many people think that radiant floor heating systems are new. They
are not. More and more people are realizing and seeking the ad-

vantages of radiant heating. Radiant floor systems were in use by the
Romans as early as 600 A.D. As a society, we have learned much from
the past, and radiant floor systems are no exception. The Romans
knew how to create a comfortable indoor environment, and modern
builders are taking a page from history. There is a boom in radiant
floor heating systems. It’s no accident that radiant floor heating sys-
tems are gaining in popularity. Word-of-mouth advertising is some of
the best advertising in the world, and it has done wonders for radiant
floor heating systems.

Contractors have been selling and installing radiant floor heating sys-
tems for many years. The systems have generally been well accepted.
There have been some problems in the past with the materials used for
these systems. Copper tubing can have a bad reaction to contact with
concrete. This can be a problem with radiant floor systems since con-
crete is a common medium for heat transfer. Polybutylene (PB) tubing
was used for many years, but it too had its problems. The joints made
when using PB tubing sometimes didn’t hold up. This created leaks and
problems. Nowadays, a new type of plastic tubing is used. It’s called
cross-linked polyethylene, and its trade name is PEX. This tubing is very

2
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similar in appearance and in installation
procedures to PB tubing, but the cross link-
ing of the tubing makes it better.

PEX is the leading choice of tubing for
radiant heating. It’s very uncommon to find
copper tubing in a new installation. This is
due both to cost and effectiveness. Frankly,
PEX tubing is hard to beat when putting to-
gether a radiant floor heating system.

Some people question using plastic tubing for a heating system be-
cause they don’t feel that the plastic can take the heat, so to speak. The
fact is, radiant floor systems don’t require the high water temperature
that baseboard systems do. The lower water temperature makes using
plastic tubing both easy and effective. Radiant floor heating is an effec-
tive source of heat for both residential and commercial uses. Fuel econ-
omy is another desirable feature of radiant floor systems. In fact, there
are many benefits to radiant floor heating systems and very few disad-
vantages. With this in mind, let’s explore some of the primary benefits.

Comfort
The comfort associated with a radiant floor heating system is extremely
nice. Some would say that it is unique. Radiant floor heating warms a
room entirely, from the floor up. Baseboard heating systems warm the
perimeter of a room, but they do not offer the overall heating comfort
that a radiant heating system does. Radiant floor heating systems es-
sentially turn an entire floor into one large radiator. The temperature of
the heat is low, but quite effective. Since heat rises from the floor surface,
everything in the room is warmed in a fairly equal manner. 

If you ask someone what comfort from a heating system means, you
would probably be told that it’s the act of keeping a person warm. The
thought of keeping a person from feeling cold is common among most
people who are thinking about what makes an effective heating sys-
tem. While neither of these concepts is really wrong, they are also not
exactly right. Comfort from a heating system is largely a matter of con-
trolling the rate at which a body loses heat.

People generate a lot of personal heat. In fact, the amount of heat
generated is often more than what is needed. This creates the need for
a way to give off excess heat. Under normal conditions, an average

PEX tubing is the choice of profes-
sionals. Don’t compromise. Use this
type of tubing to minimize the risk of
under-floor failures.

TECH>>>TIP
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human loses about 400 BTUs per hour. That’s a lot of heat, and it’s lost
in three basic ways. A human body loses heat through convection. This
happens as air currents pass over the body. Heat is also lost through
evaporation when breathing and sweating occurs. Radiation is the
third means of heat loss. This occurs when a warm body is subjected
to colder temperatures. Based on these factors, radiant floor heating
systems seem to be the most effective form of heating system to main-
tain a comfort level for human beings. 

Efficiency
Efficiency is a word that has gained a lot of attention in recent years.
With energy costs and the desire to protect natural resources, energy
use is a big issue. When it comes to efficiency, radiant floor heating sys-
tems have an edge. It is widely believed that radiant floor systems are
the most efficient form of heating. This is due, in part, to the fact that ra-
diant floor systems use low temperature water and that the heat output
can be adjusted on a room-by-room basis. Radiant heating systems in
floors heat people and objects rather than heating the air in a room. This
is a more efficient means of heating. Some reports indicate energy sav-
ings for radiant floor systems ranging from 20–40 percent over forced,
hot-air systems. 

Some types of buildings are more difficult to heat than others. For
example, a building with a tall ceiling can require more heat at the oc-
cupant level to maintain an even heat, since much of the heat rises into
the ceiling. If large windows are installed in a building, the amount of
heat output required to maintain a comfort level is likely to be higher.
But radiant floor heating systems overcome these problems better than
other types of heating systems. Since the
source of the heat is in the floor, all the heat
rises around the people in the room. 

When heat comes from a source higher
than a floor, some of the room space is not
heated. Baseboard heat is low and close to
a floor, but it is perimeter heating. Having
heat come from a perimeter system makes
it difficult to keep the center of a room
comfortable. Radiant floor systems heat en-
tire rooms and radiate heat in all areas of

When working in the Green zone for
sustainability, radiant floor heating
systems are a fantastic choice. Given
their efficiency, radiant systems are
a strong addition to sustainable
building.

Sensible Solution
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the room. Energy efficiency varies from
building to building, but it is true that ra-
diant floor heating systems are believed to
be extremely effective in heating buildings
of all sizes and types.

Dust
Dust is a big problem with forced-air heat-

ing systems. The problem is not at large with radiant baseboard heat,
but it’s almost non-existent with radiant floor heating. People often
have problems with dust in their homes and businesses. Many new fil-
ters have been created for forced-air systems, and the filters do a good
job. Still, the dust issue can be reduced by avoiding forced-air systems.
Since there is no need for circulating the heat from a radiant floor sys-
tem, there is no reason to have increased airborne dust. 

Some people assume that there is no real airborne dust associated
with convection baseboard heat. This is a misconception. Since the
baseboard systems are in the living space, they collect dust. As heat
rises from the units, so does dust. True, it’s not as bad as fan-forced
systems, but the dust still gets into the air of the living space. With ra-
diant floor systems, the heating system is concealed below the living
space, thus eliminating the rising dust problem. When you eliminate
dust, you greatly reduce the spread of pollen indoors. This makes ra-
diant floor systems a healthy choice for homes and offices. 

Design Issues
Design issues come up during the planning, construction, and dec-
orating of buildings. Some types of heating systems hamper design
preferences. Forced-air systems require ducts and return grilles.
Baseboard heat eats up wall space. Radiant floor heat allows total
freedom in furniture placement and other design issues (Figure 2.1).
This is yet another major benefit to radiant floor heating systems.
Being able to arrange furniture, office equipment, and other elements
of a building without impairing a heating system is, without a doubt,
a big advantage. 

Many people have allergies to dust
particles. Some types of heating sys-
tems collect dust. Radiant floor heat-
ing systems are essentially dust-free.
This is a strong selling point for the
systems.

HOT POINT
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Most people don’t think much of safety risks with convection heat-
ing units, but they do exist. If a child manages to touch a copper tube
in a heating element, a severe burn can occur. This doesn’t happen
with heating systems that are embedded
in a floor. The sharp edges of ducts can be
a safety hazard for children who remove
registers and grilles. This is something
that doesn’t come into play with radiant
systems in a floor. While safety problems
are usually not a big problem with other
types of heating systems, they simply
don’t exist with an in-floor system.

More living space is available when ra-
diant floor heating systems are used. Ra-
diators, baseboard heating systems, and

Remember that radiant floor heating
is no longer limited to a cement-
based system. Dry systems can be in-
stalled even within conventional
floor joists. Just make sure you pro-
tect the tubing from penetrations
made by other trades.

TECH>>>TIP

Underfloor heating doesn’t compromise furniture placement. (Courtesy of Wirsbo)

COMPARING RADIANT-FLOOR SYSTEMS TO OTHER SYSTEMS 23



forced-air heating systems all restrict the
amount of space that can be used in a
building. Radiant floor heating doesn’t do
this. Since the heating system is situated
in a floor and radiates heat throughout
the living space, there are no limitations.

Physical Appearance 
The physical appearance of a radiant floor system is great. In fact, it
doesn’t have one. The tubing is concealed below the floors and, there-
fore, doesn’t offer any visual indications of its presence. Most heating
systems are seen by residents and guests. Floor heating systems are
not. If you have ever seen rusted radiators or baseboard units that
have lost their paint, you know that the look can be bad. Forced-air
systems with major dust hanging around grilles and registers can also
be ugly. Many contractors and building owners love radiant floor sys-
tems since they are felt and not seen. When an in-floor system is in-
stalled, it’s done. Other types of heating systems can require cleaning
and occasional painting. Keeping a heating system out of sight and
out of mind may not always be an important factor, but when it is, ra-
diant floor systems are the answer.

General Maintenance
General maintenance for a radiant floor system is minimal. There is
some maintenance required for the boiler supplying heat to the sys-
tem, but the outreaching elements of the system are nearly mainte-
nance-free. If the tubing doesn’t rupture and if joints don’t break
down, the system takes care of itself. When compared to a forced-air
system, the maintenance requirements are much lower. Ducts don’t
have to be vacuumed. Belts, blowers, fans, and other elements don’t
have to be oiled or replaced. There are elements of boilers that must
be maintained, and we will talk about them in later chapters. 

A radiant floor system doesn’t require cleaning. No one has to dust
heating units because there are no visible heating elements. There are
no grates, grilles, or registers to clean. Plus, floors tend to dry faster
after cleaning, due to the heat, and this reduces the risk of slips and
falls, not to mention the pure comfort of a warm floor. 

Radiant floor heating systems re-
quire minimum maintenance. 

TECH>>>TIP
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Basement Floors
Basement floors are an ideal place to install radiant floor heating. Con-
crete is an excellent mass for radiant floor heating. Radiant heating
systems can be used in both thick and thin slabs. When concrete is
used it allows heat to disperse laterally and vertically (Figure 2.2). This
is a definite advantage. Without under-floor heating, a concrete slab
creates a comfort problem. Even an insulated slab gets cold. If a heat-
ing system is used in a perimeter system above a floor, the center area
of the slab will give off plenty of cold. The only way to effectively con-
trol coldness in the center of a room is to put the heating system within
the slab. 

Some people are concerned about installing heating pipes and tub-
ing in a concrete floor. Assuming that the heating materials are prop-
erly selected, this should not represent a problem of any real concern.
There is some risk that a pipe will burst or that a connection will break.
If connections below the floor are minimized, and they can be, the risk
is greatly reduced. Basically, if floor systems are installed properly
with approved materials, the risk of a problem is minimal. Using a
quality material, like PEX tubing, is the best way to avoid problems.
Cutting corners with inferior materials is a major mistake.

Typical heating installation in a concrete pad. (Courtesy of Wirsbo)
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Heat Sources
Heat sources for radiant floor heating systems are not limited. Gas-
and oil-fired boilers are probably the most common types of heat
sources for radiant heating systems, but they are not the only ones.
Geothermal heat sources can be used with radiant floor heating sys-
tems, as can heat sources fueled by electricity. Wood is another possi-
ble fuel for creating the warm water needed for a radiant heat source.
It is also possible to use combination boilers, where heat can be gen-
erated by a combination of wood and oil or wood and gas. Essentially,
any cost-effective heating source may be practical for a radiant heat-
ing system.

In the far north, oil-fired boilers are the most common means of
heating water for radiant heating systems. Gas boilers are also quite
common, especially where natural gas is available, but bottled gas can
also be used as a fuel source. Wood is less common, but it is used,
sometimes exclusively, but normally with a boiler that is a combina-
tion design. Geothermal systems are less common, generally due to
the expense of these systems and their limited ability to heat water in
some harsh climates. 

How long will a system last for a radiant floor heating system?
This is a question that is difficult to answer. However, PEX tubing is
guaranteed to last 25 years. This is as long, or longer, than the war-
ranty on many boilers. The actual lifetime of a system is affected by
many factors. The location and method of installation have to be con-
sidered. Quality of workmanship during installation can be a factor.
Realistically, it’s very difficult to put a lifespan on a system, but it’s
safe to say that a good radiant floor system should last for at least 20
years, and probably much longer. 

A Perfect System
Defining a perfect system for all applications simply isn’t feasible. The
needs for a home in Florida are very different from the needs of a
home in Maine. Virginia’s climate differs greatly from that of Mon-
tana’s. There is no one perfect system, but radiant floor heating is a
solid place to begin the search for an ideal heating system. Flexibility
is a cornerstone of the radiant floor heating system. A contractor can
install a little or a lot of radiation tubing to account for climate condi-
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tions. Since contractors can make adaptations on a job-by-job basis,
radiant floor heating systems are serious contenders for all types of
jobs, both residential and commercial. 

It would not be fair to say that radiant floor heating systems are
perfect, but they can come very close to perfection. Contractors need
to be aware of this. It’s a strong sales tool and can do a lot to build a
contractor’s reputation. Any contractor who is not familiar with in-
floor systems is at a definite disadvantage. The growth pattern being
established by radiant heating systems indicates that it may become
the premier choice of heating systems in the near future.

Now, let’s move to the next chapter and talk about design issues for
functional, cost-effective systems.
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Designing functional, cost-effective systems is easy when you are
working with radiant floor heating systems. The flexibility available

for this type of system allows for plenty of creative input. Installing
other types of heat can be much more difficult. For example, you can’t
install baseboard heating units where there are no walls. Air ducts can’t
be installed in some areas. Kick-space heaters may be needed in
kitchens if radiant floor heat is not utilized. There are few limits to what
can be done with radiant floor heating. If a room has a floor in it, you
should be able to get heat in the room. Routing the tubing to the floor
can pose some problems, although most issues can be overcome.

How important is a heating design? It’s very important. Installing
heat in a building without a known heating plan is risky. There are
limits to what is too much heat and what is too little heat. Contractors
should learn how to design their own heating systems, although the
systems may rarely be sized or drawn by the contractors. In commer-
cial buildings a heating diagram is usually provided with the work-
ing blueprints. This is sometimes the case with residential jobs, but
not as often. Even if there is no heating plan on file with blueprints a
contractor can usually have a heating plan drawn by a supplier of
heating materials. Most material suppliers have people on hand who
can create feasible heating plans for all sorts of buildings.

3
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Many contractors don’t enjoy doing the math associated with figur-
ing a heat installation. It’s easy and more cost-effective to put the bur-
den on someone else. In the case of small jobs, the other person is of-
ten someone associated with a material supplier. Big jobs generally
have detailed heating plans drawn long before construction, so they
are not a bother to bidding contractors. It is the smaller job that can re-
quire a personal touch. Remodeling jobs are another example of where
a detailed heating design probably will not be readily available.

Contractors who wish to do their own heating designs must con-
sider the following eight points during the process. 

� The number of BTUs per square foot of heat loss for each room
in a building

� The floor surface temperature

� The method of installation

� The finished floor material and its R-value

� Tubing spacing and water supply temperature

� The loop length

� The rate of fluid flow, based on gallons per minute

� The pressure loss of the system. 

Computer programs exist to make sizing a heating system as sim-
ple as filling in the blanks. A design can be created using pen and pa-
per, but the time and effort required is greater with small jobs. There
are some rules-of-thumb that should be considered in a designing
process. Let’s talk about them here.

Ferrous Components
If you will be installing a radiant floor heating system that involves
ferrous components you must make adjustments in your tubing ma-
terial. What is a ferrous component? It could be a cast-iron boiler or
circulator. If a system is to contain ferrous components, you should
use a tubing that has an oxygen diffusion barrier. This is no big deal
as long as you know it before you bid a job or install materials, but it
can become a big deal later in life if you don’t know that tubing with
an oxygen diffusion barrier should be used whenever there are fer-
rous components in a heating system. As you might imagine, tubing
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with the barrier costs more than tubing
without it, so don’t bid the higher-cost
tubing unless it is needed.

If you are installing a system that is free
of ferrous components, you can use a less-
expensive tubing. The tubing is generally
of the same quality as the tubing with a
barrier, but there is no barrier in the cheaper version. This may not
seem like much to worry about, but the cost on a big job can be con-
siderable, certainly enough to make a bid too high if the correct tub-
ing is not used in the bidding process. And, not using tubing with a
barrier when you should, can cause problems long after an installa-
tion is completed. No contractor wants headaches that can be
avoided.

Tubing Size
Tubing size for residential jobs can basically be figured on a rule-of-
thumb basis. In most cases, tubing with a diameter of ½ inch is all that
is needed. Some systems use 5/16 inch tubing. There are times when
larger or smaller tubing is more effective, but ½ inch tubing is the
standby size. Contrary to the belief of some contractors, tubing with
a larger diameter does not give off more heat per square foot of a ra-
diant panel. Some contractors prefer to use tubing with a diameter of
5/8 inch. This may be due to the old days of
using copper tubing of this same size. But,
the 5/8 inch tubing costs more than ½ inch
tubing, is not as flexible for bending and
installing, and does not produce more
heat in a useable manner. There is one 
advantage to the larger tubing. The big-
ger tubing doesn’t suffer from as much
pressure loss when the same loop length
is used. 

Trying to work ½ inch or 5/8 inch tubing
into floor joists can be tricky. The tubing is
large enough to make bending a chore.
You can remedy this problem by moving
down to tubing with a diameter of 3/8 inch.
Keep in mind, however, that the small di-
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Keep loop lengths to 200 ft or so to
compensate for the pressure drop.
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Additional money spent at the time
of installation may well be recovered
over coming years due to a more ef-
ficient system. As a contractor, you
should give your customers options
to consider along these lines. In a
bidding war, the lowest price might
be all that matters. But, when the
opportunity exists, explain all as-
pects of the control costs to your
customers so that they can make in-
formed decisions.

Sensible Solution



ameter translates into more pressure drop. The drop is considerably
more than what it would be with a larger tubing size. Keeping loop
lengths to 200 feet or so is the way to compensate for the pressure
drop. Remember, too, that this is general information and that each
job presents its own set of circumstances to be considered.

The Controls
The controls used with a radiant floor heating system can be simple or
complex. A standard on-off switch can be used as the only control for
the system, but this is rarely desirable. At the other end of the spectrum,
you could find a weather-responsive reset control. When a system is
being designed, the controls play a role in the overall cost. The cost can
be looked at in two ways. First there is the start-up cost of installation.
The second way to consider cost is the expense of operating the system
over time. Additional money spent at the time of installation may well
be recovered over coming years due to a more efficient system. As a
contractor, you should give your customers options to consider along
these lines. In a bidding war, the lowest price might be all that matters.
But, when the opportunity exists, explain all aspects of the control costs
to your customers so that they can make informed decisions.

Common sense should be used during the process of choosing suit-
able controls. For example, a customer who wants a heated garage
might be happy with only an on-off switch, and perhaps a tempering
valve (Figure 3.1) if one is needed. But, the owner of an office complex
will most likely want a more sophisticated control system. Projections
on cost-saving controls can be computed to give customers an idea of
what their pay-back term will be if they opt for more expensive con-
trols. If you don’t have your own computer software for design pur-
poses and don’t wish to purchase any, talk to your material supplier.
The chances are good that the supplier will run numbers for you and
your customers with a variety of factors to produce different outcomes.

Zones
Heating zones are an excellent idea when
designing a heating system. With the right
zoning, a heating system can provide
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great comfort and economy. Buildings can be broken into zones in
many ways. It’s certainly possible to have every room in a building on
a separate zone, but this is usually not practical, and it gets expensive.
If you are working with customers, you can consult with them on the
number of zones desired. If you are working with a spec house, the
most common way to zone it is with individual zones for types of
rooms, rather than every room. For example, the bedrooms would all
be on one zone, the living room and halls might be on a zone, with the
kitchen and dining area on another zone. This type of three-zone in-
stallation is common.

The biggest benefits of zones are comfort and economical use. Why
heat a bedroom to full temperature when it will not be used for hours to
come? If you are going to be spending four hours watching television in
the living room, you can cut the zones for the kitchen and bedrooms
down. It might be desirable to have bed-
rooms on independent zones. Some people
like their bedrooms cooler than others.
How far you go in breaking down a build-
ing into zones is up to your customers.

When zones are created they can be
equipped with zone valves, circulators
(Figure 3.2), or telestats on a single mani-
fold (Figure 3.3). Zone valves are the least
expensive option, and they work well.
Circulators cost more than zone valves
and less than telestats. The establishment
of zones can involve extensive planning
and a fair amount of expense.

If you are working with a spec house,
the most common way to zone it is
with individual zones for types of
rooms, rather than every room. For
example, the bedrooms would all be
on one zone, the living room and
halls might be on a zone, with the
kitchen and dining area on another
zone. This type of three-zone instal-
lation is common.

TECH>>>TIP

Tempering valve. (Courtesy of Taco)
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Circulating pump. (Courtesy of Taco)



PEX installation options include:

� Slab on grade

� Slab below grade

� Pouring over an existing slab

� Installing over a wood subfloor

� Joist heating.

Typical homes have two or three zones. But a house could have
many zones. For example, there might be two zones for bedrooms, a
zone for living space, a zone for kitchen and dining areas, a zone for
a heated garage, a zone for melting ice from a roof, and a zone to melt
ice on a sidewalk. The list of possibilities for independent zones is a
long one. The cost of installation for a lot of zones can be substantial,
but the zones can increase heating efficiency to a point where the up-
front cost is well justified.

No Installation
If a room has no heat loss rating, no installation of radiant floor heat-
ing is usually needed. This could be the case where a small room, say
a photography darkroom, is surrounded by heated space and has no
exposure to cause a heat loss. In this case, the floor in the darkroom
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would not need to be heated. There is an
exception, however. If the room was built
on a slab, where downward heat loss is
possible, the floor should have heat tub-
ing in it. Regardless of whether the slab is
on grade or below grade, the entire slab
should be heated.

It’s not unusual for bathrooms to be built
with interior locations that will not suffer
heat loss. This can mean that the floor does-
n’t require any heat tubing. But, adding
heat to the room can make the floor more
comfortable for bare feet, and the heat will
help to dry up moisture on the bathroom
floor. Adding heat to a bathroom floor
where the finished floor covering is ce-
ramic tile is very sensible. Tile can be cold
to the touch, even when it’s in the interior
portion of a building. Putting heat tubing
in the floor can make a big difference.

Heat a Ceiling?
Putting heat in a ceiling is not something that a lot of people think
about. It is a somewhat uncommon practice, but there are times when
it’s sensible. Installing heat tubing in a ceiling is one way to deal with
difficult conditions during a remodeling job. When tubing is installed
in a ceiling there is no need for underlayment. Generally, less tubing is
required for a ceiling installation and the components of the system are
frequently fewer in number. This all adds up to cost savings. While
ceiling heat is not usually considered the best means of heating a room,
the process should not be ruled out completely. Typically, this type of
installation is used most often in retrofitting and remodeling jobs.

Between the Floor Joists
Installing 3/8 inch tubing between floor joists is not difficult and it
doesn’t have to be very expensive. The tubing can be clipped or sta-
pled to the subflooring or placed in the floor joists. To keep costs
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If a room has no heat loss rating, no
installation of radiant floor heating
is usually needed. This could be the
case where a small room, say a pho-
tography darkroom, is surrounded
by heated space and has no expo-
sure to cause a heat loss. In this case,
the floor in the darkroom would not
need to be heated. There is an excep-
tion, however. If the room was built
on a slab, where downward heat loss
is possible, the floor should have
heat tubing in it. Regardless of
whether the slab is on grade or be-
low grade, the entire slab should be
heated.
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down, you can avoid installing aluminum
heat emission plates. Not having the
plates does have disadvantages, but they
are not too great. For example, a job with-
out plates will require a higher water tem-
perature and the response time when heat
is called for will be a bit slower. But, the
omission of the plates can save a lot of
money at the time of installation.

Some builders prefer to have radiant
floor heating installed between floor joists
to eliminate the need for additional un-
derlayment or thin slabs. The amount of
tubing used for a joist system is more than what would be required if
underlayment was used, but when the cost of underlayment and in-
stallation is compared to the cost of extra tubing, it’s easy to see that
a joist installation is usually much less expensive. The plastic tubing
used for radiant floor heating is not very expensive. Components
used with the tubing can be pricy, but the tubing itself is quite afford-
able. Underlayment, on the other hand, is outrageously expensive,
and the labor cost required to install it can be substantial.

Worth Looking Into
Here’s a tip that’s worth looking into when you are heating a small
area. Check with your local building codes to see if a water heater can
be used as a heat source. That’s right, I said a water heater, just like
the type used for plumbing systems. Water heaters cost a fraction of
what boilers do, and where acceptable, water heaters can produce
enough hot water to service a small heating system. Another advan-
tage offered by a water heater is that a tempering device is not needed
to obtain and maintain the proper water temperature. Since water
heaters are equipped with thermostats it’s an easy matter to maintain
a stable water temperature. However, water heaters are limited in
their capacity and are not suitable for large jobs. Make sure you ver-
ify that code permits the use of a water heater in your area before you
offer it as an option.   

If water heaters are acceptable heat sources in your region, you can
choose from a variety of fuel types. Electric water heaters are quite
common, but can be expensive to operate. A gas-fired water heater

The amount of tubing used for a joist
system is more than what would be
required if underlayment was used,
but when the cost of underlayment
and installation is compared to the
cost of extra tubing, it’s easy to see
that a joist installation is usually
much less expensive.
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can be a good option, with either natural gas or bottled gas. If you are
heating a space that doesn’t have suitable electrical service for a wa-
ter heater, a gas-fired unit might be ideal. There are also oil-fired wa-
ter heaters available. Matching a water heater to a heating job should
not be done in haste. Choose a water heater that has an adequate ca-
pacity and recovery rate, as well as a good efficiency rating. The vent-
ing of gas-fired water heaters is usually a simple matter and the vent
can often be constructed of plastic pipe rather than a metal or ma-
sonry chimney. Check all local codes and comply with them when-
ever you are performing an installation.

How Much Tubing Is Needed?
How much tubing is needed for an installation? How much square
footage will you be heating? This is the first question to answer. Once
you know the square footage you can use a multiplier to estimate the
amount of tubing required for a job.

How close together will the tubing be installed? This is the second
question to answer. Installations are generally done with a range
from 6 inch on center to 12 inch on center. The spacing will affect the
multiplier that you use. Here are the multipliers:

� 6 inch on center uses a multiplier of 2.0

� 7 inch on center uses a multiplier of 1.7

� 8 inch on center uses a multiplier of 1.5

� 9 inch on center uses a multiplier of 1.33

� 10 inch on center uses a multiplier of 1.2

� 12 inch on center uses a multiplier of 1.0.

Take the square footage of the area to be heated and multiply it by
the appropriate multiplier. This will give you a reasonable estimate of
how much tubing will be needed. Factor in additional tubing for
waste and for mistakes.

Software
If you are going to figure many heating jobs on your own, you
should seriously consider buying computer software to do the work
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for you. One software package that I can recommend is the Wirsbo
Radiant Express package. Computer software has its limitations, but
it can do calculations for you and answer a variety of questions that
will save you time and trouble. In order to compute heating loads
and figures, you need some base points from which to work. This is
true with or without computer software. Therefore, I will provide
you with some key information needed for such work before we
leave this chapter.

Tubing Routes
Tubing routes are usually pretty simple to establish (Figure 3.4). There
are times when getting tubing from one place to another is a chal-
lenge. For example, you might be running your heat tubing and do-
ing just fine until you come to a steel beam that you were not expect-
ing. Maybe you will be installing your heat tubing for a slab and run
into a conflict with the plumber or electrician. Due to the diminutive
size of heat tubing, it can be routed in most any place and in most any
way. The key is planning your route in advance. Proper planning be-
fore an installation not only makes the job faster, easier, and more en-
joyable to do, it can make it much more profitable (Figure 3.5). Sit
down with a set of blueprints, if they are available, and draw in your
tubing diagrams. Find out what roadblocks you might hit, such as
stairs, support posts, beams, foundation walls, and so forth.

Not all jobs have blueprints drawn for them. Sometimes contrac-
tors have to work with what they can see and hope for the best. This
is usually the case in retrofit and remodeling jobs. Experienced re-
modelers have done enough jobs to have a very good idea of what to
expect, but even they can’t be sure of what they will find until they
run into it. This does not mean, however, that planning a heat design
for a remodeling job is not practical. It absolutely is and you should
dedicate time to plotting a course before you begin an installation
(Figure 3.6). 

In the case of new construction, there are usually blueprints avail-
able. The prints for residential construction may not have a heating
plan. If this is the case, you or one of your contacts must create one. Once
you know what you’d like to do, you have to find out if it can be done.
This might require talking to the builder, the carpenters, the plumbers,
and so forth. Making a heating system work in new construction can be
much easier than making one work in a remodeling job.



If you have to figure out a way to get heat tubing into a remodel-
ing job you will have to do a site inspection. When you do this in-
spection, go prepared and be willing to spend an hour or two at the
job site. You should take basic inspection tools and either a tape
recorder or a notepad and pen. Chances are good that you will need
to keep many notes pertaining to the property. Not all remodeling
jobs are difficult to fit with radiant floor heating. Sometimes you can
gain good access under the flooring. Then again, you can run into old
houses where there is virtually no room to work beneath the floors.
In a case like this, you might install heat tubing on top of the existing
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floors and have a sleeper system installed with new underlayment on
it. There is almost always some way to get around obstacles when you
are working with plastic heat tubing.

Creating an effective heating system with plastic tubing is not usu-
ally difficult to do. If you have a good plan the installation should be
a breeze. When you do hit a snag, the flexibility of the tubing should
make compensating for the unexpected problem fairly easy. Get a
good heat design to work with and then look carefully at the routing
of all tubing. If you arrive on a job with a well-researched plan, you
shouldn’t have any serious setbacks.

Heat tubing layout with manifold locations noted. (Courtesy of Wirsbo)
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Perimeter heating system for radiant floor heat. (Courtesy of Wirsbo)



Combining radiant floor systems with baseboard heating systems
is not as difficult as some people might think. In fact, it’s fairly

simple and can be quite effective. Baseboard heating units are very
effective in their own right. Areas where extreme climates make
winters brutally cold are ideal places to find baseboard heating
units. In a state like Maine, baseboard heat is the number-one
choice among homeowners. Some houses are equipped with
forced-air heat and a few have electric baseboard heat, but a major-
ity of the homes have hot-water baseboard heat and oil-fired boil-
ers. Recently, radiant floor heating has become increasingly popu-
lar in Maine. Houses that are already equipped with hot-water
baseboard heat are ideal candidates for radiant floor heating. The
same heat source can be used for both types of heat, but the supply
water for the radiant system must be cooler than the supply for the
baseboard units. This is easy enough to accomplish, and we will ex-
plore the process a little later in this chapter. Many people don’t re-
alize that radiant floor heat can be used in combination with hot-
water baseboard heat. It absolutely can. 

It’s unlikely that a heating contractor would design a combined
system for new construction. The most common use for a combined
system is in a retrofit or remodeling situation. For example, if a re-
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modeler is adding an addition to a home, it could make a lot of sense
to install radiant floor heating in the addition. If the home already has
a boiler, the process is fairly simple and quite cost-effective. There
could be some circumstances that would suggest using a combined
system in new construction, but they would be few and far between.
Retrofitting and remodeling are the ideal times to consider combining
baseboard with radiant floor heating.

Why Add Heat?
Why add heat to a house with an existing heating system? There can be
many reasons. The existing heating system may not be very efficient.
By adding new radiant floor heating, the existing system can fall into a
back-up role. Sometimes houses are not fitted with enough heat when
they are built. This happens more often than it should. If a heating sys-
tem is inadequate, adding radiant floor heating to selected areas can
make a big difference. Some homeowners want radiant floor heat
added to warm floors, specifically in bathrooms. Comfort is always a
good reason to add new heat. It’s not uncommon for people to decide
after building a home to heat parts of the property that were not heated
during construction. Garages are a good example of this type of situa-
tion. In a retrofit situation with a garage, radiant heat in the floor might
not be sensible. A good space heater hung in the garage should cost less
and be easier to install. Radiant floor heating in a garage is fine when
the garage floor has not yet been poured, but a retrofit is tough. It can
be done, but it’s rarely sensible. A more likely space could be a porch
that has been converted from seasonal use to year round use. This
might be an ideal situation for installing radiant floor heat.

People come up with all types of reasons for adding heat to both
homes and commercial spaces. Having the skills to offer your cus-
tomers a combined system can make your business more profitable or
your employer happier with your job performance. Mixing hot-water
baseboard heat with radiant floor heat is not difficult. Anyone with
general heat installation skills can combine the two types of systems.
There are, however, some special modifications needed to use a boiler
that is designed to work with baseboard heat when you want to use
the same boiler to supply water to radiant heat. The major part of the
process is getting cooler water to the radiant heat without hurting the
heat source by returning water that is too cold to it.
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The Temperature Problem
The temperature problem of using a single heat source for both hot-
water baseboard heat and radiant floor heat is one that many people
don’t fully understand. It’s true that water supply temperature to the
two types of systems must be considerably different. This does not
mean that a single heat source can’t serve both systems. Confusion on
this issue sometimes influences people to look for alternative heating
options. Minor modification of the existing heat source for hot-water
baseboard heat is all that’s needed to make it produce water of a suit-
able temperature for a radiant system. 

Water temperature for water being run through hot-water base-
board heat must be much hotter than the water needed for a radiant
floor heating system. Copper tubing is the most common type of dis-
tribution piping used with baseboard systems. The fin-type heating
elements collect heat from the water passing through the copper tub-
ing and then radiate the heat to living space. Radiant floor systems
don’t use fins. Plastic tubing is the most common material used to
transport water in a radiant floor system. If a boiler is being used for
hot-water baseboard heat, the temperature of the water coming out of
the boiler and going to the baseboard units must be high. But this
same high-temperature water is too hot for a radiant system. So what
can be done? Well, let’s see.

Radiant floor heating is considered a low-temperature heat, in
terms of the supply water being used. A standard water heater is all
that is needed to produce adequate hot water for a small radiant sys-
tem. The exact temperature of the water supplying a radiant system
can depend on many factors, but in all
cases the water temperature should be
much lower than the water used to run a
hot-water baseboard heating system. Fac-
tors that influence the temperature of
supply water include:

� The spacing of heat tubing

� The method of installation for a
system

� The type of finished floor material
being used

There are three standard types of
categories for radiant floor systems.
Type 1 systems don’t require addi-
tional temperature control. Single
temperature tempering is required
when a Type 2 system is used. For a
Type 3 system, a weather-respon-
sive reset control is needed.

TECH>>>TIP
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� The heat load for the building being
heated.

There are three standard types of cate-
gories for radiant floor systems. Type 1
systems don’t require additional tempera-
ture control. Single temperature temper-
ing is required when a Type 2 system is
used. For a Type 3 system, a weather-re-

sponsive reset control is needed. A Type 1 system might be one where
a standard plumbing water heater is used as the heat source. Since the
water heater is thermostatically controlled, that is the only heat con-
trol needed. For example, the thermostat for the water heater could be
set at 110° and left to function independently. This, of course, doesn’t
apply when a boiler for a hot-water baseboard system is being used
as a heat source.

A condensing boiler (Figure 4.1) is another type of heat source that
is used with Type 1 systems. These boilers are designed to operate
properly with extremely low return water temperatures. This is not
the case with boilers used for baseboard heating systems. Condensing
boilers use low-temperature return water to condense flue gases. The
heat gained from the flue gases helps to heat supply water. This is
quite different from the operation of a non-condensing boiler, such as
the type used with baseboard heating systems.

Even if an entire heating system consists of radiant floor heating,
a non-condensing (Figure 4.2) boiler should not be used as a heat
source. These boilers are meant to work with higher water tempera-
tures. If the return water to a non-condensing boiler is colder than
135°, the flue gases within the boiler can condense. If this happens,
the condensation is highly acidic and can damage the flue or the
boiler.

Installation of a Type 2 system requires the use of a tempering
valve. This valve must be installed between the boiler and the radiant
heating system. When a tempering valve is installed, it protects the
boiler from low-temperature return water and provides water as a
supply for the radiant system at a proper temperature. A three-way
tempering valve is the simple and effective way to achieve Type 2
control. This type of valve gives a constant, fixed water temperature
for radiant floor heating, without affecting boiler operation.

How does a three-way tempering valve function? Good ones have
valves inside that contain elements that expand and contract to con-

Installation of a Type 2 system 
requires the use of a tempering valve.
This valve must be installed between
the boiler and the radiant heating
system.

HOT POINT
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trol water temperature. One port of the three-way valve supplies the
hot-water baseboard zones. A second port supplies radiant zones.
The third port is a bypass that allows hot water to return to the boiler.
A good valve can have a dial on top of it that allows water tempera-
ture to be set to a desired level. Expansion and contraction of the in-
terior element opens or closes a shuttle valve, as needed, to maintain

Condensing boiler, single temperature. (Courtesy of Wirsbo)
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Noncondensing boiler. (Courtesy of Wirsbo)
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a steady temperature. A good tempering valve is a reactive valve.
This means that the valve will maintain a constant water temperature
even if there is a drop in boiler supply water. A reactive valve of this
type can be used with intermittent, zone, or on-off controls.

A three-way tempering valve offers many advantages in a Type 2
situation. The valve doesn’t cost a lot, it requires no electrical wiring,
offers reactive service, is easy to install, and can provide a wide range
of operating temperatures. A three-way valve can be installed in any
position, but a circulator must be installed on the radiant side of the
valve to insure proper flow to the radiant system. The circulator
should be installed between the MIX port of the tempering valve and
the supply manifold for the radiant system. A temperature gauge
should be installed downstream of the MIX port, so that the supply
water temperature can be monitored. 

Of all the options available for making a non-condensing boiler
work with both a hot-water baseboard system and a radiant system,
a three-way tempering valve is the least expensive and the simplest
to install. There are, however, other options for a Type 2 system. Out
of fairness, let’s spend a few minutes looking at the more complex
methods of making a suitable conversion.

Mixing Tanks
Mixing tanks (Figure 4.3) can be used to create Type 2 heating sys-
tems. Some people refer to these tanks as side-arms. Water from a
boiler that is serving hot-water baseboard heat is sent into the mixing
tank. Return water from a radiant heat system is also channeled into
the tank. The combination of cool water and hot water creates warm
water for the radiant supply water. A
boiler loop circulator and a radiant panel
loop cirulator are both required when a
mixing tank is used. An aquastat is also
needed. It can be either a strap-on unit or
an immersion unit. The aquastat senses
supply water temperature for the radiant
system. Any insulated water tank can be
used as a mixing tank. 

The advantages of mixing tanks are
that they are not extremely expensive,

The advantages of mixing tanks are
that they are not extremely expen-
sive, they provide energy storage,
can be installed with simple piping,
and provide water mass to reduce
potential boiler short-cycling.

Sensible Solution
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they provide energy storage, can be in-
stalled with simple piping, and provide
water mass to reduce potential boiler
short-cycling. Mixing tanks are espe-
cially well suited to wood-fired boilers,
but they can be used with a variety of
heat plants.

Heat Exchangers
Heat exchangers (Figure 4.4) can be used
to create Type 2 systems, but they are
more commonly used in connection
with systems designed to melt snow.
One side of a heat exchanger contains
boiler water while the other side of the
unit contains water for a radiant heating
system. When boiler water is pumped

through a heat exchanger the water warms the walls of the exchanger.
Radiant water is pumped through the other side of the heat ex-
changer and is warmed as it comes into the exchanger. Since both
types of water are in separate containers, the water types never mix.
A circulator and expansion tank are both required on the radiant side
of a heat exchanger.

Heat exchangers are used to deal with the issue of oxygen diffusion
corrosion when non-barrier tubing is used. Non-ferrous components
must be used on the radiant side of the system. Bronze or stainless steel
circulators with non-ferrous flanges should be used. Any standard ex-
pansion tank for potable water is suitable for use with a heat ex-
changer. A brass or bronze air separator and all non-ferrous hard pip-
ing is required on the radiant side of the system. The boiler side of the
heat exchanger can be piped with any type of approved piping. Since
the heat exchanger doesn’t allow boiler water to mix with radiant wa-
ter, there is no risk of oxygen diffusion corrosion in this type of setup. 

Heat exchangers are universally acceptable. They keep different
types of water from mixing, protect the heating plant from cold re-
turn water, and even allow the isolation of systems using high glycol
mixes. The expense of heat exchangers is a disadvantage. But, when
used for snow melting or applications where domestic water heaters
are part of the system, heat exchangers can be an ideal selection.

Mixing tank. (Courtesy of Wirsbo)
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Motorized Mixing Valves
Motorized mixing valves perform the same basic service as a stan-

dard three-way mixing valve, but they use a motor to get their job
done. A four-way motorized mixing valve (Figure 4.5) responds to
control input from electronic sensors to maintain fixed water temper-
ature. A sensor checks radiant supply water temperature. If the tem-

Noncondensing boiler with heat exchanger. (Courtesy of Wirsbo)
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perature falls below the desired temper-
ature level, a control fires a circulator on
the boiler side of the valve and triggers
the mixing valve to adjust the tempera-
ture of the water. This, of course, is done
by mixing hot water with colder water
to create warm water.

Four-way mixing valves are depend-
ent on their electrical functions to be re-
active. The additional cost of a four-way
valve is a consideration when a three-
way valve can get the job done. But,
four-way, motorized mixing valves are
universally acceptable and they can be
made weather responsive for a Type 3
system. When a weather-responsive sys-
tem is in use, it maintains water temper-

ature on a routine basis. If the weather is cold, the system increases
heat output. On warmer days, heat output is reduced. These high-
end systems are not normally used in residential heating applica-
tions, since cost is a major factor.

As you should now see, it’s not really difficult to combine a radi-
ant heating system with a hot-water baseboard system when you are
starting with an existing hot-water baseboard system. The same is not
true if you are trying to add hot-water baseboard heat to a radiant
system. Since radiant systems operate at low water temperatures,
you cannot reasonably add hot-water baseboard units to a radiant
system. Don’t forget this fact if you are looking at a job where the
main heat plant is set up for a radiant system.
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Establishing heating zones can be very simple. In fact, a single heat-
ing zone is all that is needed. There is nothing that says a building

must be equipped with multiple zones. But, for comfort and effi-
ciency multiple zones are desirable. Once it is determined that multi-
ple heating zones are wanted, zone planning becomes important.
Each zone adds expense to a heating system during the installation
process. But the zones may save enough money during the operation
of a heating system to more than offset the cost of the zone.

Typical homes that use zoned heating systems have two or three
zones. A two-story home might have one zone for the upstairs living
area and another zone for the downstairs area. This same house might
use three zones, so that each level has its own zone and then the bed-
rooms are on a zone of their own. The combination of zones is limited
only by one’s desire and financial ability. Business and commercial
properties may have many zones to accommodate different types of
usages or individual office areas. 

In terms of installation, setting up different zones is not complicated,
but it can get expensive. Supply and return piping must be run for each
zone. The piping cannot be tied into piping for other zones. Wires must
be run to thermostats for each zone. Multiple circulators or zone valves
are needed in a system with more than one zone (Figure 5.1). The labor
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and material costs to create a number of in-
dependent zones can be intimidating. So
why do it? Because a building that is zoned
properly is much more efficient and costs
less to heat. The additional money spent
during installation should be recovered in
cost-savings during operation.

A lot of contractors don’t give much
thought to creative use of zones. These contractors tend to do things
the way they have always been done or in a way that is most consis-
tent with common, everyday practices. This is not a good attitude.
Every building or home can have individual needs that should be as-
sessed when planning for heating zones. Contractors who want
happy customers should take the time to talk to their customers about
all available options in regards to heating zones. Most consumers are
not that well informed on the use of zones, so they may not know to
ask for specific zones. More often than not, consumers will leave the
design suggestions up to their contractors. This is fine, so long as the
contractors are willing to share their knowledge and experience with
their customers before installations are completed.

In my opinion, each level of living
space in a home should have its own
heating zone.

Sensible Solution
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Let’s say that you are going to install
a heating system in a house that contains
3,000 square feet of living area (Figure
5.2). The house has four bedrooms, three
bathrooms, two levels of living space, a
sunroom, and other normal rooms.
Wouldn’t three heating zones be enough
for this house? It certainly could be, but
it may not be the optimum way to layout
the heating system. Are all of the bed-
rooms on the same level of living space?
If not, this could be reason for a fourth
heating zone. Will anyone sleeping in
the bedrooms be extremely young or
old? People who are at one extreme or
the other of age might need warmer
sleeping conditions. This could be a rea-
son for yet more zones. The sunroom probably will not need heat all
of the time, and it may not need as much heat as other rooms in the
house. Here’s a situation for still another zone. Are you starting to see
how the desire for additional zones can grow quickly? Well, let’s look
at some specific conditions that might warrant added heating zones
in a home (Figure 5.3).

Primary Living Space
Primary living space as it is discussed
here refers to various levels of living
space in a home. For example, a two-
story home with a full basement would
have three primary living spaces in the
context of our conversation. Each level of
living space should have its own heating
zone (Figure 5.4). The reasons for this are
pretty obvious. If residents of the home
spend a majority of their time on the
main level of the home, it’s not necessary
to heat the upstairs area and the base-
ment as often as it is to heat the main
level. Having the heat turned down in
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Multiple zones on multiple manifolds with
telestats and zone valves. (Courtesy of
Wirsbo)

Single zones on multiple manifolds with cir-
culators. (Courtesy of Wirsbo)



the basement is not going to make the
majority of the living space uncomfort-
able. Assuming that bedrooms are lo-
cated on the upper level of the home, the
heat in the upstairs can be turned up
shortly before bedtime. This means that
most of the heating time is used to heat
the main level. If all three levels were
heated equally, the cost of operating the
heating system would be much higher.
There is no reason to waste money or
natural resources, so the installation of
different heating zones makes a lot of
sense (Figure 5.5).

In my opinion, each level of living
space in a home should have its own heating zone. If a basement is
used frequently, such as a play or work area, the heating zone can be
turned up as needed and left at a cool setting when the basement is
not being used. Most contractors do place different levels of living
space on separate heating zones. It’s basically standard procedure.
This is the easy part--the rest of the planning that goes into zoning a
house for heat can be more complicated to predict.

Bedrooms
Bedrooms are often placed on one zone of heat that is separate from
main living areas. This is because bedrooms are generally used only
at night, so there is no need to keep them very warm until they are

needed. However, the practice of put-
ting all bedrooms on the same heating
zone can be a mistake. Don’t get me
wrong, bedrooms should be zoned dif-
ferently from main living areas, but
maybe there should be independent
zones installed for each bedroom.

Adding heating zones to a system in-
creases the cost of installation. This is
why many builders and heating con-
tractors limit the number of zones in a
house. But if a customer is after total
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Multiple zones on multiple manifolds with
zone valves. (Courtesy of Wirsbo)

Multiple zones on single manifold with zone
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comfort and satisfaction for everyone
who will be using a home, the decision to
cut corners on zones could be a poor one.
Having every bedroom on an independ-
ent zone could be considered extrava-
gant, and maybe it is. But there are cer-
tainly times when circumstances warrant
putting at least some of the bedrooms in
a home on separate zones (Figure 5.6).

If a family has two adults, two
teenagers, and a young child, that family
might want at least one of the bedrooms on an independent zone.
The young child is more likely to be uncomfortably cold than the
older children and adults if all of the bedrooms are kept at the same
temperature. Putting a separate thermostat in the young child’s
room, with an independent zone, gives the parents a lot of control
when it comes to keeping the child comfortable.

Elderly people often get cold quicker than younger people. If a
person is building a home and is providing a bedroom for a parent
or in-law who has advanced in years, it could be very sensible to
provide a separate heating zone for the older person’s bedroom. The
issue of elderly residents and very young inhabitants is not often
considered. Common practice puts all bedrooms on one zone, so if
the selected temperature is 70°, all of the
bedrooms are maintained at that temper-
ature. Personally, I prefer a cooler bed-
room temperature, but others like their
rooms very warm. This is not just a mat-
ter of age, it is also a matter of personal
preference.

Having bedrooms on independent
zones makes them easy to control. But
setting up a zone for every bedroom in a
large house can be quite expensive. It
might be reasonable to set up one zone
for heating rooms occupied by parents
and older children while other zones are
established for young children and
older adults. Of course, to do this a plan
has to be in place before the heating sys-
tem is installed. If you are heating a

Some houses have specialty rooms,
such as a billiard room, a woodwork-
ing room, a sewing room, or what-
ever. This type of living space can
benefit from a separate heating zone
since the room is not used regularly.

TECH>>>TIP
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Bedrooms are often placed on one
zone of heat that is separate from
main living areas. This is because
bedrooms are generally used only at
night, so there is no need to keep
them very warm until they are
needed. However, the practice of
putting all bedrooms on the same
heating zone can be a mistake.
Don’t get me wrong, bedrooms
should be zoned differently from
main living areas, but maybe there
should be independent zones in-
stalled for each bedroom.

TECH>>>TIP
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home for a customer who has an infant,
you should mention the possibility of
putting the baby’s room on a separate
zone. The same advice applies if your
customer is building a home containing
in-law’s quarters.

Bathrooms
It’s not uncommon to find bathrooms
with little to no heat in them. Some bath-
rooms have wall-mounted heating units, others have radiant floor
heating systems, and many have no heat. When a bathroom is located
within the heated confines of a home, the bathroom may not need any
heat. Yet, people take showers, step out to dry off and get cold. Hav-
ing heat in a bathroom, or at least having it available, is a good idea.
Radiant floor systems are particularly nice in bathrooms, since people
using the bathroom are likely to be without shoes or slippers. Since
most bathroom floors are not carpeted, the floors can be cold to the
touch. Radiant floor heating eliminates this problem.

Normal procedure has bathrooms on the same heating zone as the
rooms around the bathroom. This is usually okay, but it can be nice to
have the bathroom on an independent zone. Bathrooms don’t usually
require much heat unless people will be bathing. If a bathroom has its
own zone, the heat can be kept turned down until it is needed. This
helps to reduce the operating cost of the heating system.

Specialty Rooms
Some houses have specialty rooms, such as a billiard room, a wood-
working room, a sewing room, or whatever. This type of living
space can benefit from a separate heating zone since the room is not
used regularly. Any part of a house that is not used routinely is a
candidate for a separate heating zone. For example, a kids’ play-
room will not need much heat during the day if the children are in
school. A sunroom that collects a lot of solar heat during the day
will not need much heat unless it is being used when there is little

Outdoor heating with radiant heat-
ing systems is not rare. Many homes
are built with radiant heat installed
to melt ice from roofs, walkways,
and parking areas. Obviously, this
type of heating installation should
be separated from the controls used
for interior living space.

Sensible Solution
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to no sunlight to warm the room. An ex-
ercise room would normally be kept
cooler than standard living space. Any
situation like this could be justification
for adding another heating zone to a sys-
tem (Figure 5.7).

Garages
In cold climates it’s not unreasonable to
expect some garages to be heated. Since
most garages have concrete floors, they
are an excellent place to install radiant

floor heating. While a house temperature might be kept near 70°, a
garage can do very nicely at a much lower temperature. Why heat a
garage to 70° if 50° is suitable? Following this line of thought, a sepa-
rate heating zone should be used for a heated garage. 
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Wiring detail for a zone valve. (Courtesy of Wirsbo)

Having bedrooms on independent
zones makes them easy to control.
But setting up a zone for every bed-
room in a large house can be quite
expensive. It might be reasonable to
set up one zone for heating rooms
occupied by parents and older chil-
dren while other zones are estab-
lished for young children and older
adults.

Sensible Solution
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Kitchens
Kitchens are usually placed on the same heating zone that is used to
heat living space around a kitchen. In most cases, this is perfectly ac-
ceptable. However, kitchens can build up a lot of heat if extensive
cooking is being done. For this reason, some cooks might like a cooler
room temperature when they begin to cook. If a kitchen is already at
a comfortable temperature and then heats up as a result of cooking,
the cook could become overheated and uncomfortable during the
cooking process. It’s rare to find a kitchen with its own heating zone,
but there is no reason why a kitchen couldn’t be placed on an isolated
heating zone.

General Living Space
General living space and common areas, such as halls, will normally
be on the same zone if the space is on the same level of a home. An ex-
ception might be made in a large home where the living space is sep-
arated by a great distance. In an average home, a dining room, living
room, family room, and hall would all be on the same heating zone.
The kitchen and even the bathrooms might also be on this one zone.
If a room can’t be closed off from other living space, it makes little
sense to provide the room with a private zone. For example, an open
dining area should not be zoned individually. However, a dining
room with French doors that can be closed could be a good candidate
for a separate zone since the dining area is used only for short periods
of time. 

Outdoor Heating
Outdoor heating with radiant heating systems is not rare. Many
homes are built with radiant heat installed to melt ice from roofs,
walkways, and parking areas. Obviously, this type of heating installa-
tion should be separated from the controls used for interior living
space. Normally, the outdoor system will be equipped with a weather-
responsive control to maximize energy efficiency on the overall heat-
ing system. But, a simple on-off switch can be used for the outside sys-
tem, depending on a customer’s desire (Figure 5.8).



Common Sense
Common sense is the best tool to use when laying out heating zones.
But a thoughtful planning process should be incorporated into every
heating system before it is installed. You’ve just seen examples of dif-
ferent situations where additional zones could be used. The person
who is going to live in a house should have a say in what rooms have
independent zones. Contractors should sit down with customers and
plan heating zones from top to bottom, before any work is started.
Once a heating system is installed, it’s not cost-effective to break the
system down into additional independent zones. The time to decide
on zone locations is before any work has begun. Only the people who
will be living with a heating system know for sure how they would
like the dwelling zoned off.
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Manifolds play an important role in a radiant floor heating system.
Generally, there is a supply manifold and a return manifold used

with every system. In simple terms, a manifold is a device where all
supply or return tubing comes together and where a larger pipe as a
part of the manifold either supplies the tubing with water or returns
water from the tubing to a heat source. Sounds simple enough, and it
is pretty simple, but it’s also important. The location of a manifold can
have a lot to do with the overall cost of installation for a system. Plan-
ning the location of a manifold requires the system designer to con-
sider access and general piping locations. Manifolds should be in-
stalled in centrally-located areas to reduce installation costs for tubing.

The location chosen for a manifold is affected by a few factors. A
first consideration should be the piping layout. Place the manifold in
a location that will minimize the amount of tubing required to com-
plete a job. Since manifolds have valves on them, the manifolds
should be accessible. If it’s practical to make the manifolds readily ac-
cessible, that’s even better. Closing a manifold up in a wall is a bad
idea. It’s possible that access to a manifold might not be needed for a
long time, but reasonable access should always be available.

Some contractors build their own manifolds, at least some of the
time. Other contractors rely on stock manifolds that are available
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from material suppliers. There is no great
advantage to building your own mani-
fold. It might be a little less expensive to
fabricate a manifold than it would be to
buy a pre-assembled unit, but the savings
are usually not worth the additional time
required to make a manifold. Of course, if
you are short on work and long on time,
building your own manifold might in-
crease your profit by a little. The main mo-
tivation for building a manifold on a job

site is control. There can be times when a custom-made manifold sim-
ply better suits a job.

Manifolds confuse some contractors. There is no reason why this
should be the case. In reality, manifolds are simple in nature and func-
tion. You can think of a manifold as an intersection where some wa-
ter is coming in and some water is going out. Supply water is piped
to a manifold so that it can be distributed throughout a heating sys-
tem. Part of the confusion can be that a single manifold handles both
ends of the job. But there are two manifolds, at a minimum, for each
heating system. There is a supply manifold and a return manifold.
Since some contractors refer to the pair as a manifold station, people
sometimes think of a single unit. The two units are often located close
together and can even be supported by the same brackets. 

A manifold might house only one piece of tubing, but it may have
10 or more tubing lines connected to it (Figure 6.1). If a contractor re-
quires a manifold that will support more than an average number of
connections, the manifold must either be made on the job site or or-

dered with specifications which detail the
exact number of connections. When a
contractor has any reason to believe that a
heating system may be enlarged later,
manifolds with spare connection ports
can be installed. The unused connection
points can be capped off until they are
needed for the expansion of a heating
system.

Balancing valves are frequently in-
stalled with manifold systems. The
valves permit adjustment of individual
flow amounts in the various sections of
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Manifolds confuse some contractors.
There is no reason why this should be
the case. In reality, manifolds are
simple in nature and function. You
can think of a manifold as an inter-
section where some water is coming
in and some water is going out.
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heating tubing. When a pre-assembled
manifold is used, the exact settings for
each balancing valve might be specified.
The purpose for this is to assure the
proper flow in terms of design criteria.
Additional accessories for a manifold sta-
tion can include a flowmeter, air-venting
devices, thermometers, and purging
valves that allow air to be removed from
the system, as well as providing a means
by which water can be drained from the
system.

Telestats are installed in conjunction
with manifold stations. The telestat
makes it possible to control individual zones with a room thermome-
ter. Telestats consist of a small, 24 VAC heat motor. The units screw
onto a manifold valve. This allows the piping circuit to respond to de-
mands from individual locations that are equipped with independent
thermostats. Telestats can be purchased with or without isolated end
switches, as with zone valves. When a room thermostat calls for heat,
the telestat slowly opens a valve on the manifold circuit. This process
can take up to five minutes to complete. By installing telestats on
every connection of a manifold system you can essentially zone off a
building so that every connection creates its own zone. Of course, this
procedure can run the cost of a heating system up by a considerable
amount. The use of a large number of connections can require the in-
stallation of multiple manifold stations.

One reason for using more than one manifold station can be floor
coverings (Figure 6.2). If part of a building has carpeting as a floor
covering and another part of the building has tile as a floor covering,
the water temperature needed to provide
comfortable heat will be different. Tubing
installed beneath a tile floor will not have
to produce as much heat as tubing in-
stalled under carpeting. If this type of sit-
uation exists, it’s desirable to use two
manifold stations, one for the carpeted
area and one for the tiled area.

The design and installation of manifold
systems varies. One variable is the heat
source. If the heat source being used can
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Tubing installed beneath a tile floor
will not have to produce as much
heat as tubing installed under car-
peting. If this type of situation exists,
it’s desirable to use two manifold
stations, one for the carpeted area
and one for the tiled area.

Sensible Solution

Telestats are installed in conjunction
with manifold stations. The telestat
makes it possible to control individual
zones with a room thermometer.
Telestats consist of a small, 24 VAC
heat motor. The units screw onto a
manifold valve. This allows the piping
circuit to respond to demands from in-
dividual locations that are equipped
with independent thermostats.
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accept low-temperature return water
without problems, a direct piping system
can be used. A boiler that requires high-
temperature return water makes a direct
piping system unfeasible. There are sev-
eral types of heat sources, however,
which can be used with direct piping sys-
tems. Condensing boilers are the most
frequently used heat source for a direct
piping system. Hydronic heat pumps and
electric boilers can also be used with di-
rect systems. Water heaters and solar col-
lection systems can both be used to heat
water in a direct piping system.

A radiant heating system that is using
a direct piping installation should have a
circulator that runs continuously. The
system can be controlled by either an on-
off control or a reset control. When an on-
off control is used, it is wired in series
with a temperature-limiting setpoint con-
trol, and this is important. When heat is
called for the heat source is turned on.
The heat source will continue to produce
heat until the thermostat that called for
heat is satisfied. If the temperature of the
supply water rises too high, the setpoint
control will sense it and shut the heat
source down. Once the temperature of

the supply water drops to an acceptable level, the setpoint control
restarts the heat source.

Setpoint controls protect concrete heat masses from cracking. If a
heating system is operating with a heat source that is oversized, the
water temperature in the heating tubing can become too hot. A room
thermostat cannot sense this heat, and therefore will not shut down
the heat source. There have been occasions when hot water tempera-
tures in radiant heating systems have cracked concrete. Setpoint con-
trols prevent this from happening. 

Electronic reset controls can be used in place of setpoint controls. A
reset control maintains a calculated supply water temperature to sup-
ply tubing. Heat input to a system is in direct response to prevailing
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heating loads. When you want to mini-
mize fluctuations in the temperatures of
heated space, reset controls work very
well. If you are after a direct piping sys-
tem, use a heat source that will accept
low-temperature return water, that has
continuous circulation, and that is
equipped with either a setpoint control
or a reset control.

Choosing a Location
Choosing a location for a manifold sta-
tion doesn’t have to be a complicated
process. It is, however, a decision that
should not be taken lightly. One consid-
eration to account for is the accessibility
of the manifold station (Figure 6.3). It’s
common for the stations to be installed
in wall cavities. When this is the case, the
location should be accessible. Closets are
an ideal place to install a manifold sta-
tion. It’s acceptable to hide a manifold
station behind a wall covering, but there
should be a removable access panel to
make working with the manifolds easy.
Since access panels are not always ex-
tremely attractive, it’s advantageous to
place the manifolds in a closet. 

Houses that have basements can have
the manifolds housed somewhere
within the basement. It’s common for
heat sources to be installed in basements
when basements are available. Keeping
manifolds in the general proximity of the
heat source can be cost effective. If man-
ifolds are installed in a mechanical room,
they should be installed in an exposed
manner. This makes the valves easily ac-
cessible. Whenever it’s reasonable to

If manifolds are installed in a me-
chanical room, they should be in-
stalled in an exposed manner. This
makes the valves easily accessible.
Whenever it’s reasonable to make a
manifold station readily accessible,
you should do so.

Sensible Solution
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make a manifold station readily accessi-
ble, you should do so.

Pre-assembled manifolds are some-
times sold with custom cabinets to house
them (Figure 6.4). These cabinets are sim-
ilar to the type used for washing-machine
hook-ups. The metal cabinet is installed
in a recessed manner in a stud wall. Both
the supply and return manifolds are in-
stalled within the cabinet. A hinged cover
on the front of the cabinet makes access to
the manifold station fast and easy. This is

a very good way to go when leaving a manifold station completely
exposed is not practical. 

Closets are not always available in areas where manifold stations
should be installed. If a manifold can’t be installed in a basement, a
mechanical room, or a closet, you have to get a bit more creative. Con-
sider installing the manifold station in a base cabinet in a kitchen or
bathroom. Manifold stations require space and access, but a medium-
sized base cabinet can accommodate most manifold stations. 

Creative construction tactics can go a long way in hiding manifold
stations. For example, you might build a window seat in a room to
conceal a manifold station. The hinged top on the window seat can
provide plenty of access to the manifolds. Plant shelves can be built
to spruce up a room and hide a manifold station. A removable panel

on the front of the plant shelf or a book-
case can hide a manifold. If a house has a
heated garage it may be possible to install
a manifold station in the garage. There
are plenty of ways to hide a manifold, so
don’t compromise on a desirable location
for manifolds just because there is not an
obvious place to hide the heating system
components.

Tight connections at manifold points
are critical. If you buy a pre-assembled
manifold, don’t make any assumptions
regarding connections. Inspect all exist-
ing work yourself and test the manifold
connections before you trust them. Some
contractors are lax in testing the manifold
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Tight connections at manifold
points are critical. If you buy a pre-
assembled manifold, don’t make any
assumptions regarding connections.
Inspect all existing work yourself
and test the manifold connections
before you trust them.
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Manifold cutaway. (Courtesy of Wirsbo)
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connections that they make. This may be
due to the assumption that the manifold
can be accessed whenever necessary.
Don’t fall into this trap. A very small leak
can do substantial damage over time.
Many manifolds are not in plain sight.
This means that small leaks can go unde-
tected for weeks or months. Even if you
are insured, you can’t afford to let little
leaks ruin your business and reputation.
Never conceal a manifold station before
testing it completely.

The mechanics of manifolds are not
complicated. Even when multiple mani-
folds are used the basic principles are the
same. Sometimes it’s more economical to
split a heating system off into different
manifold stations. This could be due to long distances in pipe runs or
varying types of floor coverings. In simplistic terms, a manifold ei-
ther receives water from a heat source and divides it up among sup-
ply tubing or it receives return water from tubing and consolidates it
into a single pipe that returns the water to the heat source. There re-
ally aren’t any mysteries tied to manifold stations.

Setpoint controls protect concrete
heat masses from cracking. If a heat-
ing system is operating with a heat
source that is oversized the water
temperature in the heating tubing
can become too hot. A room thermo-
stat cannot sense this heat, and
therefore will not shut down the heat
source. There have been occasions
when hot water temperatures in ra-
diant heating systems have cracked
concrete. Setpoint controls prevent
this from happening.

HOT POINT
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Oil-fired boilers are the most common type used where I live in the
state of Maine. Why is this? Part of the reason is that natural gas is not

available in many parts of the state. If it were, I suspect that gas-fired
boilers would be much more popular. With the exception of some of the
southern cities in Maine, natural gas is mostly unavailable. If a gas-fired
unit is wanted, it is likely to have to be a liquified petroleum (LP) gas
unit. Fuel oil is, without a doubt, the prime source of fuel for boilers in
Maine. This is not the case in all areas of the country. Gas-fired boilers
are very efficient and quite popular where natural gas is available. How-
ever, remote areas don’t always enjoy gas service. It is often the colder
climates where the most remote regions exist, such as in Maine. There-
fore, oil-fired boilers are frequently used in hydronic systems.

Are oil-fired boilers good heat sources? Yes, they are fine heat sources.
When I lived in Virginia, I installed heat pumps in my personal homes
and in the homes that I built for most of my customers. Over the last
decade, I’ve installed oil-fired boilers almost exclusively. This is because
I relocated to Maine about 11 years ago. I used an oil-fired boiler in the
home I built for myself and in all the homes I’ve built for customers. In
addition to my work as a builder, my plumbing and heating company
has installed numerous oil-fired hydronic heating systems. Simply put,
oil-fired hydronic heating systems rule the roost in most of Maine.
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What makes the oil-fired system so desirable? Well, in Maine, it is
partially due to the fact that natural gas is not readily available in
most areas. Plus, fuel oil is a common source of heating combustion,
and Maine likes to do things the way it’s “always” been done. By this,
I mean that Mainers are not fast to accept change. It’s sort of like the
quote, “If it ain’t broke, don’t fix it.” Certainly, gas-fired boilers are a
great choice when the fuel of choice is available. Personally, given a
choice, I probably would opt for natural gas over fuel oil, but this is
mostly a personal opinion. 

There are some distinct differences between oil-fired boilers and gas-
fired boilers (Figures 7.1A and 7.1B). We are going to talk about gas-
fired boilers in the next chapter, but this chapter is dedicated to oil-fired
units. When you talk of oil-fired boilers, you must consider both cast-

Boiler detail. (Courtesy of Bard)
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iron boilers and steel boilers. These are the
two basic types of oil-fired boilers, but
there are many, many other components
involved in such heating systems. This
chapter is going to explore the major ele-
ments of such systems. We will talk about
controls, valves, flue requirements (Figure
7.2), installation requirements, nozzles,
operating fundamentals, and much more.
So get ready for a crash course in the in-
stallation and use of oil-fired boilers.

You might want to consider a wall-
mount electric boiler for your radiant
heating systems. These units are
clean, easy to install, and inexpen-
sive in comparison. By utilizing off-
peak electrical hours they can be
cost-effective in operating expenses.

HOT POINT

Boiler parts description. (Courtesy of Bard)
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Cast-Iron Boilers
Cast-iron boilers are the most common
type of heat source used in residential hy-
dronic applications (Figure 7.3). Known
as sectional boilers, these boilers can be
purchased as individual components and
put together on a job. However, most of

Just as cast-iron boilers are suitable
only for closed-loop systems, so are
steel boilers.

TECH>>>TIP

Boiler piping diagram. (Courtesy of Burnham)
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the boilers sold are already assembled. The boilers are heavy. They
can easily weigh 500 pounds. This makes getting the boilers set in
place difficult at times. When conditions allow the use of an appliance
dolly, the job of moving a cast-iron boiler is not nearly as intimidating
as it is when the boilers must be carried by workers. 

Modern boilers are much smaller than their predecessors. This is due
to increased efficiency and new designs. Even though the boilers appear
small, don’t underestimate their weight. Even little boilers are heavy.
Wet-based, sectional boilers are assembled by bolting the sections to-
gether. When assembled, the sections are known as a boiler block. The
amount of heat output available from a
cast-iron boiler is directly proportionate to
the number of sections used to create the
boiler block. The more sections there are,
the more heat potential there is (Figure 7.4).

Some manufacturers offer their boilers
as fully packaged units. This means that

Packaged boiler, without domestic coil. (Courtesy of Burnham)
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used only with closed-loop systems.
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the heating unit is shipped complete with the boiler block, a burner
assembly, a circulating pump, and controls. Buying a packaged boiler
is convenient. You can also save time during an installation. However,
packaged boilers are not customized, and this can be a problem. It is
sometimes better to match components to a boiler on a job-by-job ba-
sis. For example, a pre-packaged circulator that will work fine for a
baseboard heating system might be too small to use with radiant floor
heating loops. If packaged systems are to be used, they must be as-
sessed for proper sizing.

Cast-iron sectional boilers can be used only with closed-loop sys-
tems. When installed properly, closed-loop systems rid themselves of
excess air after just a few days of operation. This is important because
air in a system where a cast-iron boiler is used can result in rust and
corrosion. Assuming that a cast-iron boiler is installed professionally,
it should last for decades. It’s very possible for a cast-iron boiler to
continue working after 30 years of service (Figure 7.5). 
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Steel Boilers
Steel boilers are often sold with a 20-year
warranty. This is the same warranty that
is typically offered with cast-iron boilers.
Even though both boilers usually come
with the same warranty, there is market
resistance in many regions to steel boilers.
Many old-time installers don’t feel that

The debate of cast-iron versus steel
is one that continues to rage on-
ward. There are advantages to both,
and either is suitable for any residen-
tial application.

Sensible Solution
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steel boilers can compete with cast-iron
boilers in durability. Steel boilers are
lighter than cast-iron boilers. The price of
a steel boiler is usually several hundred
dollars less than a comparable cast-iron
boiler. With the many advantages of a
steel boiler, it’s surprising that more con-
tractors are not using them.

Steel fire-tube boilers surround steel
tubes with water and allow hot combus-
tion gases to pass through the tubes. Spi-

ral baffles are inserted in the fire tubes to increase heat transfer. This
is done by inducing turbulence and slowing the passage of the ex-
haust gasses. The baffles are called turbulators. The fire tubes may be
installed vertically or horizontally, depending on the brand of the
boiler. Some boilers are built to have combustion gases pass through
multiple fire tubes to increase heat. Generally speaking, a steel boiler
that has horizontal fire tubes and where gases are passed through
multiple tubes will be more efficient than a boiler that is equipped
with single-pass vertical tubes.

Just as cast-iron boilers are suitable only for closed-loop systems, so
are steel boilers. Corrosion can be a problem with steel boilers if dis-
solved air is present in the hydronic system. Since closed-loop sys-
tems rid themselves of air quickly, if they are designed and installed
properly, corrosion is not usually a problem with steel boilers.

Fuel Oil
The choice of a fuel oil for an oil-burning boiler is not complicated.
There are two common choices. A number-1 fuel oil is a suitable choice
for an oil burner. A better choice for oil tanks contained in a non-freez-
ing environment is a number-2 fuel oil. The number-2 fuel gives more
heat per gallon than number-1 fuel does. It is common for number-1

fuel to be used in vaporizing or pot-type
oil burners. Number-2 fuel is a more com-
mon choice for standard oil burners.
Check the manufacturer’s specifications
to determine which type of fuel should be
used in the oil burner that you are work-
ing with. 
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Gas-fired boilers are very popular in
areas where natural gas is available.
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Stainless steel boilers are now avail-
able and may offer the longest life of
any type of boiler. One manufac-
turer sells a unit that can be shipped
by ground carrier. This is worth con-
sidering.
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The storage of fuel oil is usually han-
dled with standard metal oil tanks (Fig-
ures 7.6 and 7.7). The tanks are available
in both vertical and horizontal models.
Vertical tanks are the most common. It’s
best when the tanks can be installed in a
basement or cellar. Tanks installed out-
doors in extremely cold climates can be
affected by condensation. It is best to use
K-1 fuel oil for outdoor tanks in cold cli-
mates. Water can build up in a tank and
dilute the fuel oil. The tanks must be
equipped with both a fill pipe and a vent
pipe. When tanks are installed inside a
home or building, both the fill and vent
pipes are piped to the outside.

Fill pipes should have a minimum di-
ameter of 2 inches. Vent pipes should
have a diameter of 1 1⁄4 inches. Fill pipes must be equipped with wa-
tertight metal caps. Vent pipes have to be covered with a weatherproof
hood or cap. It’s common for vents to terminate with whistler-type
caps so that people filling systems can tell when the tank is getting full.
Vent pipes should be installed so that they are at least 2 feet from the
outside wall of a building to allow good air circulation.

Operating Fundamentals
The operating fundamentals of oil burn-
ers are not very difficult to understand.
High-pressure atomizing oil burners
contain nine major parts, including:

� A nozzle

� A nozzle tube

� A nozzle strainer

� Ignition electrodes

� An electrodes bracket

� An air entrance

BOILERS 79

Standard oil tank setup. (Courtesy of Burnham)

Underground oil tank setup. (Courtesy of Burnham)



� An air adjustment collar

� A fan

� Rotary turbulator vanes.

This type of burner is sometimes called a sprayer. This is because
fuel oil is sprayed rather than vaporized. The burner unit is often
called a gun. Basically, oil is forced under pressure through a special
gun-like atomizing nozzle. The fuel is broken into very small liquid
particles to form a fuel spray.  

High-pressure atomizing oil burners require pressure to operate.
Residential applications usually need 80 to 125 pounds per square
inch (psi) of pressure. A commercial burner may operate at pressures
ranging from 100 to 300 psi. The burner process starts with oil being
delivered to and through a nozzle. The oil is broken into small parti-
cles and sprayed into the ignition area. An air supply is brought in
through a case opening and forced through a draft tube with the help
of a fan. The air mixes with the fuel mist. A turbulator turns to mix the
air and fuel completely. This mixture is ignited with a spark that is
provided by a transformer, which converts electrical current and
feeds it to electrodes where a spark is produced.

Gas-Fired Boilers
Gas-fired boilers are very popular in areas where natural gas is avail-
able. These boilers can be very efficient to operate. Keeping operating
costs down is something anyone who is paying to run a boiler can ap-
preciate. Basic boiler construction is the same for both gas-fired and
oil-fired boilers. There are, however, some differences, so let’s discuss
them now. 

Gas burners can operate with either an atmospheric, yellow flame
or with a power burner. There are gas burners designed for use with
natural gas and others that are designed for use with bottled gas.
Most of the bottled gas used is liquified petroleum gas (LPG). It’s very
important to match the burner unit to the exact type of gas to be used
for ignition (Figure 7.8).

A majority of all gas burners used for residential purposes are de-
signed for use as atmospheric, yellow flame burners. The atmos-
pheric injection type of burner works on a principal similar to a Bun-
sen burner. The burner is nothing more than a small tube or burner.
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This is placed inside of a larger tube. The
bigger tube has holes in it that are posi-
tioned slightly below the top of the
smaller, inner tube. Gas coming out of
the small tube pulls air through the
holes of the larger tube. This produces
an induced current of air in the larger
tube. The air enters through the holes
and is mixed with gas in the tube. The
mixture is burned at the top of the larger
tube. This type of flame produces little
light but extensive heat. 

Air supply for an atmospheric injec-
tion burner is either primary or second-
ary air. It is commonly introduced and
mixed with the gas in the throat of a mix-
ing tube. Gas passes through a small ori-
fice in a mixer head, which is shaped to produce a straight-flowing jet
moving at high velocity. The throat of the mixing tube can be called a
venturi. Gas flowing through the venturi spreads and induces air in
through an opening at an adjustable air shutter. Due to force from the
energy of the gas stream, the mixture of gas and air is pushed into the
burner manifold casting. At this point, the mixture goes through ports
where additional air is added to the flame to complete combustion.
Primary air is the air coming in through the venturi. Secondary air is
the air that is supplied around the flame.

Primary air is admitted at a ratio of 10 parts air to 1 part gas when
natural gas is used. When manufactured gas is used, the ratio changes
to 5 parts air to 1 part gas. These ratios are just theoretical values. It’s
common for gas burners to operate well with 40 to 60 percent of the
theoretical values. Some elements that affect the amount of gas
needed include the uniformity of air dis-
tribution and mixing, the direction of
travel for gas from the burner, and the
height and temperature of the combus-
tion chamber.

Natural drafts provide secondary air.
This air should not exceed 35 percent.
Draft hoods can be used to control sec-
ondary air. The hood can also control
back drafts, which might blow out a

Packaged boilers are not cus-
tomized, and this can be a problem.
It is sometimes better to match com-
ponents to a boiler on a job-by-job
basis.
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flame. Ideally, the flame of a gas burner should burn as blue as possi-
ble. This occurs when the mixture of primary and secondary air is
properly controlled.

Boiler Selection
Boiler selection depends on many factors (Figures 7.9 and 7.10). The
first consideration is the type of fuel to be used to operate the boiler.
It is possible to obtain a boiler that runs on electricity, but gas-fired
and oil-fired boilers are, by far, much more common and more popu-
lar. Boilers that are designed for operation with natural gas can only
be used where natural gas is offered to customers of utility providers.
When available, natural gas is an excellent choice as a fuel. 

Manufactured gas is usually available in any location. Some people
dislike manufactured gas due to the large storage bottles used to hold
the gas and the perceived risk of explosion. Oil-fired boilers require
the use of large tanks, but fuel oil is not explosive in nature. It burns,
of course, but it does not explode. Bottled gas can explode. Such acci-
dents rarely happen, but it is a risk that some people are unwilling to
accept.

Fuel oil is available in nearly every region and it’s a good choice.
Oil can be purchased in the off season, during warm weather, and
stockpiled for winter use. Most codes allow the installation of two oil
tanks for residential use. With two large tanks, homeowners can store
summer oil at lower prices for winter use. Oil burners are dependable
and make fine heat sources.

The debate of cast-iron versus steel is one that continues to rage
onward. There are advantages to both, and either is suitable for any
residential application. Both types of boilers share similar warranties.
Steel boilers tend to be less expensive. Cast-iron boilers may be a bit
more efficient, but this is a debatable point. The ultimate decision be-
tween the two is up to the person paying for the unit. A quality boiler
of either type will serve well for many years.
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Noncondensing boiler setup. (Courtesy of Wirsbo)
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Material selection for a radiant floor heating system is pretty simple.
PEX tubing is the leading type of tubing for modern radiant heat-

ing systems. There was a time when copper tubing and Polybutylene
(PB) were used. PEX tubing has essentially replaced PB tubing. The
cost and ease of application are two strong reasons to use PEX tubing. 

PEX tubing is by far the leader in modern radiant floor heating sys-
tems. With this in mind, we will concentrate our efforts here on PEX
tubing. Copper is almost never used in modern radiant floor systems,
so it’s hardly worth discussing. However, copper might be used to de-
liver supply water to a manifold. It could also be used to convey re-
turn water from a manifold to a heat source. Of course, copper could
be used for an entire system, but the cost is prohibitive, and copper
tubing is not as easy to work with as plastic tubing. For most appli-
cations, PEX tubing is the material of choice.

What Is PEX?
PEX is the premier tubing for radiant floor heating. The technical
name for the material is cross-linked polyethylene. Unlike PB tubing,
PEX tubing is cross linked and stronger. Talking about molecular

8
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chains and the process used to create PEX could get boring. It’s
enough to know that the product exists and performs well in both
plumbing and heating applications. PEX has a three dimensional net-
work of molecular chains that make it extremely durable. The tubing
can be used with a wide range of temperatures and pressures. This
type of tubing is leaping to the front of the list of material choices for
radiant heating and plumbing water distribution, but the product is
not new. In fact, PEX has been around for many years.

Polyethlene can be cross linked in a number of ways. Depending
on which method is used, the properties of the finished product dif-
fer. One cross linking method occurs during production of the prod-
uct. A second method of cross linking is performed after tubing has
been manufactured. Without getting too technical, the first method of
cross linking is done above the crystal melting temperature. In com-
mon terms, this is called hot cross linking. The second method is
called cold cross linking and is done after tubing has been manufac-
tured. There is a difference, and many contractors feel that tubing
which has been cross linked using the hot method is better.

The Engel method of cross linking is a hot cross linking method.
This is the method used on the tubing that I most frequently use. With
the Engel method, the cross linking takes place during the extrusion
process of the base polyethylene. This creates tubing that is known
within the industry as PEX-A tubing. With the Engel method of cross
linking, tubing is created that is a product of more precise control
over the degree, consistency, and uniformity of cross linking. Since
the tubing is cross-linked in a uniform method, the result is strong
tubing that has no weak links in its molecular chains. 

A secondary cross linking method is known as either the electronic
or radiation process. This creates PEX-C tubing. In doing this, high

density polyethylene (HDPE) tubing is ex-
truded. Once the tubing is made, it is sub-
jected to high voltages of electricity. The
molecular structure of the polyethylene is
cross linked during this process. This type
of process is a cold procedure. PEX created
with a cold process is not as strong as PEX
made with a hot process. The electronic
process produces tubing that has a less
consistent level of cross linking.

Another cold cross linking method is the
silane method. With this method, a special

Almost everyone knows that build-
ings settle over time. This means that
things, like floors and ceilings, move.
The movement experienced during
the settling process can damage tub-
ing that is not installed and protected
properly. Tubing installed in concrete
is, of course, subject to stress.

HOT POINT
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pre-mixed polyethylene based resin is ex-
truded into HDPE tubing. Once the tubing
is made, it is placed in a sauna. The heat
and moisture from the sauna completes the
cross-linking process. As is typical with
cold cross linking, the silane method pro-
duces cross linked tubing that is inferior to
tubing that is cross linked with a hot
method. I prefer to work with tubing that
has been cross linked with a hot process.

Stress
There can be a lot of stress applied to tub-
ing used for radiant floor heating systems.
The same is true of tubing installed in ceil-
ings. Almost everyone knows that build-
ings settle over time. This means that
things, like floors and ceilings, move. The
movement experienced during the settling process can damage tubing
that is not installed and protected properly. Tubing installed in concrete
is, of course, subject to stress. This is also true of tubing that is installed
in wood members of construction elements. The settling process is not
the only stress that tubing might be subjected to.

Concrete expands and contracts when it is subjected to significant
temperature changes. This can put a lot of pressure on tubing that is
installed in the concrete. Some contractors give very little thought to
this fact. It’s not unusual for people to think that the tubing used for
radiant heating in a floor is installed in a manner similar to plumbing
materials. Typical plumbing and electrical
installations in a concrete floor are in-
stalled below the concrete. This is not the
case with radiant floor tubing. Standard
procedure for radiant floor tubing is to in-
stall it in the concrete. Yes, it is embedded
in the concrete rather than under it. This
increases the stress on the tubing. When
the concrete is moving, contracting, and
expanding, the tubing must stand up to
the stress.

It’s not unusual for people to think
that the tubing used for radiant
heating in a floor is installed in a
manner similar to plumbing materi-
als. Typical plumbing and electrical
installations in a concrete floor are
installed below the concrete. This is
not the case with radiant floor tub-
ing. Standard procedure for radiant
floor tubing is to install it in the con-
crete. Yes, it is embedded in the con-
crete rather than under it. This in-
creases the stress on the tubing.
When the concrete is moving, con-
tracting, and expanding, the tubing
must stand up to the stress.

TECH>>>TIP
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Another consideration when tubing
is installed in concrete is the abrasion
factor. Concrete has a rough surface.
When the concrete moves, the rough
texture can eventually rub holes in
tubing or puncture the tubing.
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Another consideration when tubing is installed in concrete is the
abrasion factor. Concrete has a rough surface. When the concrete
moves, the rough texture can eventually rub holes in tubing or punc-
ture the tubing. Copper tubing often has a chemical reaction with
concrete that will create pinholes in the copper. There is no chemical
reaction between concrete and plastic tubing, but the cuts, rubs, and
punctures are still possible. Unlike plumbing pipes that can be en-
cased in foam insulation for protection from concrete, tubing used for
radiant heating systems in a floor cannot be covered with insulation.
Doing so would defeat the heat output of the tubing for making liv-
ing space comfortable. 

Shearing and stretching are other concerns when tubing for a heat-
ing system is installed in a concrete slab. Installing tubing in a floor to
avoid problems requires good selection of materials and a profes-
sional installation. Heat tubing is subjected to temperature extremes
from season to season. There are times when the tubing is hot and
other times when it is cold. This type of stress can also take its toll on
tubing. One manufacturer is trying to capture a world record for its
PEX tubing. After 25 years of being exposed to temperatures of 203°,
at 175 pounds per square inch, their tubing is still holding up to the
intense test. It appears that this PEX tubing is going to hold the
world’s record, but it won’t be official until the tubing fails, and that
has not yet happened.

Oxygen Diffusion
Chemical reactions and oxygen diffusion
can be problems with some heating mate-
rials. Cross linked polyethylene is very re-
sistant to chemical reactions with any
chemicals that are commonly found in
plumbing and heating applications. Due
to the unique molecular structure of PEX,
the tubing is stable and inert. Acidic con-
ditions can deteriorate copper tubing. It’s
very common for acidic water to create
pinholes in copper tubing. This happens
in both plumbing and heating systems
when the water contains too much acid.
Fortunately, PEX and PB tubing are not af-
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Oxygen diffusion can corrode a
heating system and the system’s
components. Plastic tubing is very
durable, but it can be broken down
with oxygen diffusion. This can be a
big problem, but it’s not hard to deal
with. Plastic tubing is permeable to
the passage of dissolved oxygen
molecules through the walls of the
tubing. If this happens, the dissolved
oxygen can enter a “closed” system.
If the system is penetrated, damage
can occur. The technical term for the
invasion is oxygen diffusion.
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fected by acid commonly found in
plumbing and heating systems.

Oxygen diffusion can corrode a heat-
ing system and the system’s components.
Plastic tubing is very durable, but it can
be broken down with oxygen diffusion.
This can be a big problem, but it’s not
hard to deal with. Plastic tubing is per-
meable to the passage of dissolved oxy-
gen molecules through the walls of the
tubing. If this happens, the dissolved
oxygen can enter a “closed” system. If the
system is penetrated, damage can occur.
The technical term for the invasion is oxygen diffusion. 

By definition, oxygen diffusion is the transfer of oxygen mole-
cules through the walls of non-metallic tubing. All new heating sys-
tems contain dissolved oxygen molecules. These molecules are pres-
ent in all fresh water. Large bubbles of air are purged from new
systems. This is done before the system is ever started into operation.
Even when the air bubbles are gone, the dissolved oxygen remains
present. Air vents and scoops are not capable of removing the dis-
solved oxygen.

Once a heating system is activated, the water in the system comes
up to heating temperature. When this happens, the dissolved oxygen
molecules come out of the solution and become more aggressive. The
molecules look for ferrous components to attack. If ferrous objects are
accessible to the molecules, rust and corrosion will not be far behind.
This is a standard procedure for typical hydronic heating systems.

When dealing with a cast-iron boiler, metallic pipe, and baseboard
heat, the dissolved oxygen finds its targets and attaches to them. This
creates a layer of rust. But once the rust layer has been created, the dis-
solved oxygen is pretty much used up. In
other words, the heating system reaches a
point where there is a rust level and then
the rust problem ceases. This has been go-
ing on for decades and is completely ac-
ceptable. There is, however, a difference
when dissolved oxygen is present in a
heating system that is made up of non-
metallic piping, such as a radiant heating
system that is created with PEX tubing. 
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Chemical reactions and oxygen dif-
fusion can be problems with some
heating materials. Cross linked poly-
ethylene is very resistant to chemical
reactions with any chemicals that
are commonly found in plumbing
and heating applications. Due to the
unique molecular structure of PEX,
the tubing is stable and inert.
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A heating system can be designed
and installed to eliminate all ferrous
materials. This is one of the best
ways to deal with the problem of
oxygen diffusion.

Sensible Solution



So, what’s the difference between a
metallic heating system and a non-metal-
lic system in terms of dissolved oxygen?
Why does the rust reach a saturation
point and stop in a metallic system and
continue to grow in a non-metallic sys-
tem? Dissolved oxygen in a metallic sys-
tem is limited. Once the dissolved oxygen
is all accounted for in a layer of rust, the
process stops. This is not true of a non-
metallic system. The reason is that dis-
solved oxygen can continue to enter a
non-metallic system through the walls of
non-metallic tubing. This means that the
corrosion process is ongoing with a non-
metallic system that is not protected.

How bad can the corrosion process get?
Bad enough. If a cast-iron boiler and fer-
rous components are used with a non-
metallic piping system, there are a num-

ber of problems that can occur. Here are the main problems to expect:

� Circulator failures

� Holes in metallic tanks

� Sludgy build-ups that can reduce water flow

� The ultimate failure of the system will come when the
boiler fails from the corrosion.

Stopping Oxygen Diffusion
Stopping oxygen diffusion is not very difficult. In fact, it’s easy
enough that there is no good excuse for allowing corrosion to exist in
a non-metallic system. Some methods of protection are more expen-
sive than others. Within the heating industry, there are four typical
means of controlling oxygen diffusion. Knowing this, let’s examine
each of the options.

Some contractors isolate ferrous elements of a heating system
from destructive water with the use of a heat exchanger. A non-fer-
rous heat exchanger (Figure 8.1) can be installed to keep system wa-

90 CHAPTER 8

When dealing with a cast-iron boiler,
metallic pipe, and baseboard heat,
the dissolved oxygen finds its targets
and attaches to them. This creates a
layer of rust. But once the rust layer
has been created, the dissolved oxy-
gen is pretty much used up. In other
words, the heating system reaches a
point where there is a rust level and
then the rust problem ceases. This
has been going on for decades and is
completely acceptable. There is,
however, a difference when dissolved
oxygen is present in a heating system
that is made up of non-metallic pip-
ing, such as a radiant heating system
that is created with PEX tubing.
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ter from corrosive parts, such as cast-iron
boilers, expansion tanks, and pumps or
circulators. The heat exchanger protects
components on the boiler side of the
heating system, but does not protect
components on the heating side of the
system. This means that all components
on the heating side of a system should be made of non-ferrous 
materials.

A heating system can be designed and installed to eliminate all fer-
rous materials. This is one of the best ways to deal with the problem
of oxygen diffusion. For example, bronze pumps and glass-lined
tanks can be installed to prevent rust build-ups. The cost of a full,
non-ferrous system can be discouraging. To overcome this, some
people use corrosion inhibitors with all heat transfer fluid. When
used properly, corrosion inhibitors do work, but the process is labor
intensive. It is not something where a solution is added to the heat-
ing liquids and forgotten. Someone has to monitor the mix of heat
fluids and corrosion inhibitors. If the mixture of corrosion inhibitors
falls below desired levels, corrosion can occur. For this reason, not
many people favor the use of corrosion inhibitors.

One easy, cost-effective way to deal with oxygen diffusion is to in-
stall heat tubing that has an oxygen diffusion barrier. This type of
PEX tubing limits the diffusion of oxy-
gen into the heat transfer fluids. Basi-
cally, the PEX tubing that is made with a
barrier is similar in function to copper
tubing. The barrier allows the PEX sys-
tem to build up a base level of rust with
existing oxygen in the water, but pro-
hibits the ongoing corrosion problem.

Choosing a method to deal with oxy-
gen diffusion is a personal decision. A lot
of contractors opt for PEX tubing with a
barrier, but heat exchangers are also used
often. Then there are contractors who
build non-corrosive systems by eliminat-
ing ferrous components. You can use any
method that you are comfortable with,
but make sure that you protect heating
systems effectively.
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Air vents and scoops are not capable
of removing the dissolved oxygen.
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Temperature and Pressure Ratings
Temperature and pressure ratings are important considerations when
choosing materials for a heating system. PEX tubing is available in
different ratings for all types of jobs. For example, you can buy a PEX
product that is rated for a temperature of 200° and a pressure rating
of 80 pounds per square inch (psi). Another type of PEX tubing is
rated for temperatures of up to 180° with pressures of up to 100 psi.
A third type of PEX tubing carries a temperature rating of 73.4° and a
pressure limit of 160 psi. You have to match the right tubing to each
job. The ratings assigned to PEX tubing are issued by the Hydrostatic
Design Stress Board of the Plastic Pipe Institute.

Tubing Size and Capacity
Tubing size and capacity are also factors when choosing tubing for a
heating system. One type of PEX tubing that has a protective barrier
to prevent dissolved oxygen from entering a closed system is avail-
able in four sizes. These sizes include the following:

� Tubing with a nominal inside diameter of 3/8 inch is avail-
able in this form. The 3/8-inch tubing will contain 0.491 gal-
lons of liquid in a section of tubing that is 100 feet long.

� The same type of tubing with a 1/2-inch nominal inside di-
ameter will hold 0.920 gallons of liquid for every 100 feet
of tubing installed.

� Tubing with a nominal diameter of 5/8 inch will house
1.387 gallons of liquid per 100 feet of tubing.

� The number of gallons of liquid contained in 100 feet of
tubing with a nominal inside diameter of 3/4 inch will be
1.89 gallons.

One of the big selling points of plastic tubing is the length of the
coils available. Obviously, it is best to minimize connections for pip-
ing that is concealed. Copper tubing is available in coils, but it can be
difficult to work with and the length of the coils is limited. I suppose
the length of any coil is limited, but plastic tubing is available in
much longer coils than copper tubing. For example, PEX tubing with
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a nominal inside diameter of 3/8 inch can be purchased in coils that
range from 400–1000 feet. The tubing with an inside diameter of 
½ inch or 5/8 inch can be purchased in coils running from 300–1000 feet
in length. Larger tubing, like the 3/4-inch size, is available in lengths
from 300 to 500 feet. PEX tubing is available in sizes of up to 2 inches
in diameter.

Most people don’t imagine using plastic tubing in typical, hot-wa-
ter baseboard heating jobs. This may be because PEX is rarely used for
this purpose, but some types of plastic tubing can be used in such ap-
plications. For example, there is one PEX product that is rated for a
temperature of up to 200°. This fits the criteria for a hot-water base-
board heating job, and the PEX tubing is protected from oxygen dif-
fusion with a barrier, so it can be used with ferrous components.
When the cost of PEX is compared to that of copper, and the advan-
tages of plastic tubing are fully considered, you can probably expect
to see more and more systems being installed with PEX tubing. If you
didn’t know that PEX could be used with standard baseboard sys-
tems, now you do. Get the jump on your competition and be a trend-
setter. The lower cost of PEX tubing makes using it in a baseboard sys-
tem very attractive.

Manifold Systems
Manifold systems are an essential component of a radiant floor or
ceiling heating system. You can build your own manifold stations, but
it is often easier to just buy pre-fabricated units. Manufacturers of
tubing generally offer a full array of system components. It’s a good
idea to keep systems as compatible as possible. With this in mind, it
makes sense to purchase manifolds and their related components
from the manufacturer of the tubing to be used in a system whenever
possible.

Assuming that you will be buying pre-
assembled manifolds, look for products
that offer options in mounting arrange-
ments and configurations. You should
also seek manifolds that provide options
for zoning and balancing. If you decide to
build your own manifolds, you will have
complete control over design issues.
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One easy, cost-effective way to deal
with oxygen diffusion is to install
heat tubing that has an oxygen dif-
fusion barrier.

Sensible Solution



Many manufacturers will custom build
manifolds upon request.

Manifolds are only a part of a manifold
station. The materials used to mount man-
ifolds must also be compatible with the
overall system. There are a number of
mounting options available to contractors.
In addition to being functional, the materi-
als used to mount manifolds may need to
be attractive. Sometimes it’s not practical
to put manifolds in out-of-the-way places.

When this is the case, an effort must be made for appearance purposes.
Hinged compartments that conceal manifolds are an ideal choice for
situations where manifolds must be installed in areas of open sight.

Fittings
The fittings used with PEX tubing can be made of various materials.
Most contractors use copper insert fittings and copper crimp rings.
But sometimes compression fittings are used. Most contractors prefer
crimp fittings to compression fittings. There is also a connecting sys-
tem that uses barbed fittings that are inserted into expanded PEX tub-
ing while it is warm and the tubing shrinks to fit the barbs as the tub-
ing cools. Personally, I prefer the crimp-ring system, but this is just
what I am used to working with. Selection and installation of fittings
is a major factor in how well a system functions. Never cut corners on
fittings or in making connections. A little mistake in this area can re-
sult in major trouble down the road.

Most leaks in a radiant heating system occur at connection points.
It is often said that fitting connections are the weakest link in a ra-
diant heating system. Most contractors assume that if connections
are pressure tested before concealment that the risk of leaks is elim-
inated. This is not entirely true. Of course, pressure testing at the
time of installation should be done, and it will expose leaks that are
present at the time of testing. But leaks can come later.

It’s not uncommon for fitting connections to fail long after they are
made. A connection that tests fine at the time of installation can still
leak later. Why is this? Because fitting connections frequently fail as a
result of long-term heating and cooling. Natural expansion and con-
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Selection and installation of fittings
is a major factor in how well a sys-
tem functions. Never cut corners on
fittings or in making connections. A
little mistake in this area can result in
major trouble down the road.
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traction associated with changing tem-
peratures can take its toll on connections.
When heating and cooling under pres-
sure occurs, it is called thermocycling. 

Products, such as fittings, can be given
thermocycle tests. Listing ratings for fit-
tings can help to assure quality in an in-
stallation. Third-party certification is an-
other indicator of a quality fitting. When
you are selecting materials for a heating
system, look for products that have been
tested and rated. The selection process for
materials is very important. If you use in-
ferior products, you will likely run into
trouble at some point. You may have to
pay a little more at the time of installation
for top-notch products, but the end result
should be much better and can save you a
lot of money and trouble in the future.

Controls
The controls used on a heating system can vary a great deal. Controls
that are perfect for one system may not be suitable for another system.
Customers are usually the ones who should choose control options.
Unfortunately, most customers don’t have any idea what the differ-
ence is between a zone valve and a tempering valve. Ideally, contrac-
tors should educate their customers about the many control options
available. It’s unreasonable to assume that average people can make
viable decisions about what types of controls to have installed with a
heating system. Some heating contractors even have trouble deciding
on which types of controls are best suited to a system.

Injection mixing controls are one option for controlling a heating
system. Three-way tempering valves are a popular means of control
for radiant heating systems, and so are telestats and zone valves. Pro-
portional valve controls and zone control modules are also available
for controlling a heating system. Every system should be evaluated
on its individual basis to determine which type of controls will best
serve the heating system.

It’s very easy to buy whatever prod-
ucts are being offered for the lowest
price. Many contractors do buy
products at the lowest possible
prices. This can be a mistake. There
is nothing wrong with bargaining for
the best price, but make sure that
the materials you are buying are
worth your time and that they will
not hurt your reputation. Bottom
line—get the best price you can on
the best products that you can find,
but don’t settle for inferior products
just because they are cheap.
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Other Materials
Other materials that are used when installing a radiant heating sys-
tem include clips, sleeves, staples, and so forth. A lot of contractors
use staples and staple guns to secure their heating tubing. Some con-
tractors use plastic J-hooks to secure tubing. Clips and cable ties are
also used to secure PEX tubing. Plastic rails are sold that allow tubing
to be snapped into channels in the rail for securing the tubing. Sleeves
are used under sawn joints in concrete. Bend supports are used to
bring tubing out of floors and into walls without crimping the tubing.
All materials used in a heating system should be chosen carefully. 

It’s very easy to buy whatever products are being offered for the
lowest price. Many contractors do buy products at the lowest possi-
ble prices. This can be a mistake. There is nothing wrong with bar-
gaining for the best price, but make sure that the materials you are
buying are worth your time and that they will not hurt your reputa-
tion. Bottom line—get the best price you can on the best products that
you can find, but don’t settle for inferior products just because they
are cheap.
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It could be said that a circulating pump is the heart of a heating sys-
tem. If a heating system is compared to a human body, the circulat-

ing pump might well be compared to a heart. Both the heart and the
circulator are responsible for pumping fluids through their respective
systems. Even with the fact that circulators are installed in a majority
of hydronic heating systems, many contractors and installers would
be hard-pressed to explain the differences between various types of
pumps. There are distinct differences between circulating pumps and
that’s part of what we are about to explore.

Circulating pumps are vital elements to a hydronic heating sys-
tem, and this includes radiant floor heating systems. Choosing a
pump for a system and picking a place for the installation can have a
lot to do with how effective a heating system will be. When used with
a closed heating system, circulating pumps are responsible for mov-
ing water throughout the heat distribution system. Unlike an open
system, where pumps are required to lift fluids, lifting is not required
in a closed system.

Centrifugal pumps are used most often in hydronic heating sys-
tems. The interior part of the pump that rotates is called an impeller.
The center portion of the impeller is called the eye, and this is where
fluid is accelerated rapidly and pushed through the vanes of the im-
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peller. Fluid is spun and pushed between
the impeller disks as it heads for the vo-
lute. When the fluid reaches the volute of
the system, it is converted from a velocity
head to a pressure head. In other words,
fluid comes to the volute with speed and
when it reaches the volute the speed is
changed to pressure. After this occurs, the
fluid flows around the contoured volute
and goes out through the discharge port.

It’s important that the process of fluid coming to the volute remain
constant. This is not to say that a pump must continuously suck wa-
ter into the eye of the impeller. Actually, fluid entering a centrifugal
pump has to be pushed into the pump by system pressure. This
comes from upstream of the inlet port. Many people, including pro-
fessionals, are confused by this fact. As important as the data is, it
needs to be understood. Misconceptions on how the pump functions
can result in a heating system that just doesn’t work very well.

Pump Design
Pump design (Figure 9.1) can vary greatly and still maintain similar
operation. For example, it’s common for different circulating pumps
to be made with volutes that don’t share the same shape. Even when

this is the case, the pump works on the
same principal. However, the shape of
the volute does determine how the
pump should be connected to the piping
for a heating system. Again, this is a fact
that all professionals should be aware of,
but not all pros are clear on the differ-
ences.

One common type of circulating
pump is an inline pump. This type of cir-
culator has the inlet and discharge ports
along the same centerline. This is the
most common type of circulator used for
residential heating applications. Inline
circulators are also used in light com-
mercial jobs. Due to the design of an in-
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When you add up the pros of wet ro-
tor circulators and compare them to
the cons, it’s easy to see that these
pumps can prove very desirable in
small heating systems.

Sensible Solution

Typical circulating pump. (Courtesy of Taco)



line circulator there is no need for a lateral offset between the inlet
and discharge ports. 

Large heating systems generally use end-suction pumps. These
pumps have a modified volute design. An end-suction pump creates
a 90-degree turn within the piping system. It’s common practice for
an offset to be installed between the centerlines of the inlet and dis-
charge piping when a right turn is made in the piping. End-suction
pumps are common in large heating systems, such as those used in
hotels and large stores, but inline circulators are, by far, much more
common when working with residential properties.

Another type of circulator that is used with small to medium cir-
culators is the wet rotor circulator. This type of circulator has been re-
fined over the last few decades to make it a sensible choice for smaller
systems. A wet rotor circulator combines the motor, the shaft, and the
impeller into a single assembly that is housed in a chamber filled with
system fluid. Since the motor of a wet rotor circulator is housed in
system fluid, it is cooled and lubricated by the system fluid. This
means that there is no need for a cooling fan or oiling fillers. Since the
rotor assembly sits on bushings in the rotor housing, it can ride on a
film of system fluid. With this being the case, there is no requirement
for oiling the unit. There are many advantages and very few disad-
vantages to installing a wet rotor circulator.

We’ve already discussed the fact that wet rotor circulators don’t
require oiling. This is certainly an advantage, but there are more ad-
vantages to consider. Due to the design and installation of a wet ro-
tor pump there is no leakage of system fluid due to worn seals. The
diminutive size of wet rotor pumps is another advantage. Their size
allows them to be installed easily, located in many fashions, and
supported without the need for heavy-duty materials. Wet rotor cir-
culators are very quiet during operation. This is because there is no
cooling fan spinning around. Contrac-
tors have a broad selection of circulators
available to them with multiple-speed
motors. This adds diversity to the list of
advantages associated with wet rotor 
circulators.

Cost is usually a consideration in any
heating system. Since wet rotor circula-
tors have few operating parts, the cost of
the pumps is usually lower. When a sys-
tem requires limited flow rates and head
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Spring assemblies used with three-
piece circulators absorb vibration or
high torque between the two shafts
as the motor starts. This is only one
type of design, but it is a common
one.
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rates, a wet rotor circulator can be an ideal choice. Close-coupled in-
stallations for series pump applications is another possibility that
adds to the list of advantages. Most wet rotor circulators are com-
patible with a wide range of electronic controls. This is because of
the permanent split capacitor motors that are used with wet rotor
circulators. 

There are very few disadvantages associated with wet rotor cir-
culators, but there are a couple. It’s possible that a pump that has
been shut down for a long period of time will not have enough
power to free a stuck impeller. The low starting torque of the per-
manent split capacitor motor doesn’t always have enough power to
turn an impeller that has been static for a long time. The only other
real disadvantage to consider is what happens when there is a prob-
lem with the circulator. If the problem cannot be corrected through
the external junction box used with a wet rotor circulator, access to
the pump must be gained. This means opening the heating system
and probably losing some system fluid. Air often enters the heating
system when a system is opened, so this all adds up to a potential
disadvantage.

When you add up the pros of wet rotor circulators and compare
them to the cons, it’s easy to see that these pumps can prove very de-
sirable in small heating systems. The pumps can be purchased with
cast-iron volutes to be used with closed systems, or you can get the
pumps with bronze or stainless steel volutes when an open system is
used. A majority of wet rotor circulators are designed for use with
open systems. Many small models of the pumps are designed for use
in multi-zone systems. They can be ideal for use in systems where
every zone of a heating system will have an independent circulator.

Another type of circulator that can be used with a small to
medium sized heating system is the three-piece circulator. As the
name implies, there are three elements of this type of pump. There is

a body assembly, a coupling assembly,
and a motor assembly. Wet rotor circula-
tors are housed within system fluid. This
is not the case, at least not entirely, with a
three-piece circulator. The motor of a
three-piece circulator is kept out of the
wetted portion of the pump. The great
advantage to this is that the motor can be
serviced without any need for entering
the wet portion of the heating system. 
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Three-piece circulators must be oiled
regularly, and this can be a pain in the
neck. If the oiling is not done, system
failure can occur. The heavy con-
struction of a three-piece circulator
is not always desirable.
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Spring assemblies used with three-
piece circulators absorb vibration or high
torque between the two shafts as the mo-
tor starts. This is only one type of design,
but it is a common one. An impeller shaft
penetrates the volute through shaft seals
that must limit leakage of system fluid.
This happens even when there is high
pressure involved. The shaft seals frequently lose some fluid, but the
loss is minimal. Most of the fluid evaporates quickly and is never
even seen.  There are certain advantages to three-piece circulators, but
there are also some substantial disadvantages.

One of the strongest advantages of a three-piece circulator is the
ease with which the motor can be serviced. This is a considerable ad-
vantage over a wet rotor circulator. As long as bearings are lubricated
properly, three-piece circulators offer the potential for a longer oper-
ating life than some other types of circulators. And, the strong start-
ing torque power of a three-piece circulator eliminates the fear of hav-
ing a stuck impeller that cannot be freed by the motor. Advantages
exist, but you must weigh them against the disadvantages.

Three-piece circulators must be oiled regularly, and this can be a
pain in the neck. If the oiling is not done, system failure can occur. The
heavy construction of a three-piece circulator is not always desirable.
The external motor and coupling assembly required by a three-piece
circulator makes noise when the pump is in operation. This can be a
distinct disadvantage when the pump is located within hearing dis-
tance of living or work space. The routine maintenance of this type of
pump is another disadvantage. If shaft seals become worn or defec-
tive, they can leak system fluid. This covers the routine disadvantages
associated with three-piece circulators. There are three-piece circula-
tors available for both open and closed loop systems.

Pump Position
The pump position (Figure 9.2) for circulators used in smaller heating
systems is usually horizontal. The horizontal position removes thrust
load on the bushings since the weight of the rotor and impeller are
balanced off by the horizontal placement. Direction of flow for a cir-
culator is generally indicated by an arrow located somewhere on the
body of the circulator. If the shaft of the pump is horizontal, the di-

There are three-piece circulators
available for both open and closed
loop systems.
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rection of flow can be horizontal, upward, or downward. The key is
keeping the shaft horizontal. In practice, the preferred direction of
flow is upward. This is because air bubbles can be cleared more
quickly with an upward flow. 

Some circulating pumps are light enough to be supported by the
pipes that they are installed on. It’s wise, however, to provide individ-
ual support for each circulator installed. This is especially important
when a pump is particularly heavy or generates a lot of torque when
starting. It is acceptable to support the piping on each side of the cir-
culator, at a point as close to the connections as possible, to create sup-
port for the pump while the actual support is on the piping. Three-
piece circulators require even more support. This is due to their offset
design and the weight of the motor. It is highly recommended that
shock-absorbing hangers be used with three-piece circulators. If a
three-piece circulator is attached to piping that is secured rigidly to a
wall, vibration from the pump may transfer through the piping and
supports to a point that will interfere with comfort in the living or
work space.

Residential heating systems often involve the use of pump headers.
When several circulators are used with a hydronic heating system the
use of a header is extremely effective. Headers that come off a boiler
close to the floor are sometimes supported by concrete blocks. When
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Possible pump placement positions. (Courtesy of Wirsbo)



headers feed off of the upper section of a
boiler, they are generally supported by an
all-thread rod that is secured at a floor
joist. Threaded steel or black-iron pipe is
the material most often used to construct
a header to hold circulators. When a mul-
tiple-circulator header is used, the far end
of the piping must be supported very
well. If it’s not, too much stress is placed
on the connection where the header pip-
ing connects to the heat source.

Mounting Circulators
When mounting circulators on a piping system you have to consider
the fact that the circulator might have to be removed for servicing at
some point in the future. Many contractors install valves both before
and after a circulator to make it easier to remove the pumps when
needed. Circulators should not be installed with fixed, threaded con-
nections. For ease of removal, circulators are normally installed with
flanges. Circulators that are installed with flanges and double valves
are very easy to remove. 

One side of a circulator flange is an in-
tegral part of a pump’s volute. The match-
ing mate of the flange is threaded onto
system piping. When the circulator is put
in place, the two flanges are mated to-
gether and bolted tightly. An O-ring or
gasket compresses between the flanges to
prevent leakage. Most small circulators
are equipped with a two-bolt flange. The
flanges are often made of cast-iron for use
in closed systems, but they are also avail-
able in bronze and brass for open systems. 

Isolation flanges are very nice. They
contain a built-in ball valve that can be
opened or closed with a screwdriver.
When the isolation flange is closed the cir-
culator can be removed from the system
without disrupting the rest of the system.
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When mounting circulators on a pip-
ing system you have to consider the
fact that the circulator might have
to be removed for servicing at some
point in the future. Many contrac-
tors install valves both before and
after a circulator to make it easier to
remove the pumps when needed.
Circulators should not be installed
with fixed, threaded connections.
For ease of removal, circulators are
normally installed with flanges. Cir-
culators that are installed with
flanges and double valves are very
easy to remove.

Sensible Solution

The amount of liquid in a closed-loop
system doesn’t change. It doesn’t
change in the piping or the expansion
tank. Regardless of whether a circu-
lator is on or off, the volume of fluid
simply doesn’t fluctuate. When a
closed system is operating normally
it is at what is known as the point of
no pressure change.

HOT POINT



The same effect can be had with valves in-
stalled on each side of a circulator, but the
isolation flange is a little neater and
works very well. 

Flanges are normally used to install cir-
culators (Figure 9.3), but half-unions can
be used in some cases. When you are
working with very small circulators, you
might find that half-unions are your con-
nection method of choice. A half-union is
threaded directly onto a pump’s volute.
The half-unions can be bought with or
without an integral ball valve that allows
for isolation. 

Extremely small circulators are sometimes designed to be soldered
directly to copper tubing. As long as the circulator is isolated with
valves on both sides of it, the copper tubing can be cut to remove the
small circulators if needed. 

Circulator Location
Circulator location is an important factor in the design of a heating
system. A bad circulator location can result in frequent problems and
aggravation. To ensure quiet operation that is reliable, careful consid-
eration must be given to circulator placement. Old-time professionals
know that circulators should be located so that their inlet ports are
close to the connection point of a system’s expansion tank. This prin-
ciple applies to both residential and commercial heating systems.
While the work has been done extensively in commercial applications,
it seems to slip between the cracks with residential jobs. The point is,
a rule-of-thumb for circulator location is close to an expansion tank. 

The amount of liquid in a closed-loop system doesn’t change. It
doesn’t change in the piping or the expansion tank. Regardless of
whether a circulator is on or off, the volume of fluid simply doesn’t
fluctuate. When a closed system is operating normally it is at what is
known as the point of no pressure change. When a circulator is 
located with its inlet port near an expansion tank, there is less change
in the heating system. A horizontal piping system that is filled with
fluid and pressurized to a set pressure stays the same when the circu-
lator is turned off. But when the circulator is turned on it creates a
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pressure difference between its inlet and discharge points. The pres-
sure in the expansion tank remains static. A combination of things 
begins to happen. There is a pressure difference at the circulator. A
pressure drop due to head loss occurs in the piping, and the point of
no pressure change plays a role in the change. Essentially, pressure in
most of the system increases when a circulator cuts on. This helps to
get air out of a system through the air vents installed in the system.
Since there is a short section of pipe between the expansion tank and
the inlet port of the circulator, there is only a very slight drop in head
loss within the system piping.

If a circulator was installed without its inlet port being close to an
expansion tank, a substantial pressure drop would be experienced
in system piping when the circulator cut on. One drawback to this is
that the heating system has difficulty in ridding itself of air when
pressure drops. This can lead to pump cavitation. In some cases, the
pressure drop can be enough to actually pull air into the heating sys-
tem through the air vents. It’s not unusual for some systems that
rely on circulators with their inlet ports away from the expansion
tank to work fine, but many of them don’t. There are a variety of fac-
tors involved.

Factors affecting a system’s performance include pressure distri-
bution, system height, pressurization of the system, pressure drop,
and fluid temperature. Problems with systems occur most often when
there are high fluid temperatures, low static pressure, low system
height, and high pressure drops. There is no viable reason to gamble
on problems that can be avoided with circulator placement. 

Conventional sectional boilers that operate with low head loss
characteristics can accommodate circulators that are installed with
their return ports close to an expansion tank. This is due to the low
head loss and a circulator should not be installed in this manner when
the heat source has a high head loss. Since you can’t go wrong by put-
ting the inlet port close to an expansion tank, just do it.

Understanding Head Factors
If you start a conversation in a supply house about head factors, you
are likely to hear many different points of view. Contractors and 
installers all have their own definition of the head produced by a
pump. Many people will say that the head of a pump is the height to
which a pump can lift and maintain a column of water. Others will



claim that it is the pressure difference that the pump can produce be-
tween inlet and outlet ports. Which answer is correct? Well, they are
both partly right, but neither is completely correct. It is generally ac-
cepted that the proper definition of the head created with a pump is an
indication of the mechanical energy transferred to the fluid by the
pump. The energy can be in the form of increased flow rate or increased
pressure. This involves either kinetic energy or potential energy.  

Since the fluid used in hydronic heating systems is incompressible,
the flow rate and flow velocity entering a pump is the same as it will
be when it leaves the pump. The increased head for this type of situ-
ation results in a pressure increase. How much the pressure increases
depends on the flow rate. Also the density of the fluid being
processed through the pump can affect the pressure changes. The
measurement of the head is in mechanical energy and is rated as an
element of “feet of head.”

Circulator performance is sometimes judged by the pressure dif-
ference between the circulator’s inlet and outlet ports. In fact, some
circulators are equipped with tapped openings that allow pressure
gauges to be installed for monitoring purposes. The density of fluid
being moved by a circulator must be known to convert head and pres-
sure differences. To arrive at the head, you must divide the pressure
differential between inlet and discharge ports or a circulator by the
density of the fluid being moved.

Performance Curves
Performance curves (Figure 9.4) are used to show a pump’s ability to
add head to a fluid. The curves are drawn on graphs that indicate
peak performance. A performance curve shows how much head a
pump can add to a fluid as a function of the flow rate passing through
the pump. The creation of a pump curve is originated from test data
based on water in temperature ranges of from 60° to 80°. When anit-
freeze is used in a system it can change the performance factors. There
is usually a small decrease in head and flow rate capacity at the
pump. Typically, the variations in small heating systems tend to be
minimal and don’t usually require any alteration of a system design. 

Performance curves are used to match pumps with the needs of a
heating system. The data available for a performance curve is instru-
mental in choosing a circulator of the proper size. Any manufacturer
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of a circulator should be happy to sup-
ply a performance curve for their
product. Don’t hesitate to ask for this
valuable tool in sizing a heating sys-
tem’s components. 

The Difference
What is the difference between high-
head pumps and low-head pumps?
Some circulators produce high heads
at lower flow rates while other
pumps produce lower heads over a
wide range of flow rates. The pumps
producing the lower heads tend to
create a stable head for operating pur-
poses. What makes the difference? It
is the design of the pump that deter-
mines the performance experienced.
The diameter and width of an im-
peller can be changed to create differ-
ent performance from a pump. A
pump made to produce a low head
will likely have an impeller with a
small diameter and widely separated
disks. This is in contrast to a pump set
up for a high head, where the impeller will have a large diameter and
very small separation between its disks. Even though two circulators
might share identical specifications in terms of horsepower and op-
erate at the same speed, you can achieve the different head charac-
teristics with the impeller and disk sizing.

Pumps that have a steep pump curve are meant for use in systems
where high head losses at modest flow rates are expected. A circula-
tor that offers a flat pump curve would be used when there is a need
to maintain a steady pressure differential across a given distribution
system with a wide range of flow rates. Matching a circulating pump
to a heating system is important, and it can be complicated, so you
must invest the time to do it right. Pumps with a flat curve are good
for heating systems where there are numerous zone valves that may

Standard circulating pump with performance field
noted. (Courtesy of Taco)



be opening and closing at various times. To avoid drops when the
zone valves are open, the flat-curve circulators compensate for the
changes. 

Stacking Them Up
When contractors and installers talk about stacking circulators up, they
are referring to what is more commonly called a series installation. This
type of pump installation is required when a system design demands
more circulation than a single pump can produce. In most cases it is
possible to opt for one large circulator, but the cost can be more than
that of installing two smaller circulators in a series system. Stacking cir-
culators up can make it confusing when judging a performance curve.
But this doesn’t have to be a problem.

Assume that you are going to install two identical circulating pumps
in a series. If you have the performance curve for one of the pumps, you
can quickly calculate the total performance of the pair. All you have to
do is double the performance of the first pump’s performance curve.
This only works if both pumps are identical. What you have, basically,
is two circulators acting as a multi-stage pump. There is likely to be
some variation on performance, but most professionals agree that dou-
bling the head produced by a single circulator will provide a reason-

able estimate of performance expectations
(Figure 9.5).

When circulating pumps are installed
in a close-coupled arrangement, the dis-
charge flange of one pump is attached di-
rectly to the inlet flange of a second
pump. It is usually small circulators that
are installed in a close-coupled manner.
Typically, the pumps will be operated at
the same time whenever either of the
pumps is running. Because of the high
heads and the associated pressure differ-
ential that comes from installing close-
coupled, dual pumps, it’s very important
that the installation be done so that the in-
let port of the pumping system is close to
the expansion tank used with the system.
Cavitation is a real risk if the pumping
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ance from a circulating pump. (Courtesy of Taco)
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station is not installed with its inlet near
the expansion tank.

When ground-source heat pumps or
heat exchangers are used, contractors
may turn to what is called a push-pull in-
stallation. This involves the installation
of two circulating pumps, but they are
not joined at their flange connections. A
section of pipe separates the two pumps.
In some cases, the heat exchanger or a
coil for a heat pump creates the separa-
tion. Having more separation between
the two pumps cuts down on increased
pressure. More accurately, it distributes
the pressure more evenly. In doing this,
the risk of cavitation is reduced.   

Lining Them Up
Another way of installing multiple pumps is lining them up. This
is called a parallel installation. In this type of arrangement, the in-
let ports of the pumps are connected to a common header pipe.
The discharge points are also connected to a common pipe. This
type of installation is appropriate for systems where a high flow is
required at a modest head. You might find this to be the case when
working with a multi-zone parallel system that is controlled by a
number of individual zones. The performance curve of pumps in-
stalled in a parallel manner can be calculated by doubling the flow
rate of a single circulator at each head valve.

It’s difficult to predict the exact performance of pumps installed
in a parallel fashion. System resistance has a lot to do with the per-
formance of the pumps. Some people feel that installing two paral-
lel pumps will double the flow rate of a system. This is not the case.
Two pumps do not double the flow. If two pumps are installed in a
parallel system, they can be manifolded together. A check valve is
required if both pumps will not be running simultaneously. Check
valves must be installed in the discharge pipe of each pump. Fail-
ure to install the check valves can result in much of the flow created
by the operating pump being backwashed through the second
pump that is not running while the primary pump is. 

When contractors and installers talk
about stacking circulators up, they
are referring to what is more com-
monly called a series installation.
This type of pump installation is re-
quired when a system design de-
mands more circulation than a single
pump can produce. In most cases it is
possible to opt for one large circula-
tor, but the cost can be more than
that of installing two smaller circula-
tors in a series system.
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Cavitation
Liquids boil when they are subjected to specific combinations of pres-
sure and temperature. A liquid can be prevented from boiling at a par-
ticular temperature if there is a certain amount of pressure on the liq-
uid. This process is called vapor pressure. For a liquid to boil there
must be a formation of vapor pockets in the liquid. Vapor pockets ap-
pear to be bubbles, and they do look like bubbles, but they are not air
bubbles.  Water that has no air in it can still exhibit vapor pockets that
appear to be bubbles. The vapor pockets form when the pressure of the
liquid drops below the vapor pressure for the current temperature. 

Vapor pockets forming in water create a situation where the den-
sity of the water is considerably lower than the liquid surrounding
the vapor pocket. It is estimated that the density inside the vapor
pocket can be as much as one and one-half times lower than the den-
sity of the surrounding water. When the pressure of a liquid increases
to a point above the vapor pressure, vapor pockets implode. This can
be a very destructive process. The action can be strong enough to lit-
erally rip away materials from surrounding surfaces. 

Cavitation occurs when a liquid at a given temperature has a pres-
sure that drops below the vapor pressure. This cavitation process is
most likely to occur in the impeller of a circulating pump or a par-
tially closed valve in a heating system. Valves subjected to cavitation
can be damaged, but pump impellers are much more likely to sustain
more substantial damage. It doesn’t take long for a pump’s impeller
to be badly damaged from cavitation. In fact, an impeller can be
eroded to extreme levels in a matter of only a few weeks if a pump is
suffering from cavitation. 

What causes the damage to an im-
peller? When water comes into the eye of
the impeller it goes through a rapid drop
in pressure. If the pressure at the eye of
the impeller drops below the vapor pres-
sure, vapor pockets form very quickly.
These pockets are sent out from the im-
peller and reach the system fluid. When
this happens, the pressure of the liquid
increases above the vapor pressure. This
causes the vapor pockets to implode,
which is what damages the impeller. It is
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It’s difficult to predict the exact per-
formance of pumps installed in a par-
allel fashion. System resistance has a
lot to do with the performance of the
pumps. Some people feel that put-
ting two pumps in a parallel will dou-
ble the flow rate of a system. This is
not the case.
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usually the edges of the impeller that are most affected. At this same
time there is a drop in the pump’s flow rate and head. This is due to
the water being partially compressed. The long-term effect of cavi-
tation is a worn impeller that must be replaced.    

Gaseous cavitation occurs when there is air in a liquid. The air
could be in the form of air bubbles or be found inside of vapor pock-
ets that are caused by vaporous cavitation. When pressure is lowered
it can allow some dissolved air to come out of solution. For this to oc-
cur in an established heating system is rare. However, it is not un-
common for gaseous cavitation to take place when a new heating sys-
tem is first put into service. Compared to vaporous cavitation,
gaseous cavitation is not very destructive and is usually a short-term
condition that does not warrant any real concern.

Cavitation in a heating system should be avoided, and it can be. By
keeping static pressure for a system high and temperatures for the
system low, the risk of cavitation is greatly reduced. Keeping circula-
tors installed with their inlet ports close to an expansion tank also
lessens the risk of cavitation. Circulator placement should be low in a
system to maximize static pressure at the pump’s inlet. Avoid putting
flow-regulating valves near the inlet of a circulator. Consider in-
stalling a deareating device in the heating system to control air within
the system. The installation of a straight piece of pipe that is at least
as long as 10 pipe diameters on the inlet port of the pump can help to
control cavitation. And make sure that circulating pumps are in-
stalled with their inlets well below the static water level of a system.
These few guidelines can make a major difference in the performance
of a heating system.

Choosing a Pump
Selecting a pump for a heating system isn’t difficult, but the selection
process is important to the overall performance of the heating system.
Before you can choose a pump for a heating system, you need to
know the flow rate at which the system will best perform. You should
also consider the thermal requirements of the system and the heat dis-
tribution units that will be used. In the case of radiant floor heating
systems, you may not have much to consider in terms of heat emit-
ters. It is not as though you will be working with baseboard heating
units, radiators, or heating panels. 



You will, of course, need to know the head loss of the system at the
flow rate required for the system. Working with pump curves and
flow rates and head loss is all part of the pump selection process. Any
circulator you choose should have a little power to spare. Installing a
circulator that barely meets the system requirements is a mistake.
Oversize the circulator a little to ensure success with the heating sys-
tem. A rule-of-thumb formula is to install a circulator that is rated at
between 10 to 20 percent more than what the system is expected to
need. Any additional over-sizing will result in wasted energy and
cost. Plus, a pump that is too powerful can increase the flow rate of a
system to a point where noise or other problems might become pres-
ent within the system. You should strive to pick a pump that has a
performance curve that will intersect with the system curve for max-
imum efficiency.

If you do your homework on circulating pumps you will discover
just how important pump selection is. Whether installed in a series or
parallel manner, the pumps used with a system must be matched
properly to the system to avoid problems and excessive operating
costs. It doesn’t take a lot of time to define what the right pump is, but
it can be quite costly to install an improper pump and later have to
warranty the problems. A contractor’s reputation is often on the line
when a pump is being chosen. Don’t take this important element of
system design lightly.
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The controls and control systems used with heating systems are es-
sential elements of a heating system. Some people consider the con-

trols to be the brains of the heating system. Without proper controls,
the heating system could not function well. If heating system controls
are chosen and set up properly, a heating system can be very effective
and efficient. Many parts of a heating system are affected by the con-
trols of the system. For example, circulating pumps, burners, and
mixing valves are all affected by the controls of a heating system. In
order for a heating system to maintain a stable level of operation, the
controls of the system must be installed correctly. 

The controls for a heating system can range from extremely simple
devices to very complex controls. Many control systems involve a va-
riety of control types. There are many factors to consider when de-
signing a control system. What works well with one heating system
may not perform well with other systems. Installing controls requires
a good working knowledge of various types of controls. For example,
some controls are set manually while others work dependent on tem-
perature. A designer must know which types of controls to use for dif-
ferent types of heating needs. Some heating systems can work suc-
cessfully with a simple on-off switch. This is as easy as it gets. But
many heating systems require a much more complex system of con-
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trols to function at optimum performance. 
The design of control systems can cover

a wide range of options. Both electronic
and microprocessor-based controls can be
used in hydronic heating systems. Today’s
engineers have a vast array of controls
available. Modern controls are capable of

performing many tasks that some years back would have required
some human effort. The accuracy and ability of modern controls is
sometimes hard for people to believe. Technology has produced a long
line of products which can improve a heating system, so let’s take a
look at some of them.

On-Off Controls
On-off controls are one of four general types of controls. The other
three types of controls are staged controls, modulating controls, and
outdoor reset controls. Of the four, the on-off control is the simplest.
Sometimes only one type of control is used, and then there are times
when more than one type is used in a single system. The controls can
regulate a number of things in a number of ways. For example, a cir-
culator might be made to start, stop, or to run at a given speed. Any
element controlled may have a range of control, and having a wide
range of controls to choose from makes this process easier. A major
reason for having good controls is that the controls provide a heating
system with a means of operating at peak performance. 

Some people think of on-off controls as something like toggle
switches. A toggle switch could be used as an on-off control. Having
such a switch in an open position would keep a heating system from re-
ceiving electrical power. Closing the switch would complete the circuit
and enable the heating system to run. But some types of on-off controls
are automatic in nature. An example of this would be a standard room
thermostat. The thermostat is technically an on-off switch, but after an
initial setting it does not require manual manipulation to activate a
heating system. This concept confuses some people. How can an auto-
matic thermostat be considered an on-off switch? Well, let me explain.

A control, like a room thermostat, is capable of making a heating
system run or shut off. But, the control cannot vary the rate at which
heat is delivered. In other words, the heating system is either on or off,
and this is why the thermostat is an on-off control. The fact that the

Thermal mass is a factor in determin-
ing what type of control to use.

HOT POINT
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thermostat can have the heating system
cut on when room temperature drops to a
certain point doesn’t make it any less of an
on-off control. Once a room comes up to
the set temperature of a thermostat, the
thermostat cuts the heating system off.
This is done automatically, but it still
keeps the thermostat in an on-off category.
If the control could force a heating system
to run at a higher heating rate, that would
break the control out of the on-off cate-
gory. For general purposes, any control
that merely turns a heating system on or
off is an on-off control, even when it is ca-
pable of working automatically. 

Thermal mass is a factor in determining what type of control to use.
A forced hot-air heating system has less thermal mass than a hydronic
baseboard heating system. If an on-off switch is used with each of
these types of heating systems the hydronic system will produce
more overall comfort. This is due to the added mass that the hydronic
system has over the hot-air furnace. But, radiant floor heating that is
installed in a concrete floor has tremendous mass when it is com-
pared to the mass of other types of heating systems. Since concrete
gathers and holds heat from a radiant system, the concrete becomes a
part of the heating mass. It’s been said that the thermal mass of a
heated concrete slab can be as much as 70 times greater than the mass
obtained when heating air. 

In some heating systems, such as a hot-
air system, sudden bursts of heating are
quite noticeable. For example, a furnace
cuts on and runs for a few minutes to
meet the demands of a room thermostat.
As soon as the furnace cuts off, air infil-
tration from windows, doors, and walls
can become more noticeable. The battle
between warm and cold air rages on in
spurts. These spurts can be discomfort-
ing. Hot-water baseboard heating sys-
tems experience spurts in their heat out-
put, but occupants of heated space don’t
notice the fluctuation much. This is due to

Staged controls differ from on-off
controls in that the staged controls
have an ability to regulate heat ca-
pacity. The heat capacity can be con-
trolled in fixed intervals as the heat
load increases. Since staged controls
can do this, they can eliminate much
of the discomfort experienced when
a heating system spikes with an on-
off switch.

Sensible Solution

Hot-water baseboard heating sys-
tems experience spurts in their heat
output, but occupants of heated
space don’t notice the fluctuation
much. This is due to the added mass
of the hydronic heating system.
When radiant floor heat is used, the
fluctuations that occur are even less
noticeable. This is due to the fairly
constant temperature given off from
the concrete as a massive heat mass.

TECH>>>TIP
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the added mass of the hydronic heating
system. When radiant floor heat is used,
the fluctuations that occur are even less
noticeable. This is due to the fairly con-
stant temperature given off from the con-
crete as a massive heat mass.

Surges in heat output are more notice-
able when there is less thermal mass.
Larger storage capacity of a heat mass is

needed to dampen or lessen temperature swings during fluctuations
which occur with on-off switches. Radiant floor heating has a large
mass and tends to produce even, comfortable heat, even when spikes
in heat output are present. When more control is needed to minimize
strong swings in room temperatures, a staged control can be used.

Staged Controls
Staged controls differ from on-off controls in that the staged controls
have an ability to regulate heat capacity. The heat capacity can be con-
trolled in fixed intervals as the heat load increases. Since staged con-
trols can do this, they can eliminate much of the discomfort experi-
enced when a heating system spikes with an on-off switch.
Residential applications of staged controls tend to have only a few
stages of operation. But larger jobs, such as commercial buildings,
may have a dozen or more stages set up with the control system. The
advantage of a staged control is comfort, but efficiency is usually bet-
ter also when a staged control is installed.

As the name implies, staged controls work in stages. A heating sys-
tem starts off at a low setting or stage. When there is enough demand
for more heat, a second stage is entered. This process continues for as
many stages as are necessary to reach maximum heat output. When
the first stage of heating is being used it will operate intermittently.
As heating demand escalates the system’s first stage or lower stages
will begin to run continuously to meet the demand while the higher
level stage runs intermittently. Once all stages are running continu-
ously the system is up to maximum output. 

The use of a staged control generally reduces operating costs. It
also provides a more stable level of comfort since there are not such
extreme drops and jumps in heat output. To gain the best match be-
tween heat load and heat output a lot of stages are required. This is
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The use of a staged control generally
reduces operating costs. It also pro-
vides a more stable level of comfort
since there are not such extreme
drops and jumps in heat output.
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due to the need to define output in smaller increments. However,
most residential applications don’t require more than two or three
stages. Many oil-fired boilers used in homes are set up for only a sin-
gle-stage heating system, so this rules out the staged control system.
Gas boilers are more likely to accept staged controls in residential ap-
plications. The reason for the difference is the oil nozzle in an oil-fired
boiler. The size limitations on small, oil-fire boilers are not compatible
with a staged system. There is more cost involved with the installa-
tion of a staged system, but if a job is large enough to warrant such a
system, the added cost can usually be recovered through lower oper-
ating costs.

Modulating Controls
Modulating controls are the cat’s meow when it comes to nearly ideal
control over heat load and heat output. This is because a modulating
control makes continuous shifts in the heat output to match the heat
load. Usually, modulating controls work by controlling the water
temperature being supplied to a heating system. By raising and low-
ering the temperature of supply water, the modulating control can
maintain a constant, favorable heat. A motorized mixing value is nor-
mally used to accomplish the moderation between temperatures.
Sometimes, however, a variable speed pump is used to bring hot wa-
ter into a constantly circulating distribution system. There are a few
other ways to accomplish modulating control, but the two methods
discussed above are the most common.

Outdoor Reset Controls
Outdoor reset controls are extremely ef-
fective in controlling stable heat tempera-
tures. This type of control reacts to out-
side temperatures. When the temperature
outside becomes colder, the outdoor reset
control increases the temperature of wa-
ter being supplied to a heating system. In
contrast, as the outdoor temperature
rises, the temperature of supply water is
lowered. This process produces very con-

Modulating controls are the cat’s
meow when it comes to nearly ideal
control over heat load and heat out-
put. This is because a modulating
control makes continuous shifts in
the heat output to match the heat
load.

TECH>>>TIP



stant heat while cutting back on operating costs. There is no question
that an outdoor reset control is efficient and effective, but there are
relatively few of them used in average homes.

Electrical Functions
Electrical functions for heating system are controlled by switches and
relays. These devices are classified by the number of poles and throws
that they have. Most switches have between one and three poles. The
poles refer to the number of independent paths through which elec-
tricity can pass. When switches and relays are classified by the num-
ber of throws that they have, the consideration is how many settings
exist where electricity can pass through the device. Electrical devices
chosen for a system must meet the criteria required by the system. For
example, the current and voltage ratings of a switch must match the
current and voltage specifications for the heating system’s applica-
tion. The ratings for the switch must meet or exceed the amount of cur-
rent and voltage that will be required to operate the heating system.

Some people are not sure what a relay is. Simply put, a relay is a
switch that is electrically operated. A relay can be operated remotely.
The two major parts of a relay are its coil and its contacts. There is
also a spring, a pendulum, and the relay terminals. If any of these
components fail, a relay can become useless. Contacts are held in
their open position by the spring. If the right amount of voltage
reaches the coil, a magnetic force is created. This process causes the
contacts to come together. When this happens, the circuit is com-
plete. The relay contacts will stay in touch with each other until the
voltage load on the coil is reduced, at which time the contacts will
come apart and return to their open position. 

There are time-delayed relays and general purpose relays that
might be used in a heating system. A general purpose relay is nor-
mally used when a relay is required to be installed as a separate com-
ponent. These relays can be plugged into a relay socket where exter-
nal wires are attached to screw terminals or quick-connect tabs. When
a delay is needed between two control events, a time-delay relay is
used. Since time-delay relays have adjustable timing circuits built
into them, they can be set to different modes. Time-delay relays plug
into sockets just as general purpose relays do. The purpose of a time-
delay is to protect a compressor against unequalized pressure starts
and to prevent short cycle operation.
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Thermostats
Thermostats are well known controls as-
sociated with heating systems. To most
people outside of the heating industry, a
thermostat is thought of as the only con-
trol needed or used with a heating sys-
tem. Homeowners, for example, know
that turning the dial of a thermostat up
or down will cut their heating systems
on or off. This is true, of course, but the
thermostat is not the only control involved. 

A standard room thermostat is essentially a temperature-oper-
ated switch. The thermostat indicator is placed on a particular tem-
perature rating. If the air temperature that the thermostat is exposed
to is colder than the temperature that the thermostat indicator is set
on, the heating system will come on to warm the room. Once the
room temperature is equal to the setting on the thermostat, the heat-
ing system will be turned off by the thermostat. Turning a single-
stage room thermostat to a higher temperature once a heating sys-
tem is running will not increase the rate of the heat output. The
thermostat only controls the on-off function of the system and does
not regulate the rate at which heat is produced. A lot of people don’t
understand this.

Thermostats used with heating systems have what is called a set-
point temperature. This is simply the temperature at which the ther-
mostat is set to maintain. In a perfect world, a heating system would
maintain the setpoint temperature at all times, but this isn’t practi-
cal. In order to keep a room at its setpoint temperature constantly, a
heating system would be forced to cut on and off very frequently.
This would put the heat source under extreme stress and would
shorten its working life. To avoid this problem, thermostats are de-
signed with a differential. 

The differential of a thermostat is sometimes adjustable, but some
thermostats have factory-set differentials that are not adjustable. Most
thermostats are set to have a differential of up to five degrees. This
means that a thermostat will not cut on until room temperature drops
to a point five degrees below the setting of the thermostat. It’s com-
mon to find a thermostat with a differential of three degrees. The lower
the differential is, the more often a heating system will cycle on and
off. This is good for comfort but hard on the heating system. 

CONTROLS AND CONTROL SYSTEMS 119

Thermostats should never be
mounted on exterior walls or near
sources of heat or cold. A thermostat
should be placed on an interior wall in
a central location. Most thermostats
are installed about chest high, but
this can vary with individual needs.
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Thermostats should never be mounted on exterior walls or near
sources of heat or cold. A thermostat should be placed on an interior
wall in a central location. Most thermostats are installed about chest
high, but this can vary with individual needs. For example, a person
who is confined to a wheelchair would benefit from a thermostat
that is mounted at a lower height. This is not only a reach issue, but
it’s that the thermostat should be installed at a height where com-
fort is most often sought. Since a person in a wheelchair will not
normally be as high off the floor as a person walking, the lower
mounting level will allow for a better comfort zone.

Aquastats
Aquastats are controls that monitor and control the temperature of
liquids, such as water in a hydronic heating system. An aquastat ful-
fills two purposes. It acts as a safety device as well as a control. In the
case of a radiant heating system, an aquastat might be used to moni-
tor and maintain the temperature of supply water going into the heat-
ing tubing. Some aquastats are made to strap onto a pipe. Others have
a copper capillary tube that is actually inserted into the liquid being
monitored (Figure 10.1).
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Aquastat. (Courtesy of Taco)
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When a strap-on aquastat is used its sensing bulb is pressed tightly
against the pipe that the aquastat is attached to. The bulb contains a
fluid that increases in pressure as the fluid temperature rises. If the
bulb expands, pressure is placed on a diaphragm or bellows assem-
bly. Expansion occurs and either opens or closes the electrical contacts
of the control. For maximum control, the sensing bulb of an aquastat
should be immersed in the liquid that is being monitored. Special fit-
tings are available that allow aquastats to be mounted on regular
threaded fittings with the sensing bulb in the pipe where liquid will
be monitored. 

High-Limit Controls
High-limit controls are often used on small boilers, such as those used
in residential applications. This type of control is often packaged with
boilers that are being sold for residential use. In this case, a single con-
trol contains several components. There can be a transformer, a relay,
and an aquastat all contained in a small package. A sensing bulb
comes out of the aquastat and goes into the rear case of the boiler
block. When a high-limit control is used it is both simple and inex-
pensive. The one device fulfills several functions with good efficiency
on small heat sources.

Relay Centers
Relay centers are often set up for heating systems where multiple
zones are to be used. The relay center keeps wiring and control op-
eration together in a central location. A relay center can be set up so
that a domestic water heating device can take priority over the heat-
ing zones if hot water for domestic use is called for. Typical relay
centers are designed to handle anywhere from three to six heating
zones. It’s possible to have a relay center that is designed for use
with 24 VAC zone valves or line voltage circulators. Contractors of-
ten install relay centers that are larger than what is immediately re-
quired. This makes expanding the number of zones on a system eas-
ier. If the demand exceeds six zones, multiple relay centers can be
installed.



Zone Valves
Zone valves are used to control the flow of water in hydronic heating
systems. Each circuit of a heating system needs some form of control.
The control can be independent circulating pumps or zone valves.
Since zone valves are less expensive then circulating pumps, zone
valves are most often use to control the flow in heating zones. There
are many different types of zone valves, but they all share common
characteristics. All zone valves have a valve body and an actuator. It
is the actuator that moves to allow liquids to flow or to stop them
from flowing. Electrical voltage is applied to an actuator to make the
valve shaft of the zone valve move.

Valves that open or close too quickly can cause water hammer in a
piping system. The loud banging that comes from a water hammer is
disturbing and should be avoided. Some zone valves protect against
water hammer by using small electric motors with gears to open and
close the valve in a zone valve. The small motors turn the shaft of the
valve fast enough to open the valve fully in time for rapid heat deliv-
ery, but slowly enough to prevent water hammer. A second type of
zone valve uses heat motor actuators. An internal resistor heats the
actuator so that it will operate the valve. This type of zone valve
opens more slowly than the type with the motor and gear, but it is ad-
equate for most heating systems.

Controls are essential to the proper op-
eration of a heating system. Every heating
system has individual needs, though
most of the systems will be similar in na-
ture and design. Some contractors install
systems with somewhat of a cookie-cutter
design. This can be a mistake. A standard
control system might work fine for eight
out of ten heating systems, but what
about the other two? Every heating sys-
tem should be evaluated individually for
its control needs. Most big jobs are drawn
and specified by experts. This is not usu-
ally the case in residential work. It’s often
the heating contractor or someone at a
supply house who comes up with resi-
dential designs. You owe it to yourself
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Valves that open or close too quickly
can cause water hammer in a piping
system. The loud banging that
comes from a water hammer is dis-
turbing and should be avoided. Some
zone valves protect against water
hammer by using small electric mo-
tors with gears to open and close the
valve in a zone valve. The small mo-
tors turn the shaft of the valve fast
enough to open the valve fully in time
for rapid heat delivery, but slowly
enough to prevent water hammer.

Sensible Solution
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and your customers to take the design of control systems seriously.
After all, if the controls are not selected or installed properly, a heat-
ing system is not likely to work well, and this can reflect poorly on
you and your company. 
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The components that go into a hydronic heating system are both nu-
merous and important. There are many pieces of equipment needed

to make a safe, functional hydronic heating system. People generally
think of a boiler and some type of heat emitter, such as baseboard
heating units. Rarely is much thought given to circulating pumps, ex-
pansion tanks, zone valves, relief valves, and other essential elements
of a safe system. These components of a hydronic heating system that
may seem inconsequential are not. They are key elements of the sys-
tem. Failing to install an expansion tank or relief valve could prove
disastrous. Without the use of a circulating pump, a modern hydronic
system will not function very well. Zone valves are an inexpensive al-
ternative to multiple circulating pumps when creating multiple heat-
ing zones with a system. A number of factors come into play when de-
signing and installing a hydronic heating system. Learning what is
needed, where it is needed, and how to install it is essential if you
wish to install effective hydronic heating systems.

Modern Piping Materials
Modern piping materials in hydronic heating systems include copper
tubing and cross-linked polyethylene tubing (PEX). Another type of
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tubing sometimes used is polybutylene (PB) tubing. Copper tubing is
the most popular type of piping used for general convection heating,
such as systems utilizing baseboard heating elements, kick-space
heaters, and space heaters. PEX tubing is most often used for radiant
floor heating systems. PB tubing was being used before PEX tubing,
and it is still in use, but PEX is replacing it quickly as a prime choice.
This is due in no small part to recent problems with PB tubing and
pending lawsuits arising from the problems.

The copper tubing used most in heating systems is type-M copper
in a hard-drawn (rigid) form. Type-L copper is sometimes used in
tight spots when a flexible, rolled copper tubing is more feasible. Dis-
tribution tubing typically has a diameter of 3/4-inch. Since copper ex-
pands and contracts with temperature variations, the tubing must be
supported properly to maintain a quiet heating system.

PEX tubing is a polymer (plastic) material. It is extremely flexible,
sold in long coils, and suitable for many hydronic applications. One
of the most effective applications for PEX tubing is found in radiant
floor heating. Standard PEX tubing can handle water with a temper-
ature of 180° at 100 psi. If the pressure is reduced to 80 psi, the tubing
can handle water temperatures up to 200°.

Both copper and PEX tubing have their places in heating systems.
Matching the proper tubing to the job is important. A general rule-of-
thumb is to use copper tubing for general heating applications and to
use PEX for radiant floor heating. There are exceptions to this, of
course, but in general, the formula works.

Fittings
The fittings used in heating systems are often the same as those used
in plumbing jobs. There are, however, some special fittings that are
used most frequently with heating systems. Typical, generic fittings
include couplings, slip couplings, reducing couplings, 45-degree el-
bows, 90° elbows, male adapters, female adapters, unions, and tees of
both full size and reducing sizes. All of these are basic plumbing fit-
tings. Now, let’s look at the fittings that are primarily used with heat-
ing systems.

Baseboard tees, also called baseboard ells, are fittings that are
shaped like a standard 90-degree elbow. However, the fitting has a
threaded fitting in the bend of the elbow. The threads are there to ac-
cept the installation of an air vent/purger. These fittings are often
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used when copper tubing rises vertically through a floor and is turn-
ing on a 90-degree angle into a section of baseboard heat. The fittings
are usually made of wrought copper or cast brass. With radiant floor
heating, air vents are installed at supply and return manifolds (Fig-
ures 11.1 and 11.2).

Diverter tees (Figure 11.3) create a flow through a branch piping
path that passes through one or more heat emitters before reconnect-
ing to a primary piping circuit. The use of diverter tees can involve
pushing or pulling water through a piping path. It can be difficult to
tell a diverter tee from a regular tee when relying only on outward ap-
pearance. However a peek inside will reveal the diversion section of
the tee. When diverter tees are used, they must be installed in the
proper location and direction. Diverter tees are equipped with arrows
to indicate proper positioning for water flow. There are some installers
in the trade who call the diverter tees venturi tees. Most commonly
they are known by the registered trademark name of MonoFlo tees,
which is a product and trademark of the Bell & Gossett Company.

Dielectric Unions are often used in plumbing applications. They are
often installed on electric water heaters. These same unions are some-
times used with heating systems. A dielectric union mates together
two dissimilar metals. This breaks the continuity of a conductive reac-
tion. In turn, it avoids galvanic corrosion. The unions are used to fit
copper materials to steel materials.

Air vents. (Courtesy of Taco)
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Heating Valves
Valves used in heating systems can be of the same type used in
plumbing systems, but this is not always the case. Selecting a valve
for a heating system may seem like a simple task, but it can be more
important than you might think. Valves are typically used for either
component isolation or flow regulation. Gate valves and globe valves
are two common types of valves used in heating systems. These same
valves are also used in plumbing systems. Understanding which
valves to use, why they should be used, and when they should be
used will be of value to you as you install hydronic heating systems.

Slotted air vent. (Courtesy of Taco)

Slotted air vent. (Courtesy of Taco)
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So let’s explore the different types of
valves that may be of interest to you in
your heating jobs.

Gate Valves
Gate valves are used frequently in both
plumbing and heating. These valves are
intended for use as isolation valves. They
are not meant to be used as flow regula-
tors. This means that gate valves should either be fully open or com-
pletely closed. When open, a gate valve does not affect flow velocity
very much. Don’t install gate valves where flow regulation is re-
quired. If the gate is partially down in a gate valve to regulate flow,
there is a strong likelihood that vibration or chatter will be the result.

Globe Valves
Globe valves can be used to regulate flow. In fact, that’s what they are
intended to do. There is a right way and a wrong way to install a
globe valve. Make sure that any globe valve you install is positioned
so that water enters the lower body chamber. If water comes in from
the other end, noise in the system is a strong possibility. Globe valves
should not be used to isolate equipment. The design of a globe valve
does not make it ideal for isolation. While globe valves can be used
for isolation, they shouldn’t be since they are not the most efficient
choice.

Ball Valves
Ball valves are probably one of the most
used valves in the heating industry. These
valves can be used for isolating compo-
nents or regulating flow. The positive clos-
ing action of a ball valve makes it a fine
choice as an isolation valve. While ball
valves can be used for flow regulation, it is
not considered wise to use ball valves to
control flow when the flow must be re-
duced by more than 25 percent. There is
no hard and fast rule on this. It is a recom-
mendation to maintain valve condition.

Globe valves can be used to regulate
flow. In fact, that’s what they are in-
tended to do. There is a right way
and a wrong way to install a globe
valve. Make sure that any globe
valve you install is positioned so that
water enters the lower body cham-
ber. If water comes in from the other
end, noise in the system is a strong
possibility.

TECH>>>TIP

Gate valves are used frequently in
both plumbing and heating. These
valves are intended for use as isola-
tion valves. They are not meant to be
used as flow regulators.

HOT POINT
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Check Valves
Check valves are needed to ensure that
fluids do not flow in an unwanted direc-
tion. There are two common types of
check valves used in heating systems.
One is a swing check and the other is a
spring-loaded check valve. When a swing
check valve is installed, it must be in-
stalled on a horizontal line with its bonnet
pointing straight up. The operation of a
swing check is simple. Fluid flowing
through the valve in the proper direction
holds the flap of a swing check open. If,
for any reason, a backflow situation oc-
curs, the flap of the check valve closes,
preventing the backflow.

Spring-loaded check valves are not as sensitive to orientation as
swing checks are. This is one reason why installers like spring-loaded
valves. Due to the spring action, these valves can be used in any ori-
entation. While it is not important that a spring-check be installed in
a straight-up position, it is essential that the valve be installed with
the right direction of flow. An arrow on the valve makes it easy to
know in which direction to install the valve.

Pressure-Reducing Valves
Pressure-reducing valves (Figure 11.4) are used to lower the pressure
of water in a system before it enters a boiler or water distribution sys-
tem. In the case of heating, the pressure-reducing valve, also known
as a boiler feed valve, is used to lower pressure from the water distri-

bution system prior to it entering a boiler.
As with check valves, pressure-reducing
valves must be installed in the proper di-
rection. The valves have arrows to point
them in the direction of flow. There is usu-
ally a lever on the top of a pressure-re-
ducing valve that can be lifted manually
to speed up the filling process for a boiler
during a set-up and start-up procedure.

Spring-loaded check valves are not
as sensitive to orientation as swing
checks are. This is one reason why
installers like spring-loaded valves.
Due to the spring action, these
valves can be used in any orienta-
tion. While it is not important that a
spring-check be installed in a
straight-up position, it is essential
that the valve be installed with the
right direction of flow. An arrow on
the valve makes it easy to know in
which direction to install the valve.

Sensible Solution

In the case of heating, the pressure-
reducing valve, also known as a
boiler feed valve, is used to lower
pressure from the water distribution
system prior to it entering a boiler.

TECH>>>TIP
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Pressure-Relief Valves
Pressure-relief valves are important safety valves. When temperature
or pressure reaches a risky level, these valves will open to release wa-
ter that might otherwise cause damage or even an explosion. These
valves are required by code on all hydronic heating systems. It’s com-
mon for new boilers to be shipped with a relief valve already in-
stalled. A typical rating for a relief valve in a small boiler is 30 psi.
Never install a heating system without a relief valve. Relief valves are
equipped with threads to accept a discharge tube. This tube is very
important. If a relief valve blows off without a proper safety tube in-
stalled, people could be seriously injured from hot water or steam. I
see far too many relief valves that are not equipped with discharge
tubes. The tube should run from the valve to a point about 6 inches

Pressure-reducing valves. (Courtesy of Taco)
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above a floor drain. If a drain is not available, at least extend the pipe
to within approximately 6 inches above the finished floor level.

Backflow Prevention
Backflow prevention is an important part of a hydronic heating sys-
tem. It simply would not do to have boiler water mixing with potable
water. Local codes require backflow prevention, and there are various
types of devices available to achieve code requirements. Most sys-
tems utilize in-line devices. These backflow preventers must be in-
stalled in the proper direction. They have arrows on the valve bodies
to indicate the direction of flow. It is common for this type of device
to have a threaded opening about midway on the valve that will act
as a vent. Again, a safety tube should be installed on the threaded
vent opening to prevent spraying or splashing if the valve discharges.

Flow Checks
Flow-check valves (Figures 11.5 and 11.6) are another type of valve
used in heating systems. These valves have weighted internal plugs
that are heavy enough to stop thermosiphoining or gravity flow
when a system’s circulating pumps are not running. Some flow
checks have two ports, while others have three. Valves with two ports
are intended for use in horizontal piping. When three ports exist, one

can be plugged and the valve can be used
in a vertical application. A small lever on
top of the valves allows the valve to be
opened manually in the event of a circu-
lator failure. The lever, however, cannot
be used to control flow rate. Again, the di-
rection of flow is important when in-
stalling a flow check. An arrow on the
body of the valve will indicate the direc-
tion of flow as it should be used with the
valve.

Mixing Valves
Mixing valves are used to mix cold water
with hot water to create a regulated tem-
perature in water being delivered from
the mixing valve. This might be the case in
a hydronic system that uses both a base-Flow-check valve. (Courtesy of Taco)

132 CHAPTER 11



board heat emitter and radiant floor heating. The temperature of wa-
ter for the floor heating would need to be lower than that of the water
used for the baseboard system. This is possible with the use of a mix-
ing valve. Using knobs or levers on the outside body of a mixing valve
is all that is required to regulate the temperature of water being deliv-
ered from the valve.

Zone Valves
Zone valves can be used in place of addi-
tional circulators when a hydronic heating
system is being zoned off into different
zones. Circulating pumps cost more than
zone valves, so the zone valves are often
used in place of additional circulators.
There are old-school installers who don’t
like zone valves. A preference between cir-

Mixing valves are used to mix cold
water with hot water to create a
regulated temperature in water be-
ing delivered from the mixing valve.
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Flow control valve. (Courtesy of Taco)
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culators and zone valves is a personal matter. Most installers are com-
fortable using zone valves, and many contractors use them extensively. 

There are two types of zone valves. One type uses a small electric
motor combined with gears to produce a rotary motion of a valve
shaft. The other type uses heat motors to produce a linear push-pull
motion. Both types consist of a valve body and an actuator. Both types
of valves must be operated either fully open or completely closed. 

Zone valves for residential systems are located on the supply pipe
of each zone circuit. They are generally positioned near the heat
source. In most cases, the zone valves are equipped with transform-
ers that allow them to be wired with regular thermostat wire. There
are, however, some zone valves that are designed to work with full,
110-volt power. 

Other Types of Valves
Other types of valves are sometimes used in hydronic heating sys-
tems. For example, a differential pressure bypass valve might be used
in a system where there are numerous individual zones. When a large
circulating pump is used for the entire system, pressure can build up
if several of the zones are shut down. This is not good, due to high
flow rates and possible noise in the zones that are running. The by-
pass valve eliminates this problem.

Metered balancing valves are another type of valve that may be
encountered in a hydronic heating system. These valves may be used
in multi-zone systems where more than one parallel piping path ex-
ists. The flow rates in the pipes must be balanced to produce desirable
heating conditions, and metered balancing valves make this possible.

Another type of valve that is sometimes used is the lockshield-bal-
ancing valve. This is a valve that allows a system to be isolated, bal-
anced, or even drained at individual heat emitters. These valves can
be purchased in a straight, in-line fashion or in an angle version. The
installation of lockshield-balancing valves is not common in typical
residential applications, but they may be installed in such systems.

Circulating Pumps
Circulating pumps are to a heating system what the heart is to the
human body. The pumps move fluid through the pipes of a heating
system. Closed-loop, fluid-filled, hydronic heating systems may be
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equipped with a single circulating pump
or with many. When zone valves are
used, it is common for only a single
pump to be installed. Most circulating
pumps are centrifugal pumps. The de-
sign and types of circulating pumps vary.
Many of them are of a three-piece design
while others are in-line designs.

Wet rotor circulators are quite common
in small heating systems. This type of
pump has a motor, a shaft, and an im-
peller fitted into a single assembly. The as-
sembly is housed in a chamber that is
filled with system fluid, and the motor of
the pump is cooled and lubricated by the
system fluid. There are no fans or oiling
caps. Maintenance of a wet rotor circula-
tor is minimal. Due to their quiet operation and their worry-free main-
tenance, wet rotor circulators rule the roost when it comes to residen-
tial and light commercial heating systems.

Three-piece circulators are also common in residential and light
commercial applications. One advantage to this type of pump is that
the motor is not housed within the system fluid. If a problem exists,
the motor can be worked on without opening the wet system. The dis-
advantage of a three-piece circulator is that it must be oiled periodi-
cally and more noise is present during operation since the motor is
mounted externally.

Pump Placement
Deciding on where to place circulating pumps is not a job that should
be taken lightly. Proper placement has much to do with the quality of
service derived from a pump. A rule of thumb to follow is to keep all
circulators located in a manner so that their inlet is close to the con-
nection point of the system’s expansion tank. The reason for this is
that the expansion tank is responsible for controlling the pressure of
a system’s fluid. By keeping circulators near the part of the system
that is considered to be the point-of-no-pressure-change, which is the
location of the expansion tank, the circulators are always working
with a constant pressure. Therefore, the circulators can give better,
more uniform service.

Most circulators used in residential
heating systems are designed to be
installed with their shafts in horizon-
tal positions. In doing this, pressure
from the thrust load on bushings due
to the weight of the rotor and im-
peller is reduced. Like so many other
in-line components of a heating sys-
tem, circulators must be installed
with the proper orientation to water
flow. There are arrows on the pump
housings to indicate the proper direc-
tion of flow for installation.

HOT POINT
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How a circulating pump is mounted in a system is also important.
It is not wise to hang a circulator on flimsy piping. Many installers
build their headers, the section of piping where circulators are
mounted, with steel pipe and then switch to copper tubing as they
distribute water to heat emitters. This is a good idea. The circulators
can, however, be mounted in copper pipe or tubing lines, but the
pump should be supported well with some type of hanger or bracket.

Most circulators used in residential heating systems are designed
to be installed with their shafts in horizontal positions. In doing this,
pressure from the thrust load on bushings due to the weight of the ro-
tor and impeller is reduced. Like so many other in-line components
of a heating system, circulators must be installed with the proper ori-
entation to water flow. There are arrows on the pump housings to in-
dicate the proper direction of flow for installation. 

Circulators are mounted to a system with the use of flanges. The
flanges are bolted to the circulator so that the pump may be removed
for repair or replacement. Smart installers place valves on either side
of circulators to make the replacement procedure easier. By having
isolation valves both above and below a pump, it is a simple matter
to remove the pump without draining the entire system.

Expansion Tanks 
Any hydronic heating system must be equipped with an expansion
tank (Figure 11.7). When water is heated in a heating system, the liquid
expands. Since thermal expansion of this type is unavoidable, it must
be given a means to occur without damage to the heating system. This
is done with an expansion tank. The air cushion that is provided in an
expansion tank allows water to expand and contract naturally, without
fear of damage to the heating system or people in its vicinity. Without
an expansion tank, a hydronic heating system could rupture or ex-
plode, causing severe damage to both property and people.

The concept behind an expansion tank is easy to understand. The
tank has a specified amount of air in it. When water is forced into the
tank, the air is compressed. The volume of water in the tank increases,
but the air cushion creates a buffer for the expanding water. For ex-
ample, if the water temperature in the expansion tank is 70° the tank
might be half full of water. The same tank holding water at a temper-
ature of 160° might have only one-fourth of its space not filled with
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water. These are not scientific numbers, just examples. Basically, the
cooler the water, the less water there will be in the tank. 

Old-style expansion tanks were basically just metal tanks with an
air valve on them where air could be injected. A common problem
with this type of tank was related to keeping air in the tank. As air es-

Expansion tank. (Courtesy of Amtrol)
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caped, the tank filled with more water than it should have. This con-
dition is known as waterlogging. It used to be a common problem in
both heating and well systems. The problem of waterlogging has
been all but eliminated with new technology in the form of di-
aphragm-type tanks. These tanks have a flexible diaphragm built into
them that regulates air charges and greatly reduces, or eliminates,
waterlogging.

How do diaphragm tanks work? They are fitted with a synthetic
diaphragm that separates the captive air in the tank from water in the
tank. By doing this, air loss is greatly diminished. These tanks are the
rule rather than the exception in modern heating and well systems. It
is important that the diaphragm material used in an expansion tank
be compatible with fluids used in the heating system. All diaphragm
materials are safe to use with water, but butyl rubber, which is one
type of diaphragm material, is not compatible with glycol-based an-
tifreezes, which may be present in some heating systems. If the sys-
tem you are installing a tank for will contain glycol-based antifreezes,
a tank with an EPDM diaphragm material is a better choice. Hydrin
diaphragm materials are most commonly used with solar-powered,
closed-loop systems. 

Check the pressure and temperature ratings assigned to any tank
you are planning to use with a heating system. A typical rating for res-
idential use might be 60 psi and 240°. These ratings must be matched
to the safety temperature-and-pressure-relief (T&P) valves used with
a system. If a typical T&P valve for a residential water heater, rated for
150 psi, were used with an expansion tank system that is rated for 60
psi, the tank could rupture before the T&P valve discharges.

Selection and Installation
The selection and installation of expansion tanks can be confusing.
There are tanks available in many shapes and sizes. Most residential
heating systems will work fine with tanks having capacities of 10 gal-
lons or less. Sometimes the tanks are mounted vertically. Others are
mounted horizontally. Most residential systems have the expansion
tank suspended either from piping or ceiling joists. Large expansion
tanks are usually floor mounted. In any case, the air-inlet valve for
any expansion tank should be readily accessible. This is required in
case air must be added to the tank. It’s a good idea to install a pres-
sure gauge near the inlet of an expansion tank. The gauge makes it
possible to monitor the static fluid pressure in the system. In all cases,
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regardless of tank style, the expansion tank must be supported prop-
erly to avoid operation problems. 

Controls for Heating Systems
Controls for heating systems are integral parts of a functioning sys-

tem. Every hydronic heating system relies on controls to work prop-
erly. There are four basic categories of controls. There are controls that
are merely used to turn a system on or off. Other types of controls are
staged controls, modulating controls, and outdoor reset controls. The
choice and installation of controls is, to a large extent, a matter of the
heating system being fitted with the controls. The best advice is to re-
fer to manufacturers’ recommendations and follow them when se-
lecting and installing controls for heating systems. There are far too
many facets of controls to cover completely in this chapter. However,
we will overview some of the controls now.

Thermostats
Thermostats, like those on the walls of homes where heating systems
are installed, are examples of on-off controls. Devices used to open or
close an electrical contact are the most common type of controls used
in heating systems. Burner relays and setpoint controls are also ex-
amples of on-off controls. These types of devices simply allow a sys-
tem to cut on or off. The devices do not control or regulate the heat
output of a system. This confuses some people. Many people think
that a thermostat regulates heat. This is not the case. A thermostat that
is set for a high temperature allows a heat source to run longer, but
not to burn hotter.

Controlling in Stages
One way to match the output of a heat source with a building’s need
for heat is to control the heat output in stages. This is known as
staged control. It means that the controls used for this type of control
cut on and off in stages. The stages can range from zero to maximum
heat output. The stages come on and go off in sequence. The use of
staged sequences makes it easier to balance heat output with heat
need. This type of control is rarely needed in typical residential 
applications.
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Modulating Control
The ultimate in matching output with heat need comes from modu-
lating control. The advantage of modulating control is that heat out-
put continuously varies over a range from zero to full output. Mod-
ulating controls make this possible. Most modulating controls do
their job by controlling the temperature of water passing into and
through heat emitters. There are several different ways to accom-
plish modulating control. The most common involves the use of mix-
ing valves or variable speed pumps. But electrical elements and even
thermostatic radiator valves can produce the effects desired with
modulating control.

Outdoor Temperatures
Outdoor temperatures affect the effectiveness of a heating system.
When a standard hydronic system is designed, it is set up to provide
a certain room temperature based on a certain outdoor temperature
and the temperature of water in the heating system. An outdoor reset
control is ideal for balancing outdoor temperatures with the water
temperature in hydronic heating systems. With this type of balanc-
ing, a building enjoys near-perfect heating control, even when out-

side temperatures are uncooperative.
When outdoor temperatures plummet,
the temperature of water in the heating
system is raised through the use of an out-
door reset control. In reverse, if outdoor
temperatures warm up considerably, the
temperature of water in the heating sys-
tem is lowered. This balancing act com-
bines to make a more efficient and more
comfortable heating system.

There are all sorts of various controls
used in heating systems. Switches, relays,
time-delay devices, high-limit switches,
triple-action controls, multi-zone relays,
resets, and so forth. The safest bet when
dealing with controls is to follow the rec-
ommendations of manufacturers. The list
of potential controls is a long and compli-
cated one.

Outdoor temperatures affect the ef-
fectiveness of a heating system.
When a standard hydronic system is
designed, it is set up to provide a cer-
tain room temperature based on a
certain outdoor temperature and
the temperature of water in the
heating system. An outdoor reset
control is ideal for balancing outdoor
temperatures with the water tem-
perature in hydronic heating sys-
tems. With this type of balancing, a
building enjoys near-perfect heating
control, even when outside tempera-
tures are uncooperative.

TECH>>>TIP
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Expansion tanks are needed on hydronic heating systems. They are a
safety device that is needed to deal with the expansion of the liq-

uids used in hydronic systems. Without the use of an expansion tank,
a heating system could rupture or explode. As important as these
tanks are, they are sometimes taken for granted. The sizing of the ex-
pansion tank is an integral part of designing a good heating system.
You might think that expansion tanks are so common that all in-
stallers and contractors would be fully aware of the need for the
tanks. Many are, but some cannot explain why the tanks are needed.
Oh, they can tell you that the tank is needed and that it is related to
the expansion of liquids in the heating system. But, ask some in-
stallers more detailed questions about expansion tanks and you
might cringe at their answers—I know I have.

How much do you really know about expansion tanks? Could you
pass a quiz on the subject? Is there a requirement for the air pressur-
ization of a diaphragm-type expansion tank? How important is the
type of material used in making the diaphragm of an expansion tank?
These are just some of the questions that are difficult for some in-
stallers and contractors to answer. Don’t worry, if you don’t know the
answers now, you soon will.

Hydronic heating systems depend on liquids to deliver heat. Water

C H A P T E R
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is usually the medium for this purpose. Any liquid running through a
hydronic heating system is subject to expansion. This is due to the
heating of the fluid. The process is called thermal expansion. Since
thermal expansion cannot be eliminated, it must be controlled. This is
the job of an expansion tank. An expansion tank must contain an air
pocket to compensate for the expansion of liquids in a heating system.
Modern tanks have diaphragms in them. This helps to prevent water
logging that was a serious problem in older types of expansion tanks.

Generally speaking, liquids are incompressible. If a container is
filled with liquid and the liquid is later heated, expansion is going to
occur. To avoid a rupture of the containing vessel, there must be ex-
cess room that allows for the expansion. As simple as this fact is, it is
very important. It’s possible that a container that is not properly set
up or protected can violently explode. 

Systems that are open to the atmosphere don’t require an expan-
sion tank (Figure 12.1). Expansion in a non-pressurized system can be
dealt with by keeping the fluid level below the rim of the container.
This extra space allows the fluid to expand, reaching towards the rim
without overflowing. But in a typical heating system this sort of set-
up is not practical. Closed-loop heating systems are used with hy-
dronic heating systems. There needs to be room for the water to roam,
so to speak. This is accomplished with an expansion tank. The size of
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the expansion tank and its location in the
heating system are both important ele-
ments of the system design.

Open tanks were used to control the ex-
pansion of water in heating systems at
one time. It was common for these tanks
to be installed in the attics of buildings.
There were problems with this arrange-
ment. One of the disadvantages was that fluid was lost through the
opening at the top of the tank. As fluid was lost from the tank, it had
to be replaced with fresh water. This meant that dissolved oxygen
was being introduced into the heating system. As most pros know, the
dissolved oxygen generated rust, which is not a good thing. 

Another problem with the open tank in an attic was that it limited
the pressure capabilities of the heating system. It was not uncommon
for the tanks that were placed in attics to freeze during extreme
weather conditions. If the liquid in the tank froze, it was not a stretch
to expect the tank to split. When the ice thawed, the defective tank
would flood living space below it. There had to be a better way, and
there was. The result was a closed expansion tank that could be in-
stalled in a lower, heated space.

Standard Expansion Tanks
Standard expansion tanks followed the
open-tank protection used in early heat-
ing systems. The standard expansion
tanks were a definite improvement, but
they were far from perfect. This same
type of situation existed for plumbing
systems where well pumps were being
used. The big problem with standard ex-
pansion tanks was water logging. Occa-
sionally, water had to be injected with air
to maintain a balanced pressure. A water-
logged pressure tank could not perform
its function.

Standard expansion tanks were com-
mon years ago, and many of them are still
in use. They exist in both plumbing and
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When standard expansion tanks
were used, they were installed on a
heating system and when the sys-
tem was filled with water, the tank
would trap air in itself. The air cre-
ated a cushion to deal with the ex-
pansion of fluid in the heating sys-
tem. Normally, an expansion tank
will reach a pressure of about 5 psi
below the setting of a system’s pres-
sure-relief valve when the system is
working at maximum operating
pressure.

Sensible Solution

A typical installation for a standard
tank will have the tank hanging
above the boiler it is serving.
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heating systems. There were, and are, a number of disadvantages as-
sociated with standard expansion tanks.

A typical installation for a standard tank will have the tank hang-
ing above the boiler it is serving. Special fittings on boilers can allow
air bubbles to be driven out of solution by heating and rising in the
tank. A dip tube in the boiler allowed water to pass from the boiler to
the standard expansion tank. This process kept the transfer of air to
the distribution system at a minimum. Unfortunately, this type of sys-
tem allows cool water to backfeed from the tank to the boiler. The wa-
ter brings with it dissolved oxygen, which stimulates rust. All in all,
the design is far from perfect.

Water logging is another big problem with a standard expansion
tank. If the tank fills with liquid, there is no longer an air cushion avail-
able to counteract the effects of liquid expansion. A system operating
under these conditions is likely to experience some leakage or blow-
off from its relief valve. Maintenance on a standard tank should be
done at least twice a year. This involves draining the tank completely
and then refilling the system. This is usually the only way to maintain
a proper air balance in the tank. Modern heating systems overcome
the problems of a standard expansion tank with the use of tanks that
have built-in diaphragms. There is no longer any need for suffering
through the trials and tribulations of older heating systems.

Diaphragm Tanks
Diaphragm tanks (Figure 12.2) are the way to go. They are affordable,
effective, efficient, and easy to work with. Air and water are kept sep-
arate in a diaphragm tank. The diaphragm is what creates the sepa-
ration. You can think of a diaphragm tank as an expansion tank that
has a balloon full of air in it. Without any doubt, diaphragm expan-
sion tanks are the only sensible way to go in a modern heating system. 

There are a number of advantages offered by diaphragm tanks. Air
and water do not come into contact with each other in a diaphragm
tank. The volume of air in the tank is always protected from reab-
sorption by the fluid in the heating system. Another advantage is that
diaphragm tanks don’t require any draining or refilling. Water log-
ging is not a problem with an expansion tank that is equipped with a
diaphragm. This means that a heating system will work better for
longer with less maintenance. Rust is not a problem with diaphragm
tanks, which is yet another advantage. 
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Since diaphragm tanks can be pre-charged with air (Figure 12.3) a
smaller tank can be used in place of what would have been a much
larger standard expansion tank. Most heating systems can be served
by a small tank that can be mounted directly to the system piping. Po-
sitioning of the expansion tank is not critical when a diaphragm tank
is used. This is not to say that the location of the tank is not important,
but the tank can be installed in any position. Since the tanks with di-
aphragms can be installed directly to system piping there is no need
for special fittings, such as those that would be used with a standard
expansion tank.

Diaphragm expansion tank. (Courtesy of Amtrol)

Vertical diaphragm expansion tanks. (Courtesy of Amtrol)



A diaphragm-type expansion tank should be sized to assure a pres-
sure of about 5 psi lower than the relief valve setting for the system
when the system is at maximum operating pressure. Anything less
can result in a leaking pressure-relief valve. The proper air-side pres-
surization for an expansion tank is equal to the static fluid pressure at
the inlet of the tank, plus an extra 5 psi allowance at the top of the sys-
tem. This pressure adjustment should be made prior to filling a sys-
tem with liquids. Adding or removing air is the process involved to
balance a system’s tank to the proper pressure setting. Once the air-
side pressure is set, it ensures that the diaphragm will be expanded
fully against the shell of the expansion tank when the system is full of
liquid. This is based on cool water. If the diaphragm is not adjusted
properly, the diaphragm may be partially compressed before the liq-
uids are even heated. 

Matching a Tank
Matching a tank to a heating system requires compatibility between
the two (Figure 12.4). One key consideration is the material that the
diaphragm is made of. Not all materials are suitable for use with all
heating systems. This is something that not everyone is aware of.

Chemical reactions on the diaphragm ma-
terial can be a problem. Over time, the di-
aphragm material can be consumed by
the chemical reaction. If this happens, the
modern tank is no better than a standard
expansion tank. Plus, sludge can build up
in the system. Three major types of mate-
rials used for diaphragm construction are
Butyl rubber, hydrin, and EPDM. Any of
these materials are fine when they are in
contact with only water. But many heat-
ing systems have antifreeze compounds
in them. Glycol-based antifreezes will
break down diaphragms made with Butyl
rubber. Typically, a diaphragm made with
EPDM will be compatible with a glycol-
based antifreeze. A hydrin diaphragm is
usually reserved for use with closed-loop
solar systems when hydrocarbon oils
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Check the ratings on any tank that
you plan to install in a heating sys-
tem. Every tank should have a listed
rating for pressure and temperature.
These ratings are very important.
You might find that the ratings are 60
psi and 240°. This is a pretty standard
rating. Residential systems will al-
most always be okay with a tank of
this type. Light commercial jobs can
usually be fitted with these same
tanks. As routine as this may sound,
don’t take it lightly. If you install a
tank that is rated lower than the
pressure-relief valve used on a sys-
tem, the tank could rupture.

HOT POINT



make up the transfer fluid. If a system is being used with fluids that
are capable of rusting metallic surfaces, any expansion tank used
should be rust-resistant.

Check the Ratings
Check the ratings on any tank that you plan to install in a heating sys-
tem. Every tank should have a listed rating for pressure and temper-
ature. These ratings are very important. You might find that the rat-
ings are 60 psi and 240°. This is a pretty standard rating. Residential
systems will almost always be okay with a tank of this type. Light
commercial jobs can usually be fitted with these same tanks. As rou-
tine as this may sound, don’t take it lightly. If you install a tank that is
rated lower than the pressure-relief valve used on a system, the tank
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could rupture. You must make sure that the tanks used in systems are
compatible with the temperature and pressure ratings pertaining to
the rest of the system.

A Wide Selection
A wide selection of expansion tanks is available. The tanks come in a
variety of sizes and shapes. Diaphragm expansion tanks for typical
heating systems can range in volume from 1 to 10 gallons. Tanks of this
size will normally meet the need of both residential and light commer-
cial installations. If these tanks are attached to system piping, as they
often are, the pipe should be well supported on both sides of the con-
nection point. Some installers mount these tanks horizontally and sup-
port the tanks themselves with hangers. Either method is acceptable. 

Big heating systems can require larger expansion tanks. For a large
system, a floor-mounted tank is ideal. Since the tank sits on a solid
surface, there is no need to support it with hangers. Most contractors
place these tanks on elevated platforms to protect the tanks from any
flooding of the floor area. It’s common practice to arrange four ce-
ment blocks under such a tank to elevate and support it.

Regardless of the type of tank used, the air-induction valve on the
tank should be readily accessible. An accurate pressure gauge should
be installed near the inlet of the expansion tank. The gauge makes it
easy to monitor pressure in the tank. It’s rare for a diaphragm-type
tank to become water logged, but if this occurs, the pressure gauge
will indicate the problem. As long as the pressure at the inlet of the
tank is the same as the air-side pressurization, the system should be
in good working order, in terms of pressure.

Tank Placement
Where should an expansion tank be placed within a heating system?
Tank placement can affect the pressure distribution of a system when
it’s in operation. As a rule-of-thumb, the expansion tank should be lo-
cated close to the inlet port of the circulating pump. While this rule has
been followed for years in most commercial installations, there have
been many occasions when the rule has not been followed in residen-
tial installations. The two types of heating systems differ, but the tank
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should still be installed near the inlet of
the circulator (Figures 12.5 to 12.7).

Fluid in a closed-loop heating system
is static in volume. This means that the
volume doesn’t change appreciably. Un-
like some people think, the volume of the
fluid doesn’t change when the circulating
pump is running. Just remember that the
liquid volume remains essentially the
same at all times in a closed-loop system.
Just as the volume of liquid in the heating
system is static, so is the amount of air in
the system. The concept is known in the
trade as the point of no pressure change. 

When a circulating pump is operating
it boosts system pressure. This is a good
thing. It forces air out of vents and cuts
down on the risk of having cavitation at
the pump. Even so, the volume doesn’t
change. Pressure changes in the system
are balanced between the circulator and
the expansion tank when everything is in-
stalled properly. If the expansion tank is
installed near the discharge port of a cir-
culator, the pressure drop in the system is
much more significant, and this can lead
to real problems. Air will not be expelled
properly and cavitation at the pump is
much more likely. Stopping this potential
problem is simple; install the expansion
tank near the inlet port of the circulator.

There is no big mystery to expansion
tanks. The keys to remember are:

� Size the expansion tank properly.

� Use a diaphragm-type expansion
tank.

� Make sure the ratings for the tank
are compatible with the system 
requirements.

Single installation. (Courtesy of Taco)

Horizontal mounting method. (Courtesy of Taco)

Installation of multiple expansion tanks. (Cour-
tesy of Taco)



� Confirm that the diaphragm material is compatible with
system fluids.

� Install the tank near the inlet port of the circulating
pump.

� Make sure that the air valve for the tank is accessible.

� Install an accurate pressure gauge at the inlet of the ex-
pansion tank.

� Support the expansion tank properly.

� Read and heed all manufacturer recommendations when
installing a tank.

If you follow these basic guidelines, the systems that you install
should not have problems associated with the expansion tank.
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Domestic water heating is an added benefit available to homeown-
ers who use hydronic boilers to heat their homes. The expense of

heating water for domestic use with a boiler that is providing space
heating can be considerably less than the cost of a separate water
heater. This is no secret. People who heat with boilers have been de-
riving their domestic hot water from them for years. Some boilers use
tankless coils to heat water for domestic use. Other boilers are set up
to work in conjunction with a water storage tank. And some heating
systems combine both a tankless coil with a storage tank. When wa-
ter is heated for domestic use with a boiler, an additional load is
placed on the boiler. This load must be accounted for. 

Tankless coils are frequently used to provide domestic hot water
from a boiler. These coils are favored for their low cost to operate, but
they are not without their problems. Coils can produce nearly endless
hot water, but the water temperature may not be as high as some con-
sumers would like. The tradeoff of a high volume of hot water in ex-
change for water of a lower temperature is not always acceptable. An-
other problem often encountered with tankless coils is their tendency
to become clogged after some years of use. Mineral deposits that build
up in the coils can reduce water flow considerably. Clearing a coil is not
easy. An acid bath will sometimes take care of the problem, but there
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are many times when it makes more sense
to simply replace the coil.

Tankless coils are heat exchangers.
They are installed within a hydronic
boiler. Since the coil is a heat exchanger,
the water within the coil never mixes with
the water in the boiler. This is a point that
many people have trouble understanding.
The coils are so named because they con-

sist of coils of copper tubing. Once a tankless coil is installed in a spe-
cial chamber of a boiler, the coil becomes surrounded by hot boiler
water. This is what heats the water within the coil. When there is a de-
mand for hot water to fill a domestic need, cold water passes through
the tankless coil. During the trip through the coil, the cold water is
warmed. Since the cold water makes only a single pass through the
coil, the water is not always warmed to a desirable temperature.

In order for a tankless coil to perform properly, the boiler water sur-
rounding the heat exchanger must remain hot at all times. This is ac-
complished with the use of a triple aquastat control. The aquastat fires
the boiler whenever the boiler water drops to a certain temperature.
This is usually not a problem during a heating season, but the process
becomes somewhat inefficient during warm months. Even though gen-
erally heating is not needed during warm spells, the water in the boiler
must remain hot to heat domestic water. This, too, is a drawback of a
tankless coil. Due to the inefficiency of heating domestic water during
seasons when general heating is not needed, tankless coils are losing
popularity. There are people who feel that the use of tankless coils in
new installations should be banned as a means of saving energy.

Combining a Coil with a Tank
Combining a tankless coil with a storage tank is one way of helping
to overcome the efficiency problems associated with coils. When a
storage tank is added to a tankless coil system, the overall energy us-
age of a boiler is lowered and the problem of fluctuating water tem-
perature is better controlled. A storage tank is an added expense
when installing a system, but the cost is offset by energy savings. In
this type of setup, a high limit control is needed, rather than an aqua-
stat. In the case of adding a storage tank to an existing system, the ex-
isting aquastat may be able to be reconfigured to work as a high limit
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Combining a tankless coil with a
storage tank is one way of helping to
overcome the efficiency problems
associated with coils.

Sensible Solution



control. Once the boiler is equipped with a coil, a storage tank, and a
high limit control, the boiler will fire only when there is a call for heat
or hot water. The boiler will not operate at all times, as it would have
to without the storage tank.

When a storage tank (Figure 13.1) is used with a coil, a small circu-
lating pump is responsible for moving the domestic water. This pump
runs when there is a call for domestic hot water. Cooler water that is
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near the bottom of the storage tank is
moved through the tankless coil. After the
coil heats the water it is moved to a sepa-
rate connection point that is near the top
of the storage tank. Mixing water from
bottom to top in this fashion helps to en-
sure a stable water temperature for the
domestic water supply. Water continues
to circulate in this manner until a thermo-

stat associated with the storage tank is satisfied. When the tempera-
ture of water in the storage tanks drops below a predefined level, the
circulator cuts on and the process is repeated. 

Circulators used with tankless coils and storage tanks come into
contact with oxygenated water. This means that the circulator must
be made of materials that will not rust. Bronze, stainless steel, and
even high-temperature plastics can be used to protect the circulator
and the system from rust development. It’s common for installers to
equip circulators for the purpose of moving domestic hot water to run
for several minutes after the tank thermostat is satisfied. When a de-
lay is installed to keep the circulator running, the result is more resid-
ual heat being gained from the boiler that would otherwise go off
through the chimney.

Independent Tanks
Independent tanks that are indirectly fired are a great alternative to
the use of a tankless coil. Most modern hydronic heating systems are
being installed with indirectly-fired storage water heaters as a part of
the system. These tanks have their own built-in heat exchangers. Un-
like a tankless coil in a boiler, the heat exchanger in indirectly-fired
water tanks carries hot boiler water. Fresh water is contained in the
tank and surrounds the heat exchanger. This is just the opposite of
the way that a tankless coil works. Boiler water passing through the
heat exchanger heats the surrounding potable water. These tanks
work with an on-demand principal, so the boiler is not working un-
til the temperature of the water in the tank falls below the setpoint
temperature. Usually, controls on a boiler will give preference to the
domestic heating tank. In other words, if there is a call for general
heating at the same time as a call is generated for domestic hot wa-
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It makes sense to use a boiler to heat
domestic hot water. This is especially
true with today’s modern, cold-start
boilers and indirectly-fired storage
tanks.
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ter, the controls will provide the water
heater with hot boiler water prior to ful-
filling the general heating need.

Tank construction varies. Some stor-
age tanks are made of stainless steel on
the interior. Others have an interior of ce-
ramic-lined steel. A thick insulating
jacket surrounds the holding portion of
the tank. A well-insulated storage tank
reduces the frequency with which a
boiler must fire to reheat water. This, of
course, increases the energy efficiency of
the heating system and reduces operat-
ing costs.

There are some trade techniques used to boost system efficiency. It’s
not uncommon for well-constructed storage tanks to maintain water
temperature long enough to give a boiler a couple of hours off during
non-peak demand for domestic hot water. Another way to increase ef-
ficiency is to keep the storage tank close to the boiler. Reducing the de-
veloped length of the piping between the storage tank and the boiler
will reduce heat loss from the piping. A thermostatic mixing valve al-
lows water in a storage tank to be heated to a temperature higher than
what is needed at plumbing fixtures. Tying the thermostatic mixing
valve into conjunction with the tank thermostat can extend the time
between firing cycles for the boiler. All of this reduces operating costs,
saves energy, and reduces wear on the heating system.

Auxiliary Loads
Auxiliary loads on a hydronic heating system can range from domes-
tic hot water to heating a swimming pool. By far, the most common
type of auxiliary load is the one required for domestic hot water. Aux-
iliary loads can burden a boiler. If a boiler is not sized to handle addi-
tional loads, problems will arise. But, oversizing a boiler to a point
where it can pull dual duty can also be a mistake. In the case of resi-
dential heating systems, adding the load of heating domestic hot wa-
ter should not have a negative effect on a typical boiler. But, you can’t
just take this for granted, especially if there are other auxiliary loads
on the heating system.

Usually controls on a boiler will give
preference to the domestic heating
tank. In other words, if there is a call
for general heating at the same time
as a call is generated for domestic
hot water, the controls will provide
the water heater with hot boiler wa-
ter prior to fulfilling the general
heating need.
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Some homeowners heat their garages. The zone for heating the
garage can be considered an auxiliary load. If a swimming pool or
spa is heated with the use of the same boiler that is used to heat the
general living area, the demands on the boiler can be too great. If a
single boiler is sized large enough to handle major auxiliary heating
loads, it will be far too big to be cost-effective when the auxiliary
loads are not demanding heat. 

When a single boiler is used to carry auxiliary loads it is desirable
to have the auxiliary loads demanding heat when the primary heat-
ing system is not in need of heat. This can work well in some circum-
stances. For example, if a home uses radiant heat for warmth in the
winter and has an auxiliary load to heat a swimming pool in spring
and fall, the system might work very well. But if the auxiliary load is
a snow-melting system, the demand for heat from both the primary
and secondary heat loads might conflict. 

When domestic hot water is the auxiliary load, it’s generally fairly
easy to avoid conflicts. Most households have only a few peak times
for domestic hot water. It’s common for there to be a strong demand
earlier in the mornings, when people are cooking, bathing, and so
forth. Another key demand comes in the early evening when cooking,
laundry, and bathing may require hot water. But, during much of the
day and night, there is not a significant demand for hot water. When
a hot-water storage tank of adequate size is used, it’s easy to avoid ma-
jor conflicts and heavy loads that would unduly burden a boiler.

Using a Boiler Makes Sense
It makes sense to use a boiler to heat domestic hot water. This is es-
pecially true with today’s modern, cold-start boilers and indirectly-
fired storage tanks. Current controls can divert a boiler’s attention
from heating living space to heating water. This allows people to en-
joy an abundance of hot water, usually without any noticeable loss of
heating comfort in the home or office. Adding a storage tank to a
boiler makes sense for the consumer and boosts the profit from a job
for the contractor. 

Selling new customers on the use of domestic hot water from a boiler
is not always easy. There are a few reasons for this. I’ve had customers
talk with me about concerns of mixing boiler water with potable water.
This doesn’t happen, but it can be difficult to explain this properly to
potential customers. I’ve found that pictures speak volumes when it
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comes to this issue. Showing a customer how a tankless coil is inserted
into a boiler may make it easier for the customer to understand how the
heat exchanger is protected from contamination. 

Another problem to overcome is convincing some people that a
hot-water storage tank should be installed. This is especially true
when remodeling homes that are owned by older people. For many
years, tankless coils were considered all that was needed for domes-
tic hot water. Trying to convince some people that the expense of
adding a storage tank will be recovered in lower operating costs can
be a real challenge. Gathering statistics from local energy sources and
area equipment suppliers can help in this regard. Testimonials from
satisfied customers are your best ammunition when selling in this
type of situation. 

Many contractors don’t work hard enough to add value to the sys-
tems that they are selling with storage tanks. Not explaining the ben-
efits of storage tanks to customers is unfair to the customers. When
the features and benefits are explained properly, most consumers will
see the value of investing in the additional equipment. It’s easy to
find plenty of jobs where customers will benefit from adding a stor-
age tank, and this should mean more money in the contractor’s bank
account. Everyone wins. The contractor makes more money and the
customer gets better satisfaction and reduced operating costs. Don’t
overlook the opportunities that exist with storage tanks.
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Installing radiant floor heating systems in concrete slabs is an excel-
lent idea. Of all the places for radiant heating systems to shine, con-

crete floors make a wonderful stage. This is due largely to the fact that
the concrete floor makes an excellent heat storage mass. Once the con-
crete is warmed it will radiate heat for hours and hours. Also, the heat
output from radiant heat in concrete is extremely clean and stable. If
ever there were a place that cried for a radiant floor heating system it
is a concrete slab.

In the past few years, radiant floor heating has gained a great deal
of popularity. Increased installation in concrete floors probably has
had a lot to do with the positive press that the heating systems have
received. It’s not uncommon for radiant floor heating systems to be
installed in a wide array of floor types, but concrete floors are a natu-
ral place to install this type of heating system. 

As favorable as a concrete slab is for radiant heating, the perform-
ance of a system depends heavily on how it is installed. If the heat
tubing is placed too closely together, there will be too much heat in
the living space. Installing the tubing too far apart will result in a cold
room. The design of any heating system is important, and there is no
exception when installing radiant floor heating systems in concrete.
Unfortunately, not all installers understand this. Some people think
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that since concrete is such a good conduc-
tor for a radiant heating system that there
is little need for expertise in the installa-
tion of heat tubing. This simply isn’t true.
It is just as important to pay full attention
to an installation in concrete as it is dur-
ing any radiant floor heating installation.

The first step to a good heating system
is a good design (Figure 14.1). A working
design can be drawn on paper or with the
help of a computer. Having a solid instal-
lation plan is important, but so is the ac-
tual installation. When pipes are being in-
stalled in concrete they will be extremely
difficult to service after the concrete is
poured. Some installers get careless when
they are installing heat tubing. A sloppy

installation can cause any number of problems. Some of the potential
problems may show up before concrete is poured. For example, a
kinked pipe can be seen. Tubing that is punctured during installation
can be discovered with a pressure test prior to pouring concrete. But
having heat tubes in a position where they can be rubbed by an abra-
sive surface after installation can lead to problems long after concrete
is poured. If a leak does occur after a slab has been poured, the repair
process is both expensive and a real pain in the neck.

Fairly Simple
The installation of heat tubing in a concrete slab is fairly simple when
it’s drawn on paper (Figure 4.2). The components of the system are
minimal and the positioning of the components are generally the same

from one job to another. To illustrate this,
consider that your installation will begin
with compacted fill as a base for the con-
crete slab. There are a couple of ways to
plan an installation from the ground up.
Some contractors use rigid foam insula-
tion boards as the first layer of an installa-
tion. When this is the case, you can attach
the PEX tubing to the rigid foam insula-
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Under-slab insulation should be in-
stalled when there is a high water
table, moist soil is present, or
bedrock is exposed.

HOT POINT

Single-wall serpentine design. (Courtesy of
Wirsbo)



tion with PEX staples. Other contractors
skip the insulation and begin with a sheet
of plastic as a moisture barrier. Most con-
tractors prefer to put plastic down first
and then put rigid insulation boards on
top of the plastic. The next layer of the sys-
tem is usually welded wire. It’s very com-
mon for heat tubing to be installed di-
rectly to the wire mesh. This is sometimes
done with a tubing tie, but it can also be
done with plastic clips. The next layer is
the concrete, which in a residential appli-
cation is usually about 4 inches thick. If a
finished floor covering is going to be ap-
plied, it completes the total of layers. In a
very simplistic way, this is all there is to it.

Concrete slabs are ideal for radiant floor heating systems. When a
slab is a planned part of construction to begin with, a radiant floor
heating system is an economical, efficient way to heat the living
space. If you look at an installed system before concrete is poured,
most of what you see is loops of plastic tubing. It looks easy enough,
and it doesn’t appear to be the sort of installation that requires a lot of
skill or knowledge. In some ways, this is true. Physically, the installa-
tion of PEX tubing in a slab-prep area is not difficult. However, the
manner of the installation is crucial to the performance of the heating
system.

The spacing between tubing varies from
job to job, but the spacing of ties, clips, or
clamp rails that secure the tubing remains
the same. For example, if nylon cable ties
are used to secure PEX tubing to reinforc-
ing wire, the tube ties should be no more
than 30 inches apart. It’s better if the sup-
ports are not more than 24 inches apart.
These recommendations are for tubing
that is being installed in straight runs.
When the tubing turns, the support ties
should be no more than 12 inches apart,
and 6 inches is better. Not all manufactur-
ers approve of nylon ties being used with
their tubing products. Using the wrong
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method of securement can void a warranty
on tubing, so check the manufacturer’s rec-
ommendations before choosing a means of
securement.

Another devise used to secure tubing is
a plastic clip. These clips attach to rein-
forcing wire and then accept tubing to
hold it in place. Even though the clips are

different from cable ties, the spacing recommendations remain the
same. If reinforcing wire is not used in the slab preparation, a differ-
ent type of clip is needed. This type of clip is designed to be screwed
to the foam insulation that is installed below the concrete.

Plastic tubing tracks offer another option for securing tubing in an
under-slab installation. These rails attach to the foam insulation via
barbed staples. Tubing rails can be purchased in configurations to
hold several different sections of tubing. Once the tubing rails are in-
stalled, the installation of tubing can go very quickly. Light foot pres-
sure is all that is needed to snap tubing into one of the rails. Contrac-
tors have different opinions on which means of attachment is best.
The subject could be debated for hours with everyone’s opinion hav-
ing some validity. Since manufacturers may not warranty their prod-
ucts if specific types of attachments are used, you should refer to the
manufacturer’s recommendations and follow them.

Neatness counts on jobs. It’s possible to do a neat installation with
any of the means of attachment mentioned above. Personally, I feel
that the tubing rails provide the best image. I also like the rails be-
cause they make installations go quickly. When ties or clips are used,
each one must be installed individually. Once a tubing rail is in-
stalled, it can accept a lot of tubing at various spacing intervals. This
cuts down on installation time. Plus, the tubing is cradled in the rail

and should be less prone to rub abrasion. 
How far apart should heat tubing be

placed? It depends on the individual job
(Figure 14.4). There is no simple rule-of-
thumb answer to this issue. If there were,
it would probably be that the tubing
should be spaced so that each section of
tubing is about 12 inches apart from cen-
terline to centerline. This works well for
many reasons. One of the reasons is that
the reinforcing wire used in slabs is usu-
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Heating systems that don’t employ
the use of foam insulation are not as
efficient as they should be. Much of
the heat produced from heat tubing
is lost in a downward transfer to the
ground below the slab.
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ally 6 inches by 6 inches. This makes any
spacing that is in 6-inch intervals practi-
cal. Sometimes the tubing is placed closer
together, and it can be spaced further
apart. The spacing decision must be made
by the designer of the heating system.

A common question about slab instal-
lations revolves around the depth at
which the tubing should be placed in the
slab. Some of the decisions about the
depth of coverage with concrete relates to
the method used to secure the heat tub-
ing. If the tubing is attached to reinforc-
ing wire, there will be more concrete over
the tubing than if the tubing has been
placed in a tubing rail. Whether the tubing is at the bottom of the slab
or concealed near the center of the slab will not have much effect on
the performance of the system once full heat in the living space is ob-
tained. It takes longer for tubing that is buried deep to bring a floor
up to temperature, but once the temperature is reached, it can be eas-
ily maintained. One way to overcome the slower warm-up is to in-
crease the temperature of water supplying the heat tubing. Bottom
line, positioning in terms of depth is rarely a big issue.

How important is foam insulation in a slab-on-grade radiant heat-
ing system (Figure 14.5)? It is extremely important if you want the
system to be at its best. Early radiant systems didn’t have the benefit
of rigid, foam insulation boards. Modern
systems can take advantage of all that the
insulation can offer. There is additional
cost involved when insulation boards are
used, but it is money well spent. Systems
installed without insulation cannot keep
up with systems that do have insulation
when it comes to efficiency. The designer
of a system should indicate specifications
for insulation, but in case specifications
are not available, let’s have a little
overview of what might be considered
standard procedures.

Some installers remember to install
foam insulation under a slab, but fail to

Example of counterflow design. (Courtesy of
Wirsbo)

Double-wall serpentine design. (Courtesy of
Wirsbo)



think of installing edge insulation (Figure
14.6). The edge insulation is a substantial
element in creating an efficient radiant
heating system under a slab. This edge in-
sulation should be 2 inches thick and
placed around the edge of the foundation
area. Then some 2-inch insulation should
be laid on the foundation pad area so that
it extends toward the center of the floor
for about 4 feet. Insulation installed in the
center of the pad area can be thinner. Usu-
ally a 1-inch thickness is all that’s needed.
Of course, if you have a heating design to

work from, follow it. Another point to note is that insulation should
not be installed in pad areas where support piers or bearing walls will
be created.

Heating systems that don’t employ the use of foam insulation are
not as efficient as they should be. Much of the heat produced from
heat tubing is lost in a downward transfer to the ground below the
slab. Eventually, the ground reaches a saturation level that allows
heat to pass upwards more effectively. However, there is a lot of heat
lost downward. Much of this heat loss can be stopped by installing
foam insulation below the heat tubing. The insulation installed on the
inside edges of a foundation wall stops a tremendous amount of heat
loss. This is because the exterior air coming into contact with founda-
tion walls, and transferring through the walls, can reduce heating ef-
ficiency. Just as the cold comes in without insulation, heat goes out.
All jobs can benefit from insulation on the exterior walls. Heat loss is
greatly reduced and efficiency is enhanced when insulation is in-

stalled as a part of a radiant floor heating
system in a concrete slab.

A Sample Installation
A sample installation can be talked about,
but every job is different. Ideally, a heat-
ing designer will develop a working
drawing for installers to work from 
(Figure 14.7). A lot of contractors and in-
stallers work without a detailed drawing,
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Manifolds are most often positioned
to be encased in a cavity in a stud
wall. As most installers know, it’s
critical to turn the heating tubing up
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it can mess up the finished version of
a building.
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but this can be risky. A strong working
plan is needed to assure a proper instal-
lation. There are very few installers who
can consistently make installations by
eyeballing a job. Sure, they can install
the tubing and get heat to a building,
but the quality of an installed-on-the-
run job is often questionable. Good ad-
vice is to insist on an approved heating
diagram prior to making an installation.
Assuming that you have a viable heat-
ing plan to work with, making an instal-
lation for a slab-on-grade heating sys-
tem is not very difficult. 

Heating contractors have to work
closely with other trades when installing heat tubing in an under-slab
situation. Plumbing and electrical work should be completed prior to
starting any heating installation. The risk of having other trades dam-
age the plastic heat tubing is too great to risk, plus, it’s not practical to
block installation paths needed by other trades. Any work being done
in the pad area should be completed before the heating installation is
done. At a minimum, there should be a 6-millimeter polyethylene va-
por barrier in place before insulation and heat tubing is installed. In-
sulation boards used should be of a type where a tongue-and-groove
joint is made as the boards are installed. There is some risk that the in-
sulation boards will become disturbed before reinforcing wire is in-
stalled. The wire should be installed as soon as possible over the insu-
lation. Once the insulation is in place, you can move on to manifold
and tubing installation.

The designer of a heating system
should indicate all major details of an in-
tended system (Figure 14.8). This will
include potential locations for a mani-
fold system. The manifold should be
placed in a central location that is able to
be installed so that it will be accessible.
Manifolds are most often positioned to
be encased in a cavity in a stud wall. As
most installers know, it’s critical to turn
the heating tubing up in the right place
during a rough-in. If the tubing is off by

Most experienced installers label the
ends of tubing that are turned up for
a manifold. Personally, I wrap duct
tape around the tubing and write on
it with a permanent marker. You
should identify the tubing in some
fashion so that you can keep the var-
ious zones organized when connect-
ing to a manifold.

TECH>>>TIP

Triple-wall serpentine design. (Courtesy of
Wirsbo)



even half an inch, it can mess up the fin-
ished version of a building. The tubing
should be turned up out of the concrete
so that it will wind up in a planned wall.
First of all, the planning of wall location
must be precise. Installation of the tub-
ing must also be right on the money.
Then, the tubing must be secured tightly
to ensure that it doesn’t move after an
installation and before the concrete is
poured. Special devices are available to
accommodate the bends in heat tubing
that are needed to bring the tubing out
of concrete. These devices should be

used during an installation to prevent kinking and to fully protect
the tubing.

The tubing used in modern radiant floor heating systems is very
flexible. It can, however, kink if it is not handled properly. Most in-
stallers use large rolls of tubing when making a full installation. The
tubing is generally placed on a device that is called an uncoiler. Using
the uncoiler helps to prevent kinking. Once the uncoiler and the tub-
ing is set up for installation, the process can begin. Assuming that
there is a heating diagram to work with, and there should be one, the
job is fairly simple.

All tubing installed should be in continuous lengths. Avoid joints
at all times. Some installers use cans of spray paint to mark their in-
tended piping path. This can make the job a little easier to keep track
of. If you know that you will need 200 feet of tubing to make a run,
allow more length to account for the amount of tubing needed to

turn the tubing up at a manifold. Plastic
heat tubing is pretty inexpensive, so be
generous with your turn-up amounts. It
can be very frustrating to be nearing the
end of a run and find out that you don’t
have enough tubing to make the installa-
tion reach a manifold. If you waste a few
feet of tubing, that’s okay. It’s much bet-
ter to have more than you need than not
enough. 

Tubing can be unrolled and laid out be-
fore being secured, but the tubing should
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There are a lot of contractors and in-
stallers who work without a detailed
drawing, but this can be risky. A
strong working plan is needed to as-
sure a proper installation. There are
very few installers who can consis-
tently make installations by eye-
balling a job.

Sensible Solution

Detailed installation plan. (Courtesy of Wirsbo)
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be secured soon to avoid confusion, kink-
ing, and crushing. If any tubing is at-
tempting to bend upwards, secure it to
take out the bend. Plastic tubing is much
more flexible during warm weather than
it is during cold temperatures. Keep this
in mind as you are installing the tubing to
avoid kinking. The tubing used for radi-
ant floor heating systems is easy to work
with, but it does have limitations. When
you are making a turn or bend, allow
some room for the bend to avoid kinking
the tubing. 

Another consideration when installing
heat tubing is the location of planned ex-
pansion joints. These joints are cuts in a concrete floor that give con-
crete a way to move at prescribed locations in an attempt to prevent
uncontrolled cracking in a floor. When these joints are made, a saw is
usually involved in cutting the line in the fresh concrete. It’s common
for the cut to run to a depth of approximately 20 percent of the slab
depth. You must make sure that the heat tubing is buried deeply
enough in the concrete to avoid being hit by the saw blade (Figures
14.9 to 14.11).

If you are a cautious installer, you can sleeve heat tubing where it
will be passing under planned expansion joints. When a sleeve is

Heating contractors have to work
closely with other trades when in-
stalling heat tubing in an under-slab
situation. Plumbing and electrical
work should be completed prior to
starting any heating installation.
The risk of having other trades dam-
age the plastic heat tubing is too
great to risk, plus, it’s not practical
to block installation paths needed by
other trades.

TECH>>>TIP

Cross section of a control joint where heat tubing is installed. (Courtesy of
Wirsbo)



used, it should be at least two pipe sizes larger than the tubing that it
is protecting. The sleeve can help in terms of risk from cutting sawn
joints in the floor for expansion joints. And the sleeves relieve bend-
ing stress on any tubing that may be caused as a slab moves with
ground movement. The more effort you put into an installation, the
fewer problems you will have later.
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Heat tubing installed below the slab where the control joint will be. (Courtesy of
Wirsbo)

Use of a sleeve with heat tubing that is beneath an expansion joint. (Courtesy of
Wirsbo)
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Things to Consider
After all tubing is installed and secured, it should be tested for leaks.
The test is normally conducted with air pressure. Check with local
code authorities to see what testing requirements are in your area, but
a pressure of at least 50 psi should be applied to the tubing system
and maintained for at least 24 hours. Air temperature can affect the
pressure reading a little, but leaks will drop the pressure consider-
ably. Long runs of individual tubing in a group create a bit of a prob-
lem for testing. You could test each tubing circuit one at a time, but it
makes more sense to join the tubing to a mutual device so that all tub-
ing can be tested at one time.

There are many ways to connect individual tubing to a common
device. Some contractors and installers use soft copper tubing and
bend it into U-shaped sections that are inserted from tubing circuit to
tubing circuit. My preferred way is a bit different. I take a piece of
copper tubing, install a number to tee fittings in a line and cap one
end of the device. Each section of heat tubing can be connected to the
tee fittings and the air pump can be connected to the open end of the
device. I prefer my way because I don’t have to rely on hose clamps
to maintain pressure. With my process, standard crimp rings can be
used to attach to branches from my test manifold. Some contractors
use water to test their systems, but most modern installers prefer air
pressure. If leaks are expected, applying a soapy solution of water to
joints will expose even small leaks. The soapy solution will bubble as
air from the leak enters the solution. This is the same type of testing
that is done for gas piping. If you use hose clamps and U-bends of
copper to create your test arrangement, use a soapy solution to test
each of the test connections since they are prone to leakage.

After the slab is poured, you should test the tubing for leaks as
soon as it is safe to walk on the slab. This is a step that many contrac-
tors skip, since it is not a code requirement. But it is something that
many savvy contractors do. The second test eats into profits a little,
but it can reduce problems later in a job. If heat tubing is damaged
during the pouring of the slab, it can go undetected until a building is
completed. If you test your installation while the slab is still green,
fixing leaks will be much easier. 

It’s not common, but heat tubing does get damaged after it’s in-
stalled. If you don’t know about the damage before the slab cures, the
concrete is much harder to break through for repairs. Any need for



getting under concrete requires work, but the work is easier if the slab
has not cured. Taking a little extra time to run a second test, after a
slab is poured and before it hardens, can make the effort required for
making repairs much easier.

Contractors who anticipate problems and prepare for them experi-
ence far fewer problems than their competitors who assume every-
thing will go as it should. There are so many factors involved with
construction and remodeling that it is not practical to plan for all the
problems that may occur. However, taking sensible steps to minimize
trouble is worth the time spent.
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Thin-slab piping systems have become more and more popular re-
cently. Not long ago, contractors rarely considered installing radi-

ant floor heating systems in structures where a standard slab was not
planned. It was generally thought that a standard slab was the only
sensible place to install heat tubing. All of this has changed. It is now
quite common for heat tubing to be installed in thin slabs and even
in dry floor joists. This has opened opportunities considerably for
contractors.

No longer is it necessary for a home, office, or building to have a
thick slab to benefit from radiant floor heating. With today’s methods,
heat tubing can be secured to a wood subfloor and then have a light
layer of concrete poured over it. The thin-slab method requires no
more than 1½ inches of concrete. While the slab is thin, the concrete
still works as a heat mass that delivers good, equal heat from the heat
tubing that is placed in and below it. 

Concrete is not the only coverage used for thin-slab systems. There
is a gypsum-based product that is also used. The goal is to reduce
weight on a subfloor. Most thin-slab systems add between 12 and 15
pounds per square foot of floor coverage. This may not seem like
much weight, but it is enough that it has to be considered in building
construction. The added weight is easy to compensate for in new con-

C H A P T E R
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struction, but remodeling jobs offer more
complications. Weight is not the only con-
sideration for a thin-slab system. There
are many factors to consider, and we will
examine them shortly.

When a thin-slab system is created, heat
tubing is secured directly to a wood sub-
floor. The method of attachment varies,
but staples are probably the most common
form of securement. Once the tubing is se-
cure, a thin slab is poured over the tubing.
When the slab is cured, a finished floor

covering is installed over the slab. Floor joists below the subfloor are
filled with insulation, usually a fiberglass batt insulation. Some type of
containment is installed under the insulation to limit the movement of
fibers. The system is simple and easy to install. However, special pro-
visions must be made when a thin-slab system is used.

Floor Loads
Floor loads are the first consideration when planning a thin-slab sys-
tem. The added weight must be accounted for. In new construction,
this can mean increasing the size of floor joists. If this is not feasible,
the spacing between the floor joists can be decreased. When remodel-
ing, additional floor joists can be added to make up for lacking struc-
tural ability. Bracing supports are another option. A decision has to be
made on how best to build a floor that will support the additional
weight of a thin-slab system. Structural decisions should be made by
qualified professionals. The dead-weight load of a floor is not some-
thing to be taken for granted. 

Since a professional should determine what needs to be done with
a subfloor system, the designer should provide a builder or remodeler
with a detailed plan. When this is the case, it’s simple enough to com-
ply with the structural drawings and recommendations. There are, of
course, times when an engineer or architect will not be involved. Un-
fortunately, very few remodelers or their customers are willing to pay
for a professional evaluation of a bathroom subfloor where a thin-slab
heating system is planned. Adding radiant floor heat in a single bath-
room on a remodeling job is usually not the type of job with a big
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If you intend to install carpeting as a
finished floor covering over an in-
floor heating system, think again. If
you are sure you want to block heat,
install a dense carpet pad and a thin
carpet. Leave some rooms free of
carpet to allow more heat to enter
the living space.

HOT POINT



budget. Even so, professional structural
advice should be sought. 

Some contractors have enough knowl-
edge to plan their own floor loads. If the
contractor has enough knowledge to ac-
complish the task safely, this is fine. But,
adding a thin-slab system to an existing
subfloor and hoping that the floor can
handle the weight is a mistake. In one way
or another, confirm the strength of the
subfloor being worked with. Add floor
joists or other supports as needed. Reject the urge to just install tubing
and cover it with concrete. Installing a thin-slab system on a subfloor
that is not up to the challenge can result in serious problems later on.

Additional Thickness
The additional thickness of a floor that contains a thin-slab heating
system can be a problem. This problem is generally easy to adjust for
when the heating system is being installed in new construction. How-
ever, making adequate compensation for thin-slab floors in remodel-
ing jobs can be quite a bit more difficult. Several considerations come
into play. For example, the minimum amount of headroom required
by local codes may be difficult to comply with when an existing floor
is raised by 1½ inches. Thresholds for doors will be affected by the
raised floors used for thin-slab heating systems. Base cabinets in
kitchens and bathrooms can be affected by the use of a thin-slab floor.
When adding a thin slab in a bathroom, the toilet and the bathing unit
can be affected. Most of the problems can be overcome, but the alter-
ations required can be difficult and expensive. 

When a thin-slab system is proposed for new construction, 
adjustments to building procedures are usually easy to work out.
Such issues as window height, door
height, thresholds, cabinets, plumbing
fixtures, and overall ceiling height must
all be accounted for. Even when working
with new construction, meeting the re-
quirements for a thin-slab system is not 
always easy.
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If you have a small space to heat, like
a bathroom, consider installing an
electric in-floor heat mat. These are
not cheap, but they will cost less
than a wet system if you are doing a
small single area.

TECH>>>TIP

Structural support is essential for a
good thin-slab installation.

TECH>>>TIP



Working out varying floor heights can be tricky. It’s common for ra-
diant floor heat to be used in only portions of a home, such as bath-
rooms. This means that the bathroom floors will be higher than the
hall floor or other floors in the home. If the finished floor level is to be
the same throughout a structure, the subflooring for rooms where
thin slabs will be used must be lower. In either case, modifications are
needed and should be planned for well in advance. Some serious con-
sideration must be applied to the planning of varying floor heights.
The changes in floor heights can create problems for other trades,
such as plumbers. Being a master plumber, I’m well aware of how dif-
ficult the routing of pipe can be in homes where the joist levels change
from spot to spot. A good designer will take the needs of other trades
into consideration when working out the best way to accommodate
the needs of all trades.

Most of the problems encountered with installing thin-slab heating
systems come when remodeling buildings and homes. Options for re-
modeling jobs are much more limited than they are for new construc-
tion. This doesn’t mean that thin-slab systems should not be consid-
ered for remodeling. If a subfloor has the structural ability to hold a
thin-slab system, most other elements of the job can be worked out.
However, meeting the minimum headroom requirements of habit-
able space could create a problem if you will be working with a space
where headroom is already minimal. If you can get past the head-
room and the weight capacity issues, you should be able to find rea-
sonable solutions for the rest of the problems. To expand on this, let’s
look at the problems on an individual basis.

Structural Support
Structural support is essential for a good thin-slab installation. When
remodeling a structure, a contractor has to consider the effect of ad-
ditional weight incurred with a thin-slab system. If a floor doesn’t
have the structural integrity to support a thin-slab system, you will
have to find a way to strengthen the subfloor. If there is a basement or
crawlspace under the room to be equipped with thin slab, you can use
timbers and support columns to add strength to the flooring system.
The support posts should be installed on concrete pads that are capa-
ble of accepting the weight load. Another option is to add floor joists
between the existing joists. By reducing the distance between joists,
support strength is increased.

Not all rooms have easy access under them. This creates more of a
problem, but solutions still exist. If there is no other way to access a
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joist system, you can remove the existing subflooring to expose the
joists. By doing this, you can add additional joists to the system. An-
other option would be to remove the ceiling below the floor joists and
work from under them. There are, of course, other ways to improve
the holding ability of a floor. Regardless of what is done, the proce-
dure should be approved by someone with structural credentials. It
may also be necessary to get approval from the local code enforce-
ment office.

Plumbing Fixtures
Plumbing fixtures are affected when a floor level is raised. Flanges for
toilets must be raised. This usually isn’t a major job, but the work can
be difficult on some jobs. In many cases, the existing pipe that the
flange is attached to can be cut and extended while a new flange is
added. Bathtubs and showers can usually be left alone. The new floor
will simply flow around the bathing unit. In the case of a clawfoot
tub, the tub will need to be raised, but this is not a big job. Vanity cab-
inets can be removed and reinstalled after the new thin slab is poured.
Normally, the plumbing fixtures and cabinets installed in a bathroom
don’t offer much resistance to raising the floor level of the room.

Door Openings
Door openings between rooms with varying floor heights require a
transitional threshold. This threshold is needed to prevent tripping. It
is sometimes necessary to make these thresholds on a job-by-job ba-
sis. It’s not always possible to buy a stock threshold that will make the
flow from one floor level to another smooth. It is also possible to form
the new slab so that it slopes toward the lower floor level. The risk to
this is creating a slab that is too thin to hold up under pressure. The
slab may crack if it is too thin.

Headroom
The amount of headroom required in a room is usually enough to al-
low a thin-slab installation without problems. There are, however,
times when an existing room is built to such minimum clearances that
the extra 1½ inches added when a thin slab is installed can be trou-
blesome. Overcoming a headroom problem can cost more than it’s
worth. You might be able to get a variance from the local code en-
forcement office. This is the first step that most contractors would
take. If a variance is not obtainable, the hard work begins. Raising a



ceiling or lowering a floor system can be complicated and expensive.
Before this type of work is done, someone must make a decision
about how much work and expense is justified to get a thin-slab sys-
tem. Most contractors would probably recommend a dry-system in-
stallation, where the floor level would not have to be raised with con-
crete covering. Using the dry system would not trigger a change in
existing headroom.

Lightweight Concrete
Lightweight concrete (Figure 15.1) is usually the first type of material
considered when planning a thin-slab heating system. Generally
speaking, lightweight concrete and gypsum-based underlayment are
the only logical choices for thin-slab systems. When lightweight con-
crete is used to cover heat tubing in a normal installation, the weight
added to a subfloor can be as much as 15 pounds per square foot of
floor space. People like concrete because it is highly resistive to mois-
ture damage. It’s possible to leave this type of thin slab uncovered for
use as a finished floor. In practice, however, most thin slabs are cov-
ered with some type of finished flooring. 

When compared with a gypsum-based product, lightweight con-
crete will usually prove to have a higher thermal conductivity, and
this is good. But, the lightweight concrete does not have as much heat
conductivity as concrete where crushed stone aggregate is used, such
as in full-depth slabs. Concrete used for thin-slab application is gen-

erally made up of Portland cement, sand,
lightweight coarse aggregate, chopped
nylon fibers, and a number of additives
that improve flexibility and reduce
shrinkage.

Getting lightweight concrete to a floor
is not extremely difficult. It’s possible to
transport the material in wheelbarrows
or buckets. A more effective method of
transportation involves the use of a hose
and a pumping station. Workers will
have to work the concrete as it is in-
stalled. Screeding is needed as the con-
crete is poured. It doesn’t take much con-
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Thin-slab system detail. (Courtesy of Wirsbo)
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crete to do a bathroom floor. In fact, one square yard of concrete
poured to a depth of approximately 1½ inches will cover about 210
square feet of floor area.

Control joints should be planned prior to pouring concrete for a
thin-slab system. In thick slabs, the control joints are often sawn after
the concrete is poured. This can be done in a thin-slab system if the
tubing is below the concrete and the cuts are not made too deep. Since
cutting into a thin slab can be risky, some contractors use thin, plastic
strips to create expansion joints. When the strips are used, they are
kept about 3⁄8 of an inch below the finished surface of the concrete. By
dividing the pour area into small sections with the strips, you can re-
duce the risk of having the concrete cracking later. The strips should
be installed anywhere that concrete will come into contact with an im-
movable object, such as a wall or the edge of a bathtub. 

Gypsum-Based Systems
Gypsum-based systems are not as well known as lightweight con-
crete systems, but this may change. The best alternative to a light-
weight concrete is a gypsum-based underlayment. This material has
been used for years and has proved to be a good product to use with
a thin-slab heating system. This type of underlayment is made up of
gypsum-based cement, sand, water, and additives to improve flexi-
bility and reduce shrinkage. The weight of this material comes close
to 15 pounds per square foot. A bonding agent should be used with
gypsum-based underlayments. The bonding agent will reduce water
problems that might occur with subflooring and will strengthen the
bond between the subfloor and the thin slab (Figure 15.2).

Bonding agents used with gypsum-based underlayment are typi-
cally sprayed on the subflooring after all tubing is installed. When the
sealing and bonding is complete, the gypsum material is prepared in
a mixer that is usually placed outside of the building. Once the mix-
ture is ready, it is pumped into the job site. When you see the material
come out of a hose, onto a floor, it appears to be something like pan-
cake batter. Due to the consistency of the mixture, it flows well and
fills in cracks easily. Workers must manipulate the mix to level it out.
This is normally done with a wooden float tool. When there is enough
material on the subfloor to equal the diameter of the tubing, the pour-
ing is stopped. This step of the process is known as the first stage of



the job. Some contractors call it the first lift. It takes about two hours
for the first stage of the thin slab to cure to a point where it can be
walked on. As the mixture cures it shrinks. This is normal and to be
expected. The second stage of the job will correct the shrinkage.

When the second layer of mixture is poured, it is leveled out to
maintain a minimum thickness of about 3⁄4 of an inch above the heat
tubing. Most contractors affix wooden pegs on their wooden float
tools to maintain a consistent depth of the mixture. Shrinkage that oc-
curs in the first stage is compensated for with the second pour. Again,
the mixture should dry in a couple of hours. However, some mixtures
take longer to dry, and site conditions can affect the drying time. Dry-
ing time can be reduced by running the heating system during the
drying process. 

A thin slab made with gypsum materials can be poured quickly.
The material is easy to work with and does not require as much labor
to finish as concrete does. Another advantage to the gypsum material
is that it is less likely to shrink or crack than concrete is. A thin slab
made with gypsum materials has plenty of strength to accept normal
foot traffic. However, this type of floor is subject to gouging and
should never be used as a finished floor until a suitable floor cover-
ing is installed over the thin slab. 
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Detail of a poured underlayment system. (Courtesy of Wirsbo)
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There are a few disadvantages associ-
ated with thin slabs made with gypsum
materials. One of the disadvantages is
that the gypsum-based material doesn’t
offer as much heat conductivity as con-
crete does. To overcome this, the heating
system should be run at a higher temper-
ature. Otherwise, there may be cold spots
between heat tubes. Another significant
disadvantage is that gypsum materials
don’t do well when they get wet. Pro-
longed exposure to water or excessive
moisture can damage a thin slab that is
made of a gypsum product. The risk of
this can be reduced by using a finished floor covering that is water re-
sistant and caulking all edges and areas where water might seep into
the thin slab.

A Small Space or a Large Space
Thin-slab systems can be used to heat a small space or a large space.
Entire buildings can be fitted with thin-slab heating systems. Selected
areas of a home can be heated with thin-slab systems. Many people
don’t think about using thin-slab systems as an alternative to other
types of heating systems. But as people become more familiar with
the systems, the demand for them will most likely grow. The expense
of pouring a thin slab cannot be ignored, but even with the cost of a
slab, the overall financial numbers for this type of system can prove
competitive with other types of heating systems. An alternative to the
slab is the installation of heat tubing beneath subflooring. In this type
of installation, there is no slab needed. To learn more about this type
of heating installation, let’s turn to the next chapter.

It’s critical that the floor be com-
pletely dried out before installing a
finished floor covering. Many con-
tractors test their floors by taping
sheets of plastic over the poured
floor. If water droplets form on the
plastic, the floor is not dry enough to
cover with a finished floor covering.
When the plastic remains dry, a fin-
ished floor covering can be installed.

Sensible Solution
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Dry piping systems are radiant floor heating systems that don’t in-
volve pouring a slab of any type. In these systems, heat tubing is

attached directly to subflooring, either above or below it. Instead of
pouring concrete or a gypsum-based product over heat tubing that is
installed above a subfloor, a deflection system made of aluminum
plates is used. These plates are not always used. Some systems con-
sist only of the heat tubing, but many contractors frown on this prac-
tice. One big advantage of a dry system that is installed beneath a sub-
floor is that there is no need for the floor levels of the building to vary.
Dry systems can be used in both new construction and in remodeling
jobs. The cost of a dry system is low when compared with slab sys-
tems, but performance is not as good. Even so, performance is ac-
ceptable and the system is a viable consideration.

There are many people who have little to no confidence in a dry
system. Some people feel that a radiant heating system has to be in
concrete for it to work well. While it’s true that radiant systems in
concrete do work extremely well, there is no rule that says concrete
must be used with a radiant system. Dry systems are being used fre-
quently in modern construction. Installed properly, these dry systems
work very well (Figure 16.1). 

Most installers use aluminum transfer plates to conduct heat.

C H A P T E R
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These plates are not essential to a heating
system, but they do make a system more
effective. A big advantage to a dry system
is that it adds very little weight to a floor-
ing structure. This makes dry systems
suitable for both new construction and re-
modeling without the high cost of floor-
ing reinforcement. The only real weight
involved is the plastic tubing and the wa-
ter in it, and this weight is minimal. Un-
like thin-slab systems, dry systems don’t
require contractors to beef up flooring
supports.

A dry system is fast and easy to install.
Most contractors and installers use sta-

ples to hold heat tubing to subflooring. Once a heating plan is drawn,
it’s a fairly simple matter to place the tubing and staple it to the wood
subflooring. There is, however, a risk that the tubing will be damaged
by other trades. For example, a carpenter might drive a nail into a
floor from above when heat tubing is installed below the floor. A
plumber might accidently cut the heat tubing when sawing a hole for
a toilet flange. Or a plumber’s drill bit might nick a section of tubing
while drilling holes for plumbing pipes. This same sort of accident
could happen when an electrician is drilling holes. Any number of
possibilities exists for the heat tubing to be damaged. All in all, this is
one of the biggest challenges associated with a dry system. It’s not

practical to install nail plates to protect
the tubing, so cooperation must exist be-
tween the trades. And it’s wise to have as
much other work out of the way as possi-
ble before installing the heat tubing.

Transfer Plates
Aluminum transfer plates (Figure 16.2) are
often used with dry systems. These plates
transfer heat laterally to eliminate cold
spots between heating tubes. While the use
of aluminum transfer plates can’t compete
with concrete in heat conductivity, the

There can be bothersome noise asso-
ciated with aluminum transfer plates.
This is due to the thermal expansion
of plastic tubing. Most complaints
are associated with a ticking noise
when the heating system is running.
Since building owners generally don’t
appreciate a noisy heating system,
something has to be done to reduce
the noise factor. This is not a difficult
or expensive proposition.

HOT POINT

Dry heating system installed between floor
joists. (Courtesy of Wirsbo)
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plates are capable of doing a good job. Most contractors feel that a dry
system should not be installed without the plates, but there are plenty
of jobs done that don’t include the use of transfer plates. 

When aluminum plates are used they may be installed above or be-
low subflooring. This, of course, depends upon where the heat tubing
is located. Insulation is used in conjunction with a dry system. This is
the case with or without aluminum transfer plates. Installing transfer
plates is highly recommended when using a dry system. 

There can be bothersome noise associated with aluminum transfer
plates. This is due to the thermal expansion of plastic tubing. Most
complaints are associated with a ticking noise when the heating sys-
tem is running. Since building owners generally don’t appreciate a
noisy heating system, something has to be done to reduce the noise
factor. This is not a difficult or expensive proposition.

To avoid noise from aluminum transfer plates, an installer can do
one of many things. One of the first considerations is the diameter of
holes in joists that heat tubing passes through. When holes are small,
tubing that expands can’t move freely. This can lead to noise prob-
lems. A solution to this is to drill larger holes in joists. However, local
building regulations may prevent oversized holes. Many code agen-
cies don’t like larger holes due to the risk of fire spreading through-
out a building. Before you go with oversized holes, check local code

Example of heat-transfer plates in use. (Courtesy of Wirsbo)
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requirements. If the larger holes are al-
lowable, they can help to reduce noise as-
sociated with the heating system.

When truss joists (Figure 16.3) are used
in a building there is no problem with
hole sizes. Tubing can be run through the
openings in the truss joists. This elimi-
nates any space constrictions that might
cause noise in a system. Another noise-re-
duction tactic is to run tubing in shorter
lengths. This creates more loops. These
loops help to handle expansion in the tub-
ing. While shorter, more numerous loops
are extra work, the benefit of controlling
expansion noise makes the additional ef-
fort worthwhile. Find a good balance and
work with it. One other strategy is to in-
stall expansion loops when longer runs
are not feasible.

Heat in plastic tubing is what makes
the tubing expand. The higher the heat is,

the more expansion there will be. Try to keep water temperature in
the heat tubing as low as possible. This might best be done by in-
stalling a weather responsive reset control on the heating system. This
control will keep water temperature as low as possible whenever pos-
sible. It is desirable to keep water temperature low for noise control,
but don’t compromise heat output in exchange for a quieter system.
Higher temperatures are needed in dry systems than what would be
needed in a slab or thin-slab system. If you reduce the water temper-
ature too much, comfort will not be maintained.

On Top
Plastic heat tubing is sometimes placed on top of subflooring. In my
experience, this type of installation is not as common as an underfloor
installation. When the heat tubing is installed above subflooring, with
transfer plates, the process is not complicated. The system starts with
subflooring. Sleeper sections (Figure 16.4) are then installed on the
subflooring. The sleeper sections are frequently made from 3/4-inch
plywood. Channels are created for the tubing to run through. Then
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Routing of heat tubing in floor joists. (Courtesy
of Wirsbo)



the tubing is installed. However, many contractors run their tubing
after the transfer plates are installed. The plates hold the tubing in
place. Next, the aluminum transfer plates are put into position over
the tubing. Then a layer of underlayment is installed. It is usually
about 3/8 of an inch thick. Finished floor covering is then installed over
the underlayment to complete the installation on the upper side of the
floor. Insulation, usually a glass fiber batt insulation, is installed be-
low the heated floor area. Some form of barrier is installed under the
insulation to contain any fibers which might become airborne. This
completes the installation in the floor areas.

When aluminum transfer plates are installed with a sleeper system,
the plates are secured on only one side. This is done to allow the
plates free movement as thermal expansion occurs. By having the
plates secured on one side, they remain in place but are allowed to
move as needed to accommodate expansion. Another benefit to this
is that the aluminum doesn’t buckle or wrinkle as much when the top
layer of underlayment is installed. 

The installation of heat tubing on top of subflooring is time con-
suming and, thus, expensive (Figure 16.5). Material used to create
sleeper channels is another expense that would not be incurred with
an underfloor system. Long, straight runs of tubing are preferred
with systems installed on top of subflooring. Additional work is re-
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Sleeper sections in use. (Courtesy of Wirsbo)



quired where tubing bends in this type of system. There must either
be well-positioned, cut-out sleepers to accommodate the tubing or a
plunge router will have to be used to mill out the long sleepers to al-
low for turns in the tubing. 

Installers should glue, as well as nail,
all sleepers and underlayment to reduce
the risk of squeaking floors. It should also
be noted that the use of a sleeper system
raises the finished floor height. In fact,
the floor height is raised about 1 inch,
nearly as much as it would be with a thin-
slab system. This is another reason why a
lot of contractors dislike installing heat
tubing on top of subflooring. For a num-
ber of reasons, installing heat tubing be-
low subflooring is more cost effective
than installing a similar system on top of
a subfloor. With this in mind, let’s look at
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Eliminating plates in a dry system
will lower the cost of a job. But the fi-
nancial savings may be lost over
time by having to run the heating
system at a higher temperature to
compensate for the lack of plates.
Plus, the floor above the heat tubing
will probably have cold spots in it if
transfer plates are not used.

TECH>>>TIP

Heat tubing installed above subflooring. (Courtesy of Wirsbo)
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the procedure for installing a dry system
under subflooring.

Under Subflooring
Installing heat tubing under subflooring
is simple, cost effective, and not a bad
way to heat a home (Figure 16.6). Putting
heat under a subfloor works well in new
construction, and it can do very well in
remodeling jobs when access to the un-
derside of the subfloor is available. Since
this type of system is installed beneath a floor, it can be installed in a
remodeling job without affecting the existing floor covering. This is a
substantial advantage.

Tubing that is installed below subflooring may be stapled to the
subflooring or supported by heat transfer plates (Figure 16.7). Again,
the use of transfer plates is recommended. When transfer plates are
used, they are stapled to the subflooring and the tubing is run
through them. Starting at the top, there is the subflooring. The plates
are stapled to the underside of the subflooring. If plates are not used,
the tubing is stapled directly to the subflooring. When plates are used,
tubing is routed through the plates. Batt insulation is installed below
the heat tubing or transfer plates. Once finished floor covering is
added over the subflooring, the system is complete in the floor area.

When installing heat tubing in the cavities of floor joists, you
must, naturally, drill the floor joists. Heat
tubing must pass through the joists. Ide-
ally, the holes drilled for the tubing
should be larger then the needed diame-
ter to pass the tubing through. A rule-of-
thumb is to drill the holes a full ½ inch
larger than needed. This is not always al-
lowable by local codes so check the code
requirements in your area before drilling
extra-large holes. The last thing you need
is to be held responsible for ruining a
bunch of floor joists. Actually, you could
probably correct a code violation for
oversized holes by filling them with foam

Routing of heat tubing in floor joists. (Courtesy
of Wirsbo)

Heat transfer plates can support heat tubing.
(Courtesy of Wirsbo)



insulation, but there’s no reason to take
the risk. Check with local authorities be-
fore you drill joists.

All holes in the joists should be drilled
in a straight line. This can be done easily
enough. Most installers use a chalk line to
mark their tubing path. Popping a line
with a chalk line will provide the hori-
zontal positioning. Then you have to

measure down from the subfloor or up from the bottom of the joist to
maintain a straight line for tubing from the vertical point of view.
Most codes require that joists not be cut too close to either the top or
bottom of the joist. Ideally, locate holes for tubing near the center of
the joists. Don’t even think about notching the bottom of joists to
route tubing. This reduces structural integrity and will almost always
cause a stir with building inspectors. If you keep your holes near the
middle of joists you shouldn’t run into any trouble with code officers
or unwanted nails that will dull drill bits and jerk your drill out of
your hands.

After holes are drilled for tubing, you are ready to pull the tubing
into the joist bays (Figure 16.8). It is necessary to pull tubing to the
furthest joist bay. From here, the tubing can be routed through the
joists for heating purposes. When the tubing is in place, it is either
stapled to the subflooring or enclosed in a heat transfer plate that is
stapled to the subflooring. The heating plan is followed to fill each
joist bay with supply tubing. Then a return loop is installed in the
same general manner. It is recommended that a gap of at least 1/4 inch
be maintained between all transfer plates. This gap helps to compen-
sate for thermal expansion. 

As the joist bays are filled with heat
tubing, the tubing typically runs from
one end of the joist bay to the other. This
requires a U-bend in the tubing. This
bend should be made carefully to avoid
kinking (Figure 16.9). It’s also essential to
avoid binding at any point during the in-
stallation. If heat tubing is constricted, it
can contribute to noise when the heating
system is running. This is why it is ad-
vantageous to drill oversized holes,
where practical.
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A detailed site visit is needed before
creating a heating plan for a remod-
eling job. Site conditions can place
challenging demands on a designer.

HOT POINT

Heat tubing in floor joists. (Courtesy of Wirsbo)
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Obstacles
Obstacles can be a problem when running a dry system. This is espe-
cially true when working on existing buildings. All sorts of things can
get in the way of tubing paths when you are doing a retrofit job. Even
new construction can throw plenty of obstacles at you or your in-
stallers. No matter how well a heating system is planned, expecting
the unexpected can only go so far. A key to avoiding problems in this
area of installations is good communication with other trades. And it
helps to have cooperative trades on the job site. For example, if a car-
penter has to cut a section out of a joist and head it off for structural
requirements, it’s nice to be on good terms with the carpenter. 

Obstacles in new construction are far less likely to give you prob-
lems than are the obstacles encountered in remodeling jobs. If you
have been under the floors of many old homes, you’ve seen the vast
array of objects that exist in the area visited infrequently by anyone.
There can be duct work running all over the place. Electrical wires

Bend supports that help prevent the kinking of heat tubing. (Courtesy of Wirsbo)



might be run through joist bays in a way that makes a plate of
spaghetti look organized. Plumbers can make a major mess of joist
cavities. Larger timbers in old structures can create serious problems
when it comes to routing tubing. Steel beams are another potential
dead-end for the installation of tubing in a straight line. All of these
types of potential problems must be taken into account prior to an 
installation.

A common misconception is that heat tubing is so small and so flex-
ible that it can be installed anywhere and in any way. While the tub-
ing is easy to work with, installers still need a certain amount of ac-
cess to make sensible installations. At the very least, obstacles can run
the cost of a job way up. In some cases, the obstacles can all but put
an end to the installation altogether. You must investigate the path
options before you design or bid a job.

No Plates
I mentioned earlier that there are dry systems where no transfer
plates are used. Most contractors agree that this is not good practice.
Regardless, there are a lot of jobs done that don’t include the use of
aluminum transfer plates (Figure 16.10). Eliminating the plates will
lower the cost of a job. But the financial savings may be lost over time
by having to run the heating system at a higher temperature to com-
pensate for the lack of plates. Plus, the floor above the heat tubing will
probably have cold spots in it if transfer plates are not used. 

The transfer plates fill many responsi-
bilities. First of all, they transfer heat later-
ally. This will not happen if the plates are
not installed, which will result in a heating
system that is less efficient. Downward
heat loss is increased when transfer plates
are omitted. Again, this results in addi-
tional operating costs to maintain an equal
room temperature. Transfer plates can
keep heat tubing in more consistent con-
tact with subflooring. In doing so, the
floor above stays warmer. Wood is not
nearly the conductor of heat that alu-
minum is, and without transfer plates,
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A dry system that doesn’t use heat-transfer
plates. (Courtesy of Wirsbo)
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wood is the only conductor available. Tubing that is tight against sub-
flooring during an installation can sag once water is introduced into
the tubing. If the tubing is not touching the subflooring, the effective-
ness of the heating system is weakened. Raising water temperature
within the heat tubing will compensate for a lack of transfer plates, but
the increased water temperature results in a more costly operating ex-
pense. Plus, high temperatures in radiant floor heat tubing may, over
time, degrade the integrity of the tubing to a point of failure. The sim-
ple solution is to install transfer plates with every dry system. Not
only is this common practice, it is also common sense.

The use of dry systems is on the rise (Figure 16.11). More and more
people are accepting what was once considered a questionable form of
heating. Since these systems are capable of delivering good, even heat
at affordable prices, all contractors and customers should consider dry
heating systems. Now, let’s move to the next chapter and look at what
your options are when installing radiant heat for ice removal.

A sandwich method of using heat-transfer plates. (Courtesy of Wirsbo)
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Some people believe that installing radiant heating systems for ice
removal is an indulgence. There are people who think automatic

snow-removal systems are only for the rich. Not so. If a house is be-
ing built with plans for a radiant floor heating system, it can make a
lot of sense to add snow and ice melting to the duties of the heating
system. This will run the cost up, but homeowners may be very
happy to pay more when their homes are built if it means never hav-
ing to shovel snow again. And it’s a safety issue. Ice on walkways and
driveways causes a lot of slip-and-fall accidents. These accidents can
do a lot of damage to a human body. And it’s possible that such an ac-
cident will result in a costly lawsuit. If this can be avoided by in-
stalling a melting system, and it can, some thought should be given to
investing in such a system.

Average people don’t often think of having an automatic melting
system installed along with their home heating system. This is also
true of professionals who are having new office buildings built. Large
areas are not usually practical to equip with a melting system. But
smaller areas, such as parking areas and walkways for a home, are
prime candidates for radiant snow melting systems.

There is sometimes argument from opposition that claims an auto-
matic melting system costs too much to operate. This group of people
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may say that it’s cheaper to shovel or
plow snow. Cost depends on many fac-
tors, but small areas are not generally ex-
pensive to clear with automatic melting
systems. And shoveling and plowing do
little to prevent ice build-up. Sure, a per-
son can shovel a walkway and sand it to
make ice more maneuverable, but why
bother with this when an automatic sys-
tem can keep the walkway clear and dry?

Many advantages become apparent when you consider all aspects
of an automatic melting system. For example, it’s possible to install a
system that will melt snow as fast as it falls. However, such a system
may cost more to install and operate than it’s benefits are worth. If
you are willing to allow a little snow to build up as most of the snow
is being melted, the cost of installation and operation is much less.
Various factors come into play when designing a snow removal sys-
tem. For example, the designer will have to figure heat capacity, the
probable peak snowfall rate, and the budget allowed for system in-
stallation and operation.

Modern melting systems can be controlled with smart controls
that will turn a heating system on when snow is present and cut off
the system when snow and ice has been cleared. This is a big im-
provement over older controls. Not too long ago, a person had to turn
a melting system on and off manually. This could be inconvenient and
fairly inefficient. If a snow storm came in late at night, a substantial
build-up of snow could accumulate before it was noticed. Then, turn-

ing on a melting system would force the
system to work hard, which isn’t the most
efficient way for a system to operate. With
automatic controls, snow is never allowed
to pile up before the melting system goes
to work. Since the smart controls have the
melting system working only when it’s
needed, the melting system works effi-
ciently and cost-effectively.

People who live in areas where heavy
snow falls frequently know all too well
how much work it can be to keep walk-
ways and driveways clear. It’s common for
people to wait until a storm is over to
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Standard boilers simply don’t work
well with low-temperature water,
especially in the heat-up stage. A lot
of condensation builds up in a stan-
dard boiler that is working with low-
temperature water. This is not good.
And a standard boiler that is provid-
ing heat for other loads may be pro-
ducing supply water that is too hot
for a radiant snow melting system.

Sensible Solution

Modern melting systems can be con-
trolled with smart controls that will
turn a heating system on when snow
is present and cut off the system
when snow and ice has been cleared.
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shovel, blow, or plow snow. Doing snow removal during a storm is
sometimes necessary just to keep up with the snow accumulation.
When snow is removed before a storm is over, additional removal will
be needed by the time the storm is over. When an automatic melting
system is used, there is no need to fuss with multiple removal attempts.
The automatic system will melt snow continuously, as needed, to keep
walkways and driveways clear.

Some of the advantages to automatic melting go beyond the most
practical aspects. Many of the benefits come in less obvious ways.
For example, keeping a walkway clear at all times prevents snow
from be tracked into a home or office. The advantage of having a
clear walkway is enhanced as the risk of slipping and falling is
greatly reduced. Driveways that are kept clear of snow and ice pro-
vide better traction and less risk of damage to vehicles.

A Typical Installation
A typical installation for a radiant snow removal system is not partic-
ularly complicated. Basic heat loops are installed much the same way
that they would be in a radiant floor heating system. But a heat ex-
changer is usually used with a snow-removal system. There is, of
course, the need for a heat source, valves, controls, and so forth. The
heat source can be the same boiler that provides heated supply water
to the interior heating system. There are two main reasons why a heat
exchanger should be included in the design plan of a melting system.
Many boilers can’t cope with extremely low fluid temperatures. This,
combined with the fact that most melting systems carry a lot of 
antifreeze with the heating fluid, is a good reason to use a heat 
exchanger. 

Standard boilers simply don’t work well
with low-temperature water, especially in
the heat-up stage. A lot of condensation
builds up in a standard boiler that is work-
ing with low-temperature water. This is
not good. And a standard boiler that is pro-
viding heat for other loads may be produc-
ing supply water that is too hot for a radi-
ant snow melting system. For all of these
reasons, a heat exchanger is highly desir-
able in a heat design for snow melting.
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Cracking is a concern when heat tub-
ing is installed in a walkway or drive-
way. When a slab is heated too
quickly or to a high temperature
around a heat tube, cracking is a pos-
sibility. This is known as thermal
stress.

HOT POINT



Precautions
Precautions must be considered when designing and installing a
snow melting system. Usually snow melting systems are installed in
either concrete or asphalt. Before an installation is made, someone
must be sure that the heating plan will not weaken the structural in-
tegrity of the slab or pavement where it will be installed. Special pro-
visions may be needed to accommodate heat tubing in a slab or in as-
phalt. Another concern is that too much heat will be delivered to the
heat mass at one time. This can cause cracking in the driveway or
walkway. And a heating design must be laid out to ensure that the en-
tire surface of the area to be treated will maintain melting tempera-
tures as needed. This means, basically, keeping heat tubes close to-
gether, say about 8-10 inches apart, and never more than 12 inches
apart. If the tubing is too far apart, cold spots in the slab or asphalt
surface will allow snow and ice to build up.

Concrete that is not thick enough will crack. A minimum thickness
of concrete over a heating pipe should be 2 inches. We’re not talking
about indoor, thin-slab systems here. We are talking about walkways
and driveway areas. An additional 2 inches of concrete should be un-
der the heat tubing. And an allowance for the diameter of the tubing
should be made. In other words, a 4-inch slab is not ideal. The slab
would be 4 inches thick, plus additional thickness that is equal to the
outside diameter of the tubing. So, for example, you might have a slab
that is 4½ inches thick to make a suitable installation for tubing that
has an outside diameter of ½ inch.

Asphalt is more forgiving than concrete when it comes to tubing
placement. Since asphalt is more flexible than concrete, tubing can be
installed closer to the surface of the finished driving, parking, or
walking area. If a finished area will have to handle stress from vehi-
cles, the slab or asphalt will need to be designed to be stronger. This
means having an increased thickness in the concrete or asphalt.

Cracking is a concern when heat tubing is installed in a walkway
or driveway. When a slab is heated too quickly or to a high tempera-
ture around a heat tube, cracking is a possibility. This is known as
thermal stress. One method used to minimize this risk is the use of
tubing with a small diameter. The tubing material should have a low
conductivity, such as PEX tubing does. A moderate fluid temperature
also helps to prevent cracking. Another way of reducing cracking is
starting the system pump without preheating the fluid. This allows
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the circulating fluid and the slab or asphalt to warm up together, re-
ducing the risk of damage to the heat mass.

An added precaution for cracking is to space heat tubing close to-
gether. Installing the tubing on a 6-inch center is acceptable. Any
spacing from 6 to 12 inches should be fine. Many contractors favor a
spacing of 8 inches. This type of spacing minimizes thermal stress.
The system fluid should operate at a temperature of no more than
120°. This temperature should be developed gradually. A warm up
period of at least one hour should be allowed when the system is
coming up to heat.

Coil Design
Coil design is a serious consideration when laying out a melting sys-
tem. The two options are a grid coil and a serpentine coil. Most con-
tractors favor a serpentine design. Either design can work well, but
grid coils are somewhat more difficult to work with. Sometimes the
geometry of the area to be heated determines which coil type should
be used. Usually, the serpentine coil is favored. This is the same type
of tubing layout that is most often used in radiant floor heating 
systems.

Grid coils are made up of straight sections of tubing that run across
the heated area. One end of the tubing is connected to a supply header
while the other end is connected to a return header. Getting desired
performance out of a grid system can be challenging, but with the right
design and installation a grid coil works fine. Grid systems have low
pressure drop over the elements in the
grid. In contrast, serpentine coils normally
have moderate pressure drop over the
length of the coil.

Serpentine coils are sometimes installed
with the supply header buried below the
surface of the heated area. However, many
contractors don’t favor this process. Con-
tractors and installers generally prefer to
have the header accessible. When the
header is buried, there is no access to the
header or valves to isolate individual tub-
ing. It is better to have an above-ground

Coil design is a serious consideration
when laying out a melting system.
The two options are a grid coil and a
serpentine coil. Most contractors 
favor a serpentine design. Either 
design can work well, but grid coils
are somewhat more difficult to work
with.
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header where valves can be used to control each branch of a system.
This is especially helpful if a leak develops in one of the branches.

Tubing Selection
The tubing selection for a radiant melting system is a substantial part
of a system design. Fluid flow rate is, obviously, a factor in determin-
ing tubing size. A limit for a flow rate is affected by the pressure drop
performance, the amount of heat to be delivered per coil, the available
pump pressure, and the availability of tubing material to tolerate high
flow rates. Designers like to use tubing with small diameters to min-
imize the amount of paving material needed to complete a job. But
the downside of smaller tubing is that there are more limits on the to-
tal developed length of a coil. However, smaller tubing is easier to
bend in short turns, and this is an advantage since melting loops are
usually spaced closely to one another. There are times when tubing
with a small diameter may be the only available option due to the
tight turning radius.

Factors in tubing selection include tubing size, flow rate, coil
length, and the heat output per coil. The following are examples of
sizing recommendations:

Tubing Size Flow Rate (GPM) Coil Length Heat Output Per Coil
3⁄8 in OD 0.5 50 ft 5000
½ in OD 0.7 75 ft 7500

½ in 1.5 150 ft 15,000
¾ in 3.5 300 ft 35,000

Not the Same
The installation of a melting system is not the same as radiant floor
heating systems. Yes, the procedures are very similar, but there are
differences. The differences can have a major impact on how well a
system works. If you are going to launch an effort to become known
as an installer or contractor for melting systems, learn the ropes early
on. Manufacturers are usually very cooperative in providing infor-
mation to contractors. Take advantage of this. Don’t hesitate to con-
tact suppliers and manufacturers for detailed information on prod-
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ucts and procedures that are recommended with specific products.
This is the best way to stay out of trouble. 

What works for one type of material may not be appropriate for a
different type of material. You should take the time to get to know
your product line very well. If you do this, you should find that melt-
ing systems in regions of the country where they can be warranted are
a nice addition to a company’s financial statement. It’s fairly rare to
get a request to install a stand-alone melting system, but if a building
will be equipped with a hot-water boiler anyway, the addition of a
melting system is not such a stretch. Give it some thought and run it
past your customers. You might well enjoy the additional work. 
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R adiant heating systems don’t do well when they contain air. In
fact, most water-based heating systems suffer when air is intro-

duced into a system. When new systems are installed, air is a natural
problem. Getting the air out before considering the system func-
tional is essential. Existing heating systems also suffer from air en-
tering them. Service mechanics are often called to correct problems
that are associated with air being in a hydronic heating system. The
problems can be minor annoyances or major obstacles. It’s possible
for a system to become tainted by air to a point where heat produc-
tion is greatly reduced. There are ways to reduce, and sometimes
avoid, the problems caused by air being trapped in a closed system.

Radiant floor heating systems may not seem subject to many of the
traditional problems associated with air in a heating system. Anyone
who has lived with an older hydronic heating system has probably
heard gurgling noises in pipes or banging from the pipes. Radiant
floor heating systems are installed under floors, but the noise can still
be a factor. This is especially true in dry systems and thin-slab sys-
tems. The plastic tubing used in modern radiant floor heating sys-
tems doesn’t bang, but it can still make plenty of unwanted noise if it
becomes polluted with air.

C H A P T E R
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Many people in the trade have, at one
time or another, faced the phantom of air
in a hydronic system. Sometimes finding
the cause of an air problem and eliminat-
ing it seems nearly impossible. In truth,
with the right approach, most problems
can be diagnosed and corrected. With a lit-
tle advance planning, much can be done to
reduce the risk of having to deal with air
problems after a system is put into use.

All new hydronic heating systems con-
tain air. There is air trapped in pipe and
tubing when it is installed. Fresh water
used to fill a new system contains oxy-
gen. A well-designed hydronic system
will be purged when it’s first started and

will, usually within a few days, rid itself of most of the air it con-
tained as a new installation. In theory, once air is out of a system, it
should stay out of it. This, however, is not always the case.

Some hydronic heating systems seem plagued by problems asso-
ciated with trapped air. Is this just bad luck? No, it’s far more likely
to be the result of a careless installation or design. Contractors who
install heating systems that are frequently flawed by air problems
may not be able to identify and correct the problem. In most cases,
the contractors would not have made the design or installation mis-
takes if they had known better. Looking for a problem that you will
not recognize when you find it is not only frustrating, it is futile.
Contractors must take the time to learn the fundamentals of accept-
able design and installation methods.

Problems with Air
The problems associated with air in a heating system can be serious.
Few people enjoy hearing gurgling noise coming from their walls or
floors. When air is present in a hydronic heating system, some noise
is to be expected. Certainly the noise will be a bother, but it could be
much more. When pipes are gurgling with air, a lot of potential dam-
age could be occurring within the heating system. Except after initial
start up of a new system, gurgling or banging sounds should not be

All new hydronic heating systems
contain air. There is air trapped in
pipe and tubing when it is installed.
Fresh water used to fill a new system
contains oxygen. A well-designed 
hydronic system will be purged when
it’s first started and will, usually
within a few days, rid itself of most of
the air it contained as a new installa-
tion. In theory, once air is out of a sys-
tem, it should stay out of it. This,
however, is not always the case.

HOT POINT
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ignored. Severe problems can manifest
when air invades a radiant heating 
system.

It’s entirely possible that a complete
heating system will surrender all of its
heat output to air. An air lock, or binding
as it is often called, can occur when a
large air pocket blocks a heating path-
way. This generally occurs near a circu-
lating pump or when a low head circula-
tor cannot lift water above an air pocket.
If the problem is at a circulating pump, it
indicates that a substantial air mass is
present near an impeller in the pump. If
the impeller can’t clear the air, the entire
zone can be denied heat. Total failure of
this type is rare, but it can occur. 

Systems that are not designed to han-
dle an induction of air can suffer from corrosion when air is present.
The chemical reaction of oxygen mixing with fluid in a heating sys-
tem can lead to rapid rusting and the rate of deterioration on the com-
ponents of a heating system can be greatly accelerated. 

Microbubbles created by air in a system can wreak havoc on the
heating system. The bushings in wet rotor circulators can be damaged
when microbubbles are present. The foamy-type substance created
when microbubbles are present might hamper the lubrication of
bushings. Additionally, microbubbles can reduce heat transfer, which
reduces the effectiveness of a boiler. If there is an air cushion between
a boiler and the boiler water, the direct
transfer of heat is reduced. 

Circulators which are required to work
with air in a heating system may not be
able to distribute a suitable amount of heat.
When air and water meet at a circulator, it
can reduce the circulator’s ability to trans-
fer mechanical energy to fluid. Pump cavi-
tation is also a threat when air is trapped in
a heating system. There is a lot that can go
wrong when air enters a heating system or
is never removed from the system.

When pipes are gurgling with air, po-
tential damage could be occurring
within the heating system. Except af-
ter initial start up of a new system,
gurgling or banging sounds should
not be ignored. Severe problems can
manifest when air invades a radiant
heating system.
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Microbubbles created by air in a sys-
tem can wreak havoc on the heating
system. The bushings in wet rotor
circulators can be damaged when
microbubbles are present. The
foamy-type substance created when
microbubbles are present might
hamper the lubrication of bushings.
Additionally, microbubbles can re-
duce heat transfer, which reduces
the effectiveness of a boiler. If there
is an air cushion between a boiler
and the boiler water, the direct
transfer of heat is reduced.
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Air Pockets
Air pockets in a heating system translate into trouble. There are dif-
ferent types of air-associated problems that are common to water-
based heating systems. The three main considerations are entrained
air bubbles, stationary air pockets, and air that is dissolved in a fluid.
Some people might assume that they would be dealing with one or
the other of these problems, but, in fact, you might face all three
types of problems at once. This is especially true of a new heating
system being started up for the first time. Symptoms for each type of
air problem differ.

A system that is suffering from entrained air bubbles is a system
that is able to move the air bubbles through the heating system. This
is not always a big problem. If the air can be separated from the heat-
ing fluid when it reaches a central deaerating device, the process is
effective and not so bad (Figure 18.1). But, if the air cannot be re-
moved, problems will arise. Air bubbles want to travel upward. If
they are forced downward it may not be such a bad thing. Ideally, an
operating heating system should be purged of air. If air must exist, it
should be forced downward, rather than allowed to rise. Many fac-
tors come into play when dealing with the movement of air in a heat-
ing system (Figures 18.2 and 18.3).
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The size of an air bubble affects its
ability to rise in heating fluid. A large
bubble will rise faster than a small one. In
order to make bubbles move downward,
the velocity of the flow of heating fluid
must be greater than the velocity of the
bubble rise. In addition to the diameter
of an air bubble, the bubble’s density af-
fects its ability to rise. An air bubble that
is entrained in a heating fluid with high
viscosity will not rise very quickly if the
bubble’s density is low. Of all the factors
to consider, the size of the bubble is the
most likely component to determine its
direction of flow. 

Does the diameter of a bubble have
much impact on its ability to rise? Defi-
nitely. For example, an air bubble that
has a diameter of half the size of a competitive bubble will rise at a
rate equal to about one-fourth of the rate of the larger air bubble. The
size is cut in half, but the rate of rising is cut to one quarter. Other fac-
tors can come into play, but the diameter of an air bubble is the pri-
mary determinant of how fast the bubble will rise.

Microbubbles, as the name implies, are
very small. But they tend to group to-
gether. In tap water, microbubbles ap-
pear in a drinking glass as cloudy water.
Trying to spot a single microbubble is
quite difficult, due to the diminutive
size. When dissolved air comes out of so-
lution when heated, it can create mi-
crobubbles. Since the microbubbles are
tiny, they are difficult to get out of a heat-
ing system. The rise velocity of mi-
crobubbles is low. Since most air is re-
moved from a heating system with purge
valves and vents that depend on air bub-
bles rising, the low rising ability of mi-
crobubbles tends to keep them trapped
within a system. Most hydronic systems
are not designed or installed in a manner

Recommended method of air control installation.
(Courtesy of Taco)

Conventional method of air control installation.
(Courtesy of Taco)



to rid themselves easily of microbubbles.
Over time, the microbubbles manifest
themselves into larger bubbles and can be
removed from the heating fluid. How-
ever, this can take days to occur, during
which time the air can wreak havoc with
a heating system.

Stationary Air Pockets
Stationary air pockets can form at many
points within a heating system. Most
people think of the pockets being created
at the highest points of heating systems,
but this is not always the case. Air is
lighter than water and should, therefore,
rise within the fluid. But this does not
mean that the air will migrate to the over-

all highest elevation. In fact, stationary air pockets are commonly en-
countered near heat emitters. Horizontal heat piping and tubing is
also a likely place to find stationary air pockets, and it is this area that
most often affects a radiant floor heating system. If heat piping or
tubing is running horizontally and is then forced to rise over an ob-
stacle, the area of the piping or tubing that is above the lower sec-
tions of horizontal conduits is a potential location for air pockets.
Problems associated with this type of air infiltration in tubing or pip-
ing installation are common, especially when a heating system is
first put into service.

When a new system is purged properly, most stationary air pock-
ets are removed. However, the pockets can form again, after a system
has been running. This doesn’t happen too often in residential appli-
cations. Common causes for reoccurring air pockets include large
heat emitters, storage tanks, and large-diameter piping. Systems op-
erating at low flow velocities are more susceptible to reoccurring sta-
tionary air pockets. Purging a system will usually remove the air and
keep the system running well until new pockets of air form.

Dissolved Air
Dissolved air in a heating system can be a perplexing problem. The
dissolved air is invisible. Water temperature and water pressure af-
fect the amount of air that exists in solution within the heating sys-
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Automatic air vents are available for
use as a high-point vent. These vents
are fine when used in locations
where dripping heating fluid will not
be a problem. But due to the method
of operation, simple automatic
vents do, occasionally, allow water
or fluid leakage in small quantities.
Do not install basic automatic vents
in areas where heating fluid will
damage floors, floor coverings, or
ceilings. When automatic venting is
needed and leakage is not accept-
able, use float-type air vents.
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tem. Typically, hotter water contains less dissolved air. As fluid in a
heating system cools, it attempts to collect air. The fluid will gather
air from any source available. So, the point is, hot water is less likely
to contain dissolved air.

Just as water temperature affects the ability of the water to main-
tain air, so does water pressure. When the water pressure is low, less
air is maintained in the fluid. If water pressure is high, the likelihood
of dissolved air being in the fluid increases. Keeping the fluid in a
heating system at a high temperature while operating at low pressure
is the best combination for avoiding dissolved air in the system fluid.

Air Vents
Air vents (Figure 18.4) are installed in heating systems to provide a
means for air removal. There are automatic vents and manual vents.

High air vent installed on a typical heating system. (Courtesy of Taco)



In terms of classification, the two types of vents used on small heat-
ing systems are high-point vents and central deareators, with high-
point vents being the most common of the two. A high-point vent is
installed at a high point on the heating system. In the case of radiant
floor heating, the vents are installed at the top of both the supply and
return manifolds. When a central deaerator is used, it is installed
near the outlet of the boiler. All system water passes through the de-
vice and entrained air is removed by the deaerator (Figure 18.5).

Manual air vents are both simple to install and inexpensive. They
are more of a valve than a vent. Most manual air vents are designed
to be threaded into a tapped fitting. Different types of manual vents
are sold, but most of them are opened and closed with either a flat-
blade screwdriver or a square head key. People in the trade often re-
fer to these little vents as coin vents or bleeder vents. To use the
vents, they are opened and air is allowed to escape, then the vents are
closed. In conventional hot-water heating systems, the bleeders are
frequently placed at each heat emitter. In the case of radiant floor sys-
tems, the vents are placed at supply and return manifolds. When
purging air from a system, the vent should be left open until a steady
stream of heating fluid is produced. Be prepared for the liquid by
having a can or small pail available. Once the liquid is flowing with-
out air, the vent can be closed.

Automatic air vents are available for use as a high-point vent.
These vents are fine when used in locations where dripping heating
fluid will not be a problem. But due to the method of operation, sim-
ple automatic vents do, occasionally, allow water or fluid leakage in
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small quantities. Do not install basic au-
tomatic vents in areas where heating
fluid will damage floors, floor coverings,
or ceilings. When automatic venting is
needed and leakage is not acceptable, use
float-type air vents.

Air can be removed automatically
with float-type air vents. These vents are
ideal for installations where access for
manual purging is limited. These vents
consist of an air chamber, a float, and an
air valve. When enough air is present in
the air chamber, the float will drop. As
the float is dropping, the air valve is opening. Air leaves the vent and
water or heating fluid enters the air chamber. Water coming into the
air chamber raises the float, which closes the air vent. The result is an
automatically vented system with no spillage. 

Float-type vents are available in many shapes, sizes, and designs.
Depending upon the model chosen, the vent can be mounted hori-
zontally or vertically. One potential problem with float-type vents
and automatic vents is that they may allow air into a heating system
during the venting process. This happens if the water pressure in the
system is less than atmospheric pressure. Improper placement of an
expansion tank is one common cause that leads to automatic vents
taking in air. To avoid air infiltration, you should make sure that
there is a minimum of 5 psi of positive pressure at the top of a heat-
ing system at all times. This is done by setting the feed water valve
to maintain the required pressure.

Central deaerating devices, also known as purgers and air scoops
(Figure 18.6), are used to control entrained air. The devices are lo-
cated close to the heat source and all system fluid passes through the
device. A purger can have an internal baffle that sends air bubbles to
a separation chamber. Once in the chamber, the air can rise to the top
where a float-type air vent is installed to allow the air to escape. The
baffle in the purger also keeps pressure low, which allows more dis-
solved air to be removed. One important thing to know and remem-
ber is that purgers must be installed with the proper flow direction
in order to work. There is an arrow on the body of a purger. The point
of the arrow must be pointing in the direction of flow. 

The flow rate of a system is important when a purger is installed.
If the flow rate exceeds 4 feet per second, the purger may not func-

Forcing water into a new heating
system at a high velocity makes it
possible to rid the system of air
much more quickly than what would
be possible with gravity purging. The
high-velocity water entrains air bub-
bles and carries them to the purge
outlet for quick removal.
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tion as well as it should. Faster flow rates can allow small air bubbles
to remain entrained. To get maximum efficiency, the purger should be
installed on the outlet side of the boiler and close to the boiler. The
purger should be close to the inlet port of the circulator (Figure 18.7).
Being installed close to the boiler means that water temperature will
be high. The purger keeps water pressure low. As you should recall
from earlier in this chapter, high temperature and low pressure is the
best way to keep air out of a system.

The Purging Process
The purging process for a heating system
can be done in different ways. Existing
systems will purge themselves automati-
cally when equipped with the proper
vents. When manual vents are used, they
must be operated as explained earlier to
release air from a system. The filling and
purging of new systems can be done in
different ways. Many installers use the
gravity method. This entails opening all
high-point vents and allowing the heat-
ing system to run until all air is removed
through the vents. This method is effec-
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Specifications for an air scoop. (Courtesy of Taco)

Air separator. (Courtesy of Taco)
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tive and has been used for decades. However, many installers choose
to use a forced-water method to speed up the purging process. Grav-
ity purging can take a considerable amount of time to complete.
When forced-water purging is done, the time required is much less. 

Forcing water into a new heating system at a high velocity makes
it possible to rid the system of air much more quickly than what
would be possible with gravity purging. The high-velocity water en-
trains air bubbles and carries them to the purge outlet for quick re-
moval. Usually, a boiler drain and a gate valve are added to the return
pipe on a boiler to facilitate forced-water purging. The drain should
be installed near the return connection of the boiler. An alternative to
installing a boiler drain and a gate valve is to install a purge valve
(Figures 18.8 and 18.9), which is a specialty valve that fulfills both re-

Multipurpose valve. (Courtesy of Taco)



quirements. This helps to get unwanted
debris, such as tubing shavings, out of the
heating system. Once a new heating sys-
tem is ready to be filled and purged, the
fast fill level at the top of the feed water
valve must be lifted to allow water into
the system at a high rate of flow. The
drain valve should be opened and nor-
mally has a hose attached to it to convey
the discharge water to a suitable destina-
tion. The gate valve on the return pipe
should be closed before water is intro-
duced into the heating system. 

After water rushes into the boiler and
fills it, the incoming water is driven down
the heat tubing in the system. Air that is
trapped in the boiler is released through
the air vent on the boiler. As the entire
system fills, the water is rushing toward
the boiler drain or purge valve at the end
of the piping line. Air and water exit the
system quickly once reaching the boiler
drain or purge valve. The water is al-
lowed to run until there are few visible
bubbles of air left in the discharge stream.
After purging the system, the fast-fill
lever is released and the drain or purge
valve is closed.

Getting air out of a hydronic heating
system is an important part of a new in-
stallation, and it can be vital to keeping

existing systems running in a proper manner. Don’t rush the process
of purging. Spend an adequate amount of time to get as much air out
of a system as is reasonably possible. It’s not a hard job, but it can take
more time than some contractors and installers care to devote to the
process. In the end, you will be better served to spend a few extra
minutes while doing the job than to be called back for more problems
associated with air that should have been eliminated in the purging.
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Solar heating systems are a great concept and they can work very ef-
fectively. However, the cost of the systems and the regional cli-

matic conditions often outweigh the advantages of heating systems
powered by the sun. A number of considerations must be taken into
account when thinking of a solar heating system. For example, some
subdivisions prohibit the use of solar panels due to their unconven-
tional appearance. Cost is a big factor to consider, and so is the
amount of time during winter days when a solar system can effec-
tively collect energy. Simply put, solar systems are not for everyone,
but they can be a very good choice under the proper conditions.

There are many types of solar heating systems available. When
they were first introduced in mass marketing the systems gained a
good bit of attention. However, over the past 10 years or so interest in
solar heating systems seems to have decreased. I suspect part of the
reason for this is the high cost of creating complex systems. Another
reason for the decreased interest in solar may be lower costs for fuel
oil or the difficulty of maintaining quality heat with a solar heating
system in some parts of the country.

The late 1970s and the 1980s were the solar heating system’s spot-
light. This is when people were turning to solar systems to overcome
highly priced fuel oil that was not guaranteed to remain available. As

C H A P T E R

Solar Heating Systems

213

19



the oil situation leveled out, so did the in-
terest in solar heating systems. During the
high times of active solar heating systems
much was learned about design issues, ef-
fectiveness, and so forth. A great number
of system designs either failed, were too
expensive, or presented extreme servicing
problems. Many systems were very com-
plex in their design. Through more than a
decade of evolution solar heating systems
have had their ups and downs.

The cost of creating a solar heating sys-
tem has been an ongoing problem. It just
isn’t cheap to build a working solar heat-
ing system. Through all of the good and
bad experience gained with solar heating
systems, one type of solar system remains
favored; it is the flat plate solar collector.

Flat Plate Solar Collectors
Flat plate solar collectors are one remaining type of active solar heat-
ing system that continues to have its followers. Throughout most of
the United States the flat plate solar collector has proved to be one of
the most cost effective types of solar heating systems. Availability of
these collectors is also good. When these collectors are used they can
be grouped together as components to make almost any type of col-
lector arrangement. The collectors are most often installed on the roof
of a home and face in a southerly direction. However, the collectors
can be mounted at ground level and still function.

The positioning of solar collector panels is crucial to the effective-
ness of a heating system. Typically, the collectors should have a slope
angle that is equal to the local latitude, plus an additional 10 to 15 de-
grees. This type of setting generally maximizes the winter heat out-
put. Roofs are a preferred mounting place for solar collectors. There
are a couple of reasons for this. First, it is generally less expensive to
mount the panels on a roof, since independent racks or holders are
not needed as they are with ground-mounted systems. Protection
from damage is another reason why roofs are a preferred location.

Roofs are a preferred mounting place
for solar collectors. There are a cou-
ple of reasons for this. First, it is gen-
erally less expensive to mount the
panels on a roof, since independent
racks or holders are not needed as
they are with ground-mounted sys-
tems. Protection from damage is an-
other reason why roofs are a pre-
ferred location. When collector
panels are set at ground level, they
are more likely to fall victim to van-
dalism or simple accidents which
may break the panels.
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When collector panels are set at ground
level, they are more likely to fall victim to
vandalism or simple accidents which may
break the panels.

Storing solar energy that is collected
during the day is a major aspect of a suc-
cessful solar heating system. Since more
heat is needed at night, when there is no
sunlight available for collection, the heat
collected during the day must be stored
for use at night. There are different meth-
ods used for this purpose. Some homes
are designed with mass or heat storage el-
ements that absorb heat and then radiate
it for several hours after the sun is no
longer available. Concrete floors covered
with thick tiles are one way of creating a storage mass for radiant
heat. This, however, is not the same as storing energy to produce
more even heat throughout a home.

To accomplish energy storage in larger amounts, water filled ther-
mal storage tanks are used. The tanks absorb energy during the day
and retain it for use during the night. Circulating water through a col-
lector and storing it is a common means of producing heat storage. In
some cases, antifreeze solutions are circulated between the collectors
and a heat exchanger that is coupled to the storage tank.

Installation Methods
Just as there are many types of solar heating systems available, so are
there different ways to install various systems. There are four primary
methods of installation. One type of installation is the direct circula-
tion system. Another type is a drain down system. Or, you might find
that a gravity drain back system is more appropriate. The fourth type
of system is the closed loop system. To further our discussion on these
four main systems, let’s look at them individually.

Direct Circulation Systems
A direct circulation system offers many advantages. When a direct cir-
culation system is used there is no need for a heat exchanger between

There is one drawback to a direct cir-
culation system. Since these systems
don’t incorporate the use of an-
tifreeze solutions they must be pro-
tected from freezing temperatures.
Any part of the circulation system
that is not in heated space must be
otherwise protected from freezing
when the temperature drops below
the freezing point. To do this, pipes in
the system are drained of all water
prior to freezing conditions.
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the solar collector and the storage tank.
Since a direct circulation system is moving,
it does not require an antifreeze solution.
This also saves money. Other elements that
are required with a closed-loop system that
are eliminated with a direct circulation sys-
tem include an expansion tank, a pressure
relief valve, and air purging devices. The
elimination of so many components natu-
rally makes this type of system less expen-
sive to install. When you eliminate system
components, you are not only saving
money on the cost of an installation, you
are reducing the number of potential prob-
lems that might occur after installation. 

When a heat exchanger is used be-
tween a storage tank and a collector some
heat is lost. This is not the case with a di-

rect circulation system. The amount of heat, in degrees, that may be
lost in a closed-loop system can be 10 to 15 degrees more than what is
lost with a direct circulation system. This is a significant amount of
heat. Heat loss from collectors working with a closed-loop system re-
duces the effectiveness of a heating system. The fact that direct circu-
lation systems cost less to install, work more efficiently, and reduce
the components of a system which may require service all join to-
gether to make direct circulation systems a wise choice.

There is one drawback to a direct circulation system. Since these
systems don’t incorporate the use of antifreeze solutions they must be
protected from freezing temperatures. Any part of the circulation sys-
tem that is not in heated space must be otherwise protected from
freezing when the temperature drops below the freezing point. To do
this, pipes in the system are drained of all water prior to freezing con-
ditions. The need for freeze protection is the only real negative aspect
of a direct circulation system.

Drain Down Systems
Drain down systems work automatically to protect circulation sys-
tems from freezing. Electronic controls are installed to facilitate the
draining process. When sensors associated with the electronic controls
sense temperatures near the freezing point a command is sent to mo-

Roofs are a preferred mounting place
for solar collectors. There are a cou-
ple of reasons for this. First, it is gen-
erally less expensive to mount the
panels on a roof, since independent
racks or holders are not needed as
they are with ground-mounted sys-
tems. Protection from damage is an-
other reason why roofs are a pre-
ferred location. When collector
panels are set at ground level, they
are more likely to fall victim to van-
dalism or simple accidents which
may break the panels.
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torized valves to open them. When the
valves open, the system is drained in the
sections where drainage is required to pre-
vent freezing.

When collectors and piping are in-
stalled with a drain down system the pip-
ing and the collectors must be installed
with a minimum grade of 1⁄4 inch to the
foot of down slope for drainage. While a
drain down system may seem conven-
ient, it is not without its risk. Any failure of operation within the sys-
tem can result in frozen pipes and collectors, which will shut down
the system and may require costly replacements of damaged parts
that were swollen or ruptured during the freezing.

Since drain down systems use fresh water when they refill after a
drain down, the systems must be piped as open-loop systems. Since
fresh, oxygenated water is allowed into the system after a drain
down it is not practical to use cast-iron or steel components with the
system. Rust created from the oxygen-filled water will damage such
components.

Gravity Drain Back Systems
Some systems rely on gravity for drainage. In a gravity system, the
pipes and collectors are drained automatically, by natural gravity,
when the circulating pump stops. This type of system eliminates the
need for motorized valves and sensors that may fail to function prop-
erly. By eliminating the valves and electronics, the cost of a gravity
drain back system is less than that of a drain down system. Just as is
required with a drain down system, a drain back system must have
all piping installed with a minimum of 1⁄4 inch per foot drop on the
pipes for proper drainage. 

A drain back system does not introduce new water into the system.
Existing water is reused each time the circulator runs. When design-
ing this type of system, you must be sure that the circulating pump is
capable of pumping water to the highest point of the system. Gravity
drain back systems are fairly simple and quite effective.

The concept of a gravity drain back system requires water to drain
down whenever the circulating pump stops. Air enters the system to
replace the water that is drained down. The air enters the system
through an open tee that is located above the water level in the tank.

When collectors and piping are in-
stalled with a drain down system the
piping and the collectors must be in-
stalled with a minimum grade of 1⁄4

inch to the foot of down slope for
drainage.
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It’s possible to size the tank so that it
works as an expansion tank for the collec-
tor loop and the distribution system.

Return piping from collectors to a tank
should be sized to accept a minimum
flow velocity of 2 feet per second. When
this is the case, water returning from the
collectors can entrain air bubbles and re-
turn them to the storage tank. The result
is a pipe that becomes something of a
siphon. When the siphon is created it
minimizes gurgling noises in the piping
and increases the rate of water flow. By in-

creasing the speed with which water is flowing through a collector,
the efficiency of the collector is improved.

Gravity drain back systems are popular because of their simplicity.
By not relying on electronics and motorized valves, a gravity system
is typically more dependable and produces fewer service problems.
The ability of this type of system to work almost flawlessly is advan-
tageous in preventing frozen pipes and collectors. Another big advan-
tage that a drain back system has over a drain down system is the fact
that new water is not introduced into the system. This means that less
expensive components, such as cast-iron circulators, can be used. A di-
rect circulation system with a gravity drain back system is generally
considered the best type of active solar heating system to install.

Closed-Loop Antifreeze Systems
Closed-loop antifreeze systems require an external heat exchanger.
The heat exchanger links the collectors to the storage tank. Some of
this type of system is exposed to freezing temperatures at times and,
therefore, must be protected from freezing. This is done by filling the
system with antifreeze. A glycol-based antifreeze solution is used
most often. The antifreeze solution is what transports heat from the
collectors to the heat exchanger. Water is moved between a storage
tank and the heat exchanger with a circulating pump. When solar en-
ergy is being collected two circulating pumps are running. Since all
pipes and collectors are filled with antifreeze, they can be installed in
unheated areas and do not have to be installed so that they can be
drained down effectively, although it is still preferable to install the
piping so that it can be drained down.

Closed-loop antifreeze systems re-
quire an external heat exchanger.
The heat exchanger links the collec-
tors to the storage tank. Some of this
type of system is exposed to freezing
temperatures at times and, there-
fore, must be protected from freez-
ing. This is done by filling the system
with antifreeze.
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Planning a Solar Heating System
Some people think of solar collectors as running at high temperatures.
In reality, this is exactly opposite of what is desirable. Ideally, collec-
tors should operate at temperatures that are as low as possible. When
collectors operate at low temperatures they are more efficient. The
lower operating temperature allows a system to collect more energy.

It is rare for an active solar heating system to provide complete
heating for a home or building. While the solar heating system may
be the primary system, it is usually backed up by some other type of
system. Without a back-up system, it would be very difficult to have
regular, dependable heat output. Radiant heating systems that are in-
stalled in floors, especially concrete floors, usually are the most effec-
tive way to distribute heat from an active solar heating system. Since
radiant heat in a floor can perform well at lower water temperatures
it is ideal for use with solar collectors. Hydronic fan-coil units that are
sized to work with low water temperatures are also a viable means of
distributing heat from an active solar heating system.

Back-up heating systems used in conjunction with solar heating
systems should be sized to work independently in heating the re-
quired space without assistance from the solar heating system. How-
ever, the auxiliary heating system must not maintain the thermal stor-
age tank at temperatures suitable for use by the distribution system
during non-solar periods. This is a mistake that some people make, so
remember this point.

When the solar heating system is in use, the storage tanks must be
allowed to cool down to room temperature. This is how the tank
transfers its heat. Assuming that the tank is located in a heated space,
the heat from the tank cools off and offsets a portion of the heating
load in the structure. Solar collectors will reestablish the higher tem-
perature of the tank and allow the process to repeat itself. 

The Cost Factor
The cost factor is probably the largest contributor in deciding when a
solar heating system is sensible. Since a full-scale back-up heating
system of a traditional design should be installed in conjunction with
a solar heating system, the cost of installing a solar system is sub-
stantially higher than the cost of installing a typical heating system.
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Customers are paying for a traditional
heating system and then paying extra, usu-
ally thousands more dollars, for the benefit
of heating with energy from the sun. This
added cost is not always practical.

The decision on whether or not to go
solar revolves around cost and energy
conservation. Certainly, solar heating sys-
tems do reduce the need for fuel oil or
electricity when running a heating sys-
tem. However, the cost savings may not
be enough to justify the installation of a
solar heating system. When money is a

motivating factor, and it usually is, a customer has to determine how
long is too long to wait for a payback from the installation cost of a
solar system. It can take many years to recover the cost of installing a
solar system. And, if the installation is being done in a region where
extremely cold temperatures are encountered, the auxiliary heating
system may be carrying the majority of the heating load. A lot of
thought and research is required to install a solar heating system that
will pay for itself in a reasonable period of time.

Depending on an active solar heating system to function properly
with some types of heating, such as a radiant floor heating system,
can be asking too much of the solar system. As noted earlier, radiant
heat pipes embedded in concrete floors are the most sensible means
of heat distribution when the heat source is the sun. 

Before any active solar heating system is installed, experts in the
design and function of the system should be consulted. It will be ex-
pensive to have a professional design a complex solar heating system,
but the money will be well spent. If such a system is designed by
someone with limited solar experience, an expensive system may be
installed that simply will not perform adequately. 

Solar energy definitely has its advantages, but it also has disad-
vantages. Each job has to be considered on an individual basis. Here
are some points to consider:

� The topography and location of a building lot may make
a solar system impractical.

� Geographic regions vary in how well they will allow a
solar heating system to work.
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Radiant floor heating systems can
be used in conjunction with active
solar heating systems, but don’t de-
pend on active solar heating to fuel a
radiant system alone. It is fine to use
solar in addition to radiant floor
heating, but I would not rely on solar
power alone when installing a radi-
ant system.
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� The cost of installing a solar system can add thousands of
dollars to the cost of building a home.

� Maintenance of a solar system is an additional burden
that is not required when only a traditional heating sys-
tem is used.

� To fully plan a system and to make a wise buying deci-
sion, each potential buyer must have expert advice that is
directed to a particular case study. 

If you are considering the installation of a solar heating system, talk
with experienced professionals and spend enough time in the plan-
ning stages to avoid the displeasure so many people have suffered
from poorly-planned systems.
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Troubleshooting gas-fired boilers is a bit different from the same job
done with oil-fired boilers. There are significant differences in the

ways in which the two types of boilers function. Gas-fired boilers are
very common in many parts of the country. The boilers may be fueled
by either natural gas or manufactured gas. Fuel oil burns but will not
explode under normal conditions. Gas, on the other hand, can explode.
This in itself makes the troubleshooting process somewhat different. A
leak in a gas line can prove fatal, either from inhaling the fumes or from
being blown up. This doesn’t happen with oil-fired systems.

The type of fuels used is not the only difference between oil-fired
and gas-fired boilers. Since the fuels are different, the firing mecha-
nisms are also different. This requires different troubleshooting tech-
niques for the two types of boilers. One of the first considerations
when troubleshooting a gas-fired system is safety. If excessive gas
fumes have collected in the boiler area, the least little spark could ig-
nite disaster. Gas is not a fuel to be taken lightly.

Standard Safety Measures
There are certain standard safety measures to take into consideration
whenever you are working with a gas-fired heating system. The first
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rule is to pay attention to any odors. If you
smell any appreciable amount of gas or
other strange odors, ventilate the area be-
fore working in it. Avoid electrical de-
vices, if possible. Open windows when
you can. If gas accumulates heavily, it can
explode. The quicker you can rid the area
of fumes, the safer you will be.

Always shut off the gas supply to any device you are planning to
work on. Cut the gas valve off and wait several minutes before pro-
ceeding with your work. If there are multiple cut-off valves, close all of
them. Wait at least five minutes to give residual gas time to vacate the
system. You may already know, but if you don’t, be advised that LP gas
is heavier than air and will not dissipate upwardly in a natural fashion.
LP gas lingers below air, gathering in low areas and creating a possi-
bility for an explosion risk. In minute quantities, this is not a problem,
but it is a fact that every service technician should be aware of. 

If you will be working with or near electrical wiring, you should turn
off the power supply. This may mean removing a fuse, but in most
homes it is as simple as flipping a circuit breaker. There may also be an
individual disconnect box near the heating unit. If this is the case, you
can turn off the power by throwing the switch on the disconnect box.

If you will be working with electrical matters, don’t attempt to
jump or short the valve coil terminals on a 24-volt control. Doing this
can short out the valve coil or burn out the heat anticipator in the ther-
mostat. Also, never connect millivoltage controls to line voltage or to
a transformer. If you do, you may burn out the valve operator or the
thermostat anticipator.

If you have any reason to suspect a gas leak, check all connections
where leaks may be possible. Don’t use any type of flame to test for
leaks. I’ve known plumbers who tested joints on natural-gas piping
with their torch flames, but don’t do this, and certainly never do it
with LP gas. Natural gas usually just burns in a leak situation, but LP
gas is likely to explode. I say again, don’t search for leaks with any
type of flame. Soapy water is the right substance to use when looking
for leaks in gas piping. Obviously, to find a gas leak the gas supply
must be turned on.

When in search of a leak, ventilate the area by opening windows
and other ventilating openings. With the gas on, apply a generous
quantity of soapy water to all gas connections. When the water is ap-
plied to a connection where a leak exists, the gas escaping will create
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When a gas-fired boiler fails to oper-
ate, it could be due to the lack of a
functioning pilot light.
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bubbles in the soapy solution. Take note
of the leak and continue testing the rest of
the gas connections. Once you have
checked all connections, you can turn off
the gas supply and fix the leaks. When
fixing leaks you should not take short-
cuts. Treat each leak with respect. Loosen
all leaking joints, apply thread sealant as
required, and tighten the joints. Sometimes just tightening a fitting is
enough. Regardless of what you have to do to correct a leak, always
test the connection carefully after it is repaired. Test the joint just the
way you did to find the leak in the first place.

Never bend the pilot tubing at the control once the compression
nut has been tightened. If the tubing is bent after the compression nut
is tightened, a leak can result. Compression nuts don’t take well to vi-
bration and manipulation. Any substantial movement of a compres-
sion fitting after it is tightened can create a leak. Compression fittings
are fine when they are installed and treated properly. 

The Troubleshooting Process
The troubleshooting process for gas-fired boilers doesn’t involve a lot
of steps (Figures 20.1 and 20.2). There are only about nine types of fail-
ures that are typically encountered with gas-fired boilers. While there
are not a lot of potential problems, there are several possible solutions.
But using a methodical plan during the troubleshooting process
makes the job easier. Experience is the best teacher in many ways, but
a good checklist of what to do and in what order to do it is the next best
thing. And, that’s what I’m about to give you. So with the safety issues
covered, let’s move into the cause-and-repair section to give you some
guidance in finding and fixing problems with gas-fired boilers.

No Pilot Light
When a gas-fired boiler fails to operate, it could be due to the lack of
a functioning pilot light (Figures 20.3, 20.4, 20.5, and 20.6). There are
four basic reasons why this problem might exist. First, check to see if
there might be air in the gas line. Open the connections and purge any
air that may be trapped in the tubing or piping. A second thing to
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A gas leak at the regulator vent is a
sign of a damaged diaphragm. The
diaphragm most likely has a hole in it.
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check for is the gas pressure. Is it too high
or too low? Either situation can result in a
failing pilot light. It’s also possible that
the problem is a blocked pilot orifice. Do
a visual inspection and confirm that the
orifice is clear of any obstructions. Obvi-
ously, if gas cannot make its way through
the opening, it cannot fuel a pilot light.
The last thing to check is the position of
the flame runner. If it is not positioned
properly, it can be responsible for the lack
of a pilot light. One of these four reasons
is most likely the cause of your problem.
This, of course, is assuming that the gas to
the pilot light is turned on. Sometimes it
is the simplest things in life that are the
most difficult to recognize. Always check
to make sure that you have a good gas

flow before you go too far in your troubleshooting steps. Gas valves
can be turned off for many reasons, and someone may forget to turn
the valve back on. It’s also possible for children to turn off a valve and
not realize what they are doing. Just remember to make sure that
there is a gas flow before you begin the more complex aspects of trou-
bleshooting a problem with a pilot light.

A Pilot Light Goes Off During a Standby Period
When a pilot light goes off during a
standby period it might be that there is
some type of obstruction in the tubing
leading to the pilot light. Look to see if
there are any kinks in the tubing. If not,
remove the section of tubing and confirm
that it is not blocked. This can be done
just by blowing air through it. If there is a
kink or obstruction, either replace the
tubing or remove the obstruction. Low
gas pressure can also trigger a pilot light
to go off during standby. Check the gas
pressure and confirm that it is within ac-
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Typical pilot flame with a Robertshaw 7CL-6.
(Courtesy of Burnham)

Typical pilot flame with a Honeywell Q327.
(Courtesy of Burnham)
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ceptable levels for the equipment that
you are working on.

You already know that a blocked pilot
orifice can prevent a pilot light from burn-
ing. But did you know that a blocked ori-
fice can also be responsible for a pilot light
that goes off during standby? It can, so
check the orifice if your problem persists.
If there is a loose thermocouple on 100 per-
cent shut off, a pilot light can go off during
a standby period. It’s also possible that the
thermocouple is defective. When a pilot
safety is not working properly, it can cause
a pilot light to go off during standby. Another consideration to check is
the draft condition. If there is a poor draft, a pilot light may not stay lit.
A final possibility is a draft tube that is set into or flush with the inner
wall of the combustion chamber. These same seven reasons for failure
can apply to a safety switch that needs frequent resetting.

A Pilot Light Goes Off When the Motor Starts
If a pilot light goes off when the motor of a unit starts that are only
three probable causes. The first one to look into is the possibility of
some type of restriction or obstruction in
the tubing to the pilot light. You need to
loosen the connection on the tubing and
confirm gas flow. If the tubing is blocked
or kinked and cannot be repaired, replace
the tubing. Once again, gas pressure
could be at fault. If the pressure is too high
or too low, the pilot light function can be
affected. Confirm that the gas pressure is
within suitable limits for the equipment
that you are working with. A final consid-
eration is the possibility that there may be
a substantial pressure drop in the gas pip-
ing when the main gas valve opens. Put-
ting the equipment through cycles until
you can observe what happens as the
main gas valve opens might be necessary.

Typical pilot flame with a Honeywell Q350.
(Courtesy of Burnham)

Typical pilot flame with a Honeywell Q3480.
(Courtesy of Burnham)



Motor Won’t Run
The first thing to check when you encounter a boiler with a motor
that will not run is the electrical circuit. If there is a local disconnect
box, check it first to see that it has not been turned off. Next, go to the
electrical panel for the home or building and check all fuses or circuit
breakers. If all appears to be in order, use your electrical meter to con-
firm that power is reaching the motor. Also make sure that the wiring
is connected to the controls properly. Before you get too involved,
move around the building and check the thermostats. Make sure that
they are turned up to a sufficient temperature to be calling for heat. A
mechanic can feel quite foolish after spending considerable time per-
forming major troubleshooting steps and then finding out that the
thermostats were turned down for some reason. Assuming that the
thermostats are calling for heat, you must check to see that the ther-
mostats and limit controls are not defective or calibrated improperly. 

Sometimes the bearings in a motor will seize up, due to a lack of
lubrication. See if this might be the case on your job. Try turning the
equipment. If it will not turn freely, you have probably identified
your problem. In a worst-case scenario, you are dealing with a mo-
tor that has burned out, which will, of course, require replacement.

It Runs but Doesn’t Heat
If you have a boiler that runs but doesn’t heat, check to see if the pilot
light is burning. If the pilot is out, relight it. You may discover that the

root of the problem lies within a defective
pilot safety control. This could be as sim-
ple as resetting the safety or it could re-
quire replacement of the control. Another
possible cause for the problem of a motor
that runs with no flame is that the thermo-
couple might not be generating enough
voltage for the system. The causes are lim-
ited, so the troubleshooting should go
quickly. Gas pressure has a large effect on
a gas-fired system. Check the pressure to
make sure that it is within recommended
working parameters. If it is, and you still
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If you have a boiler that runs but
doesn’t heat, check to see if the pilot
light is burning. If the pilot is out, re-
light it. You may discover that the
root of the problem lies within a de-
fective pilot safety control. This
could be as simple as resetting the
safety or it could require replace-
ment of the control.

Sensible Solution
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have the problem, check to see if maybe
the motor is running slower than it should
be. This could be the cause of the motor
running without a flame (Figures 22.7 
and 22.8).

Short Flames
A short flame in a gas-fired boiler is not
good. It might be caused by any one of
about five possible problems. The place to
start is with the pressure regulator. If it is set too low, the flame will be
short. Also, check the air shutter. An air shutter that is open too wide
can cause a short flame to burn in the equipment. Any major pressure
drop in the gas supply line could also be responsible for the short
flame. A defective regulator is always a possibility when you are look-
ing for the cause of a short flame. And a vent that is plugged in the reg-
ulator can also cause a short flame. Some trial-and-error techniques
will be needed, but one of the causes listed above is almost certain to
be the reason for a short flame. 

Long Flames
Long flames in gas-fired equipment are
usually limited to one of three causes. The
first thing to check for is an air shutter that
is not far enough open. When it is open
too far, the flame will burn short, but if not
open far enough, the flame will be long.
The air shutter must be balanced to pro-
duce a flame of a desired length. If there
are obstructions in air openings or at the
blower wheel, the result can be a long
flame. Too much input to the flame source
will also produce a long flame. Since the
causes for long flames are few in number
and easy to check for, troubleshooting this
problem is not very time consuming.

Main burner flame with 50-mm burner.
(Courtesy of Burnham)

Main burner flame with 1-inch burner.
(Courtesy of Burnham)



A Gas Leak at the Regulator Vent
A gas leak at the regulator vent is a sign of a damaged diaphragm.
The diaphragm most likely has a hole in it. In any case, the di-
aphragm damage must be replaced. Gas cannot be allowed to leak
from any part of a system. In such a case, all attention should be fo-
cused on the regulator vent, since that is where the problem is. 

It Won’t Close
Sometimes the main gas valve on a unit will not close when the
blower stops. This is a problem that is usually caused by a defective
valve or some type of obstruction on the valve seat. You can inspect
the seat for damage or build-up, but be prepared to replace the entire
valve. It is unsafe to have a gas valve that does not close properly
when it should.

Be Careful
When you are working with gas, whether natural or manufactured,
you must be careful. The fuel is volatile. It is said that familiarity
breeds contemp. Don’t allow this to be the case in your work. If you
make a mistake with an oil-fired boiler you might only get oil on a
floor or incur some odors. A mistake with a gas system could result
in a major explosion. Pay attention to what you are doing and stay fo-
cused on your task. Make sure anyone who might enter your work
area is aware of what you are doing and what your needs are. For ex-
ample, the last thing you need is for a casual observer to come in and
fire up a cigarette lighter when you are bleeding off some gas. Stay
sharp and stay safe.
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Oil-fired boilers are used in many parts of the country. The boilers
are usually very dependable. But, like any type of equipment, boil-

ers can suffer from mechanical problems. If a boiler fails to run dur-
ing the cold of winter, plumbing and heating systems in a home can
freeze. Much damage can occur if a boiler fails and no one is aware of
the problem. Granted, this doesn’t happen often, but it does happen.
When the heat goes off in a house or building it is usually noticed by
the occupants of the building. However, if a house is being marketed
for sale and no one’s living in it, a boiler failure can be disastrous.
Even when there is someone to notice a boiler failure, the risk of dam-
age to plumbing and heating systems exists. Whether property dam-
age is imminent or not, the comfort level of residents in buildings
with a failed heating system is at stake. Knowing what to look for
when a boiler fails and how to correct the problem quickly is a big as-
set for anyone in the heating business.

There are many items associated with a boiler that can fail. How-
ever, most of the problems can be traced with relative ease. Still, pin-
pointing a problem quickly can be tricky. The job is easier if you use a
logical approach in troubleshooting. Anyone with a basic understand-
ing of boilers can eventually find the cause of failures by using a trial-
and-error method. This type of troubleshooting takes time. A system-
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atic approach is faster. Knowing what to
look for and where to look for it is half the
battle. Once a problem is identified, cor-
recting it is usually not very difficult.

Some problems encountered with oil
burners can be potentially dangerous.
Smoke or fumes can fill a home quickly
when a boiler becomes defective. The
smell and residue left behind can be hard
to live with. In some cases, the risk of fire
may exist. If a safety control malfunctions,

big trouble could be right around the corner. The types of complaints
common with oil burners range from noisy operation to no heat out-
put. And, there’s a lot of possible trouble in between. Getting to the
heart of a problem quickly is something of an art. In the case of boil-
ers, the service technician is the artist.

Noise
Noise is not an uncommon complaint with oil-fired boilers. Since
many boilers are located under or near living space, excess noise can
be a real problem. A boiler that is properly tuned should not produce
a lot of noise. When a noise is noticed, it is a sign that something is
wrong with some aspect of the boiler. The root cause of the problem
can be one of any number of things. The type of noise heard can be an
indicator of what to look for. There are three typical types of noise as-
sociated with oil burners. Boilers sometimes give off pulsing sounds.
Thumping noises are also common. Rumbling is another type of noise
that you might experience with an oil burner. Once you have a noise
to deal with, what do you do? The nozzle in the burner is always a
good place to start your investigation.

A systematic approach is best when troubleshooting, but there are
some times when trial and error is the only way to determine the ex-
act cause of a problem. The trick is to use a systematic method of trial
and error. In the case of noise, you should systematically turn to the
nozzle in the burner. Then you have to gamble with some trial and er-
ror work. Start by replacing the existing nozzle with one that has a
wider spray angle. Try the unit and see if it is still producing excess
noise. With a little luck, you will have solved the problem. If not, you
have to take a few more steps.
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Noise is not an uncommon complaint
with oil-fired boilers. Since many
boilers are located under or near liv-
ing space, excess noise can be a real
problem. A boiler that is properly
tuned should not produce a lot of
noise.
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When a nozzle with a wider spray an-
gle will not quiet the noise made by a
burner, try a nozzle that has a smaller
opening. Then installation of a new nozzle
that is one size smaller than the one previ-
ously installed could be all it will take to
quiet the boiler. It is necessary to make ad-
justments and test after each one to see if
the problem is corrected. Another course
of action, especially if the oil burner is producing pulsating noises, is
to install a delayed-opening solenoid on the nozzle line. 

There is another consideration. If you are getting a noisy fire and the
nozzle replacements don’t fix the trouble, check to see where the oil sup-
ply tank is located. Assuming that a nozzle replacement and a delayed-
opening solenoid have not helped, the problem might be cold oil. When
an oil tank is installed outside, the oil can get cold enough to create a
noisy burner. To remedy this, pump the fuel oil through a nozzle that is
the next size smaller at a pressure of about 125 psi. One of these four
courses of action should put the burner into good operating condition.

A Smokey Joe
If you run across a boiler that smokes like a barbeque grill, there could
be serious problems at hand. The problem could be as simple as a de-
fective nozzle to something as major as a damaged combustion cham-
ber. If the problem turns out to be the combustion chamber, your cus-
tomer is going to be very unhappy due to the high cost of repair.
Don’t just assume that the problem is in the combustion chamber or
in the burner tube. Start with the simple fixes.

When you are called to troubleshoot a smoking boiler, check first
for dirt. If the air handling parts of the oil burner are dirty, smoke out-
put can be present. The dirt prohibits the burner from functioning
properly. A good cleaning may be all that is needed to solve the prob-
lem. Assuming that dirt is not the problem, turn your attention to the
nozzle in the burner. If it’s the wrong size, the nozzle could be the
cause of the smoke. The worst scenario for your customer is a cracked
combustion chamber.

The air handling parts to check for dirt include the fan blades, air
intake, and air vanes in the combustion head. When these compo-
nents are clean, they allow the system to work much more efficiently.
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When a nozzle with a wider spray
angle will not quiet the noise made
by a burner, try a nozzle that has a
smaller opening.
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Nozzle problems are not difficult to fix. In the case of a smoking
boiler, the replacement of an existing nozzle with a smaller one can be
all it takes to stop the smoking. Another tactic with the nozzle is to in-
stall one that has a narrower spray angle. If the cause of the smoke is
a cracked combustion chamber, it’s likely that the boiler will need to
be replaced. It may be possible to repair the combustion chamber, but
if repairs are made, you must make sure that there is no smoke or gas
escaping the combustion chamber.

It Stinks
There are times when boilers just simply stink. Fuel odors can occur
when oil-burners are used. Many people are very sensitive to the
smell of oil, and the odor can be difficult to get rid of once it is pres-
ent. There are three basic reasons why oil burners produce odors.
Chimney obstructions are one of the first things to consider when you
are faced with a boiler that is stinking up a mechanical room. If the
chimney checks out, the next logical step is to check the ignition time
on the burner. If it is delaying, that can account for the build-up of ex-
cess fumes. The third possibility is that there is too much air going
through the boiler.

Since chimney problems are the first consideration when odors are
present, let’s start with troubleshooting them. The draft in a chimney
or flue over a fire from a boiler should not be less than .02 to .04. If you
do a draft test and find the draft to be below suitable levels, you will
have to do a physical inspection of the chimney or flue. Maybe a bird
has started building a nest in the flue. It’s possible that leaves or other
obstructions are blocking the draft. There is a good chance that odors
being produced from oil burners will be associated with a poor draft.

Once you know that the chimney or flue is clear, look for delayed
ignition. This is a sure cause of odor build up. There are many factors

which may contribute to delayed igni-
tion. A simple test may prove that the
electrode setting is not correct. If there are
insulator cracks, delayed ignition can re-
sult. Dirt, such as soot or oil, can foul an
electrode and cause it to fire improperly.
When a pump is set with an incorrect
pressure setting, it can cause delayed ig-
nition. A bad spray pattern for a nozzle
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Chimney obstructions are one of the
first things to consider when you are
faced with a boiler that is stinking up
a mechanical room.

Sensible Solution
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can also be responsible for delayed igni-
tion. If a nozzle becomes clogged, it can
cause slow ignition. Another potential
cause of delayed ignition is an air shutter
that is opened too far.

Electrode settings and nozzles are the
main issues to consider. Sometimes re-
placing an existing nozzle with one that
has a solid spray pattern will correct the
problem. More likely than not, a simple
nozzle replacement will solve the prob-
lem. If this is not the case, resetting the
electrode settings can solve the problem. Check manufacturer sug-
gestions for nozzle angles, flow rates, and electrode settings. If you
have a burner that is using a hollow spray pattern and firing 2 gallons
per hour (gph), try replacing it with a nozzle that produces a solid
spray pattern.

In addition to the problems that we have just discussed, there are
many other types of problems that arise from time to time with oil
burners. To make this information as accessible and easy to use as
possible, let’s group the remainder of the troubleshooting steps to-
gether under the headings which are most appropriate.

Noisy Operation
You should consider the possibility that there may be a bad coupling
alignment in the system. To correct this, you must loosen the fuel-unit
mounting screws slightly and shift the unit in different positions un-
til the noise is eliminated. If the noise stops, tighten the mounting
screws and pat yourself on the back.

If air gets into an inlet line, noise can occur during operation. To
eliminate this possibility, check all connections for leaks. All connec-
tions should be made with good flare fittings. It may be worth check-
ing the flaring of all tubing. If you find a leak, either tighten the con-
nection or replace it with a new one.

Have you ever run into a tank hum on a two-pipe system with an
inside tank? This type of problem is fixed by installing a return-line
hum eliminator in the return line. As you can see, there are not many
causes for noisy boilers, so this is one aspect of service and repair that
shouldn’t take long to troubleshoot.

When you’ve got a burner that will
not fire, check the supply tank to see
that it contains an adequate supply
of oil. Don’t trust the oil gauge, it
may be stuck. Use a dip stick to
probe the tank and to determine the
fuel level.
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No Oil
It’s common knowledge that oil burners need oil to function. As ba-
sic as this is, sometimes the possibility of a lack of oil is ignored.
When you’ve got a burner that will not fire, check the supply tank to
see that it contains an adequate supply of oil. Don’t trust the oil
gauge, it may be stuck. Use a dip stick to probe the tank and to de-
termine the fuel level. If the tank has oil in it, check the fuel filter. It
may be clogged. Remove and inspect all fuel filters and strainers.
Clean them if they appear to be blocked. 

Nozzles frequently become clogged. Obviously, an obstructed
nozzle is going to produce less oil for the burner to fire on. This is
easy enough to fix. Just replace the nozzle with a new one. If you’ve
followed all of these steps and still have a problem, look for a leak in
the intake line. If you find one, try tightening all fittings where you
suspect the leak. Check the unused intake port plug to make sure
that it is tight and not leaking. Air can also invade a system around
a faulty filter cover or gasket, so check these components to make
sure that they are in good shape and are not leaking. When you are
checking the intake line for leaks, make sure that there are no kinks
in the line which may be obstructing it.

Occasionally, a two-pipe system will become airbound. If this hap-
pens, you must check to see about the bypass plug. Insert one if nec-
essary and make sure that the return line is below the oil level in the
supply tank. When you have an airbound single-pipe system, you
should loosen the port plug or easy flow valve and bleed oil for about
15 seconds after all foam is gone from the bleed hose. Then check all
connections and plugs to make sure that they are tight. Getting the air
out is not difficult, and it can be all it takes to get a system back up
and running.

There are a couple of other things to check if you are having trou-
ble getting oil to the burner. For example, check to see that there are
no slipping or broken couplings. If there are, they must be tightened
or replaced. It may sound weird, but you may find a situation where
the rotation of a motor and fuel unit is not the same as indicated by
the arrow on the pad at the top of the unit. Should this happen, install
the fuel unit so that the rotation is correct. The last thing to consider
is a frozen pump shaft. If you find this to be the problem, the unit
must be sent out for approved servicing or factory repair. Before you
install a replacement unit, check for water and dirt in the oil tank.
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Leaks
Leaks happen in oil systems. The vibration of equipment can create
small leaks. There are many reasons why a system may suffer from
leakage, but the leaks should not be left unattended. Sometimes re-
moving a plug, applying a new coat of thread sealant, and reinstalling
the plug will take care of a leak. When leaks show up at nozzle plugs
or near pressure adjustment screws, the washer or o-ring at the con-
nection may need to be replaced. Time can take its toll on both wash-
ers and o-rings. The covers on housings sometimes leak. When this
happens, you may get by with just tightening the cover screws, but be
prepared to replace a defective gasket. If a seal is leaking oil, the fuel
unit must be replaced. 

Blown seals can occur in both single-pipe and two-pipe systems. A
blown seal in a single-pipe system may mean that a bypass plug has
been left out. Check it and see. You may have to install one. You may
find that you will have to replace the whole fuel unit. Two-pipe systems
with blown seals could be affected by kinked tubing or obstructions in
the return tubing. If this is not the case, plan on replacing the fuel unit.

Bad Oil Pressure
Bad or low oil pressure might be as simple as a defective gauge. It’s
worth checking. If the gauge proves to be defective, replace it and you
are home free. Assuming that the gauge is reading true, look for a
nozzle where the capacity is greater than the fuel unit capacity.
Should you find this to be the case, replace the fuel unit with one that
will offer an adequate capacity.

Pressure Pulsation
Pressure pulsation may be caused by a partially clogged strainer or
filter. When this is the problem, all you have to do is clean the strainer
and the filter element. Air leaks are another possible cause for pulsat-
ing pressure. If you are experiencing an air leak in an intake line, you
should tighten all fittings where leaks may be present. Another place
to look for air leaks is the cover of the unit. If you suspect leaks on a
cover, tighten the cover screws first and then check for leaks. If leaks



persist, remove the cover and install a new cover gasket. Then, of
course, replace the cover and tighten the cover screws.

Unwanted Cut-Offs
Unwanted cut-offs can be caused by several factors. If you have a
burner that is cutting off when it shouldn’t be, start by testing the
nozzle port with a pressure gauge. Put the gauge in the nozzle port of
the fuel unit and run the system for about one minute. Then, shut the
burner down. If the pressure drops from normal operating pressure
and stabilizes, the fuel unit is doing fine. This means that air is the
culprit of your troubles. But, if the pressure drops to zero, the fuel
unit has given up the ghost and needs to be replaced.

Filter leaks can cause unwanted cut-offs. Check the face of the
cover and the cover gasket to see if there are any leaks. If there are, re-
place the gasket and secure the cover tightly. Another thing to check
is the cover strainer. This can be fixed by tightening the cover screws
of the strainer. Sometimes an air pocket builds up between the cutoff
valve and the nozzle. If this happens, run the oil burner while stop-
ping and starting it until all smoke and afterfire disappears.

An unwanted cutoff could be the result of an air leak in the intake
line. Check all fittings for possible leaks. Tighten any suspicious con-
nections. Check the unused intake port and return plug to make sure
that it’s tight. If you are still having trouble, look for a partially clogged
nozzle strainer. Clean obstructed strainers or replace the nozzle. If
there is a leak at the nozzle adapter, change the nozzle and the adapter.

Well, there you have it. You are now prepared to troubleshoot oil
burners. While it helps to have on-the-job-experience, the approaches
given here will get you going in the right direction on a fast track. If
you follow the systematic procedures discussed in this chapter, you
should have less lost time and a more productive work day, not to
mention fewer headaches in the field.
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Selling radiant heating systems may be easier now than it has ever
been. The trend toward radiant floor heating is strong, and there are

many consumers who are vocal about how good the systems are. Even
with this to work with, many heating contractors have not tapped into
this lucrative market. Why is this? There are many reasons. A common
excuse is that the installation procedures are something that some in-
stallers are not familiar with. Some contractors simply prefer to do
their work the way they have always done it, regardless of changes in
technology and consumer demand. A long list of excuses could be
built, but they would be just that—excuses. In reality, radiant floor
heating systems offer a great deal to both contractors and consumers.
It’s time that contractors informed their customers of their options as
they pertain to radiant floor heating systems. Short of doing this, con-
tractors are, in effect, cutting their customers out of what may well be
the best heating system for their needs.

It’s common for contractors to be nervous about changes in their
industries. Seasoned contractors sometimes feel threatened by new
ways of doing their trade. Compare radiant floor heating systems to
computer systems for a moment. Not so many years ago, many con-
tractors grimaced at the thought of computerizing their businesses.
Today, contractors who are not computerized are at a definite disad-
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vantage. You could build a case that con-
tractors who think that the only way to
use hot-water heat is with baseboard heat
emitters are just as far behind the times. In
truth, radiant floor heating is a wave of
the future, even though the heating sys-
tems have been around for more years
than the contractors who oppose them. 

Customers often trust the contractors
with whom they work to advise them on
the right heating system for a job. If con-

tractors show potential customers only hot-water baseboard heating
systems, the odds are good that the customers will opt for the base-
board systems. Certainly there are plenty of occasions when a base-
board system does make the most sense. But there are also more
than enough opportunities that warrant the use of in-floor heating
systems.

When radiant floor heating was considered to be effective only
when embedded in concrete, the systems were more limited in their
acceptable usage. With modern improvements that allow dry sys-
tems, this is no longer the case. Consumers need to be educated in
the advantages offered by radiant floor heating. Unfortunately, a
large number of heating contractors don’t know as much as they
should about radiant floor systems. If a contractor is not aware of the
features and benefits available with radiant floor systems, it’s very
difficult for the contractor to sell a customer on such a system. Since
you have read the previous chapters, you now have a good general
understanding of what radiant floor systems can do, and this gives
you a marketing edge.

The various contracting fields are crowded with competition. It
doesn’t matter if you are a heating contractor, a plumber, or an elec-
trician, there is sure to be more than enough competition to go up
against. To regularly prevail over your competitors, you need an
edge. Radiant floor heating systems may very well be that edge. Any
advantage that you can gain over the competition is valuable. The
first step, which you have already taken, is to stay abreast of current
trends and improvements in the heating industry.

How are you going to expand your business? One solid path in-
volves radiant floor heating. Installing this type of heating system is
not difficult. If you are an experienced heat installer, learning the
ropes for radiant floor systems will not take long. Everything that
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you take the time to learn can be passed
on to your potential customers. The mar-
keting angles are nearly boundless. If you
work in a small community, you might be
the only heating contractor who offers ra-
diant floor heating systems. It may not be
wise to specialize in these systems, but it
certainly doesn’t hurt to be known as the
local pro when it comes to radiant floor
systems.

No Concrete Needed
One of the first mental images that a con-
tractor selling radiant floor heating sys-
tems must overcome is the impression
that such systems will not function prop-
erly unless they are covered in concrete. A
large group of people firmly believe that radiant heat tubing depends
on concrete flooring to deliver heat. This simply isn’t true. Dry sys-
tems work very well when installed properly. To get this point across,
you should arm yourself with literature from manufacturers, maga-
zine articles, and books like this one to show your prospective cus-
tomers. Educating the consumer is the first step in expanding your
business to include more radiant floor heating systems.

Most dry systems used today are below-deck systems. This simply
means that they are installed on the underside of plywood subfloor-
ing. Above-deck dry systems are installed on the top of subflooring
and then covered with a layer of underlayment. Both types of sys-
tems function well, but above-deck systems cost more to install. This
is due to the added labor and materials involved. Due to cost and
simplicity, below-deck systems are much more popular than above-
deck systems. 

When heat transfer plates are used,
with either above-deck or below-deck
systems, the efficiency of the heating sys-
tem is improved. Transfer plates are not a
requirement, but they do allow a system
to perform better. Yes, the plates add to
the cost of an installation, but the added
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Buyers of new homes are more likely
to request information on radiant
floor heating than homeowners who
are planning to remodel their homes.
A large number of homeowners
have no idea that they can combine
radiant floor heating with their ex-
isting baseboard heating systems. If
they knew what could be done and
what the installation might do for
them, more remodeling customers
would probably choose radiant floor
heating. It is your job to make cus-
tomers aware of all the options
available to them.
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expense is well worth the cost. Increased
comfort and reduced operating costs are
both factors that favor the use of heat
transfer plates. 

Concrete is an excellent thermal mass
for radiant floor heating, but the added
weight and cost of concrete can make a
wet system difficult to justify. In some
cases, installing a wet system is not prac-
tical. Certainly, if a concrete slab is a
planned part of construction, it is an ex-

cellent place to install radiant floor heating. But don’t assume that ra-
diant floor heating should be ruled out if concrete is not to be used.
The concept of installing dry systems is relatively new, but the
process has proved itself year after year and is fine to recommend to
your customers.

Can’t Combine
Some customers, and even some heating contractors, feel that they
can’t combine radiant floor heating systems with hot-water base-
board heating systems. This is not true. It is a fact that radiant heat-
ing systems require a lower temperature for the heating fluid sup-
plied to the heating system, and this is why so many people assume
that one boiler cannot serve both types of systems at the same time.
In fact, a single boiler can be used for both types of heat. Adapta-
tions made at the boiler allow control of fluid temperatures so that
both types of heating systems can run well together. This can be a
hard sell to stubborn customers, but it is easy enough to document.
Again, gather up your literature from manufacturers, magazine ar-
ticles, and books to have on hand for customers who want to see the
proof in print.

Contractors sometimes assume that the only time when baseboard
systems should be combined with radiant floor systems is when
adding onto a job or remodeling a building. This is the most likely oc-
casion to combine the two types of systems, but it is not the only sit-
uation when a combined system makes sense. New construction can
present conditions where a combined system is warranted. Don’t rule
out the use of different types of hot-water heating systems being
served by a single boiler.
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Won’t Last
Some customers are resistive to radiant floor heating systems because
they feel that the PEX tubing won’t last. There is a fear that the tubing
will fail and cause leaks that are hard to fix and potentially damaging.
For the most part, this is not a viable concern. PEX tubing will gener-
ally last a lot longer than copper tubing. Since most heating systems
are installed with no concealed joints, there is no reason why leaks
should develop. Of course, a poor installation might result in a leak.
For example, if a piece of PEX tubing is installed close to the point of
a nail or near metal bridging between joists, some chaffing might oc-
cur that would result in a leak. However, installed properly, there is
no reason to believe that PEX tubing will not outlast most other com-
ponents of a home or other type of building. 

The bad press that PB tubing received in recent years has been dif-
ficult for some contractors to overcome. But PEX is not the same as
PB, so the two should not be compared as apples to apples. If you
want to make a visual impression on your prospective customers,
take along some PEX tubing on your sales call. Give the customer a
nail and let the customer attempt to puncture the tubing. Stand on the
tubing. Jump up and down on it. Let the customer abuse the material
to see just how resistive it is to damage. This type of demonstration
can go a long way in removing any fears that customers may have.
Also, stress that your installation will not have joints in concealed lo-
cations. The combination of these approaches should make most cus-
tomers comfortable with the use of PEX tubing as a component in
their new heating system.

Lower Operating Costs
Since radiant floor heating systems operate at a lower fluid tempera-
ture than baseboard heating systems, the result is often a lower oper-
ating cost. Most consumers will be happy to hear this, so don’t leave
it out of your sales pitch. Point out how a boiler doesn’t have to work
as hard to maintain the set-point temperature for a radiant floor sys-
tem. Average consumers will not have trouble understanding how a
lower water temperature translates into lower operating costs. It
doesn’t hurt to carry some examples of operating costs for various
types of heating systems when you are making your sales calls. If you



can layout a spreadsheet or a graph to give a visual picture of cost
savings, your customers might be more receptive to your cost data.
The lower operating cost can be a selling point to offset higher instal-
lation costs, if needed.

Space-Saving Features
When you are selling radiant floor heating systems you should play
up the space-saving features of the system. Since radiant floor sys-
tems are contained in a floor, they do not restrict furniture placement.
This can be a major sales factor, especially in smaller homes where
floor space is at a premium. If you want to work this angle aggres-
sively, show your prospective customers how much clearance is
needed between furniture and baseboard heating units for optimum
performance. Point out how forced-air ducts would have to be ac-
commodated with specific furniture placement. Of all the various
types of heating systems, a radiant floor heating system is the least in-
vasive when it comes to furniture placement.

In addition to taking up less space, you can tell your customers
how radiant floor systems are not the dust magnets that baseboard
units are. Anyone who has lived with hot-water baseboard heat
knows how dusty the heating units can get. Time saved in not having
to clean the heat emitters can be put to better use. Not only will radi-
ant floor heat not collect dust, it will not send it airborne in the way
that baseboard heat and forced-air ducts will. Anyone with allergies
will appreciate this fact. There are a great many benefits to radiant
floor heating systems, and you should show as many of them as you
can to your potential customers.

Maintenance
Maintenance is not a big factor in forced-air heat or hot-water base-
board heat, but both of these types of heating systems require more
maintenance than do radiant floor heating systems. I’m not talking
about the boiler or furnace, but the heat emitters themselves. The
ducts used to transport forced hot air should be vacuumed periodi-
cally. The grilles and registers used with ducts can get banged up and
require touch-up painting. Covers used on baseboard heating units
get dinged and require touch-up paint. Baseboard covers sometimes
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rust and become ugly. None of these
problems occur with in-floor heat tubing.
The tubing is out of sight and out of mind.

Comfort
Comfort associated with radiant floor
heating is unsurpassed. There’s nothing
quite like a warm floor under bare feet,
and this is a feeling that is not achieved with other types of heating
systems. Since radiant floor heat rises evenly throughout living space,
there are no cold zones. Heating systems that are installed on the
perimeters of living space cannot possibly provide the even heating
that radiant floor heating does. Since heat rises, heat from most heat
emitters starts above floor level and goes up. With radiant floor heat,
the heat originates in the floor and then rises. This provides a bit more
heat and it keeps the floor and the air close to the floor warmer than
do other types of heat emitters.

Comfort should be a serious concern to customers. After all, heat is
installed to create a comfort zone. If comfort is as important as it
should be, radiant floor heating definitely should be considered as a
heating system. How much is too much to spend for comfort? Every
customer that you encounter may have a different answer for this
question. Not everyone can afford maximum comfort. However, the
lower operating cost of radiant floor heat helps to offset potentially
greater installation costs. And, the installation cost may turn out to be
about the same as some other forms of heating systems. You should
explore all aspects of costs with your customers when selling a heat-
ing system. There is more to consider than just the installation cost. If
a customer wants a cheap heat installation, electric baseboard heat is
about as cheap as it gets. But, when it comes to running the electric
baseboard heat in cold climates, the money saved on installation is
soon lost in operating costs. Make sure that you factor all elements of
cost into the equation when selling a heating system.

It’s New
Some people resist radiant floor heating since they believe it’s new. In
reality, radiant floor heating has been in use for far longer than most

Not only will radiant floor heat not
collect dust, it will not send it air-
borne in the way that baseboard
heat and forced-air ducts will. Any-
one with allergies will appreciate
this fact.

Sensible Solution



other types of heating systems. Granted, it is relatively new when
compared to other types of modern heating systems. But, new is not
always bad. Still, there are people who are leery of anything that is
not traditional in their minds. If a customer doesn’t want radiant heat
because none of the neighbors have it, you could be up against a brick
wall when it comes to selling a radiant floor system. While most of
the reasoning here is not rational, some of it is. When a house is ap-
praised for real estate value, it might suffer from having a different
type of heating system.

Assume that someone is having a new home built in a subdivision
where hot-water baseboard is the only type of heating system being
used. In a case like this, installing radiant floor heating could hurt
the value of the home. Maybe it will increase the value, but the fact
that the house is not consistent with comparable homes in the neigh-
borhood could have a negative effect on the home’s appraised value.
You can sell until you turn blue in the face with this type of situation
and wind up losing a job by being too pushy. Sometimes it is better
to go with the flow and sell a baseboard system, even though a radi-
ant floor system might be a wiser choice in terms of comfort and use.
We don’t live in a world where a practical approach is always best,
so you have to know when to give in on what you are selling and
close a sale for what the customer wants, rather than what you
would like to install.

Information
Quality information is all that is needed to sell radiant floor heating
systems. Consumers are taking a more active interest in researching
their purchases. Long gone are the days when customers would take
a contractor’s word for what was best. Today, customers do their own
research to determine where their best value can be achieved. If you
make it easy for customers to do this, by providing your prospective
customers with plenty of detailed information, you are more likely to
make sales. Customers often sell themselves if they are given enough
data to evaluate. This can backfire, however. There is a saying in sales
that goes like this: “A confused mind always says no.” Don’t flood
your customers with information. Make as much information as they
want available, but distill it into manageable doses. 

Generally speaking, average consumers can become confused
quickly by technical documents. A summary sheet from a manufac-
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turer that makes perfect sense to a contractor may read like a foreign
language to a consumer. Keep this in mind when you are putting to-
gether sales packages for potential customers. Go over the informa-
tion and condense it for your customers. Highlight specific areas that
pertain to a certain job. If necessary, write notes on the data sheets to
transform the technical jargon into reader-friendly terms. Make it
easy for your customers to understand what they are looking at. This
takes some extra time, but more sales are likely to occur when you put
the effort into giving your customers information that they can 
understand.

All of the charts, tables, graphs, and spreadsheets in the world are
not as valuable as a solid relationship between customer and contrac-
tor. Developing an honest, open dialogue has proved to be the best
sales tool that I’ve ever discovered, but this takes time. A contractor
who rushes though a sales meeting is not going to create the trust
needed for a solid sale. There have been many times when I’ve spent
two hours or more with a single customer while making a sale. This
is a lot of time, but once the sale is made, it generally sticks. Time is a
precious commodity, but it is also an essential element in forming a
relationship. Spending a lot of time with customers means that you
may not be able to meet with as many potential customers, but if you
have a stronger closing ratio on your sales, it’s justified. After all,
business profit is not earned by the number of customers you sit
down with, but rather the number of customers you sell. If you re-
member this, you should do well in sales.
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Above-deck dry system: A radiant floor heating system that is in-
stalled on or above subflooring, usually with the use of sleepers,
coiled tubing, and heat transfer plates.

Air binding: A condition that occurs when a circulator cannot dis-
lodge an air pocket at a high point in a heating system.

Air purger: A device that separates air from the fluid of a heating sys-
tem and ejects the air through a vent.

Air vent: A device that expels air from a heating system by either
manual manipulation or automatic function.

Aquastat: A device that measures water temperature in a heating sys-
tem and opens or closes electrical contacts as needed for the water
temperature to maintain its setpoint rate.

Auxiliary heating loads: Demands on a heating system that are in ad-
dition to general heating of living or work space, such as a heating
zone that is used to heat a garage or swimming pool.

Below-deck dry system: A radiant floor heating system that is in-
stalled below subflooring, usually with the use of coiled tubing, heat
transfer plates, and staples.

Bend supports: Devices used to guide flexible heat tubing into turn-
ing positions while avoiding kinking of the tubing.

Boiler drain: A valve that can be installed on piping that will allow the
connection of standard garden-hose threads for draining purposes.

Cavitation: Vapor pockets forming when the pressure on a liquid
drops below its vapor pressure create the condition called cavitation.

251

G L O S S A R Y



Circulator: A device, also called a pump, that creates fluid motion in
a gydronic system by adding head energy to the fluid.

Closed-loop system: A heating system that allows no air to enter it.

Deaerated fluid: Fluid that has had most of the existing air removed
from it.

Dissolved air: Air mixed with water at a molecular level, which can-
not be seen.

Domestic water: Potable water, or water that is safe for human con-
sumption.

Dry system: A radiant floor heating system that is not covered by a
poured material, such as concrete.

Entrained air: Air that is carried in bubble form along with the flow-
ing fluid in a heating system.

Flow rate: The rate of flow, calculated in gallons per minute, of water
at a temperature of 60�F, needed to create a pressure drop of 1 psi
across a piping component.

Flow velocity: A measurement of fluid movement, usually measured
at a rate of feet traveled per second.

Gaseous cavitation: Cavitation that is caused by air bubbles en-
trained in heating fluid, rather than being caused by vapor pockets.

Heat emitter: A term used to describe a device that delivers heat from
a circulating system of heated water.

Heat transfer plate: An aluminum plate that fits over floor heating
tubing and provides lateral heat conduction away from tubing.

High point vents: Air vents that are placed at high points on a heat-
ing system to allow for the removal of air.

Impeller: A disc with curved vanes that rotates and that is housed in
a centrifugal pump used to add head to fluid.
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Manifold: A piping device that provides a common starting or end-
ing point for multiple piping zones.

Manifold station: Multiple manifolds used to provide supply and re-
turn water to various zones of a heating system.

Microbubbles: Tiny bubbles of air in water that tend to make the wa-
ter appear cloudy.

Open-loop system: A heating system that is not closed to the atmos-
phere or where fresh water is added to the heating system periodi-
cally.

Pump head: The head added to fluid by a pump that is operating at a
set rate of flow.

Purger valve: A specialty valve that replaces the need for a boiler
drain and a gate valve when forced-water purging is being done with
a heating system.

Series pumps: Multiple pumps installed end to end and having the
same direction of flow.

Setpoint temperature: A defined temperature that is maintained at
all times, when possible, and that is set on some type of control de-
vice, such as a thermostat.

Slab resistance: Thermal resistance given by the combination of the
wall of heating tubing and the concrete surrounding the tubing in a
radiant floor heating system.

Stationary air pockets: Air that becomes trapped at high points in a
heating system.

Tankless coil: A device used to create domestic hot water when the
coil is installed in a boiler.

Thin slab: A slab floor that is made up of either lightweight concrete
or gypsum-based underlayment that is not more than 1.5 inches thick
and in which heat tubing for radiant floor heating systems is con-
tained.
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Total head: The total mechanical energy content of a fluid at some
point in a piping system.

Velocity head: Mechanical energy possessed by a fluid due to its 
motion.

Viscosity: A way of explaining the natural tendency of a fluid to re-
sist flow.

Working pressure: The maximum pressure at which a component of
a heating system can function safely.

Zone valve: A device used to control the flow of hot water from a
boiler through individual heating zones.
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Pressure loss per foot of 3⁄8-in and 1⁄2-in PEX tubing, pure water. (Courtesy of Wirsbo)
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Pressure loss per foot of 5⁄8-in and 3⁄4-in PEX tubing, pure water. (Courtesy of Wirsbo)
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Pressure loss per foot of 3⁄8-in and 1⁄2-in PEX tubing, 30 percent glycol. (Courtesy of Wirsbo)
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Pressure loss per foot of 5⁄8-in and 3⁄4-in PEX tubing, 30 percent glycol. (Courtesy of Wirsbo)
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Pressure loss per foot of 3⁄8-in and 1⁄2-in PEX tubing, 40 percent glycol. (Courtesy of Wirsbo)
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Pressure loss per foot of 5⁄8-in and 3⁄4-in PEX tubing, 40 percent glycol. (Courtesy of Wirsbo)
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Pressure loss per foot of 3⁄8-in and 1⁄2-in PEX tubing, 50 percent glycol. (Courtesy of Wirsbo)
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Pressure loss per foot of 5⁄8-in and 3⁄4-in PEX tubing, 50 percent glycol. (Courtesy of Wirsbo)
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Pressure drop for an air separator without strainer. (Courtesy of Taco)
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Pressure drop for an air separator without strainer. (Courtesy of Taco)
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Dimensions for an air separator. (Courtesy of Taco)
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Flow chart for 100 percent water with 10� differential. (Courtesy of Wirsbo)
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Flow chart for 100 percent water with 20� differential. (Courtesy of Wirsbo)
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Flow chart for 30 percent glycol with 10� differential. (Courtesy of Wirsbo)
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Flow chart for 30 percent glycol with 20� differential. (Courtesy of Wirsbo)
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Flow chart for 40 percent glycol with 10� differential. (Courtesy of Wirsbo)
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Flow chart for 40 percent glycol with 20� differential. (Courtesy of Wirsbo)
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Flow chart for 50 percent glycol with 10� differential. (Courtesy of Wirsbo)
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Flow chart for 50 percent glycol with 20� differential. (Courtesy of Wirsbo)



Above-deck systems, 243
Above-floor systems, 18
Abrasion, 88
Actuator, 122
Agent, bonding, 177
Air binding, 203
Air bubbles, 205
Air cushion, 203
Air infiltration, 209
Air leak, 240
Air lock, 203
Air pockets, 204
Air pressure, 14, 169
Air scoops, 209
Air separator, 50
Air shutter, 231
Air vents, 207
Air

dissolved, 206
entrained bubbles, 204
microbubbles, 203
noise, 202
primary, 81
problems, 202
purging, 201
secondary, 81
stationary pockets, 206

Alignment, coupling, 237
Aluminum transfer plates, 182
Anticipator, thermostat, 224

Antifreeze, 218
glycol-based, 218

Aquastats, 49, 120
sensing bulb, 121
strap-on, 121

Atmospheric injection burner, 80
Automatic controls, 194
Automatic melting advantages, 195
Automatic vents, 207
Auxiliary heating system, 219
Auxiliary loads, 155

Backflow prevention, 132
Baffles, 78
Balancing valves, 64

lockshield, 134
metered, 134

Ball valves, 129
Barrier

moisture, 161
oxygen diffusion, 91
polyethylene vapor, 165

Baseboard ells, 126
Baseboard heating systems, 244
Baseboard tees, 126
Basement floors, 25
Bathrooms, 59
Beams, steel, 190
Bearings, 230
Bedrooms, 56
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Below-deck systems, 243
Below-floor systems, 18
Binging, air, 203
Bleeder vents, 208
Blower wheel, 231
Blown seal, 239
Boiler drain, 211
Boiler feed valve, 130
Boiler loop circulator, 49
Boiler selection, 82
Boiler

condensing, 46
dirt, 235
non-condensing, 46
smoke, 235
cast-iron, 74
cold-start,156
condensation, 195
gas-fired, 71, 80
hydronic, 151
oil-fired, 71
packaged, 75
steel, 77
troubleshooting gas-fired, 223, 225

Bonding agent, 177
Bracing supports, 172
Breaker, circuit, 224
Bulb, sensing, 121
Burner

cut-off, 240
ignition time, 236
atmospheric injection, 80
flame, 81

Butyl rubber, 138
Bypass plug, 238
Bypass valve, 134

Capacity, tubing, 92
Cast-iron boilers, 74
Caulking, 179
Cavitation, 110, 149

gaseous, 111
Cavities, joist, 190
Ceiling heat, 36
Central deaerators, 208 
Centrifugal pumps, 97
Chalk line, 188
Chamber, combustion, 235
Check valves, 130

spring-loaded, 130
Chimney obstructions, 236
Circuit breaker, 224
Circuit, electrical, 230
Circulating pumps, 97, 98, 134

Circulator location, 104
Circulator

boiler loop, 49
radiant panel loop, 49, 154, 203
flanges, 103
inline, 99
medium, 99
small, 99
three-piece, 100, 135
wet rotor, 99, 135

Clips, plastic, 162
Close-coupled arrangement, 108
Closed-loop antifreeze systems, 218
Closed tanks, 143
Coil design, 197
Coil length,198
Coils

grid, 197
heat output, 198
serpentine, 197
tankless, 151

Coin vents, 208
Cold process, 86

silane method, 87
Cold-start boilers, 156
Combining heating systems, 244
Combustion chamber, 235
Comfort, 20
Comparing systems, 19
Compatibility, tanks and heating

systems, 146
Components, 125

ferrous, 30
non-ferrous, 50

Compression fittings, 225
Compression nuts, 225
Concrete

lightweight, 17, 176
radiant heat, 4, 15, 159, 244

Condensation, 195
Condensing boiler, 46
Connection points, 94
Considerations, construction, 15
Contractors, 241
Control joints, 177
Control systems, 113
Controls

on-off, 32, 113
weather-responsive, 32, 61
automatic, 194
electronic reset, 66
high limit, 152
injection mixing, 95
modulating, 117, 140
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outdoor reset, 117, 142
setpoint, 66
smart, 194
staging, 116, 139

Copper tubing, 85, 93, 126
Copper

type-L, 126
type-M, 126

Corrosion inhibitors, 91
Corrosion, 90

oxygen diffusion, 50
Cost

melting system, 193
radiant heating system, 245
solar heating system, 219

Coupling alignment, 237
Cover, filter, 238
Cracking, driveway, 196
Cracks, insulator, 234
Crimp rings, 169
Cross linking methods, 86

electronic process, 86
Engel method, 86
radiation process, 86

Cross-linked polyethylene (PEX)
tubing, 13, 19, 85, 126, 246

Curves, performance, 106
Cut-off valves, 224

Deaerators, central, 208
Deflection system, 181
Delayed-opening solenoid, 236
Depth of installation, 7
Depth, tubing, 163
Design issues, 22
Design

coil, 197
pump, 98

Devices, central deaerating, 209
Diaphragm materials

butyl rubber, 138
EPDM, 138, 146

Diaphragm tanks, 138, 144
Dielectric unions, 127
Differentials, 119
Dip tube, 144
Direct circulation system, 215, 218
Discharge tubes, 131
Dissolved air, 206
Diverter tees, 127
Domestic water heating, 151, 156
Door openings, 175
Draft test, 236
Draft tube, 229

Drain down systems, 216
Drain valve, 212
Drilling joists, 183, 187
Driveway, cracking, 196
Dry piping systems, 181
Dry system, obstacles, 189
Dry systems, 17, 243
Dry-system installation, 176
Duct, forced-air, 246
Dust, 22

Edge insulation, 164
Effective systems, 29
Efficiency, 21

storage tanks, 155
Electrical circuit, 230
Electrical functions, 118
Electrode setting, 236
Electronic process, 86
Electronic reset controls, 66
Eliminating transfer plates, 190
Engel method, 86
Entrained air bubbles, 204
EPDM diaphragm material, 138, 146
Establishing heating zones, 53
Exchangers

heat, 50, 195
non-ferrous heat, 91

Expansion joints, 167
Expansion tanks, 136, 141

closed, 143
installation, 139
open, 143
selection, 138, 148
standard, 143
water logging, 143

Expansion, thermal, 142, 183

Fan-coil units, hydronic, 219
Ferrous components, 30
Fiberglass batt insulation, 172
Fill pipes, 79
Filter cover, 238 
Filter leaks, 240
Filter, fuel, 238
Finished floor coverings, 17, 185
Fire tubes, 78
Firing mechanism, 223
Fittings, 94, 126

compression, 225
connection points, 94
flare, 237
thermocycle test, 95
third-party certification, 95
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Fixtures, plumbing, 175
Flame burners, 81
Flame runner, 228
Flames, 231 
Flanges, 103, 135

isolation, 103
two-bolt, 103

Flare fittings, 237
Flat plate solar collectors, 214
Float-type air vents, 209
Floor covering, finished, 17, 185
Floor joists, 172, 183
Floor loads, 172
Floors, basement, 25
Flow rate, GPM, 198
Flow velocity, 218
Flow-check valves, 132

weighted internal plugs, 132
Fluid flow rate, 198
Fluid leakage, 208
Forced-air ducts, 246
Forced-water method, 211
Four-way mixing valve, 51
Freeze protection, 216
Frozen pump shaft, 239
Fuel filter, 238
Fuel odors, 236
Fuel oil, 78
Functional systems, 29
Functions, electrical, 118

Garages, 60
Gas, 223, 232

LP, 224
manufactured, 82

Gas leak, 224, 232
Gas pressure, 228
Gas valve, 224
Gaseous cavitation, 111
Gas-fired boiler, long flame, 231
Gas-fired boiler, short flame, 231
Gas-fired boilers, 71, 80
Gasket, 238
Gasket compress, 103
Gate valves, 129, 211
Gauge, 239
General maintenance, 24
General purpose relay, 118
Globe valves, 129
Glycol-based antifreeze, 218
GPM, 198
Gravity drain back systems, 217
Gravity method, 210
Grid systems, 197 

Ground-source heat pumps, 109
Gypsum, 15, 177
Gypsum-based systems

first stage, 177
second stage, 178

Head factors, 105
Headers, 102, 135

multiple-circulator, 103
Headroom, 175
Heat exchangers, 50, 195
Heat loss, 21
Heat motor actuators, 122
Heat output

coils, 198
surges, 115

Heat sources, 26, 37
Heat tubing installation, 160, 179, 185
Heat tubing

spacing, 162, 197
turned up, 165

Heat, ceiling, 36
Heating

domestic water, 151
large space, 179
modern, 248
outdoor, 61
small space, 179

Heating diagram, 11
Heating systems

combining, 244
components, 125
controls, 32, 95, 139
large, 99
radiant floor, 1
tank compatibility, 146

Heating valves, 128
High-point vents, 208
High density polyethylene tubing

(HDPE), 86
High-head pumps, 107
High-limit controls, 121
High-pressure atomizing oil burners, 79
Hydronic boilers, 151
Hydronic fan-coil units, 219
Hydrostatic design stress board, 92

Ice removal, 193
Ignition time, 236
Impeller shaft, 101
Independent tanks, 154
Indirectly fired storage tanks, 156
Individual disconnect box, 224
Infiltration, air, 209
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Injection mixing controls, 95
Inlet line, 237
Inline circulators, 99
Inline pump, 98
Inspection, site, 40
Installation

heat tubing, 160, 179, 185
dry-system, 176
expansion tanks, 139
heat tubing above subflooring, 187
heat tubing under subflooring, 187
melting system, 198
parallel, 109
push-pull, 109
radiant snow removal system, 195
sample, 164
series, 108
solar heating systems, 215
direct piping, 66
thin-slab, 14

Insulated water tank, 49
Insulation, 9, 185

edge, 164
fiberglass batt, 172
rigid foam boards, 160

Insulator cracks, 236
Intake line, 238
Isolation flanges, 103
Isolation valve, 129

Joints
control, 177
expansion, 167
truss, 184

Joist bay, 188
Joist cavities, 190
Joists

drilling, 183, 187
floor, 172, 183

Kinking, 166
Kitchens, 61

Leak, gas, 224, 232
Leakage, fluid, 209
Leaks

air, 240
filter, 240
oil system, 239
testing, 169

Length, coil, 199
Light, pilot, 225, 229
Lightweight concrete, 17, 176
Line voltage, 224

Line
inlet, 237
intake, 238

Loads
auxiliary, 155
floor, 172

Location, circulator, 104
Lockshield balancing valve, 134
Long flames, 231
Loops

distance, 6
number, 184

Low-head pumps, 107
LP gas, 224

Maintenance
general, 24
radiant floor heating, 246

Manifold, 63, 93
accessories, 65
custom cabinets, 68
location, 63
stations, 65

Manifold risers, 10, 15
Manifold station, location, 67
Manual vents, 207
Manufactured gas, 82
Manufacturers’ recommendations, 13
Mass, thermal, 115
Material selection, 85
Materials

modern piping, 125
radiant heating, 96

Measures, standard safety, 223
Mechanisms, firing, 223
Melting systems, 193

installation, 198
cost, 193
precautions, 196
stand-alone, 199

Metal oil tanks, 79
Metered balancing valves, 134
Methods

forced-water, 211
gravity, 210

Microbubbles, 203
Millivoltage, 224
MIX port, 49
Mixing tanks, 49
Mixing valves, 132
Modern heating, 248
Modern piping materials, 125
Modulating controls, 117, 140
Moisture barrier, 162
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Motor, 229
bearings, 230

Motorized mixing valves, 51, 117
Mounting circulators, 103
Mounting screws, 237
Multiple-circulator header, 103

Noise
air, 202
oil-fired boilers, 234
pulsating, 235

Non-condensing boiler, 46
Non-ferrous components, 50
Non-ferrous heat exchangers, 91
Nozzle, 234

spray angle, 235
Number-1 fuel oil, 78
Number-2 fuel oil, 78
Nuts, compression, 225

Obstacles, dry system, 189
Obstructions, chimney, 236
Odors, boiler fuel, 236
Oil, 238
Oil burners, high-pressure atomizing, 79
Oil pressure, 239
Oil system leaks, 239
Oil-fired boilers, 71

defective, 234
noise, 234
troubleshooting, 233

On-off switch, 32, 114
Open tanks, 143
Openings, door, 175
Open-loop system, 217
Operator, valve, 224
O-ring, 103, 239
Outdoor heating, 61
Outdoor reset controls, 117, 140
Outdoor temperatures, 140
Oxygen diffusion, 50, 88

stopping, 90
Oxygen diffusion barrier, 91

Packaged boilers, 75
Parallel installation, 109
Pattern, spray, 237
Pavement, structural integrity, 197
PB tubing, 19, 85, 126
Peak snowfall, 194
Pegs, wooden, 178
Perfect system, 27
Performance curves, 106
Period, standby, 228

PEX tubing, 13, 19, 85, 126, 245
fittings, 94

PEX
cold process, 86
cross linking methods, 86
hot process, 86

PEX-A tubing, 86
PEX-C tubing, 86
Pilot light, 225, 229
Pilot orifice, 229
Pilot safety, 229
Pilot tubing, 225
Pipes

fill, 79
vent, 79

Piping installations, direct, 66
Piping systems, thin-slab, 171
Piping

dry systems, 181
modern material, 125

Placement
pump, 135
tank, 148

Planning, 62
Planning, solar heating system, 219
Plastic clips, 162
Plastic heat tubing, 166
Plastic strips, 177
Plastic tubing tracks, 162
Plastic tubing, placement, 184
Plates

aluminum transfer, 182
eliminating, 190

Plug
bypass, 238
port, 238 

Plumbing fixtures, 175
Plywood, 184
Pockets, air, 204
Point of no pressure change, 104, 135
Poles, 118
Polybutylene (PB) tubing, 19, 85, 126
Polythylene vapor barrier, 165
Port plug, 238
Posts, support, 174
Precautions, melting systems, 197
Preparation, site, 9
Pressure, 105

air, 14, 169
gas, 228
oil, 239
vapor, 110
water, 207

Pressure pulsation, 239
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Pressure ratings, 92
Pressure regulator, 231
Pressure-reducing valves, 130
Pressure-relief valves, 131
Prevention, backflow, 132
Primary air, 81
Process, purging, 210
Profit, 149
Protection, freeze, 216
Pulsating noise, 235
Pulsation, pressure, 239
Pump

end-suction, 99
inline, 98
variable speed, 117
centrifugal, 97
circulating, 97, 134
close-coupled arrangement, 108
ground-source heat, 109
headers, 102
high-head, 107
low-head, 107

Pump design, 98
Pump placement, 135
Pump position, 101
Pump selection, 111
Pump shafts, frozen, 239
Purge valve, 212
Purgers, 209
Purging air, 201
Purging

forced-water method, 211
gravity method, 210

Push-pull installation, 109

Radiant floor heating
comfort, 247
dust, 246
maintenance, 246

Radiant floor heating systems, 1, 24 
Radiant heat, concrete, 4, 15, 159, 244
Radiant heating system materials, 96
Radiant heating systems, cost, 245
Radiant panel loop circulator, 49
Radiation process, 86
Rails, tubing, 162
Rate, fluid flow, 198
Ratings, hydrostatic design stress

board, 92
Ratings

pressure, 92
tanks, 147
temperature, 92, 138

Reactive valve, 49

Real estate value, 248
Regulator vent, 232
Regulator, pressure, 231
Relationships, customers, 149
Relay centers, 121
Relay, 118

general purpose, 118
time-delay, 118

Removal, ice, 193
Rigid foam insulation boards, 160
Rigid foam, insulation, 9
Rings, crimp, 169
Routing tubing, 188
Runner, flame, 228

Safety tube, 131
Safety, pilot, 229
Sag, tubing, 191
Sample installation, 164
Screws, mounting, 237
Seal, blown, 239
Sealant, thread, 238
Seat, valve, 232
Secondary air, 81
Sections, sleeper, 184
Securing tubing, 5
Selecting expansion tanks, 139, 148
Selection

boiler, 82
materials, 85
pump, 111
tubing, 198

Selling, radiant heat systems, 241
Sensing bulb, 121
Series installation, 108
Serpentine coils, 197
Setpoint controls, 66
Setpoint temperature, 119
Setting, electrode, 236
Shaft seals, 101
Shaft, frozen pump, 238
Short flame, 231
Shrinkage, 178
Shutter, air, 231
Silane method, 87
Single-pipe system, 238
Siphon, 218
Site preparation, 9
Site, inspection, 40
Size, air bubbles, 205
Size, tubing, 31, 92, 198
Slab

concrete, 159
thin, 171
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Sleeper sections, 184
Sleeve tubing, 167
Small circulator, 99
Smart controls, 194
Smoke, boiler, 235
Software, 39
Solar collectors, flat plate, 214
Solar energy, storing, 215
Solar heating system installation, 215
Solar heating system, planning, 219
Solar heating systems, 213

cost, 219
Solenoid, delayed-opening, 235
Spacing

heat tubing, 162, 196
support ties, 161
tubing, 38

Specialty rooms, 59
Spray angle, nozzle, 235
Spray pattern, 237
Sprayer, 80
Spring assemblies, 101
Spring-loaded check valves, 130
Square footage, tubing, 38
Staged controls, 116, 139
Stand-alone melting system, 199
Standard expansion tanks, 143
Standard safety measures, 223
Standby period, 228
Stationary air pockets, 206
Steel beams, 190
Steel boilers, 77
Stopping oxygen diffusion, 90
Storage mass, 215
Storage tanks, 152

efficiency, 155
Storing solar energy, 215
Strainer, 239
Strap-on aquastat, 121
Strips, plastic, 177
Structural support, 174
Structural integrity, pavement, 196
Subflooring, 174
Supply tank, 238
Support columns, 174
Support, structural, 174
Supports

bracing, 172
tie spacing, 161

Surges, 115
Swing check valve, 130
Switches, 118
System

close-looped, 149, 218
deflection, 181

direct circulation, 215, 218
dry, 176
lifespan, 26
single-pipe, 238
two-pipe, 238
type 1, 46
type 2, 46
type 3, 46

Systems
above-deck, 243
above-floor, 18
auxiliary heating, 219
baseboard heating, 244
baseboards, 43
below-deck, 243
below-floor, 18
closed loop antifreeze, 218
combining, 43
comparing, 19
drain down, 216
dry, 17, 243
dry piping, 181
effective design, 29
functional design, 29
gravity drain back, 217
grid, 197
gypsum-based, 177
melting, 193
open-loop, 217
radiant heat, selling, 241
radiant heating, cost, 245
radiant snow removal installation, 195
solar heating, 213

Tank placement, 148
Tank, storage, 152
Tank, supply, 238
Tankless coils, 151
Tanks

diaphragm, 138, 144
expansion, 135, 141
heating system compatibility, 146
independent, 154
indirectly fired storage, 156
metal oil, 79
mixing, 49
ratings, 147

Tees
baseboard, 126
diverter, 127

Telestats, 65
Temperature ratings, 92, 138
Temperature

outdoor, 140
setpoint, 119
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water, 45, 66, 184, 191, 206
Temperature-and-pressure-relief

valves, 138 
Terminals, valve coil, 224
Test, draft, 236
Testing, 13
Testing leaks, 169
Thermal expansion, 142, 183
Thermal mass, 115
Thermocouple, 229
Thermocycle tests, 95
Thermostat anticipator, 224
Thermostat, 114, 119, 139

differentials, 119
installation, 120
setpoint temperature, 119

Thermostatic mixing valve, 155
Thickness, additional floor, 173
Thin-slab, 171

installations, 14
Third-party certification, 95
Thread sealant, 239
Three-piece circulator, 100, 135
Three-way tempering valve, 46, 95
Threshold, transitional, 175
Time-delay relay, 120
Tracks, plastic tubing, 162
Transfer plates, stapled, 187
Transformer, 224
Transitional threshold, 175
Transportation, lightweight concrete, 176
Troubleshooting, gas-fired boilers, 223,

225
Troubleshooting, oil-fired boilers, 233
Truss joints, 184
Tube, dip, 144
Tube, draft, 229
Tubes

discharge, 131
safety, 131

Tubing
abrasion, 88
capacity, 92
copper, 85, 93, 126
cross-linked polyethylene (PEX), 13,

19, 85, 126, 245
depth, 163
fittings, 94
high density polyethylene (HDPE), 86
installation, 160, 185
kinking, 166
laying, 11
number of loops, 186
PB, 19, 85, 126

PEX, 13, 19, 85, 126, 245
PEX-A, 86
PEX-C, 86
pilot, 225
plastic heat, 166
polybutylene (PB), 19, 85, 126
rails, 162
routes, 39
sagging, 191
securing, 5
selection, 198
size, 31, 92, 198
sleeve, 167
spacing, 38
square footage, 38
stapled, 187
stress, 87
turned up, 165
type-L copper, 126
type-M copper, 126
uncoiler, 166
u-shaped, 169, 188

Turbulators, 78
Turned up, heat tubing, 165
Two-bolt flange, 103
Two-pipe system, 238
Type-L copper, 126
Type-M copper, 127
Types of systems, 46

Uncoiler, 13, 166
Unit, motor, 229
U-shaped, 169, 188

Value, real estate, 248
Valve body, 122
Valve coil terminals, 224
Valve operator, 224
Valve seat, 232
Valves

balancing, 64
ball, 129
boiler feed, 130
bypass, 134
check, 130
cut-off, 224
drain, 212
flow-check, 132
four-way mixing, 51
gas, 224
gate, 129, 211
globe, 129
heating, 128
isolation, 129
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lockshield balancing, 134
metered balancing, 134
mixing, 132
MIX port, 49
motorized mixing, 51
pressure-reducing, 130
pressure-relief, 131
purge, 212
reactive, 49
spring-loaded check, 130
swing check, 130
temperature-and-pressure-relief, 138
thermostatic mixing, 155
three-way tempering, 46, 95
zone, 122, 133

Vapor pockets, 110
Vapor pressure, 110
Variable speed pump, 117
Variance, 175
Velocity, flow, 218
Vent pipes, 79
Vent, regulator, 232
Vents

air, 207
automatic, 207
bleeder, 208
coin, 208
float-type, 209
high-point, 208
manual, 207

Voltage, line, 224
Volute, 98

Water hammer, 122
Water heater, 37
Water logging, 138, 143
Water pressure, 207
Water tank, insulated, 49
Water temperature, 45, 66, 184, 191, 206
Weather-responsive control, 32, 61
Welded wire, 161
Wet rotor circulator, 99, 135
Wheel, blower, 231
Weighted internal plugs, 132
Wire, welded, 161

Zone valves, 122, 133
actuator, 122
electric motor, 134
heat motor actuators, 122
heat motors, 134
valve body, 122

Zones, 32
establishing, 53

Zoning
bathrooms, 59
bedrooms, 56
garages, 60
general living space, 61
kitchens, 61
specialty rooms, 59
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