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5-2
Conservation of Mass

5-1C Mass flow rate is the amount of mass flowing through a cross-section per unit time whereas the volume flow rate is
the amount of volume flowing through a cross-section per unit time.

5-2C Flow through a control volume is steady when it involves no changes with time at any specified position.

5-3C The amount of mass or energy entering a control volume does not have to be equal to the amount of mass or energy
leaving during an unsteady-flow process.

5-4C No, a flow with the same volume flow rate at the inlet and the exit is not necessarily steady (unless the density is
constant). To be steady, the mass flow rate through the device must remain constant.

5-5E A pneumatic accumulator arranged to maintain a constant pressure as air enters or leaves is considered. The amount
of air added is to be determined.

Assumptions 1 Air is an ideal gas.
Properties The gas constant of air is R = 0.3704 psia-ft’/Ibm-R (Table A-1E).

Analysis At the beginning of the filling, the mass of the air in the container is
PV (200 psia)(0.2 ft*)

. =0.200 Ibm
RT,  (0.3704 psia - ft>/Ibm-R)(80 + 460 R)

m,
During the process both pressure and temperature remain constant while volume increases by 5 times. Thus,

P,V.
m, =——2 =5m, =5(0.200) = 1.00 Ibm
RT,

The amount of air added to the container is then

Am=m, —-m; =1.00-0.200 =0.8Ibm
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5-3
5-6E Helium at a specified state is compressed to another specified state. The mass flow rate and the inlet area are to be
determined.

Assumptions Flow through the compressor is steady. 200 psia
Properties The gas cosntant of helium is R = 2.6809 psia-ft’/Ibm-R (Table A-1E) 068(1) §2

Analysis The mass flow rate is determined from c
ompressor
2 .
. AV, _ AV, P, __ (0.01ft )(102) ft/5)(200 psia) —0.07038 Ibm/s
v, RT, (2.6809 psia - ft°/Ibm - R)(1060 R)

15 psia
The inlet area is determined from 70°F
50 ft/s

o, _ MRT, _ (0.07038 bm/s)(2.6809 psia - ft*/lbm - R)YS30R) _ 1 1 aoq g2

A =
EERVARVAS (50 ft/s)(15 psia)

5-7 Air is accelerated in a nozzle. The mass flow rate and the exit area of the nozzle are to be determined.
Assumptions Flow through the nozzle is steady.

Properties The density of air is given to be 2.21 kg/m’ at the \

inlet, and 0.762 kg/m’ at the exit. V=40 m/s AIR

_ 2
Analysis (a) The mass flow rate of air is determined from the Ar=90 cm — Vy =180 m/s

inlet conditions to be /

m = p AV, = (2.21kg/m*)(0.009 m*)(40 m/s) = 0.796 kg/s
(b) There is only one inlet and one exit, and thus m; = m, = m. Then the exit area of the nozzle is determined to be

m 0.796 kg/s

= = =0.0058 m* =58 cm?
PVy  (0.762 kg/m?)(180 m/s)

M=, AV, A,
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5-8 Water flows through the tubes of a boiler. The velocity and volume flow rate of the water at the inlet are to be
determined.

Assumptions Flow through the boiler is steady.

Properties The specific volumes of water at the inlet and exit are (Tables A-6 and A-7)

P, =7MPa ;
v, =0.001017 m>/kg
T, =65°C
7 MPa Steam 6 MPa, 450°C
P, = 6MPa 3 65°C —_— 80 m/s
v, =0.05217 m’/kg
T, =450°C

Analysis The cross-sectional area of the tube is

D?  7(0.13m)>

= =0.01327m?
Ae 4 4

The mass flow rate through the tube is same at the inlet and exit. It may be determined from exit data to be

AV,  (0.01327 m?)(80 m/s)

m = 3
v 0.05217 m"/kg

=20.35kg/s

The water velocity at the inlet is then

my,  (20.35kg/s)(0.001017 m
A 0.01327 m?

3
V, = ke) _1 s60mis

The volumetric flow rate at the inlet is

V, = AV, =(0.01327m?)(1.560m/s) = 0.0207 m*>/s

5-9 Air is expanded and is accelerated as it is heated by a hair dryer of constant diameter. The percent increase in the
velocity of air as it flows through the drier is to be determined.

Assumptions Flow through the nozzle is steady.

Properties The density of air is given to be 1.20 kg/m’ at <«
the inlet, and 1.05 kg/m” at the exit. \& Vi

Analysis There is only one inlet and one exit, and thus
ml = m2 = m . Thel’l,
P1AV| = py AV,
V, p_ 1.20kg/m’

v = W =1.263 (or,and increase of 26.3%)
1 P2 . g/m

Therefore, the air velocity increases 26.3% as it flows through the hair drier.
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5-5

5-10 A rigid tank initially contains air at atmospheric conditions. The tank is connected to a supply line, and air is allowed
to enter the tank until the density rises to a specified level. The mass of air that entered the tank is to be determined.

Properties The density of air is given to be 1.18 kg/m’ at the beginning, and
7.20 kg/m” at the end.

Analysis We take the tank as the system, which is a control volume since mass
crosses the boundary. The mass balance for this system can be expressed as @_‘

Mass balance:

m - my=m,-m =p,V-pV Y=1m

in — Moy =AM 3
o1 =1.18 kg/m

system

Substituting,

m, =(p, — WV =[(7.20-1.18) kg/m>](Im*) = 6.02 kg

Therefore, 6.02 kg of mass entered the tank.

5-11 A cyclone separator is used to remove fine solid particles that are suspended in a gas stream. The mass flow rates at
the two outlets and the amount of fly ash collected per year are to be determined.

Assumptions Flow through the separator is steady.

Analysis Since the ash particles cannot be converted into the gas and vice-versa, the mass flow rate of ash into the control
volume must equal that going out, and the mass flow rate of flue gas into the control volume must equal that going out.
Hence, the mass flow rate of ash leaving is

mash = yashmin = (0001)(10kg/5) = 001kg/S
The mass flow rate of flue gas leaving the separator is then

Mijye gas = Min — My =10-0.01=9.99kg/s

The amount of fly ash collected per year is

M, = Mg At = (0.01kg/s)(365 % 24 x 3600 s/year) = 315,400 kg/year
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5-12 Air flows through an aircraft engine. The volume flow rate at the inlet and the mass flow rate at the exit are to be
determined.

Assumptions 1 Air is an ideal gas. 2 The flow is steady.
Properties The gas constant of air is R = 0.287 kPa-m’/kg-K (Table A-1).
Analysis The inlet volume flow rate is

V. =AV, =(1m?)(180m/s)=180m3/s

The specific volume at the inlet is

RT,  (0.287kPa-m’/kg-K)(20+273K)

=0.8409 m’ /kg
P 100 kPa

v, =

Since the flow is steady, the mass flow rate remains constant during the flow. Then,

V" 3
m=—L =M =214.1kg/s
v 0.8409m”/kg

5-13 A spherical hot-air balloon is considered. The time it takes to inflate the balloon is to be determined.
Assumptions 1 Air is an ideal gas.
Properties The gas constant of air is R = 0.287 kPa-m’/kg-K (Table A-1).

Analysis The specific volume of air entering the balloon is

3
v :E _ (0.287 kPa - m~/kg - K)(20 + 273 K) 07008 m3/kg
P 120 kPa
The mass flow rate at this entrance is
\YJ 2 2
m:AC :7ZD l:ﬁ(l.Om) 3m/s ~ 3362 kels

v 4 v 4 0.7008 m’/kg
The initial mass of the air in the balloon is

VD’ z(5m)’
v 6v  6(0.7008 m®/kg)

=93.39kg

Similarly, the final mass of air in the balloon is

Vi D’ z(5m)’
v 6v  6(0.7008m’/kg)

m; = =2522kg

The time it takes to inflate the balloon is determined from

m: —m. —
A=t M (2322-93.39)ke _ 505 (12 0 min
m 3.362 kg/s
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5-7

5-14 A water pump increases water pressure. The diameters of the inlet and exit openings are given. The velocity of the
water at the inlet and outlet are to be determined.

Assumptions 1 Flow through the pump is steady. 2 The specific volume remains constant.

Properties The inlet state of water is compressed liquid. We approximate it as a saturated liquid at the given temperature.
Then, at 15°C and 40°C, we have (Table A-4)

T =15°C ,
_0 v, =0.001001 m"/kg
X= 700 kPa
<
T=407C } v, =0.001008 m3/k
3 1 =0. g Water
x=0 <«— 70kPa
15°C

Analysis The velocity of the water at the inlet is

. . 3
v, =M _ 4o _ 405 kg/s)(0.001001 m*/kg) _ o o

A D} 7(0.01 m)>

Since the mass flow rate and the specific volume remains constant, the velocity at the pump exit is

2 2
V, =V, % =v(%} = (637 nvs)(oobollsm ] =2.83m/s
2 . m

Using the specific volume at 40°C, the water velocity at the inlet becomes

_ My, 4, 4(0.5kg/s)(0.001008 m® /kg) _ 6.4 mJs

V -
ToA D2 7(0.01m)>

which is a 0.8% increase in velocity.
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5-8

5-15 Refrigerant-134a flows through a pipe. Heat is supplied to R-134a. The volume flow rates of air at the inlet and exit,
the mass flow rate, and the velocity at the exit are to be determined.

Properties The specific volumes of R-134a at the inlet and exit are (Table A-13)

P, =200 kPa 3 P, =180kPa 3
v, =0.1142m" /kg v, =0.1374m"” /kg
T, =20°C T, =40°C
Analysis
°N
R-134a J
200 kPa 180 kPa
20°C ’ 40°C
5m/s

(a) (b) The volume flow rate at the inlet and the mass flow rate are

2 2
V= AV, = ”'Z v, = ”(0‘248 ™" (5 mjs) = 0.3079 m¥/s
2 2
m=tAv =Ly L ZOBMT 50 o e96kls
v v, 4 0.1142 m’/kg 4

(c) Noting that mass flow rate is constant, the volume flow rate and the velocity at the exit of the pipe are determined from
V, = v, = (2.696 kg/s)(0.1374 m*/kg) = 0.3705 m®/s
¥, 0.3705m’/s

A, 7(0.28 m)>
4

V, = =6.02m/s

5-16 A smoking lounge that can accommodate 15 smokers is considered. The required minimum flow rate of air that needs
to be supplied to the lounge and the diameter of the duct are to be determined.

Assumptions Infiltration of air into the smoking lounge is negligible.
Properties The minimum fresh air requirements for a smoking lounge is given to be 30 L/s per person.

Analysis The required minimum flow rate of air that needs to be supplied to the lounge is determined directly from

V., =V, per person (NO. Of persons)
= (30 L/s-person)(15persons) =450 L/s = 0.45m 8/s
The volume flow rate of fresh air can be expressed as Smoking
V=VA=V (D> /4) Lounge
Solving for the diameter D and substituting, 15 smokers

y 3
D= o M:o_zegm
\ v Z(8m/s)

Therefore, the diameter of the fresh air duct should be at least 26.8 cm if the velocity of air is not to exceed 8 m/s.

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

5-9

5-17 The minimum fresh air requirements of a residential building is specified to be 0.35 air changes per hour. The size of
the fan that needs to be installed and the diameter of the duct are to be determined.

Analysis The volume of the building and the required minimum volume flow rate of fresh air are

Voom = (3.0m)(200m?) = 600 m*

V=V, x ACH=(600m*)(0.35/h) = 210m* /h = 210,000 L/h = 3500 L/min /\

The volume flow rate of fresh air can be expressed as A \

House

V =VA=V (D’ /4)

— 2
Solving for the diameter D and substituting, 0.35 ACH==> 200m

[0 3
D ﬂz 4(210/3600 m~/s) —0136m
N (4 m/s)

Therefore, the diameter of the fresh air duct should be at least 13.6 cm if the velocity of air is not to exceed 4 m/s.

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

5-10
Flow Work and Energy Transfer by Mass

5-18C Energy can be transferred to or from a control volume as heat, various forms of work, and by mass.

5-19C Flow energy or flow work is the energy needed to push a fluid into or out of a control volume. Fluids at rest do not
possess any flow energy.

5-20C Flowing fluids possess flow energy in addition to the forms of energy a fluid at rest possesses. The total energy of a
fluid at rest consists of internal, kinetic, and potential energies. The total energy of a flowing fluid consists of internal,
kinetic, potential, and flow energies.

5-21E A water pump increases water pressure. The flow work required by the pump is to be determined.

Assumptions 1 Flow through the pump is steady. 2 The state of water at the pump inlet is saturated liquid. 3 The specific
volume remains constant.

Properties The specific volume of saturated liquid water at 10 psia is

V=Vg10psia =0.01659 ft*/Ibm (Table A-5E)
50 psia &—
Then the flow work relation gives
Water

Wiy =Pyvy =Py =v(P, —P)) 10 psia

~ (0.01659 ft* /Ibm)(50~ 10)psia] —
5.404 psia - ft
=0.1228 Btu/lbm

5-22 An air compressor compresses air. The flow work required by the compressor is to be determined.

Assumptions 1 Flow through the compressor is steady. 2 Air
is an ideal gas. 1 MPa
400°C

Properties The gas constant of air is R = 0.287 kPa-m’/kg-K

(Table A-1).
Compressor
Analysis Combining the flow work expression with the ideal

gas equation of state gives

Wiow = Pavy =Py li(())j(ga
=R(T, -Ty)
= (0.287 kJ/kg - K)(400 — 20)K
~109 kJ/kg
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5-11

5-23E Steam is leaving a pressure cooker at a specified pressure. The velocity, flow rate, the total and flow energies, and
the rate of energy transfer by mass are to be determined.

Assumptions 1 The flow is steady, and the initial start-up period is disregarded. 2 The kinetic and potential energies are
negligible, and thus they are not considered. 3 Saturation conditions exist within the cooker at all times so that steam leaves
the cooker as a saturated vapor at 20 psia.

Properties The properties of saturated liquid water and water vapor at 20 psia are ¢ = 0.01683 ft’/Ibm, vy =20.093 ft*/lbm,
Ug = 1081.8 Btu/lbm, and hy = 1156.2 Btu/lbm (Table A-5E).

Analysis (a) Saturation conditions exist in a pressure cooker at all times after the steady operating conditions are
established. Therefore, the liquid has the properties of saturated liquid and the exiting steam has the properties of saturated
vapor at the operating pressure. The amount of liquid that has evaporated, the mass flow rate of the exiting steam, and the
exit velocity are

AV ’
o Migua _ 0-6g331 (0'1336“ J:4.766lbm
vy 0.01683 ft*/Ibm 1gal 00 w{
_Mm_47661bm _ 1059 lbm/min =1.765 x 102 Ibm/s Sat. vapor 1Q
At 45 min P=20psia
i mv -3 3 in”
_ o _Mvg (1765x10 1bm/s)(220.093 ft*/Ibm) 1441;1 _aa1tus
Pl A 0.15in 1ft

(b) Noting that h = u + Pvand that the kinetic and potential energies are disregarded, the flow and total energies of the
exiting steam are

€how =Pv=h—-u=1156.2-1081.8=74.4 Btu/lbm
6 =h+ke+ pe=h=1156.2 Btu/lbm

Note that the kinetic energy in this case is ke = V*/2 = (34.1 ft/s)* /2 = 581 ft*/s* = 0.0232 Btu/Ibm, which is very small
compared to enthalpy.

(c) The rate at which energy is leaving the cooker by mass is simply the product of the mass flow rate and the total energy
of the exiting steam per unit mass,

E,_ =m#=(1.765x 10" Ibm/s)(1156.2 Btu/lbm)=2.04 Btu/s

mass

Discussion The numerical value of the energy leaving the cooker with steam alone does not mean much since this value
depends on the reference point selected for enthalpy (it could even be negative). The significant quantity is the difference
between the enthalpies of the exiting vapor and the liquid inside (which is hy) since it relates directly to the amount of
energy supplied to the cooker.
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5-12

5-24 Air flows steadily in a pipe at a specified state. The diameter of the pipe, the rate of flow energy, and the rate of
energy transport by mass are to be determined. Also, the error involved in the determination of energy transport by mass is
to be determined.

Properties The properties of air are R = 0.287 kJ/kg.K

and ¢, = 1.008 kJ/kg.K (at 350 K from Table A-2b) 300 kPa Air 25 m/s
A o ) — .
Analysis (a) The diameter is determined as follows e 18 kg/min
v RT _ (0.287kJ/kg K)(77+273K) _ 0.3349 m* kg
P (300 kPa)
. 3
_mv _ (18/60kg/s)(0.3349 m"/kg) — 0.004018 m>

25m/s

\Y
2
D= /ﬂ - /w —0.0715m
T T

(b) The rate of flow energy is determined from
Wy, = MPv = (18/60 kg/s)(300kPa)(0.3349 m’/kg) = 30.14 kW

(c) The rate of energy transport by mass is

E_=mh+ke)= m[cpT +%v2j

mass

1 o 1kl/kg )
= (18/60 kg/s)| (1.008 kJ/kg K)(77 + 273 K) + —(25 m/s)*| ———=—
( g ){( g.K)( ) 2( )(IOOOmZ/SZ

=105.94 kW
(d) If we neglect kinetic energy in the calculation of energy transport by mass
E =mh=mc,T = (18/60 kg/s)(1.005 ki/kg.K)(77 + 273 K) =105.84 kW

mass

Therefore, the error involved if neglect the kinetic energy is only 0.09%.

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

5-13

Steady Flow Energy Balance: Nozzles and Diffusers

5-25C No.

5-26C 1t is mostly converted to internal energy as shown by a rise in the fluid temperature.

5-27C The kinetic energy of a fluid increases at the expense of the internal energy as evidenced by a decrease in the fluid
temperature.

5-28C Heat transfer to the fluid as it flows through a nozzle is desirable since it will probably increase the kinetic energy of
the fluid. Heat transfer from the fluid will decrease the exit velocity.
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5-14
5-29 Air is decelerated in a diffuser from 230 m/s to 30 m/s. The exit temperature of air and the exit area of the diffuser are

to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with variable specific
heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat transfer is negligible. 5 There are
no work interactions.

Properties The gas constant of air is 0.287 kPa.m’/kg.K (Table A-1). The enthalpy of air at the inlet temperature of 400 K
is h; =400.98 kJ/kg (Table A-17).

Analysis (a) There is only one inlet and one exit, and thus m, = m, = m. We take diffuser as the system, which is a control
volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the rate form

as
Ein - E.out = AE‘system7|0 (steady) =0
— -
Rate of net energy transfer  Rate of change in internal, kinetic, /
by heat, work, and mass potential, etc. energies
. . AIR
Ein = Eout 1 E— 2
m(h, +V> /2) =m(h, + V#/2) (sinceQ = W = Ape = 0) \
V7 -V?2 .
0=h,-h +—2—1
2
or,
V2 -V}? 30m/s)’ —(230m/s)* [ 1 k/k
hy =h, —~2 "Y1~ 400.98 ki/kg (30 mss)” ~ s) L |=42698 kikg
2 2 1000 m~/s
From Table A-17,
T,=425.6 K
(b) The specific volume of air at the diffuser exit is
RT, (0.287 kPa-m’/kg-K[425.6 K
v, = 2=( a-m /xg X )=1.221m3/kg
P, (100 kPa)
From conservation of mass,
m 6000/3600 kg/s)(1.221 m? /k
M =—— AV, p, = M2 _ (60003600 ke/s)1.221m Ke) _ o675 12
v, v, 30 m/s
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5-15

5-30 Air is accelerated in a nozzle from 45 m/s to 180 m/s. The mass flow rate, the exit temperature, and the exit area of the
nozzle are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with constant specific
heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat transfer is negligible. 5 There are
no work interactions.

Properties The gas constant of air is 0.287 kPa.m’/kg K (Table A-1).
The specific heat of air at the anticipated average temperature of 450 P, =300 kPN
K is ¢, = 1.02 kJ/kg.°C (Table A-2). T, =200°C AIR P, =100 kPa

= — _
Analysis (2) There is only one inlet and one exit, and thus Xl - ﬁ(;n/s , V, =180 mv/s
m, = M, = m. Using the ideal gas relation, the specific volume and 1= Hvem /
the mass flow rate of air are determined to be

_RT, (0.287 kPa-m’/kg - K)(473K)
'R 300 kPa

=0.4525 m’/kg

=" AV, = ! (0.0110 m?)(45 m/s) = 1.094 Kg/s

v, 0.4525 m°/kg

(b) We take nozzle as the system, which is a control volume since mass crosses the boundary. The energy balance for this
steady-flow system can be expressed in the rate form as

. . _ - 20 (steady) _
Ein - Eout - AEsys’rcm =0
—_— R ——
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

m(h, +V* /2) =m(h, +V}2/2) (sinceQ = W = Ape = 0)
Vi -V2
2

Vi V2

— 0= Cp,ave (T2 -T )+
Substituting,

0=(1.02 ki/kg - K)(T, — 200°C) +

(180 m/s)? — (45 m/s)> [ 1kI/kg
2 1000 m?/s?
It yields
T,=185.2°C

(c) The specific volume of air at the nozzle exit is

RT, (0.287 kPa-m’/kg-K)(185.2+ 273 K)

=1.315m’/kg
P, 100 kPa

vy, =

M= AV, —>1.094 kg/s=——— A, (180 m/s) — A, = 0.00799 m? = 79.9 cm’

v, 1.315 m*/kg
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5-16

=
5-31 Problem 5-30 is reconsidered. The effect of the inlet area on the mass flow rate, exit velocity, and the exit area
as the inlet area varies from 50 cm® to 150 cm? is to be investigated, and the final results are to be plotted against the inlet
area.

Analysis The problem is solved using EES, and the solution is given below.

Function HCal(WorkFluid$, Tx, Px)
"Function to calculate the enthalpy of an ideal gas or real gas"
If 'Air' = WorkFluid$ then
HCal:=ENTHALPY (Air,T=Tx) "ldeal gas equ."
else
HCal:=ENTHALPY (WorkFluid$,T=Tx, P=Px)"Real gas equ."
endif
end HCal

"System: control volume for the nozzle"
"Property relation: Air is an ideal gas"
"Process: Steady state, steady flow, adiabatic, no work"
"Knowns - obtain from the input diagram"
WorkFluid$ = "Air'

T[1]1 =200 [C]

P[1] =300 [kPa]

Vel[1] =45 [m/s]

P[2] = 100 [kPa]

Vel[2] = 180 [m/s]

A[1]=110 [cm"2]
Am[1]=A[1]*convert(cm”2,m"2)

"Property Data - since the Enthalpy function has different parameters
for ideal gas and real fluids, a function was used to determine h."
h[1]=HCal(WorkFluid$,T[1],P[1])

h[2]=HCal(WorkFluid$,T[2],P[2])

"The Volume function has the same form for an ideal gas as for a real fluid."
v[1]=volume(workFluid$,T=T[1],p=P[1])
v[2]=volume(WorkFluid$,T=T[2],p=P[2])

"Conservation of mass: "
m_dot[1]= m_dot[2]

"Mass flow rate"
m_dot[1]=Am[1]*Vel[1]/V[1]
m_dot[2]= Am[2]*Vel[2]/Vv[2]

"Conservation of Energy - SSSF energy balance"
h[1]+Vel[1]*2/(2*1000) = h[2]+Vel[2]*2/(2*1000)

"Definition”
A_ratio=A[1]/A[2]
A[2]=Am[2]*convert(m"2,cm"2)
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A12 A22 mj- T2
[cm’] [cm’] [ka/s] [C]
50 36.32 0.497 185.2
60 43.59 0.5964 185.2
70 50.85 0.6958 185.2
80 58.12 0.7952 185.2
90 65.38 0.8946 185.2
100 72.65 0.9941 185.2
110 79.91 1.093 185.2
120 87.18 1.193 185.2
130 94.44 1.292 185.2
140 101.7 1.392 185.2
150 109 1.491 185.2

110
100 -

90 -
80 -

70

A[2] [em7]

60

m[1] [kg/s]

0.4

70

90

110
A1l [em?]

130 150

5-17
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5-18
5-32E Air is accelerated in an adiabatic nozzle. The velocity at the exit is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with constant specific
heats. 3 Potential energy changes are negligible. 4 There are no work interactions. 5 The nozzle is adiabatic.

Properties The specific heat of air at the average temperature of (700+645)/2=672.5°F is ¢, = 0.253 Btu/lbm-R (Table A-
2EDb).

Analysis There is only one inlet and one exit, and thus m; =m, = m. We take nozzle as the system, which is a control
volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the rate form
as

AE 20 (steady) =0

system

Ein —E

S —
Rate of net energy transfer  Rate of change in internal, kinetic

by heat, work, and mass potential, etc. energies ' . \
. . 300 psia 250 psia

E' = E u o AIR
in out 700°F 645°F

80 fi/
m(h, +V2 /2) =m(h, +V2/12) S

h, +V2/2=h, +V;}/2

in out

Solving for exit velocity,
0.5 0.5
Vv, =[V12 +2(h _hz)] =[V12 +2¢,(T, _Tz)]

0.5
25.037 ft2/s> H

=1 (80 ft/s)? +2(0.253 Btw/Ibm- R)(700 — 645)R|
1 Btu/lbm

=838.6 ft/s

5-33 Air is decelerated in an adiabatic diffuser. The velocity at the exit is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with constant specific
heats. 3 Potential energy changes are negligible. 4 There are no work interactions. 5 The diffuser is adiabatic.

Properties The specific heat of air at the average temperature of (20+90)/2=55°C =328 K is ¢, = 1.007 kJ/kg-K (Table A-
2b).

Analysis There is only one inlet and one exit, and thus m; =m, =m . We take diffuser as the system, which is a control
volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the rate form
as

Ein _ Eout _ AE 70 (steady) -0

system

Rate of net energy transfer  Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies /
. . 100 kPa

En = Eout 20°C AIR 200 kPa

2 2 500 m/s 90°C
m(h, +V,2 /2) = m(h, +V2/2) \

h,+V?/2=h, +V}//2

Solving for exit velocity,

Vy = M +2(h; =h, )]0'5 = [\/12 +2¢,(T, -T, )]0‘5

0.5
1000 m? /s>
1kJ/kg

=[ (500 m/s)? +2(1.007 kJ/kg - K)(20— 90)1([

=330.2m/s
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5-19
5-34 Heat is lost from the steam flowing in a nozzle. The velocity and the volume flow rate at the nozzle exit are to be
determined.
Assumptions 1 This is a steady-flow process since there is no
change with time. 2 Potential energy change is negligible. 3
There are no work interactions. 400°C STEAM 300°C
Analysis We take the steam as the system, which is a control 800 kPa ~—m——» 200 kPa
volume since mass crosses the boundary. The energy balance 10 m/s
for this steady-flow system can be expressed in the rate form as Q

Energy balance:

AE 20 (steady) =0

system

Ein - E'out

— R
Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

E.in = E.out

V.2 V.2 . .
m h1+% =m h2+72 +Q,, since W = Ape = 0)

vy? Vi G
or h1+#=h2+—2+QL.Ut
2 2 m
The properties of steam at the inlet and exit are (Table A-6)
R =800 kPa | v, = 0.38429 m’/kg
T, =400°C | h =3267.7 ki/kg

P, =200 kPa |v, =1.31623 m’/kg
T,=300°C  |h, =3072.1 kl/kg

The mass flow rate of the steam is

.1 1 )
m=—AV, =——— —(0.08 m*)(10 m/s) = 2.082 kg/s
v A = 3sa2omss
Substituting,
2 2
32677 Kl/kg + L0S) ( kg 2}23072.1k]/kg+v—2( kg 2} 25KkJ/s
2 1000 m~/s 2 \1000 m“/s 2.082 kg/s

—>V, =606 m/s

The volume flow rate at the exit of the nozzle is

V, = my, = (2.082kg/s)(1.31623 m’/kg) = 2.74 m3/s
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5-20

5-35 Steam is accelerated in a nozzle from a velocity of 40 m/s to 300 m/s. The exit temperature and the ratio of the
inlet-to-exit area of the nozzle are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes are negligible.
3 There are no work interactions. 4 The device is adiabatic and thus heat transfer is negligible.

Properties From the steam tables (Table A-6),
P, =3 MPa | v, =0.09938 m>/kg
T, =400°C | h, =3231.7 kl/kg

Analysis (a) There is only one inlet and one exit, and thus m; =, = m. We take nozzle as the system, which is a control
volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the rate form

as
Ein - E.out = AE‘system7|0 (steady) =0
o et ensy msfer  Rateof change i ntoal Kinet, PimoMPa - Steam  P2=2.5 MPa
. ) T,=400°C  — V, =300 m/s
Ein = Eou Vi =40 m/s /
m(h, +V> /2) =m(h, + V#/2) (sinceQ = W = Ape = 0)
V) —V/?
0=h,-h +—2—1
or,
V) —V}? 300 m/s)> — (40 m/s)* [ 1 kI/k
hy =h —22 Y 3531 7 kikg $)” —(40 mfs) E  1=31875kike
2 2 1000 m~/s
Thus,

h, =3187.5kl/kg | v, = 0.11533 m*/kg

(b) The ratio of the inlet to exit area is determined from the conservation of mass relation,

A % : 3k
Lszz :LAIVI A _uV, (0.09938 m~/kg)(300 m/s) _

3 6.46
v, v Ay vy Vi (0.11533 m°/kg)(40 m/s)
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5-21

5-36E Air is decelerated in a diffuser from 600 ft/s to a low velocity. The exit temperature and the exit velocity of air are to
be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with variable specific
heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat transfer is negligible. 5 There are
no work interactions.

Properties The enthalpy of air at the inlet temperature of 50°F is h; = 121.88 Btu/lbm (Table A-17E).

Analysis (@) There is only one inlet and one exit, and thus m, = m, = m. We take diffuser as the system, which is a control
volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the rate form

as
. . . 20 d
Ein - Eout = AEsystcm (steady) =0
Rate of net energy transfer  Rate of change in internal, kinetic, /
by heat, work, and mass potential, etc. energies
: : AIR
Ein = Eout 1 —_— 2
m(h, +V> /2) =m(h, +V3/2) (sinceQ = W = Ape = 0) \
V7 V)2 g
0=h, —h +—=——L
or,
Vs V2 —(600 f/s)* [ 1 Btu/
hy=h —Y2 =" _ 171 88 Buwlbm - (600 fvs) W bzm ~ [=129.07 Buw/lbm
2 2 25,037 ft</s

From Table A-17E,

T,=540R
(b) The exit velocity of air is determined from the conservation of mass relation,
1 1 1 1
— AV =AY, —— AV =AY
2 v, RT, /P, RT, /P,
Thus,
AT,P :
v, = Abh, 1 GORIpS) o4 )~ 142 fis
AT P, 4 (510 R)(14.5 psia)
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5-22
5-37 CO, gas is accelerated in a nozzle to 450 m/s. The inlet velocity and the exit temperature are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 CO, is an ideal gas with variable specific
heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat transfer is negligible. 5 There are
no work interactions.

Properties The gas constant and molar mass of CO, are 0.1889 kPa.m’/kg.K and 44 kg/kmol (Table A-1). The enthalpy of
CO, at 500°C is Hl =30,797 kJ/kmol (Table A-20).

Analysis (a) There is only one inlet and one exit, and thus m; = m, = m. Using the ideal gas relation, the specific volume is
determined to be

RT, (0.1889 kPa-m?/kg-K[773 K
Ul:_lz( a-m’/kg K )_0.146 m* ke \
P 1000 kPa

1 CO, 2

Thus, /

3
ao L AV, v = _ (6000/3600 kg/s)£0.1246 m /kg) — 60.8 m/s
v A 40x10""m

(b) We take nozzle as the system, which is a control volume since mass crosses the boundary. The energy balance for this
steady-flow system can be expressed in the rate form as

- : _ : 20 (steady) _
Ein - Eout - AEsystcm =0
—_— N —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

m(h, +V,* /2) =m(h, + V#/2) (sinceQ = W = Ape = 0)

V}i-V?
Substituting,
h, =h, _% M
450 m/s)* —(60.8 m/s)* [ 1kJ/k
30,797 kJ/kmol — 430 m/s)" ~(60.8 mis) € (44 kg/kmol)
2 1000 m?/s?
= 26,423 kJ/kmol

Then the exit temperature of CO, from Table A-20 is obtained to be T, =685.8 K
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5-23

5-38 R-134a is accelerated in a nozzle from a velocity of 20 m/s. The exit velocity of the refrigerant and the ratio of the
inlet-to-exit area of the nozzle are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes are negligible.
3 There are no work interactions. 4 The device is adiabatic and thus heat transfer is negligible.

Properties From the refrigerant tables (Table A-13)
P, =700 kPa | v, =0.043358 m®/kg
T, =120°C h, =358.90 kl/kg \
P, =400 kPa }uz =0.056796 m’ kg /

T, =30°C h, =275.07 ki/kg

and

Analysis (a) There is only one inlet and one exit, and thus M, = m, = M. We take nozzle as the system, which is a control
volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the rate form

as
Ein _ E'Out _ AE'SystemZO (steady) -0
Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
E'in = E.out
m(h, +V,2/2) = m(h, + V}/2) (sinceQ = W = Ape = 0)
2 2
0=hy—h+ 22V
Substituting,
Vi -(20mss) [ 1Kk
0=(275.07-358.90 kJ/kg +~2 (20 ms) L
2 1000 m*/s
It yields
V, =409.9 m/s
(b) The ratio of the inlet to exit area is determined from the conservation of mass relation,
A Vv .04 > /kg [409.
v - Ly A vV, oo 3358m/3gX 099ms) o oo
2 v A, v Vi (0056796 m® kg )20 ms)
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5-24

5-39 Nitrogen is decelerated in a diffuser from 275 m/s to a lower velocity. The exit velocity of nitrogen and the ratio of the
inlet-to-exit area are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Nitrogen is an ideal gas with variable
specific heats. 3 Potential energy changes are negligible. 4 The device is adiabatic and thus heat transfer is negligible. 5
There are no work interactions.

Properties The molar mass of nitrogen is M = 28 kg/kmol (Table A-1). The enthalpies are (Table A-18)
T, =7°C=280K — h, =8141kJ/kmol
T, =27°C=300K — h, =8723 kJ/kmol

Analysis (@) There is only one inlet and one exit, and thus m, = m, = m. We take diffuser as the system, which is a control
volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the rate form

as
. . . 20 d
Ein - Eout = AEsystcm (steady) =0
Rate of net energy transfer  Rate of change in internal, kinetic, /
by heat, work, and mass potential, etc. energies
E.in = I:;out ! L 2
m(h, +V2 /2) =m(h, +V1£/2) (sinceQ = W = Ape = 0) \
Vi-V? hy—h ViV
Ozhz—h1+2 l:2 1+2 1
2 M 2
Substituting,
o (8723 -8141)kl/kmol Vi —(275m/s)* [ 1kJ/kg
28 kg/kmol 2 1000 m?/s*
It yields

V, =185 m/s

(b) The ratio of the inlet to exit area is determined from the conservation of mass relation,
A \ RT,/P, |V

Loav,=Lay, A _wVs [RL/A WV
v, v, A v,V RT, /P, JV,

or,

A ( T,/P, ]v_z (280 K/60 kPa (185 m/s)

- =0.887
A, (T,/P, )V, (300 K/85 kPa)(200 m/s)
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5-25

EE
5-40 E Problem 5-39 is reconsidered. The effect of the inlet velocity on the exit velocity and the ratio of the inlet-to-
exit area as the inlet velocity varies from 210 m/s to 350 m/s is to be investigated. The final results are to be plotted against
the inlet velocity.

Analysis The problem is solved using EES, and the solution is given below.

Function HCal(WorkFluid$, Tx, Px)
"Function to calculate the enthalpy of an ideal gas or real gas"
If 'N2'=WorkFluid$ then
HCal:=ENTHALPY (WorkFluid$,T=Tx) "ldeal gas equ."
else
HCal:=ENTHALPY (WorkFluid$,T=Tx, P=Px)"Real gas equ."
endif
end HCal

"System: control volume for the nozzle"
"Property relation: Nitrogen is an ideal gas"
"Process: Steady state, steady flow, adiabatic, no work"

"Knowns"
WorkFluid$ = 'N2'
T[11=7 [C]
P[11=60 [kPa]
“Vel[1] = 275 [m/s]’
P[2] = 85 [kPa]
T[2] = 27 [C]

"Property Data - since the Enthalpy function has different parameters
for ideal gas and real fluids, a function was used to determine h."
h[1]=HCal(WorkFluid$,T[1],P[1])

h[2]=HCal(WorkFluid$,T[2],P[2])

"The Volume function has the same form for an ideal gas as for a real fluid."
v[1]=volume(workFluid$,T=T[1],p=P[1])
v[2]=volume(WorkFluid$,T=T[2],p=P[2])

"From the definition of mass flow rate, m_dot = A*Vel/v and conservation of mass the area ratio A_Ratio =
A_1/A 2is:"

A_Ratio*Vel[1]/v[1] =Vel[2]/V]2]

"Conservation of Energy - SSSF energy balance"

h[1]+Vel[1]*2/(2*1000) = h[2]+Vel[2]*2/(2*1000)
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Vel; Vel, ARatio
[m/s] [m/s]
210 50.01 | 0.3149
224 92.61 | 0.5467
238 122.7 | 0.6815
252 148 0.7766
266 170.8 | 0.8488
280 191.8 | 0.9059
294 211.7 | 0.9523
308 230.8 | 0.9908
322 249.2 1.023
336 267 1.051
350 284.4 1.075
1.1
1_
09_
08-
2 07|
g |
< 06
05_
04_
a3_ :
200 220 240 260
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5-27

5-41 R-134a is decelerated in a diffuser from a velocity of 120 m/s. The exit velocity of R-134a and the mass flow rate of
the R-134a are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes are negligible.
3 There are no work interactions.

Properties From the R-134a tables (Tables A-11 through A-13)

P, =800 kPa | v, =0.025621 m® /kg 2kJss
sat.vapor h, =267.29 kl/kg
1 R-134a )

and \

P, =900 kPa | v, =0.023375 m®/kg
T, =40°C h, =274.17 ki/kg

Analysis (a) There is only one inlet and one exit, and thus m, = m, =m. Then the exit velocity of R-134a is determined
from the steady-flow mass balance to be

A .02 3k
LAZVZZLAIVI V2=V2 Ly _ 1 (0.023375 m /kg)

2y, = —(120 m/s)=60.8 m/s
v, v, vi A 1.8 (0.025621 m” /kg)

(b) We take diffuser as the system, which is a control volume since mass crosses the boundary. The energy balance for this
steady-flow system can be expressed in the rate form as

: . _ : 20 (steady) _
Ein - Eout - AEsystem =0
—_ \ S
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
E.=E

n out

Q,, +m(h, +V,> /2) =m(h, + V3/2) (since W = Ape = 0)
Qin = m(hz -h +%J

Substituting, the mass flow rate of the refrigerant is determined to be

2kJ/s = m{(z74.17 —267.29)kl/kg + (608 s}’ — (120 mys)” ( 1 ke B

2 1000 m?/s?

It yields
m=1.308 kg/s
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5-28

5-42 Steam is accelerated in a nozzle from a velocity of 60 m/s. The mass flow rate, the exit velocity, and the exit area of
the nozzle are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes are negligible.
3 There are no work interactions.

Properties From the steam tables (Table A-6)
75 kl/s

P, =4 MPa }vl =0.07343 m’ /kg Sk

T, =400°C | h, =3214.5 kJ/kg 1 Stea 2

and /

P, =2 MPa | v, =0.12551 m’/kg
T, =300°C | h, =3024.2 kl/kg

Analysis (a) There is only one inlet and one exit, and thus m; = m, = m. The mass flow rate of steam is

m = ivl A = ;3(60 m/s)(50 x10~*m?) = 4.085 kg/s
vy 0.07343 m” /kg
(b) We take nozzle as the system, which is a control volume since mass crosses the boundary. The energy balance for this

steady-flow system can be expressed in the rate form as

. . _ - 70 (steady) _
Ein - Eout - AEsystem =0
— R

Rate of net energy transfer Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies
E. =E

n out

m(h, +V,2 /2)=Q,,, +m(h, + V}/2) (since W = Ape = 0)
_Qout = m{hZ - hl +#J

Substituting, the exit velocity of the steam is determined to be

2 2
75 ki/s = (4.085 kg/s)[3oz4.2 321454 Y2 Z(0m) [ 1 kI/ke D

2 1000 m?/s?

It yields
V, =589.5 m/s

(c) The exit area of the nozzle is determined from

: 3
m:ivaz L (4.085 kg/s)(0.12551m /1<g):8_7oX10_4m2
v, v, 589.5m/s
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5-29

Turbines and Compressors

5-43C Yes.

5-44C The volume flow rate at the compressor inlet will be greater than that at the compressor exit.

5-45C Yes. Because energy (in the form of shaft work) is being added to the air.

5-46C No.

5-47 R-134a at a given state is compressed to a specified state. The mass flow rate and the power input are to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible.

Analysis We take the compressor as the system, which is a control volume since mass crosses the boundary. Noting that
one fluid stream enters and leaves the compressor, the energy balance for this steady-flow system can be expressed in the
rate form as

Ein _ Eout _ AE 0 (steady) -0

system

800 kPa

Rate of net energy transfer  Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies
Ein = E.out
W, +mh, =mh, (since Ake = Ape = 0) Compressor
W,, =m(h, —h,)
From R134a tables (Tables A-11, A-12, A-13) 102041553
P, =100kPa | h, =236.33kl/kg 1.35 m’/min
T, =-24°C | v, =0.1947 m’ kg
P, =800 kPa
h, =296.81kJ/kg
T, =60°C

The mass flow rate is

Vi (1.35/60)m’/s

3 =0.1155kg/s
Vi 0.1947 m’/kg

Substituting,

W, =m(h, —h,)=(0.1155kg/s)(296.81 - 236.33)kl/kg = 6.99 kKW
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5-30

5-48 Saturated R-134a vapor is compressed to a specified state. The power input is given. The exit temperature is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Heat transfer with the surroundings is negligible.

Analysis We take the compressor as the system, which is a control volume since mass crosses the boundary. Noting that
one fluid stream enters and leaves the compressor, the energy balance for this steady-flow system can be expressed in the

rate form as
Ein - E'out = AE.systeméy0 (steady) =0
Rate of net energy transfer  Rate of chanmetic, 700 kPa
by heat, work, and mass potential, etc. energies
E.in = Eout
- Compressor [ 3
W,, + mh, =mh, (since Ake = Ape = 0) P )
) W.
Wi, =m(h, —h;,) "
From R134a tables (Table A-12) $ 180 kPa
sat. vap.
P, =180kPa| h, =242.86 kl/kg 0.35 m’/min
X =0 v, =0.1104 m*/kg

The mass flow rate is

% . 3
=_1_ w =0.05283 kg/s
Vi 0.1104 m" /kg
Substituting for the exit enthalpy,
W, =m(h, —hy)
2.35kW =(0.05283 kg/s)(h, — 242.86)kJ/kg—> h, =287.34kJ/kg
From Table A-13,

P, =700 kPa

T, =48.8°C
h, =287.34kl/kg
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5-31

5-49 Steam expands in a turbine. The change in kinetic energy, the power output, and the turbine inlet area are to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes are negligible.
3 The device is adiabatic and thus heat transfer is negligible.

Properties From the steam tables (Tables A-4 through 6) P, =6 MPa
T, =400°C
P, =6 MPa | v, =0.047420 m° /kg Vll =80 m/s

T, =400°C h, =3178.3 kJ/kg

and

P, =40 kPa

hy =h; +X,hgy =317.62+0.92x 2392.1=2318.5 ki/kg
X, =0.92

Analysis (a) The change in kinetic energy is determined from

V2 -V?2 (50 m/s)? — (80 mJs)’ ( 1 kl/kg

Ake = = =-1.95kJ/kg =
2 2 1000 m2/s2j Pa= 40 kPa

X, =0.92

(b) There is only one inlet and one exit, and thus m; = m, = m. We take the turbine as the V2 =50 m/s

system, which is a control volume since mass crosses the boundary. The energy balance for
this steady-flow system can be expressed in the rate form as

. : - 20 (steady) _
Ein - Eout AEsystem =0
—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

m(h, +V,2 /2) =W, +m(h, +V2/2) (since Q = Ape = 0)

Wy = _m(hz -h +%J

Then the power output of the turbine is determined by substitution to be
V\./Out =—(20 kg/s)(2318.5-3178.3-1.95)kJ/kg =14,590kW =14.6 MW
(c) The inlet area of the turbine is determined from the mass flow rate relation,

: 3
" _1 AV, A = my, _ (20 kg/s)(0.047420 m"/kg)
v, V, 80 m/s

=0.0119m?
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5-32

EE
5-50 E Problem 5-49 is reconsidered. The effect of the turbine exit pressure on the power output of the turbine as the
exit pressure varies from 10 kPa to 200 kPa is to be investigated. The power output is to be plotted against the exit pressure.

Analysis The problem is solved using EES, and the solution is given below.

"Knowns "

T[1] =450 [C]
P[1] = 6000 [kPa]
Vel[1] = 80 [m/s]
P[2] = 40 [kPa]

X_2=0.92

Vel[2] = 50 [m/s]

m_dot[1]=12 [kg/s]

Fluid$="Steam_IAPWS'

"Property Data"

h[1]=enthalpy(Fluid$, T=T[1],P=P[1])
h[2]=enthalpy(Fluid$,P=P[2],x=x_2)

T[2]=temperature(Fluid$,P=P[2],x=x_2)

v[1]=volume(Fluid$,T=T[1],p=P[1])
v[2]=volume(Fluid$,P=P[2],x=x_2)

"Conservation of mass: "

m_dot[1]= m_dot[2]

"Mass flow rate"
m_dot[1]=A[1]*Vel[1]/V[1]
m_dot[2]= A[2]*Vel[2]/V[2]

130

120 I
110 I
100 I

90 I

80

T[2]

70
60

50

40

80 120 160
PI2] [kPal

"Conservation of Energy - Steady Flow energy balance"

m_dot[1]*(h[1]+Vel[1]*2/2*Convert(m"2/s"2, kJ/kg)) = m_dot[2]*(h[2]+Vel[2]*2/2*Convert(m"2/s"2,

kJ/kg))+W_dot_turb*convert(MW, kJ/s)
DELTAke=Vel[2]*2/2*Convert(m”"2/s*2, kJ/kg)-Vel[1]*2/2*Convert(m"2/s"2, kJ/kg)

P2 Wturb T2
[kPa] [MW] [C]

10 10.95 45.81
31.11 10.39 69.93
52.22 10.1 82.4
73.33 9.909 91.16
94.44 9.76 98.02
115.6 9.638 103.7
136.7 9.535 108.6
157.8 9.446 112.9
178.9 9.367 116.7
200 9.297 120.2

V.\/’[urb [MW]
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5-33
5-51 Steam expands in a turbine. The mass flow rate of steam for a power output of 5 MW is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 The device is adiabatic and thus heat transfer is negligible.

Properties From the steam tables (Tables A-4 through 6)

1
P =10 MPa
h, =3375.1kJ/kg
T, =500°C
P, =10 kPa 3
hy = h¢ + XNty =191.81+0.90x 2392.1 = 2344.7 kl/kg
X, =0.90
Analysis There is only one inlet and one exit, and thus m, = m, = m. We take the turbine as
the system, which is a control volume since mass crosses the boundary. The energy balance 2
for this steady-flow system can be expressed in the rate form as
: : : 70 (stead
Ein - Eout = AEsystem (steady) =0
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
rihy = W, +mh, (since Q = Ake = Ape = 0)
‘/Vout = _m(hZ - hl)

Substituting, the required mass flow rate of the steam is determined to be

5000 kJ/s = —(2344.7 —3375.1) kJ/kg —>m = 4.852 kg/s
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5-34
5-52E Steam expands in a turbine. The rate of heat loss from the steam for a power output of 4 MW is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible.

1

Properties From the steam tables (Tables A-4E through 6E)

P, =1000 psia
h, =1448.6 Btu/lbm

T, =900°F

P, =5 psia

2=0P }hz ~1130.7 Btw/Ibm
sat.vapor

Analysis There is only one inlet and one exit, and thus m; =M, = m. We take the turbine as

the system, which is a control volume since mass crosses the boundary. The energy balance
for this steady-flow system can be expressed in the rate form as

. : - 20 (steady) _
Ein - Eout AEsystem =0
—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

tithy = Qe + Wy +1thy  (since Ake = Ape = 0)
Qou = —1lty = hy) = Wiy
Substituting,

. 1 Btu

Qyy = —(45000/3600 Ibm/s)(1130.7 —1448.6)Btu/Ibm — 4000 kJ/s(l = kJJ =182.0 Btu/s
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5-35

5-53 Air is compressed at a rate of 10 L/s by a compressor. The work required per unit mass and the power required are to
be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Air is an ideal gas with constant specific heats.

Properties The constant pressure specific heat of air at the average temperature of (20+300)/2=160°C=433 K is ¢, = 1.018
kJ/kg-K (Table A-2b). The gas constant of air is R = 0.287 kPa-m*/kg-K (Table A-1).

Analysis (a) There is only one inlet and one exit, and thus m; = m, = m. We take the compressor as the system, which is a
control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the

rate form as
. : _ - 20 (steady) _
Ein - Eout - AE system =0
D ————
Rate of net energy transfer  Rate of change in internal, kinetic, 1 MPa
by heat, work, and mass potential, etc. energies

E'in = E'out

Compressor

W, +mh, =mh, (since Ake = Ape = 0)
W, =r(h, —hy)=rhc, (T, -T))

Thus, 20°C
10 L/s
Wy, =€, (T, =T;) =(1.018kJ/kg-K)(300—20)K =285.0 kJ/kg

(b) The specific volume of air at the inlet and the mass flow rate are

RT, _ (0.287kPa-m?>/kg-K)(20+273K)

=0.7008 m*>/kg
P 120 kPa

v, =

v . 3
o 0010ms 61497 ks

v 0.7008 m®/kg

Then the power input is determined from the energy balance equation to be

W, = e, (T, —T;) = (0.01427 ke/s)(1.018 kl/kg - K)(300 — 20)K = 4.068 kW
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5-36
5-54 Argon gas expands in a turbine. The exit temperature of the argon for a power output of 190 kW is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy changes are negligible.
3 The device is adiabatic and thus heat transfer is negligible. 4 Argon is an ideal gas with constant specific heats.

Properties The gas constant of Ar is R = 0.2081 kPa.m’/kg.K. The constant pressure specific heat of Ar is cp = 0.5203
kJ/kg-°C (Table A-2a)

Analysis There is only one inlet and one exit, and thus m; = m, =m. The inlet specific volume of argon and its mass flow

rate are
3
. % (02081 kPa;-6r(;10 Q;i KI23K) 0 vouon e A — 60 et
1 Py = 1600 kPa
s T, =450°C
V) =55 ms
=LAV, = : (0.006 m? (55 m/s)=3.509 kes

v 0.09404 m> /kg

We take the turbine as the system, which is a control volume since
mass crosses the boundary. The energy balance for this steady-flow
system can be expressed in the rate form as

- - _ - 20 (steady) _
Ein - Eout - AEsystem =0
| —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies P, =150 kPa
= _E V, =150 m/s
Ein - Eout 2

m(h, +V,7/2) =W,

out

+m(h, +V7/2) (since Q = Ape = 0)

2 )2
Wout =—m h2 _hl +MJ

2

Substituting,

190 kJ/s = —(3.509 kg/s)| (0.5203 kl/kg - °C)(T, — 450°C) +

2 1000 m?2/s?

(150 m/s)? — (55 m/s)? ( 1kJ/kg }]
It yields
T,=327°C
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5-37

5-55 Helium is compressed by a compressor. For a mass flow rate of 90 kg/min, the power input required is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Helium is an ideal gas with constant specific heats.

Properties The constant pressure specific heat of helium is ¢, = 5.1926 kJ/kg-K (Table A-2a).

Analysis There is only one inlet and one exit, and thus m, = m, =m. We take the

compressor as the system, which is a control volume since mass crosses the boundary. P, =700 kPa
The energy balance for this steady-flow system can be expressed in the rate form as T,=430K
: : : 70 (steady)
Ein - Eout = AEsystem T =0
S R
Rate of net energy transfer  Rate of change in internal, kinetic, "
by heat, work, and mass potential, etc. energies Q
. ¢ He 773
Ein = Eout 90 kg/min .
Win +mh, = Qout +mh, (since Ake = Ape = 0) / W
Wi = Qout :m(hZ_hl):me(TZ -T) T
Thus, P, =120 kPa
T,=310K

Win = Qout + me(TZ _Tl)
— (90/6 0 kg/s)(20 kJ/kg) + (90/60 ke/s)(5.1926 ki/kg - K)(430 - 310)K
=965 kW
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5-38

5-56 CO, is compressed by a compressor. The volume flow rate of CO, at the compressor inlet and the power input to the
compressor are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Helium is an ideal gas with variable specific heats. 4 The device is adiabatic and thus heat transfer is
negligible.

Properties The gas constant of CO, is R = 0.1889 kPa.m’/kg K, and its molar mass is M = 44 kg/kmol (Table A-1). The
inlet and exit enthalpies of CO, are (Table A-20)

T, =300K — & =9,431kJ/kmol 2
T, =450 K — h, =15,483 kJ/kmol

Analysis (a) There is only one inlet and one exit, and thus m, = M, = m. The inlet

specific volume of air and its volume flow rate are .
RT .1889 kPa-m?/kg - K 300 K
v 1:(0 889 kPa-m"’/kg Xsoo ):0.5667m3/kg
P 100 kPa
V =y, =(0.5kg/s)(0.5667 m* /kg) = 0.283 m>/s 1

(b) We take the compressor as the system, which is a control volume since mass crosses the boundary. The energy balance
for this steady-flow system can be expressed in the rate form as

: : _ - 20 (steady) _
Ein - Eout - AEsystem =0
[ \ )
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
E.=E

n out

W, +rithy = rith, (since Q = Ake = Ape = 0)
Wiy = rin(hy = y) = rin(hy ~Iy)/ M
Substituting

W, (0.5 ke/s)(15,483 —9,431 kJ/kmol) _ 68.8 KW
44 kg/kmol
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5-39
5-57 Air is expanded in an adiabatic turbine. The mass flow rate of the air and the power produced are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 The turbine is well-insulated, and thus
there is no heat transfer. 3 Air is an ideal gas with constant specific heats.

Properties The constant pressure specific heat of air at the average temperature of (500+127)/2=314°C=587 K is ¢, = 1.048
kJ/kgK (Table A-2b). The gas constant of air is R = 0.287 kPa-m’/kg-K (Table A-1).

Analysis (a) There is only one inlet and one exit, and thus m;, =m, = m. We take the turbine as the system, which is a
control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the

rate form as
= - — - 70 (steady) _
Ein - Eout = AEsystem el =0
V %’_—/
Rate of net energy transfer  Rate of change in internal, kinetic, 1.3 MPa
by heat, work, and mass potential, etc. energies 500°C
: = 40 m/s
Ein = Eout
. VAR VR
m[hl +7J = m[hz +7 +W0ut
| V-V VARRVE 100 kPa
Wout:m[hl_hz te— T |=m Ccp (T, _T2)+T 127°C

The specific volume of air at the inlet and the mass flow rate are

RT, _ (0.287kPa-m>/kg-K)(500+273K)
P 1300 kPa

v, = =0.1707 m*/kg

AV _ (02 m?)(40 m/s)
v, 0.1707 m? /kg

=46.88kg/s

Similarly at the outlet,

RT, (0.287kPa-m>/kg-K)(127+273K)
P, 100 kPa

v, = =1.148 m%/kg

mv, (46.88kg/s)(1.148 m’ /kg)

A > =53.82m/s
2 1m

V2:

(b) Substituting into the energy balance equation gives

, V72 -Vy
Wout = m[cp(Tl _T2)+%]

2 2
— (46.88 kg/s){(l 048 KI/kg - K)(500—127)K + A0 M/S)” = (5382 mfs) ( 1kke H

2 1000 m?/s>
=18,300 kW
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5-40
5-58E Air is expanded in an adiabatic turbine. The mass flow rate of the air and the power produced are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 The turbine is well-insulated, and thus
there is no heat transfer. 3 Air is an ideal gas with constant specific heats.

Properties The constant pressure specific heat of air at the average temperature of (800+250)/2=525°F is ¢, = 0.2485
Btu/Ibm'R (Table A-2Eb). The gas constant of air is R = 0.3704 psia-ft*/lbm-R (Table A-1E).

Analysis There is only one inlet and one exit, and thus m; = m, = m . We take the turbine as the system, which is a control
volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the rate form

as
Ein - E'out = AE'Systemﬂo (steady) =0
\_ﬂ/__J
]Eati gaftn\i/toiﬂe;%}é [r;aansssfer Rate of change in internal, kinetic, 500 psia
y > > ' ' potential, etc. energies 800°F
Ein = Eout
{0 v ViYL
m[h1 +%J = m[h2 +72]+W0ut
60 psia
. V-V V2 -V 0
Wy =Ml hy —hy +——2|=1h| ¢ (T, =T, )+ ——2 250°F
out [ 1 2 > J [ p(Tl 2) B 50ft3/S
The specific volume of air at the exit and the mass flow rate are
RT : ia-ft>/lbm-
v, = 2 _ (0.3704 psia - ft /lbm. R)(250+460R) 43836 /Ibm
P, 60 psia
V 3
mz—zthf:uAlkg/s
vy  4.383ft°/lbm
: 3
m . .
v, - vy _ (11.411bm/s)(4 283 ft”/lbm) 4168 /s
A, 1.2ft
Similarly at the inlet,
RT 3704 psia - ft*/Ibm- R 460R
v, =3 _ (0.3704 psia /bm' )(800+460R) 0.9334 ft3/Ibm
P, 500 psia
: 3
m . .
v, - vi _ (11.411bm/s)(0.9334 ft>/lbm) 1775 fts

A 0.6 ft
Substituting into the energy balance equation gives

: V2 -V}
Wou = m{cp(TI _T2)+%j

(17.75 ft/s)* — (41.68 m/s)> ( 1 Btw/lbm H

= (11.411bm/s)| (0.2485 Btu/Ibm - R)(800 — 250)R + —
2 25,037 ft /s

=1559 Btu/s =1645 kW
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5-41

5-59 Steam expands in a two-stage adiabatic turbine from a specified state to another state. Some steam is extracted at the
end of the first stage. The power output of the turbine is to be determined.

Assumptions 1 This is a steady-flow process since there is no change

with time. 2 Kinetic and potential energy changes are negligible. 3 The 5 MPa
turbine is adiabatic and thus heat transfer is negligible. 600°C
Properties From the steam tables (Tables A-5 and A-6) 20 kg/s
P, =5 MPa I/ /
! ) } h, =3666.9 kl/kg L
T, =600°C STEAM —
P, =0.5MPa 20 kg/s

’ e }h2:2748.1kJ/kg ) . ]r ) I
2:

X, =0.85 } =191.81+(0.85)(2392.1) =2225.1kJ/kg

10 kPa
x=0.85
Analysis We take the entire turbine, including the connection part 0.1 MPa
between the two stages, as the system, which is a control volume since 2kg/s
mass crosses the boundary. Noting that one fluid stream enters the sat. vap.

turbine and two fluid streams leave, the energy balance for this steady-
flow system can be expressed in the rate form as

: . _ . J0 (steady) _
Ein - Eout - AEsystcm =0
— J—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

m;h, =myh, + m3hy + W,

W, =, (h, —0.1h, —0.9h,)

Substituting, the power output of the turbine is

W, =m, (h, —0.1h, — 0.9h,)
= (20 kg/s)(3666.9 — 0.1x 2748.1— 0.9 x 2225.1) kJ/kg
=27,790 KW
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5-42
5-60 Steam is expanded in a turbine. The power output is given. The rate of heat transfer is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible.

Properties From the steam tables (Table A-4, A5, A-6)
P, =6 MPa
T, =600°C
P, =0.5 MPa
T, =200°C

} h, =3658.8 kl/kg

} h, = 2855.8 kl/kg

Analysis We take the turbine as the system, which is a control volume since mass crosses the boundary. Noting that one
fluid stream enters and leaves the compressor, the energy balance for this steady-flow system can be expressed in the rate

form as
- . _ - J0 (steady) _
Ein - Eout - AEsystem =0
— |
Rate of net energy transfer  Rate of change in internal, kinetic, 26 kg/s
by heat, work, and mass potential, etc. energies 6 MPa
. . o
E. =E 600°C

n out

V.2 V.2 . .
m| h, +? =m h2+72 +W,, +Q,, (since Ape = 0)

: : . V2 -V}
Qout = Wou + m{hl -h, +%] 0.5 MPa
200°C
Substituting,

: : ‘ V2 -V}
Qout =Woy + m{hl - h2 +%J

_ 2
= 20,000 kW + (26 kg/s){(3658.8 _ 2855 8)ki/kg + (0180 m/S) ( 1kke ﬂ

2 1000 m?/s?
=455 kW
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5-43
5-61 Helium at a specified state is compressed to another specified state. The power input is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Helium is an ideal gas.

Properties The properties of helium are ¢, = 5.1926 kJ/kg'K and R =2.0769 kPa-m*/kg-K (Table A-2a).

Analysis (a) There is only one inlet and one exit, and thus m; =m, = m. We take the compressor as the system, which is a
control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the

rate form as
: . _ : 20 (steady) _
Ein - Eout - AEsystem =0 400 kP
— R a
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

E.=E
W,, +mh; =mh, (since Ake = Ape = 0)
W, =mch, —hy)=mc, (T, -T))

in out

Compressor

150 kPa
The mass flow rate is determined from 20°C

15 m/s

o AV AVIR (0.1m?)(15 m/s)(150 kPa)

3 0.3697 kg/s
vy RT,  (2.0769kPa-m"/kg - K)(293K)

Substituting,
W, =mc p(T2 =T1)=(0.3697 kg/s)(5.1926 kJ/kg - K)(200 — 20)K = 346 kW
The flow power input is determined from

Wy, =M(Pyv, — Pv;) =mMR(T, —T,)=(0.3697 kg/s)(2.0769 kl/kg - K)(200 — 20)K =138 kKW
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Throttling Valves

5-62C The temperature of a fluid can increase, decrease, or remain the same during a throttling process. Therefore, this
claim is valid since no thermodynamic laws are violated.

5-63C No. Because air is an ideal gas and h = h(T) for ideal gases. Thus if h remains constant, so does the temperature.

5-64C If it remains in the liquid phase, no. But if some of the liquid vaporizes during throttling, then yes.

5-65C Yes.

5-66 Refrigerant-134a is throttled by a capillary tube. The quality of the refrigerant at the exit is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work interactions involved.

Analysis There is only one inlet and one exit, and thus m; = m, =m. We take the throttling valve as the system, which is a
control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the

rate form as
: : : 70 (stead
Ein - Eout = AEsystcm (sread) 0
E -E ) 50°C
m oul S t. 1 d
h, = rih, ak-
Q
hy=h,
since Q=W =Ake=Ape=0. V| R-134a
The inlet enthalpy of R-134a is, from the refrigerant tables (Table A-11), o
T, =50°C -20°C
... ¢hy=h; =123.49kJ/kg
sat. liquid

The exit quality is

=0.460

Tp=-20°C |~ ho—hy 123.49-25.49
h, =h, T hy 21291

g
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5-45
5-67 Steam is throttled from a specified pressure to a specified state. The quality at the inlet is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work interactions involved.

Analysis There is only one inlet and one exit, and thus m; =m, =m . We take the throttling valve as the system, which is a
control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the

rate form as
E.in - E.out = AE.systemzo (steady) 0
Ei = Eou Throttling valve
mh, =mh, Steam ® 100 kPa
h, =h, 2 MPa 120°C

Since Q=W =Ake= Ape=0.
The enthalpy of steam at the exit is (Table A-6),

P, =100 kPa

h, =2716.1kJ/kg
T, =120°C

The quality of the steam at the inlet is (Table A-5)

=0.957

P, =2000 kPa } ~hy=he 2716.1-908.47
= -

h, =h, =2716.1kJ/kg hig 1889.8
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5-46

5-68 Refrigerant-134a is throttled by a valve. The pressure and internal energy after expansion are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work interactions involved.

Properties The inlet enthalpy of R-134a is, from the refrigerant tables (Tables A-11 through 13),

P, =0.8 MPa

T _asec }hl =y s = 8641 kl/kg

Analysis There is only one inlet and one exit, and thus m; = m, = m. We take the throttling valve as the system, which is a
control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the

rate form as
E.in - Eout = AE.systcm7lo (sready) — 0 ?1 igsi(l;/lpa
Ein = E'out ]
mh, =mh,
h, =h
b R-134a

since Q= W = Ake = Ape = 0. Then,

T,=-20°C | h; =25.49 kl/kg, u; =2539 kl/kg
T,=-20°C

(h2 :hl) hy =238.41kl/kg u, =218.84 kl/kg
Obviously hs < h, <hg, thus the refrigerant exists as a saturated mixture at the exit state, and thus
P2 = Psat@ 20°C = 132.82 kPa
Also,

_hy—hy  86.41-25.49

hig 21291

X, = 0.2861

Thus,
Uy =Ug + XU =25.39+0.2861x193.45=80.74 kJ/kg
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5-47
5-69 Steam is throttled by a well-insulated valve. The temperature drop of the steam after the expansion is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work interactions involved.

Properties The inlet enthalpy of steam is (Tables A-6),

P 8 MP P] =8 MPa
= a °
: h, =2988.1 kl/kg T, =350°C

T, =350°C
Analysis There is only one inlet and one exit, and thus m; =m, =m. We take the v
throttling valve as the system, which is a control volume since mass crosses the H,0
boundary. The energy balance for this steady-flow system can be expressed in the J
rate form as

E.in - E.out = AE.systemzo (steady) — 0 P, =2 MPa

Ein = E.out
hy =h,

since Q = W = Ake = Ape = 0. Then the exit temperature of steam becomes

T, =285°C
(hzzhl) } ?
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5-48

=
5-70 Problem 5-69 is reconsidered. The effect of the exit pressure of steam on the exit temperature after throttling as
the exit pressure varies from 6 MPa to 1 MPa is to be investigated. The exit temperature of steam is to be plotted against
the exit pressure.

Analysis The problem is solved using EES, and the solution is given below.

WorkingFluid$='Steam_iapws' "WorkingFluid can be changed to ammonia or other fluids"
P_in=8000 [kPa]

T_in=350 [C]

P_out=2000 [kPa]

"Analysis"

m_dot_in=m_dot_out "steady-state mass balance"

m_dot_in=1 "mass flow rate is arbitrary"

m_dot_in*h_in+Q_dot-W_dot-m_dot_out*h_out=0 "steady-state energy balance"

Q_dot=0 "assume the throttle to operate adiabatically"

W_dot=0 "throttles do not have any means of producing power"
h_in=enthalpy(WorkingFluid$,T=T_in,P=P_in) "property table lookup"
T_out=temperature(WorkingFluid$,P=P_out,h=h_out) "property table lookup"
x_out=quality(WorkingFluid$,P=P_out,h=h_out) "x_out is the quality at the outlet"
P[1]=P_in; P[2]=P_out; h[1]=h_in; h[2]=h_out "use arrays to place points on property plot

Pout Tout 340 T
[kPa] [C] as0|
1000 270.5
1500 277.7 320
2000 284.6 I
2500 291.2 T 310
3000 297.6 o I
3500 303.7 5 300
4000 309.5 = 1
4500 315.2 290
5000 320.7 .
5500 325.9 280
6000 331 I
270
1000 2000 3000 4000 5000 6000
Pout [kPa]
106 T T T T T |Stearr']|APW|S T T T
10%+ .
o 1
ni 350°C |
10 285°C w
‘©
£ 103t o\ |
o
102t 4
101 4
100 1 1 1 1 1 1 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 3500
h [kJ/kg]
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5-49
5-71E Refrigerant-134a is throttled by a valve. The temperature and internal energy change are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work interactions involved.

Analysis There is only one inlet and one exit, and thus m; = m, = m. We take the throttling valve as the system, which is a
control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the

rate form as
E.in - E.out = AE.systemzo (steady) 0 | —I_ )
I.Ein = E.out —t— ® —>
hl = h2

since Q = W = Ake = Ape = 0 . The properties are (Tables A-11E through 13E),

. h =48.52 Btw/lbm
P =160 pm} U, = 48.10 Btw/lbm
X =0 T, =109.5°F
P, =30 psia T, =15.4°F
h, =h, =48.52 Btwlbm |u, =45.41 Btu/lbm

AT =T, -T, =15.4-109.5 = —94.1°F
Au=U, —u, =45.41-48.10=-2.7 Btu/lbm

That is, the temperature drops by 94.1°F and internal energy drops by 2.7 Btu/lbm.
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5-50

Mixing Chambers and Heat Exchangers

5-72C Under the conditions of no heat and work interactions between the mixing chamber and the surrounding medium.

5-73C Under the conditions of no heat and work interactions between the heat exchanger and the surrounding medium.

5-74C Yes, if the mixing chamber is losing heat to the surrounding medium.

5-75 Hot and cold streams of a fluid are mixed in a mixing chamber. Heat is lost from the chamber. The energy carried
from the mixing chamber is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work and heat interactions.

Analysis We take the mixing device as the system, which is a control volume. The energy balance for this steady-flow
system can be expressed in the rate form as

= _F _ - 20 (steady) _
Ein — Eout AEsystem 0 Cold stream Q
Rbat(ki oftnct cicrg}étransfcr Rate of change in internal, kinetic, 15 kg/ S
y heat, work, and mass tential, etc. i
. . potential, etc. energies 50 kJ/kg
Ein = Eout \ @
me; +mMye; =Msye; +Quy }—
From a mass balance @
Hot stream 7
150 kJ/kg

Substituting into the energy balance equation solving for the
exit enthalpy gives

me; +mye, =mse; +Quy

mie; + mye; — Q. (Skg/s)(150 kl/kg + (15kg/s)(50 kI/kg) — 5.5 kW
My 20 kg/s

6, = =74.7kJ/kg
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5-51

5-76 A hot water stream is mixed with a cold water stream. For a specified mixture temperature, the mass flow rate of cold
water is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The mixing chamber is well-insulated so that heat loss to the
surroundings is negligible. 3 Changes in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties
are constant. 5 There are no work interactions.

Properties Noting that T < T @ 250kpa = 127.41°C, the water in all three T, =80°C
streams exists as a compressed liquid, which can be approximated as a m, = 0.5 kg/s \

saturated liquid at the given temperature. Thus,

H,O
hy = higsec = 335.02kJ/kg (P =250 kPa)
h, = higaec = 83.915kJ/kg T3 =42°C

h3 = hf@42°C = 175.90 kJ/kg TZZZOOC /
m;

Analysis We take the mixing chamber as the system, which is a control
volume. The mass and energy balances for this steady-flow system can
be expressed in the rate form as

Mass balance:

20 (steady)
system

min_mout:Am :0—)m1+m2:m3

Energy balance:

- - _ . 0 (steady) _
Ein - Eout - AEsystem =0
\—ﬂ/_—d %/—J
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

riyhy + myh, = msh, (since Q =W = Ake = Ape = 0)
Combining the two relations and solving for m, gives
by + myh, = (i, +my )y

. h—h; .
m, = 1 3
h,—h,
Substituting, the mass flow rate of cold water stream is determined to be

oo (335.02 —175.90) ki/kg
> (175.90 - 83.915) kl/kg

(0.5 kg/s)=0.865 kg/s
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5-52

5-77E Liquid water is heated in a chamber by mixing it with saturated water vapor. If both streams enter at the same rate,
the temperature and quality (if saturated) of the exit stream is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat transfer is negligible.

Properties From steam tables (Tables A-5E through A-6E),
h] = hf@65°F = 33.08 Btu/lbm
hz = hg@ZOpsia =1156.2 Btu/Ibm

Analysis We take the mixing chamber as the system, which is a control volume since mass crosses the boundary. The
mass and energy balances for this steady-flow system can be expressed in the rate form as

Mass balance:

: - A 20 (steady) _ T, =65°F
My, —Myy = Amsystem V=0 : N\

min = mout Hzo
M, +1h, =My =2 (P = 20 psia)
M, =m, =m Ts, X3
Sat. vapor /
Energy balance: 2at- vap
m; =m
- - _ . J0 (steady) _
Ein - Eout - AEsystcm =0
—_— R ——
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

riyhy + myh, = mshy (since Q =W = Ake = Ape = 0)
Combining the two gives
mh, +rmh, =2rmh; or hy =(h, +h,)/2
Substituting,

h; = (33.08 + 1156.2)/2 = 594.6 Btu/lbm

At 20 psia, hy=196.27 Btu/Ilbm and hy = 1156.2 Btu/lbm. Thus the exit stream is a saturated mixture since hs < h; < hy.
Therefore,

T3 = Tsat@ZO psia — 228°F
and

o ohe  594.6-196.27
7 hy  11562-196.27

=0.415
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5-53

5-78 Two streams of refrigerant-134a are mixed in a chamber. If the cold stream enters at twice the rate of the hot stream,
the temperature and quality (if saturated) of the exit stream are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat transfer is negligible.

Properties From R-134a tables (Tables A-11 through A-13),
hy = higaec = 79.32 kl/kg
h2 = h @ 1 MPa, 80°C — 314.25 kJ/kg

Analysis We take the mixing chamber as the system, which is a control volume since mass crosses the boundary. The
mass and energy balances for this steady-flow system can be expressed in the rate form as

Mass balance:

. . _ . 70 (steady) _ T =20°
My — Moy = Amsystf::m Y =0 ! _ 0°C
m; =2m, AN

min = mout

o o . \ R-134a
m, +m, =m; =3m, since M =2m, (P=1MPa)
Energy balance: / T3, X

. . . T,=80°C /
Ein _ Eout — AE &0 (steady) -0 2

system

—_—— —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Ein = Eout

myh, +myh, = myh, (since Q =W = Ake = Ape = 0)
Combining the two gives
2m,h, +m,h, =3m,h, or hy =(2h, +h,)/3
Substituting,

h; = (2x79.32 + 314.25)/3 = 157.63 kJ/kg

At 1 MPa, hi=107.32 kJ/kg and hy = 270.99 kJ/kg. Thus the exit stream is a saturated mixture since h; < h; < hg.
Therefore,

T;= Tsat@ 1mpa = 39.37°C

and

Chy-he 157.63-107.32

= =0.307
h; 270.99 -107.32

X3
g
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5-54

EE
5-79 E Problem 5-78 is reconsidered. The effect of the mass flow rate of the cold stream of R-134a on the temperature
and the quality of the exit stream as the ratio of the mass flow rate of the cold stream to that of the hot stream varies from 1
to 4 is to be investigated. The mixture temperature and quality are to be plotted against the cold-to-hot mass flow rate ratio.

Analysis The problem is solved using EES, and the solution is given below.

"Input Data"

m_frac =2 "m_frac =m_dot_cold/m_dot_hot=m_dot_1/m_dot_2"
T[1]=20 [C]

P[1]=1000 [kPa]

T[2]=80 [C]

P[2]=1000 [kPa]

m_dot_1=m_frac*m_dot_2

P[3]=1000 [kPa]

m_dot_1=1

"Conservation of mass for the R134a: Sum of m_dot_in=m_dot_out"
m_dot_1+ m_dot_2 =m_dot_3

"Conservation of Energy for steady-flow: neglect changes in KE and PE"
"We assume no heat transfer and no work occur across the control surface."
E_dot_in- E_dot_out = DELTAE_dot_cv

DELTAE_dot_cv=0 "Steady-flow requirement"

E_dot_in=m_dot_1*h[1] + m_dot_2*h[2]

E_dot_out=m_dot_3*h[3]

"Property data are given by:"

h[1] =enthalpy(R134a,T=T[1],P=P[1])
h[2] =enthalpy(R134a,T=T[2],P=P[2])
T[3] =temperature(R134a,P=P[3],h=h[3])
x_3=QUALITY(R134a,h=h[3],P=P[3])

Mrac T3 X3 0.55 45
[C] 0.5

1 39.37 | 0.5467 !
1.25 39.37 | 0.467 0.45

15 39.37 | 0.4032 i
175 | 39.37 | 0.351 04 E “

2 39.37 | 0.3075 0.35 )
2.25 39.37 | 0.2707 ot —
2.5 39.37 | 0.2392 03 =
2.75 39.37 | 0.2119 o5 X3 35

3 39.37 | 0.188 I
3.25 39.37 | 0.1668 0.2
3.5 39.37 | 0.1481 oxs|
3.75 39.37 | 0.1313 =

4 39.37 | 0.1162 01l . . . - 30

1 1.5 2 25 3 3.5 4

Mfrac
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5-55

5-80E Steam is condensed by cooling water in a condenser. The rate of heat transfer in the heat exchanger and the rate of
condensation of steam are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss to the
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid. 3 Changes
in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties are constant.

Properties The specific heat of water is 1.0 Btu/lbm.°F (Table A-3E). The
enthalpy of vaporization of water at 85°F is 1045.2 Btu/lbm (Table A-4E). * Steam

. . . 85°F
Analysis We take the tube-side of the heat exchanger where cold water is .
flowing as the system, which is a control volume. The energy balance for 73°F
this steady-flow system can be expressed in the rate form as

Ein _ Eout _ AE 20 (steady) -0

system

ENYAYA
Juu

— -
Rate of net energy transfer  Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies (c
Ein = I:;ou'r G ) 60°F
. . . . <—
Qi + m.hl =mh, (since Ake = Ape = 0) u Water
Qin = mcp(TZ -T)
o
Then the rate of heat transfer to the cold water in this heat exchanger becomes 85°F *

Q =[MC  (Tout ~Tinwarer = (138 1bm/s)(1.0 Btw/Ibm.°F)(73°F — 60°F) = 1794 Btu/s

Noting that heat gain by the water is equal to the heat loss by the condensing steam, the rate of condensation of the steam in
the heat exchanger is determined from

: Q  179%Btu/s

= (rh e, =< 7P 979 |bmis
Q = (Mg seam M hy,  1045.2 Bt/lbm
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5-56

5-81 Steam is condensed by cooling water in the condenser of a power plant. If the temperature rise of the cooling water is
not to exceed 10°C, the minimum mass flow rate of the cooling water required is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions. 4 Heat loss from the device to the surroundings is negligible and thus heat
transfer from the hot fluid is equal to the heat transfer to the cold fluid. 5 Liquid water is an incompressible substance with
constant specific heats at room temperature.

Properties The cooling water exists as compressed liquid at both states, and its specific heat at room temperature is ¢ =4.18
kJ/kg-°C (Table A-3). The enthalpies of the steam at the inlet and the exit states are (Tables A-5 and A-6)

P, = 20 kPa

hy = hy + XNy = 251.42+0.95x 2357.5 = 2491.1 kl/kg
Fa=20kPa | "\ = 251.42 kI/k
sat. liquid | ¢ @20k TS0 &

Analysis We take the heat exchanger as the system, which is a control volume. The mass and energy balances for this
steady-flow system can be expressed in the rate form as

Mass balance (for each fluid stream):

20 (steady) =0 Steam
, . 20 kPa
min = mout

. . . . . . —
m, =m, =m, and My =m, =m; 5

Energy balance (for the heat exchanger):

My, =My = Amsystcm

. . _ s 70 (steady) _
Ein - Eout - AEsystem =0
— R
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies —
E,, =E,, u Water

ryhy +m;hy = myh, +m,h, (since Q =W = Ake = Ape = 0)
Combining the two, +
mw(hz _hl): ms(h3 —h4)
Solving for m,, :

" h, —h, S_Cp(TZ_Tl) )

Substituting,

_ (2491.1-251.42)kI/kg
(4.18 kJ/kg-* C)(10°C)

(20,000/3600 kg/s) = 297.7 kg/s
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5-57

5-82 Ethylene glycol is cooled by water in a heat exchanger. The rate of heat transfer in the heat exchanger and the mass
flow rate of water are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss to the
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid. 3 Changes
in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties are constant.

Properties The specific heats of water and ethylene glycol

are given to be 4.18 and 2.56 kJ/kg.°C, respectively. Cold Wat ¢
0 ater

Analysis (a) We take the ethylene glycol tubes as the 20°C
system, which is a control volume. The energy balance
for this steady-flow system can be expressed in the rate

form as Hot Glycol
70 (steady)
- J _ - steady _
Ein - Eout - AEsystem =0 80°C
v - 3.2 kg/
Rate of net energy transfer  Rate of change in internal, kinetic, . g/s
by heat, work, and mass potential, etc. energies
Ein = Eout
mh, = Q,,, + Mh, (since Ake = Ape = 0)

Qout = MCp (T =T,)
Then the rate of heat transfer becomes
Q =[rc o (Tin = Tou ) giyeol = (3:2kg/s)(2.56 kl/kg.°C)(80°C — 40°C) = 327.7 kW
(b) The rate of heat transfer from glycol must be equal to the rate of heat transfer to the water. Then,

Q = [mC p (Tout - Tin )]Water —_— mwater = Q = 32077 kJ/OS -
Cp(Tou = Tin)  (4.18KkJ/kg.°C)(70°C —20°C)

=1.57kg/s
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5-58

=
5-83 Problem 5-82 is reconsidered. The effect of the inlet temperature of cooling water on the mass flow rate of
water as the inlet temperature varies from 10°C to 40°C at constant exit temperature) is to be investigated. The mass flow
rate of water is to be plotted against the inlet temperature.

Analysis The problem is solved using EES, and the solution is given below.

"Input Data"

T_w[1]=20 [C]

T_w[2]=70 [C] "w: water"

m_dot_eg=2 [kg/s] "eg: ethylene glycol"
T_eg[1]=80 [C]

T_eg[2]=40 [C]

C_p_w=4.18 [kJ/kg-K]

C_p_eg=2.56 [kJ/kg-K]

"Conservation of mass for the water: m_dot_w_in=m_dot_w_out=m_dot_w"
"Conservation of mass for the ethylene glycol: m_dot_eg_in=m_dot_eg_out=m_dot_eg"

"Conservation of Energy for steady-flow: neglect changes in KE and PE in each mass steam"
"We assume no heat transfer and no work occur across the control surface."

E_dot_in - E_dot_out = DELTAE_dot_cv

DELTAE_dot_cv=0 "Steady-flow requirement"

E_dot_in=m_dot_w*h_w[1] + m_dot_eg*h_eg[1]

E_dot_out=m_dot_w*h_w[2] + m_dot_eg*h_eg[2]

Q_exchanged =m_dot_eg*h_eg[1] - m_dot_eg*h_eg|[2]

"Property data are given by:"

h_w[1] =C_p_w*T_w[1] "liquid approximation applied for water and ethylene glycol"
h_w[2] =C_p_w*T_w[2]

h_eg[1] =C_p_eg*T_egl[1]

h_eg[2] =C_p_eg*T_egl[2]

TW,1 mW 2.8 j j j j j j
[C] [kg/s] I
10 1307
15 1.425
20 1.568
25 1.742
30 1.96 -

35 2.24 S
40 2.613 X,
=

‘£

10 15 20 25 30 35 40
Twiy [C]
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5-59

5-84 Oil is to be cooled by water in a thin-walled heat exchanger. The rate of heat transfer in the heat exchanger and
the exit temperature of water is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss to the
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid. 3 Changes
in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties are constant.

Properties The specific heats of water and oil are given to be 4.18

and 2.20 kJ/kg.°C, respectively.

Analysis We take the oil tubes as the system, which is a control }1122)003 ‘

volume. The energy balance for this steady-flow system can be
expressed in the rate form as

. - _ - 20 (steady) _
Ein - Eout - AEsystcm =0
—_— N ———
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

mh, = Q,,, +mh, (since Ake = Ape = 0)

Qout = mCp(Tl _TZ)

Then the rate of heat transfer from the oil becomes

Q =[mc, (Tiy — Tou)lon = (2 kg/s)(2.2 kJ/kg.°C)(150°C — 40°C) = 484 KW
Noting that the heat lost by the oil is gained by the water, the outlet temperature of the water is determined from

. Q 484KJ/s
=[mc -T. T =T +—S =22°C+ =99.2°C
Q =[MCp (Tour = Tinwacer out M T Cp (1.5kg/s)(4.18kJ/kg.°C)

water
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5-60

5-85 Cold water is heated by hot water in a heat exchanger. The rate of heat transfer and the exit temperature of hot water
are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss to the
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid. 3 Changes
in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties are constant.

Properties The specific heats of cold and hot water are given to be 4.18 and 4.19 kJ/kg.°C, respectively.

Analysis We take the cold water tubes as the system, which is a control

volume. The energy balance for this steady-flow system can be expressed in Cold
the rate form as °
Water
- - _ - 20 (steady) _ o
Ein - Eout - AEsystem =0 15°C
—_
Rate of net energy transfer  Rate of change in internal, kinetic, Hot water
by heat, work, and mass potential, etc. energies
= _E 100°C
Ein - Eout
3 kg/s

Qin +mh, =mh, (since Ake = Ape = 0)

Qn =mc, (T, -T))

Then the rate of heat transfer to the cold water in this heat exchanger becomes

Q = [MCp(Tou ~ Tin)leotd warer = (0-60 kg/s)(4.18 kJ/kg.°C)(45°C ~15°C) = 75.24 kW

Noting that heat gain by the cold water is equal to the heat loss by the hot water, the outlet temperature of the hot water is
determined to be

- Q 75.24kW
=[mc, (T, T, — Ty =T, ——— =100°C - =94.0°C
Q [ p (Tm out )]hot water out in e (3 kg/s)(4 19 kJ/kgoC)
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5-61

5-86 Air is preheated by hot exhaust gases in a cross-flow heat exchanger. The rate of heat transfer and the outlet
temperature of the air are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The heat exchanger is well-insulated so that heat loss to the
surroundings is negligible and thus heat transfer from the hot fluid is equal to the heat transfer to the cold fluid. 3 Changes
in the kinetic and potential energies of fluid streams are negligible. 4 Fluid properties are constant.

Properties The specific heats of air and combustion gases are given to be 1.005 and 1.10 kJ/kg.°C, respectively.

Analysis We take the exhaust pipes as the system, which is a control volume. The energy balance for this steady-flow
system can be expressed in the rate form as

- - _ - 70 (steady) _ I =
Ein - Eout - AEsystem =0— Ein - Eout
;ﬂ/—/
Rate of net energy transfer ~ Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies I ]
. : . . |
mh;, = Q,, + Mh, (since Ake = Ape = 0) ) L
. ) Air |
Qout =Mcy (T, =Ty) 95 kPa (b (b
20°C Q)
Then the rate of heat transfer from the exhaust gases 3
0.6 m’/s % %
becomes L] Q)
Q=[mc p (Tin - Tout )]gas = Q;\‘ %\

=(0.95kg/s)(1.1kJ/kg.°C)(160°C —95°C) o -
—67.93 kW Exhaust gases
0.95 kg/s, 95°C
The mass flow rate of air is

o PV _ (95 kPa)(0.6 m>/s)
RT  (0.287 kPa.m®/kg.K) x 293K

=0.6778kg/s

Noting that heat loss by the exhaust gases is equal to the heat gain by the air, the outlet temperature of the air becomes

=T Q e 67.93kW
Q=mc p (Tc,oul - Tc,in ) —_>Tc,out = Tc,in +——=20°C+

me

=120°C
(0.6778 kg/s)(1.005 kJ/kg.°C)
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5-62

5-87E An adiabatic open feedwater heater mixes steam with feedwater. The outlet mass flow rate and the outlet velocity are
to be determined for two exit temperatures.

Assumptions Steady operating conditions exist.

Analysis From a mass balance Water
my =m, +m, =0.1+2=2.1lbm/s 10 psia
100°F \
The specific volume at the exit is (Table A-4E) 2 Ibm/s S ©)
. 10 psia
P, =10 psia —
} P V3 = Vi giaoer = 0.01620 ft>/lbm > ® 120°F
T, = 120°F Steam &, (D
10 psia /
The exit velocity is then 200°F
. . 0.1 Ibm/s
V. = myv; _ 4m, v,
3 A3 ﬂ'D 2
~ 4(2.11bm/s)(0.01620 ft*/Ibm)
7(0.5 ft)*
=0.1733 ft/s

When the temperature at the exit is 180°F, we have

P; =10 psia

~ — 3
T, =180°F } V3 =V gigoer =0.01651ft°/Ibm

. ari . ' 3
v, = Myvy _4msv;  4(2.11bm/s)(0.01651 ft*/lbm) — 0.1766 ft/s

A, aD? 7(0.5 ft)*

The mass flow rate at the exit is same while the exit velocity slightly increases when the exit temperature is 180°F instead
of 120°F.
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5-63

5-88E Air is heated in a steam heating system. For specified flow rates, the volume flow rate of air at the inlet is to
be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions. 4 Heat loss from the device to the surroundings is negligible and thus heat
transfer from the hot fluid is equal to the heat transfer to the cold fluid. 5 Air is an ideal gas with constant specific heats at
room temperature.

Properties The gas constant of air is 0.3704 psia.ft’/lbm.R (Table A-1E). The constant pressure specific heat of air is Cp=
0.240 Btu/Ibm-°F (Table A-2E). The enthalpies of steam at the inlet and the exit states are (Tables A-4E through A-6E)

P; =30 psia
h, =1237.9 Btu/lbm
T; = 400°F
P=25psia |y = 180.21 Btw/lb
T4 =212°F 4 = f@212°F : tu/lom

Analysis We take the entire heat exchanger as the system, which is a control volume. The mass and energy balances for
this steady-flow system can be expressed in the rate form as

Mass balance ( for each fluid stream): AIR

; ; A J0 (steady) _

My, — Moy = Amsystem =0 I \Ll
min = mout Steam
M, =m, =m, and my =m, =m, 3

Energy balance (for the entire heat exchanger):

- : _ . 20 (steady) _ 4
Ein - Eout - AEsystcm =0 \LZ
(" N —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

ryhy +myhy = myh, +m,h, (since Q =W = Ake = Ape = 0)
Combining the two, ma(hy —h)=mg(hy —h,)
Solving for m, :

M= h, —hy = Cp(Tz _Tl)ms

Substituting,

_(1237.9-180.21)Btw/lbm
2 (0.240 Btu/lbm - °F)(130 — 80)°F

(15 Ibm/min) =1322 1bm/min = 22.04 lbm/s

Also,

RT,  (0.3704 psia- ft*/lbm-R)(540 R)
P, 14.7 psia

=13.61 ft*/lbm

v, =

Then the volume flow rate of air at the inlet becomes

V, = v, = (22.04 Ibm/s)(13.61 ft*/Ibm) = 300 ft3/s
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5-64

5-89 Two streams of cold and warm air are mixed in a chamber. If the ratio of hot to cold air is 1.6, the mixture temperature
and the rate of heat gain of the room are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat transfer is negligible.

Properties The gas constant of air is R = 0.287
kPa.m’/kg K. The enthalpies of air are obtained
from air table (Table A-17) as Cold

hy =haasok =280.13 kl/kg ;lorC x

h2 =h @307K = 307.23 kJ/kg
hoom = h@ =297.18 kJ/k
@297K g Warm

Analysis (a) We take the mixing chamber as the air

system, which is a control volume since mass 34°C
crosses the boundary. The mass and energy

balances for this steady-flow system can be

expressed in the rate form as

—+» Room — 24°C

Mass balance:

20 (steady)

My, — Moy = AMgygem =0—>m, =m,, —>m +1.6m =my; =2.6m since M, =1.6mM
Energy balance:

. . _ - 70 (steady) _

Ein - Eout - AEsystcm =0

T —_—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Ein = Eout

myhy +myhy =My, (since Q =W = Ake = Ape = 0)
Combining the two gives  m;h; +2.2mh, =3.2m;h; or h; =(h, +2.2h,)/3.2
Substituting,
h; =(280.13 +2.2x 307.23)/3.2 =298.76 kl/kg
From air table at this enthalpy, the mixture temperature is
Ts =T@h=20876k1ke =298.6 K=25.6°C

(b) The mass flow rates are determined as follows

_RT, _(0.287 kPa-m’/kg-K)(7+273K)
P 105 kPa

v, 75m?
m, :_IZLI“!S =0.9799 kg/s
v 0.7654m’/kg

My =3.2m, =3.2(0.9799 kg/s) = 3.136 kg/s

: =0.7654m" /kg

The rate of heat gain of the room is determined from

Qgain = M3 (Nroom — N3) = (3.136 kg/s)(297.18 — 298.76) ki/kg = —4.93 KW

The negative sign indicates that the room actually loses heat at a rate of 4.93 kW.
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5-65

5-90 A heat exchanger that is not insulated is used to produce steam from the heat given up by the exhaust gases of an
internal combustion engine. The temperature of exhaust gases at the heat exchanger exit and the rate of heat transfer to the
water are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions. 4 Exhaust gases are assumed to have air properties with constant specific
heats.

Properties The constant pressure specific heat of the exhaust gases is taken to be ¢, = 1.045 kJ/kg-°C (Table A-2). The inlet
and exit enthalpies of water are (Tables A-4 and A-5)

Ty =15°C
’ o thy, =62.98 kI/kg
X =0(sat.liq.)] Exh. gas t Q
Puou =2 MPa 400°C <
' g out =2798.3 kl/kg — —
X =1(sat.vap.) Heat
exchanger
Analysis We take the entire heat exchanger as the system, which X & |
is a control volume. The mass and energy balances for this Water
steady-flow system can be expressed in the rate form as 2 MPa o
sat. vap. 15°C

Mass balance (for each fluid stream):

20 (steady)
System

rﬁin - rﬁout = Am =0 ) r.hin =

out

Energy balance (for the entire heat exchanger):

- - _ . 20 (steady) _
Ein - Eout - AEsystem =0
—_ \ R
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

|ﬁhexhhexh,in +mgh :mexhhexh,out + r’hw hw,out + Qout (since W = Ake = Ape = 0)

W' 'w,in

or mexhcpTe + rhth,in = mexthTexh,out + n"]th,out + Qout

xh,in
Noting that the mass flow rate of exhaust gases is 15 times that of the water, substituting gives

15m,, (1.045 kJ/kg.°C)(400°C) + m,, (62.98 kl/kg)

. 1
=15my, (1.045 kJ/kg.°O)T gy o + My, (2798.3 kl/kg) + Qg )
The heat given up by the exhaust gases and heat picked up by the water are
Qexh = mexhc p (Texh,in _Texh,out ) = 15mw (1 .045 kJ/kgOC)(4OO _Texh,out )OC (2)
QW =My (Nyout = Nyin) =M, (2798.3 - 62.98)kJ/kg 3)

The heat loss is

Qout = fheatlossQexh = O'lqexh 4

The solution may be obtained by a trial-error approach. Or, solving the above equations simultaneously using EES
software, we obtain

Tonow =206.1°C, Q,, =97.26 kW, m,, =0.03556 kg/s, m,, =0.5333kg/s

exh,out
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5-66

5-91 A chilled-water heat-exchange unit is designed to cool air by water. The maximum water outlet temperature is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions. 4 Heat loss from the device to the surroundings is negligible and thus heat
transfer from the hot fluid is equal to the heat transfer to the cold fluid. 5 Air is an ideal gas with constant specific heats at
room temperature.

Properties The gas constant of air is 0.287 kPa.m’/kg.K (Table A-1). The constant pressure specific heat of air at room
temperature is ¢, = 1.005 kJ/kg-°C (Table A-2a). The specific heat of water is 4.18 kJ/kg-K (Table A-3).

Analysis The water temperature at the heat exchanger exit will be maximum when all the heat released by the air is picked
up by the water. First, the inlet specific volume and the mass flow rate of air are

RT, _ (0.287 kPa-m’/kg-K)(303K)
P 100 kPa
v 5m’/
a= b= 5750 kess
vy 0.8696m’/kg

=0.8696 m° /kg

Ulz
m

We take the entire heat exchanger as the system, which is a control volume. The mass and energy balances for this steady-
flow system can be expressed in the rate form as

Mass balance ( for each fluid stream):

20 (steady)
system

mm—mout=Am =0—)mm= _>m1=m3=maandm2=m4=mw

out

Energy balance (for the entire heat exchanger):

- : _ : 20 (steady) _
Ein - Eout - AEsystcm =0
——— —

Rate of net energy transfer  Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies
Ein = Eout

m,h, +m,h, =rm;h, +mh, (since Q =W = Ake = Ape = 0)
Combining the two,
mg (hy —hy) =my, (hy —h,)
MaCpa (T =T3)=mMyCpw(Ty =Ts)
Solving for the exit temperature of water,

. MaCpa(Ti—Ts) goc 4 (5:750ke/s)(1.005 ki/kg -°C)(30-18)°C
My p.w (2 kg/s)(4.18 kI/kg -°C)

=16.3°C

T4 :T2
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5-67
5-92 Refrigerant-134a is condensed in a condenser by cooling water. The rate of heat transfer to the water and the mass
flow rate of water are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work and heat interactions between the condenser and the surroundings.

Analysis We take the condenser as the system, which is a control volume. The energy balance for this steady-flow system
can be expressed in the rate form as

: : _ : 70 (steady) _ : 4
Ein - Eout = AEsystcm =0 Water, m,,
%\f—/ __________
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies 3 Condenser
Ein = Eout !
mgh, + m,hy =mgh, +m,h, b

) . . Refrigerant, Mg
Mg (hy —hy)=my (hy —hs)=m,c, (T, —T3)

If we take the refrigerant as the system, the energy balance can be written as

. . _ - 70 (steady) _
Ein - Eout - AEsystem =0
%/—/ -~ . o —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

Mghy =Mghy +Qqy

Qout = I’ﬁR(hl - hz)

(a) The properties of refrigerant at the inlet and exit states of the condenser are (from Tables A-11 through A-13)

P, =1200 kPa

h, =316.73 kl/kg
T, =85°C
P, =1200 kPa

h,=h oc =108.26 kl/k
Ty = Ta@1200kpa = ATsubeool = 40.3 =6.3=40°C } ? reae s

The rate of heat rejected to the water is
Qout =mg(h, —h,)=(0.042kg/s)(316.73 -108.26)kJ/kg =8.76 kW =525 kJ/min

(b) The mass flow rate of water can be determined from the energy balance on the condenser:

Qout = mepATw
8.76 kW =m,, (4.18 kl/kg - °C)(12°C)
m,, =0.175 kg/s =10.5 kg/min

The specific heat of water is taken as 4.18 kJ/kg-°C (Table A-3).
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5-68

5-93 Refrigerant-22 is evaporated in an evaporator by air. The rate of heat transfer from the air and the temperature change
of air are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work and heat interactions between the evaporator and the surroundings.

Analysis We take the condenser as the system, which is a control volume. The energy balance for this steady-flow system
can be expressed in the rate form as

= - _ : 70 (steady) _
Ein - Eout - AEsystem =0 Air, mw 4
— [ A —
Rateof netenergy transfer  Rate of changein internal, kinetic, el o _
by heat, work, and mass potential, etc. energies 3_|_ _|_>
E. —E Evaporator
in — “out 1
mRh1+mah3=mRh2 +mah4 4—'— —————————— —|—

Mg (h, —hy)=m, (h; —hy)=m,c AT, Refrigerant, mg

If we take the refrigerant as the system, the energy balance can
be written as

. . _ - 70 (steady) _
Ein - Eout - AEsystem =0
D "
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
Mghy + Qi =Mgh,
Qin =Mg(h, —hy)

(a) The mass flow rate of the refrigerant is

V) (2.25/3600) m*/s
v 0.0253 m> /kg

Mg = =0.02472 kg/s

The rate of heat absorbed from the air is

Q;, =Mg(h, —h,)=(0.02472 kg/s)(398.0 — 220.2)kJ/kg = 4.39 kW
(b) The temperature change of air can be determined from an energy balance on the evaporator:

QL =mMg(h; —hy)=mc,(Ty —Ty)
4.39kW = (0.5 kg/s)(1.005 kI/kg - °C)AT,
AT, =8.7°C

The specific heat of air is taken as 1.005 kJ/kg-°C (Table A-2).
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5-69

5-94 Two mass streams of the same idela gas are mixed in a mixing chamber. Heat is transferred to the chamber. Three
expressions as functions of other parameters are to be obtained.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions.

Analysis (a) We take the mixing device as the system, which is a control volume. The energy balance for this steady-flow
system can be expressed in the rate form as

. . _ - 20 (steady) _

Ein - Eout - AEsystem =0
Rate of net energy transfer  Rate of change in internal, kinetic, Q
by heat, work, and mass potential, etc. energies

E _E Cold gas
in — “out
mhy +m,h, +Q;, =mshs @
O—
From a mass balance, ©)

m; =m; +m, Hot gas

Since h= CpT,
Then

mM,CpT) +MM,yC, T, +Qy =msyc, T,
Qun

m m
T, :_.1 T +_.2T2 +—
m, m, msc,

(b) Expression for volume flow rate:

. RT
V3:m3"3:m3—3
3
. mR(m m ).
Vi = 2 .—1T1+.—2T2+.Q¢
Py (M, m; msc,
v, = MRT, | MRT, RQ;,
P P, P3Cp
. .. RO
Pcp

(c) If the process is adiabatic, then
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5-70

Pipe and duct Flow

5-95 Heat is supplied to the argon as it flows in a heater. The exit temperature of argon and the volume flow rate at the exit
are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible.

Properties The gas constant of argon is 0.2081 kPa.m’/kg.K. The constant pressure specific heat of air at room temperature
is ¢, = 0.5203 kJ/kg-°C (Table A-2a).

Analysis (a) We take the pipe(heater) in which the argon is heated as the system, which is a control volume. The energy
balance for this steady-flow system can be expressed in the rate form as
AE 20 (steady) =0

En - E

in out system
—_—
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies Qin

Ein = Eoul \

mh, +Q,, =mh, 10061(2}:1&@20 K Argon 100 kPa
Qin = m(hz - hl)

Qin =mc, (T, =Ty)

Substituting and solving for the exit temperature,

T,=T, + Q300K + 150 kW =346.2K =73.2°C
me,, (6.24 kg/s)(0.5203 kl/kg - K)

(b) The exit specific volume and the volume flow rate are

RT, (0.2081 kPa-m’/kg-K)(346.2K)

> 100 kPa
V, =mv, = (6.24kg/s)(0.8266 m*/kg) = 4.50 m*>/s

vy = =0.7204 m’ /kg
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5-71
5-96 Saturated liquid water is heated in a steam boiler at a specified rate. The rate of heat transfer in the boiler is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions.

Analysis We take the pipe in which the water is heated as the system, which is a control volume. The energy balance for
this steady-flow system can be expressed in the rate form as

. . _ : 70 (steady) _ .
Ein - Eout - AEsystem =0 Q
N | —— .
Rate of net energy transfer ~ Rate of change in internal, kinetic, " \
by heat, work, and mass potential, etc. energies L 7
E _E 2 MPa, sat. liq. Water 2 MPa
n out

] 4 kg/s e 250°C
mhl +Qm = mh2

Qin =m(h, —hy)
The enthalpies of water at the inlet and exit of the boiler are (Table A-5, A-6).

P, =2MPa
hy =Nt @ompa =908.47 ki/kg
Xx=0 g
h, =2903.3kJ/kg
T, =250°C
Substituting,

Q,, = (4kg/s)(2903.3 —908.47)kJ/kg = 7980 KW

5-97E Saturated liquid water is heated in a steam boiler. The heat transfer per unit mass is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions.

Analysis We take the pipe in which the water is heated as the system, which is a control volume. The energy balance for
this steady-flow system can be expressed in the rate form as

. . _ . 20 (steady) _
Ein - Eout - AEsystem =0
Rate of net energy transfer  Rate of change in internal, kinetic, .
by heat, work, and mass potential, etc. energies Qin \
Ein = Eout . *
" . o 500 psia, Water 500 psia
mh; +Q;, = mh, sat. liq. — 600°F
Qin =m(h, —hy)
Ui =hy —hy

The enthalpies of water at the inlet and exit of the boiler are (Table A-5E, A-6E).

P, =500 psia
Xl— 0 ’ }hl =h¢ @s00psia = 449.51 Btw/lbm
P, =500 psia
’ P h, =1298.6 Btu/Ibm
T, =600°F
Substituting,

Q;, =1298.6-449.51=849.1Btu/lbm
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5-72
5-98 Air at a specified rate is heated by an electrical heater. The current is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 The heat losses from the air is negligible.

Properties The gas constant of air is 0.287 kPa.m’/kg.K (Table A-1). The constant pressure specific heat of air at room
temperature is ¢, = 1.005 kl/kg-°C (Table A-2a).

Analysis We take the pipe in which the air is heated as the system, which is a control volume. The energy balance for this
steady-flow system can be expressed in the rate form as

: > : 20 (steady) _

Ein - Eout AEsystem =0

| ——— .
Rate of net energy transfer  Rate of change in internal, kinetic, W..
by heat, work, and mass potential, etc. energies O

E,=E 2 7
n out .
. , 100 kPa, 15°C Air 100 kPa
mh, +W,;, = rmh, 0.3 m%/s E— 30°C
We,in = m(h2 - hl)

VI =mc,(T,-T))
The inlet specific volume and the mass flow rate of air are

RT, _ (0.287 kPa-m"/kg-K)(288 K)
P 100 kPa

Rz 0.3 m’/
m=-t=—"" 2 _03629kg)s

Vi 0.8266m°/kg

UIZ

=0.8266 m° /kg

Substituting into the energy balance equation and solving for the current gives

|- me, (T, =T)) _ (0-3629kg/s)(1.005 kI/kg - K)(30 - 15K ( 1000 VI

=49.7 Amperes
\% 110V 1kl/s
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5-73

5-99E The cooling fan of a computer draws air, which is heated in the computer by absorbing the heat of PC circuits. The
electrical power dissipated by the circuits is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 All the heat dissipated by the circuits are picked up by the air drawn by the fan.

Properties The gas constant of air is 0.3704 psia-ft’/Ibm-R (Table A-1E). The constant pressure specific heat of air at room
temperature is ¢, = 0.240 Btu/lbm-°F (Table A-2Ea).

Analysis We take the pipe in which the air is heated as the system, which is a control volume. The energy balance for this
steady-flow system can be expressed in the rate form as

- - - 20 (steady) _
Ein - Eout AEsystem =0
—_— .
Rate of net energy transfer  Rate of change in internal, kinetic, W,
by heat, work, and mass potential, etc. energies €,n
Ein = Eout w
. . . . ° . .
mh, +W,,, =mh, 14.7 psia, 70°F Air 14.7 psia

0.5 ft'/s —_— 80°F

We,in = m(hz - h1)

We,in = me(TZ _Tl)

The inlet specific volume and the mass flow rate of air are

RT, _ (0.3704 psia-ft*/Ibm-R)(530 R)
P 14.7 psia

o Vi 05fts

vi 13351t /lbm

=13.35ft*/lbm

v, =
=0.03745Ibm/s

Substituting,

1kW

W, ., = (0.03745 Ibm/s)(0.240 Btw/Ibm - R)(80 — 70)Btu/lbm| ———
’ 0.94782 Btu/s

j =0.0948 kW
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5-74

5-100 A desktop computer is to be cooled safely by a fan in hot environments and high elevations. The air flow rate of the
fan and the diameter of the casing are to be determined.

Assumptions 1 Steady operation under worst conditions is considered. 2 Air is an ideal gas with constant specific heats. 3
Kinetic and potential energy changes are negligible.

Properties The specific heat of air at the average temperature of Ty, = (45+60)/2 = 52.5°C = 325.5 K is ¢, = 1.0065
kJ/kg.°C. The gas constant for air is R = 0.287 kJ/kg.K (Table A-2).

Analysis The fan selected must be able to meet the cooling requirements of the computer at worst conditions. Therefore, we
assume air to enter the computer at 66.63 kPa and 45°C, and leave at 60°C.

We take the air space in the computer as the system, which is a control volume. The energy balance for this steady-
flow system can be expressed in the rate form as

- - _ - 70 (steady) _
Ein - Eout - AEsystem =0
— -
Rate of netenergy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
E,, = E.
Q,, +mh = mh2 (since Ake = Ape = 0)
———
Qin =me(T2—T1) C= '

I ] b 1 o it )

Then the required mass flow rate of air to absorb heat at a rate of 60 W is /5‘55@.‘?5.&.&5.& e _m_\ggﬂ\\
determined to be

Q ~ 60 W
Cop(Tou —Tin)  (1006.51/kg.°C)(60-45)°C

Q=mMC,(Toy —Tin) > M= =0.00397 kg/s = 0.238 kg/min

The density of air entering the fan at the exit and its volume flow rate are

pot - 663'63 kPa =0.6972 keg/m®
RT (0287 kPa.m’/kgK)(60+273)K
B m 0.238 kg/min

P 0.6972 kg/m

=0.341m3%/min

For an average exit velocity of 110 m/min, the diameter of the casing of the fan is determined from

2 y 3 .
v=nv="2v ,p= Y _ O34 m"/min) _, 63— 6.3¢m
4 pa¥l (110 m/min)
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5-75

5-101 A desktop computer is to be cooled safely by a fan in hot environments and high elevations. The air flow rate of the
fan and the diameter of the casing are to be determined.

Assumptions 1 Steady operation under worst conditions is considered. 2 Air is an ideal gas with constant specific heats. 3
Kinetic and potential energy changes are negligible.

Properties The specific heat of air at the average temperature of T, = (45+60)/2 = 52.5°C is ¢, = 1.0065 kJ/kg.°C The gas
constant for air is R = 0.287 kJ/kg.K (Table A-2).

Analysis The fan selected must be able to meet the cooling requirements of the computer at worst conditions. Therefore, we
assume air to enter the computer at 66.63 kPa and 45°C, and leave at 60°C.

We take the air space in the computer as the system, which is a control volume. The energy balance for this steady-
flow system can be expressed in the rate form as

. . _ - 20 (steady) _
Ein - Eout - AEsystem =0
— e g
Rate of net energy transfer ~ Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

Qin +mh, =mh, (since Ake = Ape = 0)

Qin :mcp(TZ_Tl) . == ‘
Then the required mass flow rate of air to absorb heat at a rate of 100 W is o r e e |
1€ requi W ! ' T,
determined to be =

Q = me (Tout _Tin)

M = Q _ 100 W
Cp(Tou —Tin)  (1006.5 J/kg.°C)(60 - 45)°C

=0.006624 kg/s = 0.397 kg/min

The density of air entering the fan at the exit and its volume flow rate are

. P 66.63 kPa
RT  (0.287 kPa.m? /kg.K)(60 +273)K
Vzmlew;:O.57m3/min
P 0.6972kg/m

=0.6972 kg/m*

For an average exit velocity of 110 m/min, the diameter of the casing of the fan is determined from

2 y 3 .
V:ACV=7ZD V—>5D= /ﬂz M=0.081m:8.1cm
4 N (110 m/min)
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5-76

5-102E Electronic devices mounted on a cold plate are cooled by water. The amount of heat generated by the electronic
devices is to be determined.

Assumptions 1 Steady operating conditions exist. 2 About 15 percent of the heat generated is dissipated from the
components to the surroundings by convection and radiation. 3 Kinetic and potential energy changes are negligible.

Properties The properties of water at room temperature are p = 62.1 Ibm/ft’ and Cp = 1.00 Btu/lbm.°F (Table A-3E).

Analysis We take the tubes of the cold plate to be the system, which is a control volume. The energy balance for this
steady-flow system can be expressed in the rate form as

- - - 20 (stead;
Ein — Eout = AEem e =g Cold plate ~ Water
i ineti inlet
Rate of netenergy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies —— <—
. . 1
Ein = Eout

Qin +mh, =mh, (since Ake = Ape = 0)

Qm =mc, (T, -T)) M 5

Then mass flow rate of water and the rate of heat removal by the
water are determined to be

2 2
”'Z V = (62.11bmyfi?) F(023 /12107

Q=mc, Ty, —Tin) = (50.9 Ibm/h)(1.00 Btw/Ibm.°F)(105 — 70)°F = 1781 Btu/h

m=pAV = p (40 ft/min) = 0.8483 Ibm/min = 50.9 Ibm/h

which is 85 percent of the heat generated by the electronic devices. Then the total amount of heat generated by the
electronic devices becomes
1781 Btu/h

Q =———"7 - 2096 Btu/h = 614 W
0.85
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5-77

5-103 The components of an electronic device located in a horizontal duct of rectangular cross section are cooled by
forced air. The heat transfer from the outer surfaces of the duct is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant specific heats at room temperature. 3
Kinetic and potential energy changes are negligible

Properties The gas constant of air is R = 0.287 kJ/kg.°C (Table A-1). The specific heat of air at room temperature is C, =
1.005 kJ/kg.°C (Table A-2).

Analysis The density of air entering the duct and the mass flow rate are
40°C

P 101.325kPa 1,165 kg/m’® P
3
RT  (0.287 kPa.m’/kg.K)(30+273)K

= pV = (1.165 kg/m*)(0.6 m* / min) = 0.700 kg/min

We take the channel, excluding the electronic components, to be

the system, which is a control volume. The energy balance for Air
this steady-flow system can be expressed in the rate form as 30°C
3 .
: : B . 70 (steady) 0.6 m /mlyY
Ein - Eout - AEsystem =0
Rate of netenergy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
Q,, + mh; =mh, (since Ake = Ape = 0)
Qi =mc, (T, =T))

Then the rate of heat transfer to the air passing through the duct becomes

Qur = [MCp(Tou = Tin)luiy = (0.700/60 kg/s)(1.005 kI/kg.°C)(40 —30)°C = 0.117kW =117 W

The rest of the 180 W heat generated must be dissipated through the outer surfaces of the duct by natural convection and
radiation,

Qexternal = Qtotal - Qinternal =180-117=63 W
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5-78

5-104 The components of an electronic device located in a horizontal duct of circular cross section is cooled by forced air.
The heat transfer from the outer surfaces of the duct is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant specific heats at room temperature. 3
Kinetic and potential energy changes are negligible

Properties The gas constant of air is R = 0.287 kJ/kg.°C (Table A-1). The specific heat of air at room temperature is C, =
1.005 kJ/kg.°C (Table A-2).

Analysis The density of air entering the duct and the mass flow rate are

p_i_ 101.325 kPa
RT (0287 kPa.m®/kg.K)(30+273)K
= pV = (1.165 kg/m*)(0.6 m* / min) = 0.700 kg/min

=1.165kg/m’

We take the channel, excluding the electronic components, to be the system, which is a control volume. The energy balance
for this steady-flow system can be expressed in the rate form as

- - _ - 20 (steady) _
Ein - Eout - AEsystem =0
Rate of net transfs e ineti 1 2
ate ot net energy transter Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies Air
. . »
Ein = Eout 30°C
). +mh, =mh, (since Ake = Ape = 0
Qm 1 2 ( P ) 0.6 1’Il3 /s

Qn =mc,(T, =T))

Then the rate of heat transfer to the air passing through the duct becomes

Qur =[MCp(Toy = Tin)luix = (0.700/60 kg/s)(1.005 kI/kg.°C)(40 —30)°C = 0.117 kW =117 W

The rest of the 180 W heat generated must be dissipated through the outer surfaces of the duct by natural convection and
radiation,

Qextemal = Qtotal - Qintemal =180-117=63 W

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

5-79
5-105 Air enters a hollow-core printed circuit board. The exit temperature of the air is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant specific heats at room temperature. 3
The local atmospheric pressure is 1 atm. 4 Kinetic and potential energy changes are negligible.

Properties The gas constant of air is R = 0.287

kJ/kg.°C (Table A-1). The specific heat of air at room 1
temperature is ¢, = 1.005 kJ/kg.°C (Table A-2). Air
Analysis The density of air entering the duct and 25°C
the mass flow rate are 0.8 L/s
o P 101.325kPa 1,185 ke/m’

TRT (0.287 kPam’/kg K)(25+273)K
m= p¥ =(1.185 kg/m?)(0.0008 m* / s) = 0.0009477 kg/s

We take the hollow core to be the system, which is a control volume. The energy balance for this steady-flow system can be
expressed in the rate form as

: : : 70 (stead:
Ein - Eout = AEsystem (steady) =0
— | S
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
Q,, +mh, =rmh, (since Ake = Ape = 0)
Qin =mc,(T, -T))
Then the exit temperature of air leaving the hollow core becomes
s ); 15/
Qin:me(T2 -T)—->T, =T, + Qm =25°C+ i =46.0°C
mc (0.0009477 kg/s)(1005 J/kg.°C)

p
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5-80

5-106 A computer is cooled by a fan blowing air through the case of the computer. The required flow rate of the air and the
fraction of the temperature rise of air that is due to heat generated by the fan are to be determined.

Assumptions 1 Steady flow conditions exist. 2 Air is an ideal gas with constant specific heats. 3 The pressure of air is 1
atm. 4 Kinetic and potential energy changes are negligible

Properties The specific heat of air at room temperature is ¢, = 1.005 kJ/kg.°C (Table A-2).

Analysis (a) We take the air space in the computer as the system, which is a control volume. The energy balance for this
steady-flow system can be expressed in the rate form as

: . _ - 20 (steady) _
Ein - Eout - AEsystem =0
—_— N —

Rate of net energy transfer  Rate of change in internal, kinetic,

by heat, work, and mass potential, etc. energies

Ein = Eout

Q,, +W, +mh, =mh, (sinceAke = Ape = 0)
Qin +Win = mcp(TZ -T)

Noting that the fan power is 25 W and the 8 PCBs transfer a total of 80 [ Tﬁ{i{ﬁﬁ%ﬁ@ﬂ*@
W of heat to air, the mass flow rate of air is determined to be

¢ <3

=1

Qu +W,,  (BxI0)W+25W
c,(Te—Ti)  (1005J/kg.°C)(10°C)

Qp +W,, =mc, (T, -T;) > m= =0.0104kg/s

(b) The fraction of temperature rise of air that is due to the heat generated by the fan and its motor can be determined from

Q =mc,AT — AT = Q _ W =2.4°C
mc,  (0.0104kg/s)(1005)/kg.°C)
f=22C 24— 24%
10°C
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5-81

5-107 Hot water enters a pipe whose outer surface is exposed to cold air in a basement. The rate of heat loss from the water
is to be determined.

Assumptions 1 Steady flow conditions exist. 2 Water is an incompressible substance with constant specific heats. 3 The
changes in kinetic and potential energies are negligible.

Properties The properties of water at the average temperature of (90+88)/2 = 89°C are p =965 kg/m3 and ¢, =4.21
kJ/kg.°C (Table A-3).

Analysis The mass flow rate of water is

. 0.025m)°
M= pAV = (965 kg/m’ )%(o.é m/s) = 0.2842 ks
We take the section of the pipe in the basement to be the Q
system, which is a control volume. The energy balance for
this steady-flow system can be expressed in the rate form as 1 2
Water
- : - 70 (stead: ——
Ein - Eoul = AEsystem (steady) =0
— [N — o o
Rate of netenergy transfer  Rate of change in internal, kinetic, 90°C 88°C
by heat, work, and mass potential, etc. energies 0.6 m/s

Ein = Eout
mh, = Q,,, +mh, (since Ake = Ape = 0)

Qout = rhCp(Tl _TZ)

Then the rate of heat transfer from the hot water to the surrounding air becomes

Qoue = MCp [Ty — Toug Juarer = (0-2842 kg/s)(4.21 kl/kg.°C)(90 — 88)°C = 2.39 kW

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

5-82

EE
5-108 E Problem 5-107 is reconsidered. The effect of the inner pipe diameter on the rate of heat loss as the pipe
diameter varies from 1.5 cm to 7.5 cm is to be investigated. The rate of heat loss is to be plotted against the diameter.

Analysis The problem is solved using EES, and the solution is given below.

"Knowns:"

D =0.025[m]

rho = 965 [kg/m"3]
Vel = 0.6 [m/s]
T_1=90][C]

T 2=88][C]

c_p =4.21 [kJ/kg-C]

"Analysis:"

"The mass flow rate of water is:"
Area = pi*D"2/4

m_dot = rho*Area*Vel

"We take the section of the pipe in the basement to be the system, which is a control volume. The energy
balance for this steady-flow system can be expressed in the rate form as"

E_dot_in - E_dot_out = DELTAE_dot_sys

DELTAE_dot_sys = 0 "Steady-flow assumption"

E_dot_in = m_dot*h_in

E_dot_out =Q_dot_out+m_dot*h_out

h_in=c_p*T_1

h_out=c p*T_2

D Qout 30
[m] [kwW] -
0.015 1.149 25
0.025 3.191 I
0.035 6.254
0.045 10.34 20
0.055 15.44 s L
0.065 21.57 X, 15
0.075 28.72 =
5 |
'© 10
5
O 1 1 1 1 1 1 1
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08

D [m]
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5-83
5-109 A room is to be heated by an electric resistance heater placed in a duct in the room. The power rating of the electric

heater and the temperature rise of air as it passes through the heater are to be determined.

Assumptions 1 Steady operating conditions exist. 2 Air is an ideal gas with constant specific heats at room temperature. 3
Kinetic and potential energy changes are negligible. 4 The heating duct is adiabatic, and thus heat transfer through it is
negligible. 5 No air leaks in and out of the room.

Properties The gas constant of air is 0.287 kPa.m’/kg K (Table A-1). The specific heats of air at room temperature are Cp
1.005 and ¢,= 0.718 kJ/kg'K (Table A-2).

Analysis (a) The total mass of air in the room is

200 kJ/min
V=5x6x8m> =240 m>

PV (98 kPa)(240 m?) 846k AT sxesm’ N
RT, (0.287 kPa-m?’/kg-K)(288 K) —<—
. L % W
We first take the entire room as our system, which is a closed system ¢
since no mass leaks in or out. The power rating of the electric heater is —1
determined by applying the conservation of energy relation to this m W
constant volume closed system:
Ein - Eout AEsystem
R —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Wein +Weanin —Qout = AU (since AKE = APE = 0)
At(vve,in +Wfan,in - Qout ) = mcu,avg (TZ - Tl)

Solving for the electrical work input gives
V\./e,in = Qout _Wfan,in + mcv (TZ _Tl)/At
= (200/60 kJ/s) — (0.2 kJ/s) + (284.6 kg)(0.718 kJ/kg-"C)(25-15)°C/(15%x 60 s)
=5.40 kW

(b) We now take the heating duct as the system, which is a control volume since mass crosses the boundary. There is only
one inlet and one exit, and thus m; = m, = m. The energy balance for this adiabatic steady-flow system can be expressed in

the rate form as

2 . _ : 20 (steady) _
Ein - Eout - AEsystem =0
—_— \ ——
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

V\./e,in +V\.lfan’in +mh, = mh, (since Q = Ake = Ape = 0)

W, i + Wi = M(hy —hy) = mc, (T, - T))

e,in
Thus,

Wi +Wenin (5.40 +0.2) kJ/s

- =6.7°C
me (50/60 kg/s)1.005 kl/kg -K)

p
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5-84
5-110E Water is heated in a parabolic solar collector. The required length of parabolic collector is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Heat loss from the tube is negligible so that the entire solar energy
incident on the tube is transferred to the water. 3 Kinetic and potential energy changes are negligible

Properties The specific heat of water at room temperature is ¢, = 1.00 Btu/lbm.°F (Table A-3E).

Analysis We take the thin aluminum tube to be the system, which is a control volume. The energy balance for this steady-
flow system can be expressed in the rate form as

- - _ - 20 (steady) _
Ein - Eout - AEsystem =0
- 2
Rate of net energy transfer  Rate of change in internal, kinetic, 1
by heat, work, and mass potential, etc. energies Water
.
Ein - Eout 180°F
. 55°F
. +mh, =mh, (since Ake = Ape = 0
Qm - 1 2 ( p ) 4 1bm/s

Qin = MyaterCp (T2 = Ty)
Then the total rate of heat transfer to the water flowing through the tube becomes
Q.o = MC p(Te =Ti) = (41bm/s)(1.00 Btw/Ibm.°F)(180 — 55)°F = 500 Btu/s = 1,800,000 Btu/h
The length of the tube required is

L = Qo _ 1800.000Bwh _ 6y gy
0 400 Buhft

5-111 A house is heated by an electric resistance heater placed in a duct. The power rating of the electric heater is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Air is an ideal gas with constant specific
heats at room temperature. 3 Kinetic and potential energy changes are negligible.

Properties The constant pressure specific heat of air at room temperature is ¢, = 1.005 kJ/kg'K (Table A-2)

Analysis We take the heating duct as the system, which is a control volume since mass crosses the boundary. There is only
one inlet and one exit, and thus m; = m, = M. The energy balance for this steady-flow system can be expressed in the rate

form as
- - _ - 70 (steady) _
Ein - Eout - AEsystem =0
Rate of net transfe f 1
ate ot netenergy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies / 300 W \
. <
Ein - Eout
S e o W,
Wein + Wi in +Mhy = Q,, +Mh, (since Ake = Ape = 0) /]\
We,in +Wfan,in = Qout + m(hZ - hl) = Qout + me(TZ _Tl) #
300 W

Substituting, the power rating of the heating element is determined to be

W, in = Quu + MCAT =W, i = (0.3 kJ/s) + (0.6 kg/s)(1.005 kl/kg - °C)(7°C) — 0.3 kW = 4.22 kW
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5-85

5-112 Steam pipes pass through an unheated area, and the temperature of steam drops as a result of heat losses. The mass
flow rate of steam and the rate of heat loss from are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 4 There are no work interactions involved.

Properties From the steam tables (Table A-6),

P =2MPa |y, =0.12551 m’/kg 2 MPa STEAM 800 kPa
T, =300°C | h, =3024.2 kl/kg 300°C f 250°C
P, =800 kPa \ -

h, =2950.4 kJ/kg
T, =250°C Q

Analysis (a) The mass flow rate of steam is determined directly from

—— 17(0.06 m)*[3 m/s)=0.270 kg/s
v, 0.12551 m>/kg [ﬁ( m) k ms) 9

(b) We take the steam pipe as the system, which is a control volume since mass crosses the boundary. There is only one
inlet and one exit, and thus m; =M, = M. The energy balance for this steady-flow system can be expressed in the rate form

as
) . _ - 20 (steady) _
Ein - Eout - AEsystem =0
Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

mhy = Qyy +mMh,  (since W = Ake = Ape = 0)
Qout = m(hl - h2)

Substituting, the rate of heat loss is determined to be

Qe = (0.270 kg/s)(3024.2 — 2950.4) kl/kg =19.9 kJ/s
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5-86

5-113 Steam flows through a non-constant cross-section pipe. The inlet and exit velocities of the steam are to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy change is negligible. 3
There are no work interactions. 4 The device is adiabatic and thus heat transfer is negligible.

Analysis We take the pipe as the system, which

is a control volume since mass crosses the _

boundary. The mass and energy balances for this D, — D,

steady-flow system can be expressed in the rate 200 kPa Steam 150 lzPa

form as 200°C 150°C
m— \Y;

Mass balance: Vi 2

—

. . . A
M, — mom - AM 0 (steady) =0

system
2 2
V. V oV, sV
- _ 1 _ 1 1 V1 _ 2 Y2
My, = Moy ;Al__Ai_ -
v v 4 v 4 v
1 1 1 2
Energy balance:
. . : A0 (steady) _
Ein - Eout AEsystem =0
e
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
2 2
Vl V2

h1+7: h, +7 (since Q =W = Ake = Ape = 0)

The properties of steam at the inlet and exit are (Table A-6)
P, =200 kPa | v, =1.0805 m’/kg
T, =200°C  |h, =2870.7 kl/kg
P, =150 kPa | v, =1.2855 m?/kg
T, =150°C  |h, =2772.9 ki/kg

Assuming inlet diameter to be 1.8 m and the exit diameter to be 1.0 m, and substituting,

7(1.8m)> Vv, _ 72(1.0m)? V, "
4 (1.0805m?/kg) 4 (1.2855m°/kg)
2 2
2870.7kl/kg + VL[LI?ZJ =2772.9 kl/kg + V—Z[&l‘fz] @)
2 {1000 m~/s 2 {1000 m~/s

There are two equations and two unknowns. Solving equations (1) and (2) simultaneously using an equation solver such as
EES, the velocities are determined to be

V,=118.8 m/s
V, =458.0 m/s
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5-87
5-114 R-134a is condensed in a condenser. The heat transfer per unit mass is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions.

Analysis We take the pipe in which R-134a is condensed as the system, which is a control volume. The energy balance for
this steady-flow system can be expressed in the rate form as

- - _ - 20 (steady) _
Ein - Eout - AEsystem =0
T R
Rate of net energy transfer  Rate of change in internal, kinetic, Qout
by heat, work, and mass potential, etc. energies
Ein = Eou 900 kPa Ri4a 900 kPa
bho oy 3 60°C — sat. lig.
mh, =mh, + Q. q
Qout = m(hl _h2)
Uoue =hy =

The enthalpies of R-134a at the inlet and exit of the condenser are (Table A-12, A-13).

P, =900 kPa
h, =295.13kl/kg
T, =60°C
P, =900 kPa
x=0 h, :hf@900k1>a =101.61kJ/kg
Substituting,

Qout =295.13-101.61=193.5 kJ/kg

5-115 Water is heated at constant pressure so that it changes a state from saturated liquid to saturated vapor. The heat
transfer per unit mass is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions.

Analysis We take the pipe in which water is heated as the system, which is a control volume. The energy balance for this
steady-flow system can be expressed in the rate form as

- - - 20 (stead,
Ein - Eout = AEsystem (sready) =0
N ——— N ) qin
Rate of net energy transfer  Rate of change in internal, kinetic, \
by heat, work, and mass potential, etc. energies v
E,, =E.. 800 kPa Water 800 kPa
: Sat. Liq. E——
fih, +0, = rhh, q sat. vap.
Qin =m(h; —hy)
Qi =hy —hy =hyg
where Ny @sookpa =2047.5kI/kg (Table A-5)
Thus,

q;, =2047.5kJ/kg
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5-88

5-116 Electrical work is supplied to the air as it flows in a hair dryer. The mass flow rate of air and the volume flow rate at
the exit are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Heat loss from the dryer is negligible.

Properties The gas constant of argon is 0.287 kPa.m*/kg K. The constant pressure specific heat of air at room temperature
is ¢ = 1.005 kJ/kg-°C (Table A-2a).

Analysis (a) We take the pipe as the system, which is a control volume. The energy balance for this steady-flow system can
be expressed in the rate form as

- - _ 20 (steady) _
Ein - Eout - AEsystem - 0 |
Rate of net energy transfer  Rate of ch in internal, kineti <
by heat, work, and mass 4 e‘i,ofe;’gff le?cllﬁgrlg{esme 1 Tz =80°C P] =100 kPa
E _E V,=21m/s T, =300 K
in — “out
R P
m[h1 +% +W,, =ml h, +T2
2 2 W, = 1500 W
Y 2 1
Win =m h2 - hl +

o Vi -V?
Wi, =mi ¢y (T, —T1)+%J

Substituting and solving for the mass flow rate,

m = Win
- VERvE
Cp [T, =T+ %
B 1.50 kW
21m/s)® - 1kJ/k
(1005 kl/kg - K)(353 - 300)K + 1 ™/5) 0( v £ 2]
2 1000 m~/s
=0.0280 kg/s
(b) The exit specific volume and the volume flow rate are
RT . -m’/kg -
LI (0.287 kPa - m”/kg - K)(353 K) ~1.013m%/kg

2R 100 kPa
V, =mv, =(0.02793 kg/s)(1.013m> /kg) =0.0284 m®/s
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5-89

13
5-117 E Problem 5-116 is reconsidered. The effect of the exit velocity on the mass flow rate and the exit volume flow

rate is to be investiagted.

Analysis The problem is solved using EES, and the solution is given below.

"Given"
T1=300 [K]

P=100 [kPa]

Vel _1=0 [m/s]
W_dot_e in=1.5 [kW]
T2=(80+273) [K]

Vel _2=21 [m/s]
"Properties”

c_p=1.005

[kJ/kg-K]

R=0.287 [kJ/kg-K]

"Analysis"

W_dot_e_in=m_dot*c_p*(T2-T1)+m_dot*(Vel 2"2-Vel 172)*Convert(m”2/s"2,kJ/kg) "energy balance on hair

dryer"

v2=(R*T2)/P
Vol _dot_2=m_dot*v2

0.02815

0.0281

0.02805

0.028

0.02795

0.0279
0.02785

oo278 b v
5 9 13 17 21 25

Vel, [m/s]

Vel, m Vol,
[m/s] [kg/s] [m?/s]
5 0.02815 0.02852
7.5 0.02813 0.0285
10 0.02811 0.02848
12.5 0.02808 0.02845
15 0.02804 | 0.02841
17.5 0.028 0.02837
20 0.02795 0.02832
22.5 0.0279 0.02826
25 0.02783 0.0282
0.02855
0.0285-
0.02845

w2 0.0284

é L

, 0.02835

.o r

> 0.0283
0.02825
0.0282-
0.02815

13

17
Vel, [m/s]

21 25
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5-90

Charging and Discharging Processes

5-118 An insulated rigid tank is evacuated. A valve is opened, and air is allowed to fill the tank until mechanical
equilibrium is established. The final temperature in the tank is to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Air is an ideal gas with
constant specific heats. 3 Kinetic and potential energies are negligible. 4 There are no work interactions involved. 5 The
device is adiabatic and thus heat transfer is negligible.

Properties The specific heat ratio for air at room temperature is k= 1.4 (Table A-2).

Analysis We take the tank as the system, which is a control volume since mass crosses
the boundary. Noting that the microscopic energies of flowing and nonflowing fluids

are represented by enthalpy h and internal energy u, respectively, the mass and energy
balances for this uniform-flow system can be expressed as initially

evacuated
Mass balance:

My, — Mgy = Am - Mmy=m (Since Mout = Miitial = 0)

system

Energy balance:

Ein - Eout = AEsystem
e S —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
mihy =m,yu, (sinceQ =W = E_,; = E; ia = ke = pe=0)

Combining the two balances:

u, =h; ->c,T, =C,T; > T, =(Cy /C)T; =KT;

Substituting,
T, =1.4x290 K =406 K =133°C
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5-91

5-119 Helium flows from a supply line to an initially evacuated tank. The flow work of the helium in the supply line and
the final temperature of the helium in the tank are to be determined.

Properties The properties of helium are R =2.0769 kJ/kg.K, ¢, = 5.1926 kJ/kg K, c,= 3.1156 kJ/kg.K (Table A-2a).

Analysis The flow work is determined from its definition but we first determine
the specific volume

Helium — 200 kPa, 120°C

RTy . .
v=—1line _ (2.0769 ki/kg K)(120+273 K) =4.0811m°/kg
P (200 kPa)

W, = Pv=(200kPa)(4.0811 m®/kg) =816.2kJ/kg
Noting that the flow work in the supply line is converted to sensible internal Initially
energy in the tank, the final helium temperature in the tank is determined as evacuated
follows

Utank = Miine

Niine = € Tiine = (5.1926 kJ/kg.K)(120+273 K) = 2040.7 k/kg
Uoige = Co Toame —— 2040.7 kI/kg = (3.1156 kI/kg K)T e — Toane = 655.0K

Alternative Solution: Noting the definition of specific heat ratio, the final temperature in the tank can also be determined
from

Toank = KTjine =1.667(120 + 273 K) = 655.1K

which is practically the same result.
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5-92

5-120 An evacuated bottle is surrounded by atmospheric air. A valve is opened, and air is allowed to fill the bottle. The
amount of heat transfer through the wall of the bottle when thermal and mechanical equilibrium is established is to be
determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Air is an ideal gas with
variable specific heats. 3 Kinetic and potential energies are negligible. 4 There are no work interactions involved. 5 The
direction of heat transfer is to the air in the bottle (will be verified).

Properties The gas constant of air is 0.287 kPa.m*/kg.K (Table A-1).

Analysis We take the bottle as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:
100 kPa

m,, = Am 27°C

in — 'out System

m —> my=m, (since My, = My = 0)

Energy balance:

Ein - Eout AEsystem
Net energy transfer Change in internal, kinetic, Evacuated
by heat, work, and mass potential, etc. energies

Qi + mihy =myu, (sinceW = E_; = E; i = ke = pe = 0) -

Combining the two balances:
Qi =m,(u, —hy)

where

P,V : ’

m, 2PV (100 kPa)3(0 020mY) (it
RT,  (0.287 kPa-m’/kg - K)(300 K)
U, =214.07 kl/kg
Substituting,
Qi = (0.02323 kg)(214.07 — 300.19) kl/kg = — 2.0 kJ

or

o =2.0kJ

Discussion The negative sign for heat transfer indicates that the assumed direction is wrong. Therefore, we reverse the
direction.
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5-93

5-121 A rigid tank initially contains air at atmospheric conditions. The tank is connected to a supply line, and air is allowed
to enter the tank until mechanical equilibrium is established. The mass of air that entered and the amount of heat transfer are
to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Air is an ideal gas with
variable specific heats. 3 Kinetic and potential energies are negligible. 4 There are no work interactions involved. 5 The
direction of heat transfer is to the tank (will be verified).

Properties The gas constant of air is 0.287 kPa.m*/kg.K (Table A-1). The properties of air are (Table A-17)
T, =295K —— h; =295.17 kJ/kg

T, =295 K——> u; =210.49 kl/kg
T, =350 K—— u, =250.02 kJ/kg

Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

—m, P, =600 kPa
—> m = m2 ml 1
' 7 T=22°C

Energy balance:
Ein - Eout AEsystem

My, — Mgy = Am

system

—_—— —_— _ 3
Net energy transfer Change in internal, kinetic, V1=2m >4 Q
by heat, work, and mass potential, etc. energies P, =100 kPa
Q;, + mh; = myu, —myu; (since W = ke = pe = 0) T, =22°C

The initial and the final masses in the tank are

3
n _RV _ (100 kP}a)(Z m®) _2362ke
RT,  (0.287 kPa-m’/kg-K)(295 K)
3
m, = PV (600 kPa)(2 m®) 11946 kg

RT, (0.287 kPa-m’/kg-K)(350K)
Then from the mass balance,

m; =m, —m; =11.946 -2.362 = 9.584 kg

(b) The heat transfer during this process is determined from
Qin = —Mihy +myu, —myy,
= —(9.584 kg)(295.17 ki/kg) + (11.946 kg }250.02 ki/kg)—(2.362 kg)(210.49 ki/kg)
=-339k] —> Q,, =339kJ

out

Discussion The negative sign for heat transfer indicates that the assumed direction is wrong. Therefore, we reversed the
direction.
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5-94
5-122 A rigid tank initially contains superheated steam. A valve at the top of the tank is opened, and vapor is allowed to

escape at constant pressure until the temperature rises to 500°C. The amount of heat transfer is to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process by using constant average properties for the steam leaving the tank. 2 Kinetic
and potential energies are negligible. 3 There are no work interactions involved. 4 The direction of heat transfer is to the

tank (will be verified).
Properties The properties of water are (Tables A-4 through A-6) %—1
P, =2MP3}01 =0.12551 m’/kg —y
T, =300°C | u, =27732kl/kg, h, =3024.2 kl/kg STEAM | Q
P, =2 MPa }vz =0.17568 m>/kg 2 MPa
T, =500°C | u, =3116.9kJ/kg, h, =3468.3 kl/kg

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

= Am,

m, —m - mg=m-m,

in out system
Energy balance:
Ein - Eout = AEsystcm
—_— [R—7
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Q,, —Mghy = myu, —myu; (since W = ke = pe = 0)

The state and thus the enthalpy of the steam leaving the tank is changing during this process. But for simplicity, we assume
constant properties for the exiting steam at the average values. Thus,

_hy+h, 30242+34683klkg 3246.2 kl/kg

h
¢ 2 2

The initial and the final masses in the tank are

vV, 02m?
m=-=— T 1504k
v 0.12551 m’/kg
B2 0.2m’

m, - —1.138kg

v,  0.17568 m>/kg
Then from the mass and energy balance relations,
me=m; —m, =1.594 —1.138 =0.456 kg

Qin = Mghe +myu, —myu,
=(0.456 kg)(3246.2 ki/kg)+(1.138 kg )(3116.9 ki/kg)— (1.594 kg)2773.2 kl/kg)
- 606.8 kJ
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5-95

5-123 A cylinder initially contains saturated liquid-vapor mixture of water. The cylinder is connected to a supply line, and
the steam is allowed to enter the cylinder until all the liquid is vaporized. The final temperature in the cylinder and the mass
of the steam that entered are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 The expansion process is
quasi-equilibrium. 3 Kinetic and potential energies are negligible. 3 There are no work interactions involved other than
boundary work. 4 The device is insulated and thus heat transfer is negligible.

Properties The properties of steam are (Tables A-4 through A-6)

P, =200 kPa

h; =h; +x;h
Xl =06 } 1 f 1''fg

(P =200 kPa)
=504.71+0.6x2201.6 =1825.6 kJ/kg m, = 10 kg
P, =200 kPa
’ hy = Ng@ao0 ks = 2706.3 kl/kg Pi=0.5 MPa

sat. vapor Ti=350°C
P, =0.5 MPa <«

h; =3168.1kJ/kg
T, =350°C

Analysis (a) The cylinder contains saturated vapor at the final state at a pressure of 200 kPa, thus the final temperature in
the cylinder must be

Ty = Ta@200kpa = 120.2°C

(b) We take the cylinder as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance: m;, —My, = Am - m=m,-m

system

Energy balance:

Ein - Eout = AE

system
— —_—
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

mihy =Wy o + MU, —myu; (since Q = ke = pe = 0)
Combining the two relations gives
0 =Wy ou — (m, —my )by +myu, —my,
or,
0 = ~(m, —my )y +m,h, —myhy

since the boundary work and AU combine into AH for constant pressure expansion and compression processes. Solving for
m, and substituting,

_heh (3168.1-1825.6) ki/kg
h—h, ' (3168.1-2706.3)kl/kg

m, (10 kg) = 29.07 kg

Thus,
m;=m, -m; =29.07 - 10 = 19.07 kg
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5-96
5-124E A scuba diver's air tank is to be filled with air from a compressed air line. The temperature and mass in the tank at

the final state are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Air is an ideal gas with
constant specific heats. 3 Kinetic and potential energies are negligible. 4 There are no work interactions involved. 5 The
tank is well-insulated, and thus there is no heat transfer.

Properties The gas constant of air is 0.3704 psia-ft’/lbm-R (Table A-1E). The specific heats of air at room temperature are
C, = 0.240 Btu/Ibm‘R and ¢,= 0.171 Btu/lbm'R (Table A-2Ea).

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

My, — Moy = Amsystem —> My =m;-m

Al ; o
Energy balance: ' == 120 psia, 100°F

Ein - Eout = AEsystcm
—_—
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies 20 psia
mihy =myu, —myu, 70°F
3
_ _ 2 ft
m;C,T; =m,c, T, —mc, T,

Combining the two balances:

(my —my)c, T; =m,c, T, —mc, Ty
The initial and final masses are given by

. 3
_ 21% _ (20 I;s1a)(2 ft”) 02038 Ibm
RT,  (0.3704 psia-ft*/lbm-R)(70 + 460 R)

m;

RT, (0.3704psia-ft*/Ibm-R)T, T,

PV (120 psia)(2 ft*) 6479
, = -

Substituting,

(61& - O.2038j(0.24)(560) = @ (0.17D)T, —(0.2038)(0.171)(530)
2 2
whose solution is

T, =727.4R =267.4°F
The final mass is then

_647.9 6479
T, 7274

, =0.890 Ibm
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5-97
5-125 R-134a from a tank is discharged to an air-conditioning line in an isothermal process. The final quality of the R-134a

in the tank and the total heat transfer are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the exit remains constant. 2 Kinetic and potential
energies are negligible. 3 There are no work interactions involved.

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

My, —Myy = Am

system .
A-Cline ——

—Me =M, —M,
me = ml - m2
Energy balance:
Liquid R-134a
Ein - Eout = AEsystem 5 kg
R —
Net energy transfer Change in internal, kinetic, 24°C
by heat, work, and mass potential, etc. energies

Qin —Mehe =myuy —myuyy
Qin =MyU, —Mmyu; +meh,

Combining the two balances:
Qin =MyUy —Myuy +(mM; —my)h,
The initial state properties of R-134a in the tank are

v, =0.0008261 m"> kg
U, = 84.44 kJ/kg (Table A-11)

n:mw}
he =84.98 kl/kg

x=0

Note that we assumed that the refrigerant leaving the tank is at saturated liquid state, and found the exiting enthalpy
accordingly. The volume of the tank is

V =m,v, = (5kg)(0.0008261m> /kg) = 0.004131m*
The final specific volume in the container is

vV 0.004131m’

= =0.01652m°/kg
m, 0.25kg

v, =

The final state is now fixed. The properties at this state are (Table A-11)

T2 =24°C X, = Vy =Vi _ 0.01652—-0.0008261 -0
N Vig 0.031834-0.0008261
v, =0.01652m" /kg

Uy =Ug + XUy =84.44kI/kg +(0.5061)(158.65 kl/kg) = 164.73 kl/kg

5061

Substituting into the energy balance equation,
Qin =MyUy —Myuy +(mM; —mj)h,
=(0.25kg)(164.73 kl/kg) — (5 kg)(84.44 kl/kg) + (4.75 kg)(84.98 kI /kg)
=22.64kJ
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5-98

5-126E Oxygen is supplied to a medical facility from 10 compressed oxygen tanks in an isothermal process. The mass of
oxygen used and the total heat transfer to the tanks are to be determined.

Assumptions 1 This is an unsteady process but it can be analyzed as a uniform-flow process. 2 Oxygen is an ideal gas with
constant specific heats. 3 Kinetic and potential energies are negligible. 4 There are no work interactions involved.

Properties The gas constant of oxygen is 0.3353 psia-ft’/lbm'R (Table A-1E). The specific heats of oxygen at room
temperature are C, = 0.219 Btu/lbm'R and ¢,= 0.157 Btw/Ibm-R (Table A-2Ea).

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

m.. —m =Am

in out system
_ - — ’

Mme =M, —m,
Mme =m; —m, )

Energy balance:
Oxygen
Ein - Eout = AEsystem 1500 psia

Net energy transfer Change in internal, kinetic, 80°F, 15 ft3

by heat, work, and mass potential, etc. energies

Qin —Mehe =myu, —myu,
Qin =MyU, —myu; +mgh,
Qin =myc, T, —mic, Ty +meC, T,
Combining the two balances:

Qin =M,C, T, —mC, T, +(m; —my)c, Te

The initial and final masses, and the mass used are

PV i }

m =Y _ (15003135121)(15 ft”) 1243 1bm
RT,  (0.3353psia - ft”/lbm - R)(80 + 460 R)
PV i 3

m, = W (300 psia)(151ft”) —24.85bm

RT, (03353 psia- ft’/lbm - R)(80 + 460 R)
m, =m, —m, =124.3 —24.85=99.41lbm
Substituting into the energy balance equation,
Q,, =m,c, T, —m,c,T, + mecpTe

= (24.85)(0.157)(540) — (124.3)(0.157)(540) + (99.41)(0.219)(540)
=3328 Btu
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5-99

5-127E Steam is supplied from a line to a weighted piston-cylinder device. The final temperature (and quality if
appropriate) of the steam in the piston cylinder and the total work produced as the device is filled are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Kinetic and potential
energies are negligible. 3 The process is adiabatic.

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
and also noting that the initial mass in the system is zero, the mass and energy balances for this uniform-flow system can be
expressed as

Mass balance:

My, — Moy = Am

system
m; =m,
Energy balance:
Ein - Eout = AEsystem
— —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

m;ihy =W oue =My,
Wy our = Mih; —Myu,
Combining the two balances:
W out =My (hj —U,)
The boundary work is determined from
Wh,out = PV, =¥)) = P(myv, —myvy) = Pmyv,
Substituting, the energy balance equation simplifies into

Pmyv, =my(h; —u,)
PU2 :hi —U2

The enthalpy of steam at the inlet is

P, =300 psia

h; =1226.4 Btu/lbm (Table A - 6E)
T, = 450°F

Substituting this value into the energy balance equation and using an iterative solution of this equation gives (or better yet
using EES software)

T, =425.1F
U, =1135.5 Btu/lbm
v, =2.4575ft>/lbm

The final mass is

V. 3
my =22 104 0691bm
v, 24575f/Ibm

and the work produced is

1 Btu

W, .« = PV, = (200 psia)(10ft* )] ——————
Bow =7 72 5.404 psia - ft>

J= 370.1Btu
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5-100

5-128E Oxygen is supplied from a line to a weighted piston-cylinder device. The final temperature of the oxygen in the
piston cylinder and the total work produced as the device is filled are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Kinetic and potential
energies are negligible. 3 The process is adiabatic. 4 Oxygen is an ideal gas with constant specific heats.

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
and also noting that the initial mass in the system is zero, the mass and energy balances for this uniform-flow system can be
expressed as

Mass balance:
My, — Moy = Amsystem

mi :mz

Energy balance:

Ein - Eout - AEsystem
— —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

m;ihy =W oue =My,
Wy our = Mih; —Myu,

Combining the two balances:

W out =My (hj —u;)
The boundary work is determined from

Wh,out = PV, =¥)) = P(myv, —myvy) = Pmyv,
Substituting, the energy balance equation simplifies into

Pm,v, =m; (h; —u,)

Pv, =h; —u,

RT, =c pTi -c,T,

Solving for the final temperature,

Cp Cp
RT, =c,Ti -¢,T, >T, = T, =—T,; =T, =450°F
R+c, Cp
The work produced is
1Btu

Wy.oue = PV, =(200 psia)(lOft3)[ J =370.1Btu

5.404 psia - ft*
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5-101

5-129 A rigid tank initially contains saturated R-134a vapor. The tank is connected to a supply line, and R-134a is allowed
to enter the tank. The mass of the R-134a that entered and the heat transfer are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Kinetic and potential
energies are negligible. 3 There are no work interactions involved. 4 The direction of heat transfer is to the tank (will be

verified).
Properties The properties of refrigerant are (Tables A-11 through A-13) R-134a 1.6 MPa
—> ° —
Pl =14 MPa | v; =g 4 yp, =0.01411m? /kg 36°C
sat.vapor Up =Ug@iampa =256.37 kl/kg @A
P, =1.6 MPa | v, = v {4 6 mps =0.0009400 m’ kg
sat. liquid Uy =U gy mpa =134.43 kl/kg R-134a
0.03m"
PO e =10233 Kk Lampa [ Q
T, =36°C PoTesee T g Sat. vapor

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as
Mass balance:

min - mout = Am —> ml = m2 - ml

system

Energy balance:

Ein - Eout - AEsystem
— [ —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Qi + mihy = myu, —myu; (since W = ke = pe = 0)

(a) The initial and the final masses in the tank are

v, 03m’
mlz_lsz}ﬂ.mkg
v 0.01411m°/kg
v. 03m’
m=__ 0Bm 5054

v, 0.0009400 m*/kg

Then from the mass balance
m;=m, —m; =31.92-2.127=29.79 kg
(c) The heat transfer during this process is determined from the energy balance to be
Qin =—Mih; + myu, —myy,
=—(29.79 kg )(102.33 ki/kg) + (31.92 kg (134.43 kI/kg ) — (2.127 kg )(256.37 ki/kg)
=697 kJ
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5-102

5-130 A rigid tank initially contains saturated liquid water. A valve at the bottom of the tank is opened, and half of the mass
in liquid form is withdrawn from the tank. The temperature in the tank is maintained constant. The amount of heat transfer
is to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid leaving the device remains constant. 2 Kinetic and
potential energies are negligible. 3 There are no work interactions involved. 4 The direction of heat transfer is to the tank
(will be verified).

Properties The properties of water are (Tables A-4 through A-6)

=0.001157 m’/kg
=850.46 kl/kg

T, =200°C }vl =V @a0c
U

sat. liquid =U¢ aa00'c
T, =200°C

h,=h .. =852.26 kl/kg
sat. liquid } ° f@0c

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance: My — Moy =AMy, = Mg =My —M,
Energy balance: 1O
Ein - Eout = AEsystem ?at. th)q(;lolg
v _\,_/ —
Net energy transfer Change in internal, kinetic, g Q
by heat, work, and mass potential, etc. energies /=03 m >
Q,, = Mehy + myu, —myu, (since W = ke = pe = 0)

The initial and the final masses in the tank are
v, 03m’

v 0.001157m?/kg
m, =2m, =1(259.4 kg)=129.7 kg

m, = =259.4 kg

Then from the mass balance,
m,=m; —m, =259.4-129.7=129.7 kg

Now we determine the final internal energy,

0.3m’

v, =L 03M G 002313 m kg

m, 129.7kg

v, =V —
x, =27V 0.002313-0.001157 _ 0 )

Vig 0.12721-0.001157
T, =200°C
Uy =Ujg + XU gy =850.46+(0.009171)1743.7) = 866.46 ki/kg

X, =0.009171

Then the heat transfer during this process is determined from the energy balance by substitution to be

Q =(129.7 kg )(852.26 ki/kg)+(129.7 kg }866.46 ki/kg)—(259.4 kg )850.46 kl/kg)
=2308 kJ
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5-103

5-131 A rigid tank initially contains saturated liquid-vapor mixture of refrigerant-134a. A valve at the bottom of the tank is
opened, and liquid is withdrawn from the tank at constant pressure until no liquid remains inside. The amount of heat
transfer is to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid leaving the device remains constant. 2 Kinetic and
potential energies are negligible. 3 There are no work interactions involved. 4 The direction of heat transfer is to the tank
(will be verified).

Properties The properties of R-134a are (Tables A-11 through A-13)

R-134a
P, =800 kPa — v; =0.0008458 m’/kg, vy = 0.025621 m®/kg Sat. vapor
P =800 kPa
=94.79 kJ/k =246.79 kJ/k
i & Y & v=012m' Q

P, = 800 kPa }uz = Vg@soo kpa = 0.025621 m’/kg

sat. vapor Uy = Ug@soo kpa = 246.79 kl/kg
P, =800 kPa

sat. liquid

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as
Mass balance:

My, — Moyt =Am —> Mg =m—-m,

system

Energy balance:

Ein - Eout - AEsystem
R e —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Qi = Mgh, + myu, —myu; (since W = ke = pe = 0)

The initial mass, initial internal energy, and final mass in the tank are

Yi Vo _ 012x025m’ | 0.12x0.75m’
vi vy 0.0008458 m'/kg  0.025621 m’/kg
Uy =mu, = meug +mguy =(35.47)94.79)+(3.513)246.79) = 4229.2 kJ

m =m +m, = =35.47+3.513=38.98 kg

3
m=Y o 02m 4 eate

v,  0.025621 m’/kg
Then from the mass and energy balances,
M, =M, —m, =38.98 — 4.684 =34.30 kg

Q. = (34.30 kg)(95.47 kJ/kg)+ (4.684 kg )(246.79 kJ/kg)— 4229 kJ = 201.2 kJ
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5-104

5-132E A rigid tank initially contains saturated liquid-vapor mixture of R-134a. A valve at the top of the tank is opened,
and vapor is allowed to escape at constant pressure until all the liquid in the tank disappears. The amount of heat transfer is
to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid leaving the device remains constant. 2 Kinetic and
potential energies are negligible. 3 There are no work interactions involved.

Properties The properties of R-134a are (Tables A-11E through A-13E)
P, =160 psia v =0.01413 ft*/Ibm, v, =0.29316 ft*/lbm

u¢ =48.10 Btuw/Ibm, uy =108.50 Btu/lbm R-134a
. 3 Sat. vapor \\ Q
P, =160 psia | v; =Vggi60 psia = 029316 ft”/Ibm P = 160 psia
sat. vapor Uy =Ug@ie0 psia = 108.50 Btu/lbm V=21
P, =160 psia :
h. =h in =117.18 Btu/lbm
sat. vapor } ¢ 0@I60psia

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

m,, — My, = Am

in —> Mg=m-m

system

Energy balance:
E,.-E = AE

in out system
e N —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Q,, —Mgh, = myu, —myu; (since W = ke = pe = 0)
The initial mass, initial internal energy, and final mass in the tank are
Vi Yo_  2x02f°  2x08f
Vi Vg 001413 ft*/Ibm  0.29316 ft*/Ibm
Uy =muu; =muy +mguy =(7.077)48.10)+ (6.48)108.50)=1043 Btu
v 2 ft?

my=—
> v, 029316 ft3/Ibm

=7.077 +6.48 =13.56 Ibm

m =m; +mg =

=6.822 Ibm

Then from the mass and energy balances,
M, =m, —m, =13.56 — 6.822 = 6.736 Ibm
Qin =Mehe +myuy —myu,
=(6.736 1bm}(117.18 Btu/Ibm) + (6.822 Ibm }108.50 Btu/Ibm)—1043 Btu
=486 Btu
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5-105

5-133 A rigid tank initially contains saturated R-134a liquid-vapor mixture. The tank is connected to a supply line, and R-
134a is allowed to enter the tank. The final temperature in the tank, the mass of R-134a that entered, and the heat transfer
are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Kinetic and potential
energies are negligible. 3 There are no work interactions involved. 4 The direction of heat transfer is to the tank (will be
verified).

Properties The properties of refrigerant are (Tables A-11 through A-13)

T, =14°C | v; =v; + Xy =0.0008020 + 0.7 x (0.04342 — 0.0008020) = 0.03063 m* /kg
X; =0.7 Up=Us +XUgy =70.57+0.7x167.26 =187.65 kl/kg

P, =700 kPa }vz = V@00 kpa = 0.02936 m*/kg

sat. vapor Uy =Ug@700 kpa = 244.48 kl/kg
A =1.0Mpa }h 335.06 kl/k 34 1 MP
—10no i =929 g R-134a a

T; =100°C s 100°C -
Analysis We take the tank as the system, which is a control volume
since mass crosses the boundary. Noting that the microscopic energies
of flowing and nonflowing fluids are represented by enthalpy h and 04 m*
internal energy u, respectively, the mass and energy balances for this R;13 4a

uniform-flow system can be expressed as

Mass balance: m;, —My, = Am - m=m,-m

system

Energy balance:

Ein - Eout - AEsystcm
N —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Q,, + mihy = myu, —mu, (since W = ke = pe = 0)

(a) The tank contains saturated vapor at the final state at 800 kPa, and thus the final temperature is the saturation
temperature at this pressure,

Ty =Te @ 700 kPa — 26.7°C

(b) The initial and the final masses in the tank are

4m’
m=Lo 04 1306k
v 0.03063 m>/kg
3
m=Y o 04M 36k

v, ~0.02936 m>/kg
Then from the mass balance
m; =m, —m, =13.62 -13.06 =0.5653 kg
(c) The heat transfer during this process is determined from the energy balance to be
Qin =—M;ih; +myu, —myu,
=—(0.5653 kg )(335.06 ki/kg) + (13.62 kg [244.48 kJ/kg )~ (13.06 kg )187.65 ki/kg)
=691kJ
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5-106

5-134 A hot-air balloon is considered. The final volume of the balloon and work produced by the air inside the balloon as it
expands the balloon skin are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process. 2 Air is an ideal gas with constant specific heats. 3 Kinetic and potential
energies are negligible. 4 There is no heat transfer.

Properties The gas constant of air is 0.287 kPa-m’/kg-K (Table A-1).

Analysis The specific volume of the air at the entrance and exit, and in the balloon is

,_ RT _(0.287kPa -m>/kg-K)(35+273K)

=0.8840 m° /kg
P 100 kPa

The mass flow rate at the entrance is then

o AV (Im?)(2m/s)
v 0.8840m’/kg

=2.262kg/s

while that at the outlet is

AN,  (0.5m*)(1m/s)
v 0.8840 m* /kg

m, = =0.5656 kg/s

Applying a mass balance to the balloon,
My, — Moy = Amsystem

m; —me =m, —m,

m, —m; = (m; —m,)At =[(2.262-0.5656) kg/s](2x60s) = 203.6 kg

The volume in the balloon then changes by the amount

AV =(m, —m,)v = (203.6 kg)(0.8840m* /kg) = 180 m*
and the final volume of the balloon is

V, =V, +AV =75+180=255m"°

In order to push back the boundary of the balloon against the surrounding atmosphere, the amount of work that must be
done is

Wy oue = PAV = (100 kPa)(180 m? )(%} =18,000 kJ

kPa-m
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5-135 An insulated rigid tank initially contains helium gas at high pressure. A valve is opened, and half of the mass of
helium is allowed to escape. The final temperature and pressure in the tank are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process by using constant average properties for the helium leaving the tank. 2 Kinetic
and potential energies are negligible. 3 There are no work interactions involved. 4 The tank is insulated and thus heat
transfer is negligible. 5 Helium is an ideal gas with constant specific heats.

Properties The specific heat ratio of helium is k =1.667 (Table A-2).

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance: m,, — My, = Am - Me=m-m,

system

1 : — _ 1
m, =5 m, (given) ——> M, =m, =M,

Energy balance:

E,-E AE

n out system
e S —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

—mgh, =m,u, —myu,; (since W = Q = ke = pe = 0)

Note that the state and thus the enthalpy of helium leaving the tank is changing during this process. But for simplicity, we
assume constant properties for the exiting steam at the average values.

Combining the mass and energy balances: 0= %mlhe +%m1u2 -mu,

T, +T
Dividing by m;/2 0=h,+u, -2u, or 0=c, %-ﬁ-CUTZ -2¢,T,
Dividing by ¢, 0=K(T, +T,)+2T, —4T, since k=c, /c,

. 4K 4-1.667
Solving for T: T, = 22 i k; 1 Ez +1 667;

(403 K)=257 K

The final pressure in the tank is

PV mRT m,T
it P,=—22p 12i(3ooo kPa)=956 kPa
P,/  m,RT, m,T, 2 403
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5-136E An insulated rigid tank equipped with an electric heater initially contains pressurized air. A valve is opened, and air
is allowed to escape at constant temperature until the pressure inside drops to 30 psia. The amount of electrical work
transferred is to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the exit temperature (and enthalpy) of air remains constant. 2 Kinetic and
potential energies are negligible. 3 The tank is insulated and thus heat transfer is negligible. 4 Air is an ideal gas with
variable specific heats.

Properties The gas constant of air is R =0.3704 psia.ft’/Ibm.R (Table A-1E). The properties of air are (Table A-17E)
T,=580R —— h; =138.66 Btu/lbm

T,=580R —— u =98.90 Btu/lbm
T,=580R —> u, =98.90 Btu/Ibm

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as
Mass balance:

min - mout = Am 4 me = ml - m2

system

Energy balance:

Ein - Eout - AEsystem
%,—J
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

W, in —Mehg = myu, —myu; (since Q = ke = pe = 0)

The initial and the final masses of air in the tank are

. 3
PV (75 ps1a)(6o ft ) 2095 Ibm
RT, (03704 psia-ft*/lbm R |580 R)
. 3
m, PV _ (30 p51a)(6o ft ) 238 Ibm

RT,  (0.3704 psia-ft*/lbm-R [580 R )
Then from the mass and energy balances,
m, =m; —m, =2095-8.38=12.57 Ibm
Wein = Mehe +myu; —myu,

= (12.57 1bm)138.66 Btu/lbm )+ (8.38 1bm )(98.90 Btu/Ibm)—(20.95 1bm )(98.90 Btu/Ibm)
=500 Btu
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5-137 A vertical cylinder initially contains air at room temperature. Now a valve is opened, and air is allowed to escape at
constant pressure and temperature until the volume of the cylinder goes down by half. The amount air that left the cylinder
and the amount of heat transfer are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the exit temperature (and enthalpy) of air remains constant. 2 Kinetic and
potential energies are negligible. 3 There are no work interactions other than boundary work. 4 Air is an ideal gas with
constant specific heats. 5 The direction of heat transfer is to the cylinder (will be verified).

Properties The gas constant of air is R = 0.287 kPa.m’/kg. K (Table A-1).

Analysis (a) We take the cylinder as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

My, — My = Amsystem - Mg =m—-m, m

Energy balance: AIR
Ein - Eout = AEsystem 300 kPSa
Net energy transfer Changemém_al:kinetic, 0.2m
by heat, work, and mass potential, etc. energies 20°C
Qi + Wy in —Mehy = myu, —myu; (since ke = pe = 0) —éé
The initial and the final masses of air in the cylinder are
PV, 300 kPa )0.2 m*
m-___{ i)( m) =0.714 kg
RT,  (0.287 kPa-m*/kg K 293 K)
P,V. 300 kPa)0.1 m’
P (Gokraorm) ~0357kg=1m,

RT,  (0.287 kPa-m®/kg-K 293 K)

Then from the mass balance,

m, =m; —m, =0.714-0.357 = 0.357 kg
(b) This is a constant pressure process, and thus the W, and the AU terms can be combined into AH to yield

Q =m.h, + myh, —m;h,

Noting that the temperature of the air remains constant during this process, we have

hi=h;=hy,=h.
Also,

Mme=m,=2m,.
Thus,

Q:<%m1+%m1_m1)h:0
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5-138 A balloon is initially filled with helium gas at atmospheric conditions. The tank is connected to a supply line, and
helium is allowed to enter the balloon until the pressure rises from 100 to 125 kPa. The final temperature in the balloon is to
be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Helium is an ideal gas
with constant specific heats. 3 The expansion process is quasi-equilibrium. 4 Kinetic and potential energies are negligible.
5 There are no work interactions involved other than boundary work. 6 Heat transfer is negligible.

Properties The gas constant of helium is R =2.0769 kJ/kg-K (Table A-1). The specific heats of helium are ¢, = 5.1926 and
c,=3.1156 kJ/kg'K (Table A-2a).

Analysis We take the cylinder as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:
T,=25°C

My, — Mgy, = Amsystem - Mmy=m,-m P,=135kPa

Energy balance:

Ein - Eout = AE

system
— N
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

mihy =Wy o + MU, —mu; (since Q = ke = pe = 0)

PV, ’
m =AY _ (100kPa3)(40m ) _ 6641 kg
RT,  (2.0769 kPa - m’/kg - K 290 K )
R P
RGPy 1K ) som?
P, V, P, ' 100 kPa
P,V 125 kP ’ :
m, = 2% _ (125 a)(50m) _ 30093,

RT, (20769 kPa-m’/kg-K|T,K) T,
Then from the mass balance,
~3009.3

m=m, -m, = T —6.641kg
2

Noting that P varies linearly with ¢, the boundary work done during this process is

W, =¥(V2 —(/J:M(w%o)n3 ~1125kJ

Using specific heats, the energy balance relation reduces to

Wy out = MiCp Ty —MyC, T, + M, Ty

Substituting,

1125= (3 039'3 - 6.641}(5.1926)(298)— 30;)9'3 (3.1156)T, +(6.641)(3.1156)(290)
2 2

It yields
T,=315K
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5-139 The air in an insulated, rigid compressed-air tank is released until the pressure in the tank reduces to a specified
value. The final temperature of the air in the tank is to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process. 2 Air is an ideal gas with constant specific heats. 3 Kinetic and potential
energies are negligible. 4 There are no work interactions involved. 5 The tank is well-insulated, and thus there is no heat
transfer.

Properties The gas constant of air is 0.287 kPa-m’/kg-K (Table A-1). The specific heats of air at room temperature are Cp=
1.005 kJ/kg'K and ¢,= 0.718 kJ/kg'K (Table A-2a).

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

My, =My = Amsystem
_ —
—Me =M, —m,
Me =M; —M, )
Energy balance:
E E AE o~
in — “out = system
4000 kPa .

Net energy transfer Change in internal, kinetic, 20°C, 0.5 m

by heat, work, and mass potential, etc. energies

—mgh, =m,u, —myu,
0=m,u, —myu; + m.h,
0=m,c, T, -mc,T, +mecpTe

Combining the two balances:
0=m,c, T, —-mc, T, +(m —m,)c pTe

The initial and final masses are given by

PV 5m’
m =P _ (4000 l;Pa)(O 5m’) _2378kg
RT,  (0.287 kPa-m>/kg-K)(20+273K)
o PV (2000 kPa)(0.5m’) 3484
, = =

RT, (0.287kPa-m’/kg-K)T, Ts

The temperature of air leaving the tank changes from the initial temperature in the tank to the final temperature during the
discharging process. We assume that the temperature of the air leaving the tank is the average of initial and final
temperatures in the tank. Substituting into the energy balance equation gives

0=m,c, T, —mc,T, +(m —mz)cpTe
3484

2

0

(0.718)T, —(23.78)(0.718)(293)+[23.78— 3;‘84 J(1_005)(—2932+ I J
2

whose solution by trial-error or by an equation solver such as EES is

T, =241K =-32°C
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5-140 An insulated piston-cylinder device with a linear spring is applying force to the piston. A valve at the bottom of the
cylinder is opened, and refrigerant is allowed to escape. The amount of refrigerant that escapes and the final temperature of
the refrigerant are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process assuming that the state of fluid leaving the device remains constant. 2 Kinetic
and potential energies are negligible.

Properties The initial properties of R-134a are (Tables A-11 through A-13)

=0.02423 m>/k
P =1.2MPa |1 g
1 Ly, =325.03 k/kg
T, =120°C

h, =354.11kl/kg

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance: m,, —m,,, = Am - Mg=m-m,

system
Energy balance:

E,-E = AE

n out system
%,—J
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Wy.in = Mehy = myu, —myu; (since Q = ke = pe = 0) R-134a
3
The initial mass and the relations for the final and exiting masses are 10281\2})
. a
v 0.8 m® 120°C NI
m=—t=——"—-——=3302kg —
v 0.02423 m’/kg
v, 05m’
r'T']2 = —— =
v, v,
0.5m’

m,=m —m, =33.02- >
2

Noting that the spring is linear, the boundary work can be determined from

P +P
Wb,in: 12 -

(Vl _Vz):

1200+ 600) kP
%(o.s-o.smﬁ ~270kJ

Substituting the energy balance,

3 3
270 —(33.02 _05m Jhe - (0'5 m Juz —(33.02kg)(325.03kV/kg)  (Eq. 1)
vy %)

where the enthalpy of exiting fluid is assumed to be the average of initial and final enthalpies of the refrigerant in the
cylinder. That is,
_hy+h, (354.11kJ/kg) +h,

h
¢ 2 2

Final state properties of the refrigerant (h,, u and v,) are all functions of final pressure (known) and temperature
(unknown). The solution may be obtained by a trial-error approach by trying different final state temperatures until Eq. (1)
is satisfied. Or solving the above equations simultaneously using an equation solver with built-in thermodynamic functions
such as EES, we obtain

T,=96.8°C, m, = 22.47 kg, h, = 336.20 kl/ke,
U, = 307.77 kJ/kg, v, = 0.04739 m’/kg, m, = 10.55 kg
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5-141 Steam at a specified state is allowed to enter a piston-cylinder device in which steam undergoes a constant pressure
expansion process. The amount of mass that enters and the amount of heat transfer are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid entering the device remains constant. 2 Kinetic and
potential energies are negligible.

Properties The properties of steam at various states are (Tables A-4 through A-6)

vV, 01m’

v, =— =————=0.16667 m>/kg
m, 0.6kg
Pz = Pl
P, =800 kPa — Q
L Uy =2004.4 kl/kg Steam /
v, =0.16667 m" /kg 0.6 kg
0.1m’
P, =800kPa |v, =0.29321m"’/kg 800 kPa Steam
— 9500 — 5Mpa
T, =250°C  Ju, =2715.9 kJ/kg -
500°C

P, =5MPa

h; =3434.7 kl/kg
T, =500°C

Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as
Mass balance:

min - mout = Am —> mI = m2 - ml

system

Energy balance:

Ein Eout - AEsystem
R e —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Qi =Wy e + My =myu, —myu;  (since ke = pe = 0)

Noting that the pressure remains constant, the boundary work is determined from
Wy, ot = P(Vy —V)) = (800 kPa)(2x 0.1~ 0.1)m* =80kJ

The final mass and the mass that has entered are

v. 2m’
Y 02mT e kg
v, 0.29321 m’/kg

m; =m, —m, =0.682—0.6 = 0.082 kg

m,

(b) Finally, substituting into energy balance equation

Q,, —80kJ +(0.082 kg)(3434.7 kl/kg) = (0.682 kg)(2715.9 kJ/kg) — (0.6 kg)(2004.4 kI/kg)
Q, =447.9kJ
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5-142 Steam is supplied from a line to a piston-cylinder device equipped with a spring. The final temperature (and quality if
appropriate) of the steam in the cylinder and the total work produced as the device is filled are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Kinetic and potential
energies are negligible. 3 The process is adiabatic.

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
and also noting that the initial mass in the system is zero, the mass and energy balances for this uniform-flow system can be
expressed as

Mass balance: ~ m;, —mMg, =AMy, ——>  mMy=m, 3
Energy balance:

Ein —Eouw = AE Piston 1 cvlinder

system

v v .
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
m;ih; =Wy e =My U, =

Walwe

Wy oue =Mihj =My U,

Combining the two balances: |}
h Supply line I'::

Wb,out =m, (hl —U2)

Because of the spring, the relation between the pressure and volume is a linear relation. According to the data in the
problem statement,

P-300=2Ly
5
The final vapor volume is then

v, =L(1500—300) =2222m’
2700

The work needed to compress the spring is

v,
Whout = j PdV = j(@v + 300jd V= 22702 V5 +3000, =270x2.222% +300x2.222 = 2000 kJ
X
0

The enthalpy of steam at the inlet is

P, =1500 kPa

h; =2796.0kl/kg (Table A -6)
T, =200°C

Substituting the information found into the energy balance equation gives

2.222

v
Wy out =My (i —Uy) —— Wy =U—2(hi —U,)—>2000 = 5
2 2

(2796.0-u,)

Using an iterative solution of this equation with steam tables gives (or better yet using EES software)
T, =233.2°C
u, =2664.8kl/kg
v, =0.1458 m’/kg
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5-143 Air is supplied from a line to a piston-cylinder device equipped with a spring. The final temperature of the steam in
the cylinder and the total work produced as the device is filled are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Kinetic and potential
energies are negligible. 3 The process is adiabatic. 4 Air is an ideal gas with constant specific heats.

Properties The gas constant of air is 0.287 kPa-m’/kg-K (Table A-1). The specific heats of air at room temperature are Cp=
1.005 kJ/kg'K and ¢, = 0.718 kJ/kg'K (Table A-2a).

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
and also noting that the initial mass in the system is zero, the mass and energy balances for this uniform-flow system can be
expressed as

Mass balance: ~ m;, —mMy, =AMy, ——>  Mj=m, 7
Energy balance:
Ein - Eout = AEsystem Fiston — Cylinder
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
M;hy =Wy e = MyU, )
Walve

Wh out = Mihj —m,u,

Combining the two balances:

SuppE line
Wb,out = m2(hi _Uz) h Il::

Because of the spring, the relation between the pressure and volume is a linear relation. According to the data in the
problem statement,

P—300=275£(/

The final air volume is then
v, = L(ZOOO —300)=3.148 m’
2700

The work needed to compress the spring is

W o = IPd(/ I(Mv 300)@(/_22700(/2 +3000, = 270x3.1482 +300x3.148 = 3620 kJ

Substituting the information found into the energy balance equation gives

Wb,out =m, (h _Uz)

P
Wbout =22 (C T CVT2)
E) R 2
3620ZM(1.005X600—O.718XT2)
(0.287)T,

The final temperature is then

T, =682.9K =409.9°C
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5-116
Review Problems

5-144 Carbon dioxide flows through a throttling valve. The temperature change of CO; is to be determined if CO, is
assumed an ideal gas and a real gas.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Heat transfer to or from the fluid is negligible. 4 There are no work interactions involved.

Analysis There is only one inlet and one exit, and thus m; = m, = m. We take the throttling valve as the system, which is a
control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the

rate form as
- . . 20 d
Ein - Eout = AEsystcm (sready) 0
E'in = Eout C02
mh, =mh, 5MPa —» 100 kPa
h, =h, 100°C

since QEW=AkeEApe§O.
(a) For an ideal gas, h = h(T), and therefore,
T, =T, =100°C —— AT =T, -T, =0°C
(b) We obtain real gas properties of CO, from EES software as follows

P, =5MPa

h, =34.77 ki/kg
T, =100°C

P, =100 kPa

T, =66.0°C
h, = h, =34.77 kl/kg

Note that EES uses a different reference state from the textbook for CO, properties. The temperature difference in this case
becomes

AT =T,-T, =100-66.0 = 34.0°C

That is, the temperature of CO, decreases by 34°C in a throttling process if its real gas properties are used.
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5-145 Helium flows steadily in a pipe and heat is lost from the helium during this process. The heat transfer and the
volume flow rate at the exit are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible.

Properties The gas constant of helium is 2.0769 kPa.m’/kg.K. The constant pressure specific heat of air at room
temperature is ¢, = 5.1926 kJ/kg-°C (Table A-2a).

Analysis (a) We take the pipe in which the argon is heated as the system, which is a control volume. The energy balance for
this steady-flow system can be expressed in the rate form as

Ein _ Eout _ AE 20 (steady) =0

system

M R SE—
Rate of net energy transfer  Rate of change in internal, kinetic, .
by heat, work, and mass potential, etc. energies Q "
ou

E.in = Eout \
. )\ )
mh, =rmh, +Q 100 kPa, 700 K Helium 00K
Yy 8 kg/s —_—
Qout - m(hl - h2)

Qout = me (Tl _TZ)

out

Substituting,

Qou =MC, (T, —T,) = (8 keg/s)(5.1926 kI/kg - K)(427 — 27)K =16,620 KW

(b) The exit specific volume and the volume flow rate are

RT, (2.0769 kPa-m’/kg-K)(300K)
P 100 kPa
V, =mv, = (8kg/s)(6.231 m>/kg) = 49.85 m>/s

v, = =6.231m’/kg
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5-146 The rate of accumulation of water in a pool and the rate of discharge are given. The rate supply of water to the pool is
to be determined.

Assumptions 1 Water is supplied and discharged steadily. 2 The rate of evaporation of water is negligible. 3 No water is
supplied or removed through other means.

Analysis The conservation of mass principle applied to the pool requires that the rate of increase in the amount of water in
the pool be equal to the difference between the rate of supply of water and the rate of discharge. That is,

. . dv,
+m, - V. =

dm

pool _ dm

pool

dt

0ol

dt ¢

dt :mi _me —> I’hi

since the density of water is constant and thus the conservation of mass is
equivalent to conservation of volume. The rate of discharge of water is

V, = AV, = (aD?*/4)\V, =[7(0.07 m)*/4](4 m/s) = 0.01539 m*/s

The rate of accumulation of water in the pool is equal to the cross-
section of the pool times the rate at which the water level rises,

d Vpool
dt

= A ross-section Vievel = (6 M x 9 m)(0.025 m/min) = 1.35 m*/min = 0.0225 m*/s

Substituting, the rate at which water is supplied to the pool is determined to be

dv,

pool

V= +V, =0.0225+0.01539 =0.0379 m®/s

Therefore, water is supplied at a rate of 0.0379 m’/s = 37.9 L/s.

5-147 Air is accelerated in a nozzle. The density of air at the nozzle exit is to be determined.
Assumptions Flow through the nozzle is steady.
Properties The density of air is given to be 4.18 kg/m” at the inlet.

Analysis There is only one inlet and one exit, and thus m, = m, = m. Then,

m, =m, \

P1AV, =p, A\‘/zvz 1 AIR_: 2
AV, 120 m/s ; 3
=——p =2—(4.18kg/m”) =2.64 kg/m /
P2 A, V, P s g/m”) g

Discussion Note that the density of air decreases considerably despite a decrease in the cross-sectional area of the nozzle.
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5-148E A heat exchanger that uses hot air to heat cold water is considered. The total flow power and the flow works for
both the air and water streams are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions. 4 Heat loss from the device to the surroundings is negligible and thus heat
transfer from the hot fluid is equal to the heat transfer to the cold fluid. 5 Air is an ideal gas with constant specific heats at
room temperature.

Properties The gas constant of air is 0.3704 psia.ft’/lbm.R =0.06855 Btu/lbm.R (Table A-1E). The specific volumes of
water at the inlet and exit are (Table A-4E)

% = 20psia 0.01602 ft*/Ib
Vi = V¢ o coop = 0. m
Ty = 50°F 3= UT@sF AR
P, =17 psia , \Ll
T4 :900F }04 :Vf@90°1: :001610ft /lbm Water
3
Analysis The specific volume of air at the inlet and the mass flow rate are
RT 3704 psia - ft*/Ibm - R)(200+ 460 R
v, =3 _ (03704psia-t lom R)200+469R) _ 15 55 2 bm 12 4
P 20 psia

_Y_ 00/ s o a e
Vi 12.22ft%/Ibm
Combining the flow work expression with the ideal gas equation of state gives
Woow = Povy —Pv; = R(T, —T;) =(0.06855 Btu/lbm - R)(100 — 200)R = —6.855 Btu/lbm
The flow work of water is

Woow = Pavy —P3v3

= [(17 psia)(0.01610 ft*/Ibm) — (20 psia)(0.01602 ft*/Ibm) _ 1Bw
5.404 psia - ft°
=-0.00864 Btu/lbm
The net flow power for the heat exchanger is
Wﬂow = rhailr Wiow + rhairwﬂow
=(0.1364 Ibm/s)(-6.855 Btu/Ibm) + (0.5 Ibm/s)(-0.00864 Btu/Ibm)

—0.9393Btus — | __1.329hp
0.7068 Btu/s
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5-120

5-149 An air compressor consumes 6.2 kW of power to compress a specified rate of air. The flow work required by the
compressor is to be compared to the power used to increase the pressure of the air.

Assumptions 1 Flow through the compressor is steady. 2 Air is an ideal gas.
Properties The gas constant of air is 0.287 kPa-m’/kg-K (Table A-1). 0.8 MPa

Analysis The specific volume of the air at the inlet is

v, = RT, _(0.287 kPa-m?/kg-K)(20+273K) _0.7008m? /kg Compressor
P, 120 kPa
The mass flow rate of the air is 120 kPa

vV, 0.015m°/ 20°C
m=—t=—"M S 602140 ke/s

v, 0.7008 m°/kg
Combining the flow work expression with the ideal gas equation of state gives the flow work as
Woow =PV, =Py =R(T, —T,) =(0.287 kJ/kg - K)(300 - 20)K = 80.36 kJ/kg
The flow power is
Wiow = MWy, = (0.02140 kg/s)(80.36 ki/kg) = 1.72 kW
The remainder of compressor power input is used to increase the pressure of the air:

W =W ~Wpoy =6.2-1.72 = 4.48 kKW

total,in

5-150 Steam expands in a turbine whose power production is 9000 kW. The rate of heat lost from the turbine is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible.
Properties From the steam tables (Tables A-6 and A-4) 1.6 MPa

350°C Heat

P —1.6 MP
! ‘ }hl —3146.0 ki/kg 16 ke/s

T, =350°C
T, =30°C
h, =2555.6kJ/kg

X, =1
Analysis We take the turbine as the system, which is a control volume since mass 30°C
crosses the boundary. Noting that there is one inlet and one exiti the energy balance for sat. vap.
this steady-flow system can be expressed in the rate form as

E-in - E.out = AE.S}’Stem 0 (seady) =0

D _
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Ein = Eou
myhy = 1yhy +Woy +Qqy
Qout =rm(h, —h,) _Wout
Substituting,

Q. = (16 kg/s)(3146.0 —2555.6) kI/kg — 9000 kW = 446.4 kKW
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5-151E Nitrogen gas flows through a long, constant-diameter adiabatic pipe. The velocities at the inlet and exit are to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Nitrogen is an ideal gas with constant
specific heats. 3 Potential energy changes are negligible. 4 There are no work interactions. 5 The re is no heat transfer from
the nitrogen.

Properties The specific heat of nitrogen at the room temperature iss ¢, = 0.248 Btu/lbm-R (Table A-2Ea).

Analysis There is only one inlet and one exit, and thus m, = m, =m. We take the pipe as the system, which is a control
volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the rate form

as
- : _ - 20 (steady) _
Ein - Eout - AEsystcm =0
— e
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eou 100 psia N, 50 psia

120°F EE— 70°F

m(h, +V,> /2) =m(h, +V,'/2)
h, +V2/2=h, +V}/2

V72 -V

% =C p (TZ _Tl)

Combining the mass balance and ideal gas equation of state yields

ml = mz
AV, AV,
Vi Vs
A T, P
Vv, :_1"_2V1 :V_ZV1 =21y
A, v v T P

Substituting this expression for V, into the energy balance equation gives

0.5 0.5

(Tz PIJZ (530100]2
LR 1| 22
T, P, 580 50
The velocity at the exit is

T, P
_ Ry (33010045 414y
T, P, ' 580 50

] =515 ft/s

1 20p(My =Ty | | 2(0.248)(70-120) [ 25,037 ft*/s?
1 Btu/Ibm

Vs,
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5-122
5-152 Water at a specified rate is heated by an electrical heater. The current is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 The heat losses from the water is negligible.

Properties The specific heat and the density of water are taken to be ¢, = 4.18 kJ/kg-°C and p= 1 kg/L (Table A-3).

Analysis We take the pipe in which water is heated as the system, which is a control volume. The energy balance for this
steady-flow system can be expressed in the rate form as

: : : 20 (stead
Ein - Eout = AEsystcm (sready) =0
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
'E'in = E'out We,in
mh, +W,;, =mh, ~
v\'/e’in =m(h, —h)) 18°C water A 30°C
. 0.1 L/ -_—
VI =mc, (T, =T)) S

The mass flow rate of the water is

m= p¥ = (1kg/L)(0.1L/s) = 0.1kg/s
Substituting into the energy balance equation and solving for the current gives

| me, (T, -T)) _ (0.1kg/s)(4.18kI/kg-K)30-18)K (1000 VI _ . o\

\Y 110V 1kJ/s

5-153 Water is boiled at Ty, = 100°C by an electric heater. The rate of evaporation of water is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Heat losses
from the outer surfaces of the water tank are negligible.

Steam

Properties The enthalpy of vaporization of water at 100°C is
he, =2256.4 kJ/kg (Table A-4).

Analysis Noting that the enthalpy of vaporization represents \/
the amount of energy needed to vaporize a unit mass of a liquid
at a specified temperature, the rate of evaporation of water is
determined to be Y Water
. v/ 100°C
M o Wc,boiling _ 3kl/s /
evaporation h . 2256.4 kl/kg —~ Heater
=0.00133 kg/s = 4.79 kg/h l - 1
v
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5-123
5-154 Steam flows in an insulated pipe. The mass flow rate of the steam and the speed of the steam at the pipe outlet are to
be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work and heat interactions.

Analysis We take the pipe in which steam flows as the system, which is a control volume. The energy balance for this
steady-flow system can be expressed in the rate form as

0 . _ ' 20 (steady) _
Ein - Eout - AEsystem =0
— |
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
E. —E ) 1400 kPa, 350°C Water 1000 kPa
in ou
. . D=0.15m, 10 m/s _— D=0.1 m
mh, =mh,
h =h,

The properties of the steam at the inlet and exit are (Table A-6)

P=1400kPa | v, =0.20029 m®/kg
T =350°C h, =3150.1kJ/kg

P, =1000 kPa

v, =0.28064 m° /kg
h, =h, =3150.1kJ/kg

The mass flow rate is

2 2
oAV _DL Y 7Q1Sm)7  10ms__ ggo3gss

v, 4 y 4 0.20029 m*/kg

The outlet velocity will then be

My, _4mv, _ 4(0.8823kg/s)(0.28064 m*/kg)

B > =31.53m/s
A, 7Dy 7(0.10 m)

V, =
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5-155 The mass flow rate of a compressed air line is divided into two equal streams by a T-fitting in the line. The velocity
of the air at the outlets and the rate of change of flow energy (flow power) across the T-fitting are to be determined.

Assumptions 1 Air is an ideal gas with constant specific heats. 2 The flow is steady. 3 Since the outlets are identical, it is
presumed that the flow divides evenly between the two.

Properties The gas constant of air is R = 0.287 kPa-m’/kg-K (Table A-1).

1.4 MPa
Analysis The specific volumes of air at the inlet and outlets are 36°C
RT 287kPa-m?/kg-K)(40+273K
v = _ (0287 KPa-m e K)EO+2T3K) _ 5614 m° kg 1
P, 1600 kPa
1.6 MPa
RT, (0.287kPa-m’/kg-K)(36+273K 40°C - —
v, =, =0z a-m kg K)B6+273K) _ ) 06335 m’ kg 50mfs  ——
P, 1400 kPa
Assuming an even division of the inlet flow rate, the mass balance can be l
written as 1.4 MPa
AV AV A vy, V) 0.06335 50 36°C
1l _p222 V, =V, =—1 2 L = _2821m/s
v, v, A, vy 2 0.05614 2
The mass flow rate at the inlet is
2 2
fh, = AV, _ DV, _ 7(0.025m) 50 m/s — 04372ke/s

v, 4 v 4 0.05614 m>/kg
while that at the outlets is

m, _ 0.4372kg/s

Y = r =
2 3
2

=0.2186 kg/s

Substituting the above results into the flow power expression produces
Wﬂow =2m,Pv, —-mRy,
=2(0.2186 kg/s)(1400 kPa)(0.06335 m*/kg) — (0.4372 kg/s)(1600 kPa)(0.05614 m*/kg)
=-0.496 kW
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5-125
5-156 Air flows through a non-constant cross-section pipe. The inlet and exit velocities of the air are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Potential energy change is negligible. 3
There are no work interactions. 4 The device is adiabatic and thus heat transfer is negligible. 5 Air is an ideal gas with
constant specific heats.

Properties The gas constant of air is R = 0.287 kPa.m’/kg.K. Also, C, = 1.005 kl/kg K for air at room temperature (Table A-
2)

Analysis We take the pipe as the system, which is a — f a
control volume since mass crosses the boundary. D, \ — D,
The mass and energy balances for this steady-flow 200 kPa 175 kPa
system can be expressed in the rate form as 65°C — Air 60°C
Mass balance: Vi V,

m;, — rhout = Am 70 (steady) _ 0

system

2 2
h V)= R, Vv, ﬂ|:)12V1 :&Dzzvz
RT, 4 RT, 4 T T,

My = Moy ——> O1AV) = P AV,

Energy balance:

' > . 20 (steady) _ : 7~ ~
Ei, — Eou AEygem =0 sinceW = Ape = 0)
| S
Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
\V/ 2 2
- _F N 1 _ 2
Ein - Eout h1 + - h2 + + qout
2 2
2 2
Vv
1 _ 2
or cpTl +—2 —cpT2 +—2 + oyt

Assuming inlet diameter to be 1.4 m and the exit diameter to be 1.0 m, and substituting given values into mass and energy
balance equations

200 kPa 2 175kPa 2
8 0 4m)2V, = 222 1.0m)2V 1
( 338K j( "V ( 333K j( V2 &

2 2
(1,005 kI/kg K)(338 K) + S| —1KKe 1 4 0osiake K)333K) + 2 —1KKE ) 3siine (@)
2,2 2,2
2 \1000m~/s 2 {1000m~/s

There are two equations and two unknowns. Solving equations (1) and (2) simultaneously using an equation solver such as
EES, the velocities are determined to be

V,=29.9m/s
V,=66.1 m/s
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5-126
5-157 Heat is lost from the steam flowing in a nozzle. The exit velocity and the mass flow rate are to be determined.

Assumptions 1 This is a steady-flow process since there is no change

with time. 2 Potential energy change is negligible. 3 There are no
work interactions.
150°C STEAM 75 kPa

Analysis (a) We take the steam as the system, which is a control

volume since mass crosses the boundary. The energy balance for this 200 kPa > Sat. vap.
steady-flow system can be expressed in the rate form as
q

Energy balance:

. . _ - 20 (steady) _
Ein - Eout - AEsystem =0
—_ \ R
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

V.2 V.2 . .
m h1+% =m h2+72 +Q, since W = Ape = 0)

or VZ = '\)2(h1 _h2 _qout)

The properties of steam at the inlet and exit are (Table A-6)

P, =200 kPa

h, =2769.1 kl/kg
T, =150°C

P, =75 kPa }uz =22172 m’/kg

sat. vap. h, =2662.4 kJ/kg
Substituting,
V, =42(h; —=h, —q,,) = 2(2769.1—2662.4—26)kJ/kg[Lk2g2j =401.7m/s
1000 m~/s

(b) The mass flow rate of the steam is

= AV, = ! (0.001 m2)(401.7 m/s) = 0.181Kg/s

vy 22172 m?/kg
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5-127

5-158 Water is boiled at a specified temperature by hot gases flowing through a stainless steel pipe submerged in water.
The rate of evaporation of is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Heat losses /\
from the outer surfaces of the boiler are negligible. v
¢ ©—

Properties The enthalpy of vaporization of water at 150°C is

hfg =2113.8 kJ/kg (Table A-4) /\ Water

Analysis The rate of heat transfer to water is given to be 74 kJ/s. &/// 150°C
Noting that the enthalpy of vaporization represents the amount of .
energy needed to vaporize a unit mass of a liquid at a specified 77 Heater
temperature, the rate of evaporation of water is determined to be Hot gases

. —>0Q )
m _ Qbmhng _ 74Kk]/s —0.0350 kg/S v

evaporation — h fg N 2113.8 kJ/kg

5-159 Cold water enters a steam generator at 20°C, and leaves as saturated vapor at Ty, = 200°C. The fraction of heat used
to preheat the liquid water from 20°C to saturation temperature of 200°C is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Heat losses from the steam generator are negligible. 3 The specific heat
of water is constant at the average temperature.

Properties The heat of vaporization of water at 200°C is hyy = 1939.8 klJ/kg (Table A-4), and the specific heat of liquid
water is C = 4.18 kJ/kg.°C (Table A-3).

Analysis The heat of vaporization of water represents the
amount of heat needed to vaporize a unit mass of liquid at
a specified temperature. Using the average specific heat,
the amount of heat transfer needed to preheat a unit mass
of water from 20°C to 200°C is

qpreheating =CAT
= (4.18 kJ/kg-°C)(200— 20)°C
=752.4kl/kg Cold water
20°C
_— >

Heater

and

Qiotal = qboiling + qpreheating
=1939.8+364.1=2692.2 kJ/kg

Therefore, the fraction of heat used to preheat the water is

qpreheating _ 752.4
Ototal 2692.2

Fraction to preheat = =0.2795 (or 28.0%)
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5-128

5-160 Cold water enters a steam generator at 20°C and is boiled, and leaves as saturated vapor at boiler pressure. The
boiler pressure at which the amount of heat needed to preheat the water to saturation temperature that is equal to the heat of
vaporization is to be determined.

Assumptions Heat losses from the steam generator are negligible.

Properties The enthalpy of liquid water at 20°C is 83.91 kJ/kg. Other properties needed to solve this problem are the heat
of vaporization hg, and the enthalpy of saturated liquid at the specified temperatures, and they can be obtained from Table
A-4.

Analysis The heat of vaporization of water represents the amount of heat needed to vaporize a unit mass of liquid at a

specified temperature, and Ah represents the amount of heat needed to preheat a unit mass of water from 20°C to the
saturation temperature. Therefore,

qprchcating = qboiling /—\ Steam
(h f@Ty — hf@20°C )=h fg@Tg, \_/
D>

hf@Tsal —83911(]/1(g:hfg@)/-r%‘l —> hf@Tsal _hfg@Tsal :8391kJ/kg

The solution of this problem requires choosing a boiling | ———  ——~] Water
temperature, reading h and hg, at that temperature, and M/
substituting the values into the relation above to see if it is

Heater

satisfied. By trial and error, (Table A-4) Cold water 7
At310°C:  hyqr —hpar, =1402.0-1325.9=76.1 kl/kg 20°C

At315°C:  hygr —hpr =1431.6 - 1283.4 = 148.2 kl/kg

The temperature that satisfies this condition is determined from the two values above by interpolation to be 310.6°C. The
saturation pressure corresponding to this temperature is 9.94 MPa.

5-161 An ideal gas expands in a turbine. The volume flow rate at the inlet for a power output of 350 kW is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 The device is adiabatic and thus heat transfer is negligible.

Properties The properties of the ideal gas are given as R = 0.30 kPa.m*/kg K, ¢, = 1.13 kl/kg-°C, ¢, = 0.83 kJ/kg-°C.

Analysis We take the turbine as the system, which is a control volume since mass crosses the boundary. The energy balance
for this steady-flow system can be expressed in the rate form as

- - _ - 20 (steady) _
Ein - Eout - AEsystem =0 P, =900 kPa
S —_—
Rate of net energy transfer  Rate of change in internal, kinetic, T,=1200K
by heat, work, and mass potential, etc. energies

Ein =E ——mh, :V\'/Out +mh, (since Q = Ake = Ape = 0)

out

which can be rearranged to solve for mass flow rate

m _ Wout _ Wout _ 3 5 0 kW
hy—h, ¢ (T, -T,) (1.13kJ/kg.K)(1200—700)K

=0.6195kg/s

The inlet specific volume and the volume flow rate are

T,=700 K

RT . -m’/kg-
o BT (0.3 kPa - mg K J1200K) _ | ke
R 900 kPa

Thus, V¥ =mv, =(0.6195kg/s)(0.4m>/kg) =0.248 m3/s
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5-129

5-162 Chickens are to be cooled by chilled water in an immersion chiller. The rate of heat removal from the chicken and the
mass flow rate of water are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The thermal properties of chickens and water are constant.

Properties The specific heat of chicken are given to be 3.54 kJ/kg.°C. The specific heat of water is 4.18 kJ/kg.°C (Table A-
3).

Analysis (a) Chickens are dropped into the chiller at a rate of 500 per hour. Therefore, chickens can be considered to flow
steadily through the chiller at a mass flow rate of

Mepicken = (500 chicken/h)(2.2 kg / chicken) =1100 kg/h = 0.3056kg /s

Taking the chicken flow stream in the chiller as the system,
the energy balance for steadily flowing chickens can be lmmersion
expressed in the rate form as chillina. 0.5°C

- - _ - 70 (steady) _

Ein - Eout - AEsystem e =0
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Ein = Eout

mhy = Qg +Mh, (since Ake = Ape = 0)

Qout = Qchicken = mchickencp (Tl _T2)

Then the rate of heat removal from the chickens as they are cooled
from 15°C to 3°C becomes

Qchicken :(mC pAT)chicken = (03056 kg/S)(354 kJ/kgo C)(15 - 3)0 C = 130 kW

The chiller gains heat from the surroundings at a rate of 200 kJ/h = 0.0556 kJ/s. Then the total rate of heat gain by the water
is

Ouater = Oehicken + Oheat gain = 13.0+0.056 = 13.056kW

Noting that the temperature rise of water is not to exceed 2°C as it flows through the chiller, the mass flow rate of water
must be at least

P Quater 13.056 kW
water - o o
(c,AT) (4.18kJ/kg.c C)(2° C)

=1.56 kg/s

water

If the mass flow rate of water is less than this value, then the temperature rise of water will have to be more than 2°C.
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5-130

5-163 Chickens are to be cooled by chilled water in an immersion chiller. The rate of heat removal from the chicken and the
mass flow rate of water are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The thermal properties of chickens and water are constant. 3 Heat gain
of the chiller is negligible.

Properties The specific heat of chicken are given to be 3.54 kJ/kg.°C. The specific heat of water is 4.18 kJ/kg.°C (Table A-
3).

Analysis (a) Chickens are dropped into the chiller at a rate of 500 per hour. Therefore, chickens can be considered to flow
steadily through the chiller at a mass flow rate of

Mgpicken = (500 chicken/h)(2.2 kg / chicken) =1100 kg/h = 0.3056kg /s
Taking the chicken flow stream in the chiller as the system, the Immersion
energy balance for steadily flowing chickens can be expressed in the i o
chilling, 0.5°C
rate form as
E- _ E _ AE 70 (steady) =0
n out system
Rate of net energy transfer Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = E.out
mhy = Quy + Mh, (since Ake = Ape = 0)

Qout = Qchicken = 'chickencp (Tl _TZ)

Then the rate of heat removal from the chickens as they are cooled from
15°C to 3°C becomes

Qehicken =(MCpAT ) ghicien = (0.3056 kg/s)(3.54 kl/kg.” C)(15-3)°C =13.0 kKW

Heat gain of the chiller from the surroundings is negligible. Then the total rate of heat gain by the water is

Qwater = Qchicken =13.0 kW

Noting that the temperature rise of water is not to exceed 2°C as it flows through the chiller, the mass flow rate of water
must be at least

Quater 13.0 kW

mwater = = =1.56 kg/S
(CoAT) (.18 k/kg.* C)(2°C)

water

If the mass flow rate of water is less than this value, then the temperature rise of water will have to be more than 2°C.
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5-131

5-164 A regenerator is considered to save heat during the cooling of milk in a dairy plant. The amounts of fuel and money
such a generator will save per year are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The properties of the milk are constant.

Properties The average density and specific heat of milk can be taken to be Pmi= Pyaer = 1 kg/L and Cp mine= 3.79
kJ/kg.°C (Table A-3).
Analysis The mass flow rate of the milk is *
Mo = 2Vt Hot milk
= (1kg/L)(20L/s) = 20 kg/s ﬂ 72°C
=72,000 kg/h -

Taking the pasteurizing section as the system, the energy balance
for this steady-flow system can be expressed in the rate form as /

YUY

Ein _ Eout _ AE 20 (steady) =0 Q

system

4°C

3 ———

u Cold milk

fr\mmm

— -
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

) Bin = Eou Regenerator
Q,, +mh, =mh, (since Ake = Ape = 0) *
Qin = MyiCp (T, = T)
Therefore, to heat the milk from 4 to 72°C as being done currently, heat must be transferred to the milk at a rate of

chrrcnt = [me (Tpasturization - Trcfrigcration )] milk
= (20 kg/s)(3.79 kJ/kg.&C)(72 — 4)°C = 5154 kJ/s

The proposed regenerator has an effectiveness of € = 0.82, and thus it will save 82 percent of this energy. Therefore,
Quuved = Qeurrent = (0.82)(5154 kJ/s) = 4227 k/s
Noting that the boiler has an efficiency of npier = 0.90, the energy savings above correspond to fuel savings of

Quued _ 4227kJ/s  ltherm
Moot 090 105,500kJ

FuelSaved = =0.04452 therm/s

Noting that 1 year = 365 x 24 = 8760 h and unit cost of natural gas is $1.10/therm, the annual fuel and money savings will
be

Fuel Saved = (0.04452 therms/s)(8760 x 3600 s) = 1.404 x 10° therms/yr
Money saved = (Fuel saved)(Unit cost of fuel)

= (1.404 x10° therm/yr)($1.10/therm)

=$1.544 x10° Iyr
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5-165E A refrigeration system is to cool eggs by chilled air at a rate of 10,000 eggs per hour. The rate of heat removal from
the eggs, the required volume flow rate of air, and the size of the compressor of the refrigeration system are to be
determined.

Assumptions 1 Steady operating conditions exist. 2 The eggs are at uniform temperatures before and after cooling. 3 The
cooling section is well-insulated. 4 The properties of eggs are constant. 5 The local atmospheric pressure is 1 atm.

Properties The properties of the eggs are given to p = 67.4 Ibm/ft’ and Cp = 0.80 Btu/lbm.°F. The specific heat of air at
room temperature C, = 0.24 Btu/lbm. °F (Table A-2E). The gas constant of air is R = 0.3704 psia.ft’/Ibm.R (Table A-1E).

Analysis (a) Noting that eggs are cooled at a rate of 10,000 eggs per hour, eggs can be considered to flow steadily through
the cooling section at a mass flow rate of

Mege = (10,000 eggs/h)(0.14 lbm/egg)=1400 Ibm/h=0.3889 Ibm/s

Taking the egg flow stream in the cooler as the system, the energy balance

for steadily flowing eggs can be expressed in the rate form as £8
0.14 1bm
- - _ - 20 (steady) _
Ein - Eout - AEsystem =0 Air
Rate of net energy transfer  Rate of change in internal, kinetic, 34°F
by heat, work, and mass potential, etc. energies
. . q
Ein = Eout —_—>
—>
—>

mh, = Q,, +mh, (since Ake = Ape = 0)

Qout = chg = mcggcp(Tl _TZ)

Then the rate of heat removal from the eggs as they are cooled from 90°F to 50°F at this rate becomes

Qege =(MCHAT )y, = (1400 1bm/h)(0.80 Btw/lbm.°F)(90 — 50)°F = 44,800 Btu/h

(b) All the heat released by the eggs is absorbed by the refrigerated air since heat transfer through he walls of cooler is
negligible, and the temperature rise of air is not to exceed 10°F. The minimum mass flow and volume flow rates of air are
determined to be

iy = e A800BWh g g g
(C,AT)ar  (0.24Btw/bm F)(10°F)
P = = = _14.7psia = 0.0803 Ibm/ft®
RT  (0.3704 psia. ft'/Ibm.R)(34+ 460)R
= Mair _ 18.667Tomh _ 5 39 g frogh

air

© pue 0.0803 Ibm/ft?
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5-166 Glass bottles are washed in hot water in an uncovered rectangular glass washing bath. The rates of heat and water
mass that need to be supplied to the water are to be determined.

Assumptions 1 Steady operating conditions exist. 2 The entire water body is maintained at a uniform temperature of 55°C.
3 Heat losses from the outer surfaces of the bath are negligible. 4 Water is an incompressible substance with constant
properties.

Properties The specific heat of water at room temperature is ¢, = 4.18 kJ/kg.°C. Also, the specific heat of glass is 0.80
kJ/kg.°C (Table A-3).

Analysis (a) The mass flow rate of glass bottles through the water bath in steady operation is
Myoute = Myorte X Bottle flow rate = (0.150 kg / bottle)(800 bottles/ min) =120 kg/ min =2 kg /s

Taking the bottle flow section as the system, which is a steady-
flow control volume, the energy balance for this steady-flow
system can be expressed in the rate form as

Water bath
55°C

Ein _ E’()ut _ AE 20 (steady) =0

system

[ ——) \ —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

Q,, +mh, =mh, (since Ake = Ape = 0)
Qin = Qbottle = MyarerCp (T2 = Ty) .
Then the rate of heat removal by the bottles as they are heated from 20 to 55°C is Q
Qpottte = MporeCpAT = (2 kg/s)0.8 ki/kg.2 C)55—20) C= 56,000 W

The amount of water removed by the bottles is

m = (Flow rate of bottles | Water removed per bottle)

water,out
= (800 bottles / min 0.2 g/bottle) =160 g/min = 2.67x10~> kg/s
Noting that the water removed by the bottles is made up by fresh water entering

at 15°C, the rate of heat removal by the water that sticks to the bottles is

Qwatcr removed — n.’]watcr removed © p AT = (267 X1073 kg/s)(4180 J/kg." C)(SS -1 5)0 C=446 W

Therefore, the total amount of heat removed by the wet bottles is

=56,000 + 446 = 56,446 W

Qtotal, removed — Q glass removed + Qwater removed

Discussion In practice, the rates of heat and water removal will be much larger since the heat losses from the tank and the
moisture loss from the open surface are not considered.
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5-167 Long aluminum wires are extruded at a velocity of 8 m/min, and are exposed to atmospheric air. The rate of heat
transfer from the wire is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The thermal properties of the wire are constant.
Properties The properties of aluminum are given to be p= 2702 kg/m® and C, = 0.896 kJ/kg.°C.

Analysis The mass flow rate of the extruded wire through the air is
= pV = p(ar W = (2702 kg/m*)7(0.0025 m)? (8 m/min) = 0.4244 kg/min = 0.007074 kg/s

Taking the volume occupied by the extruded wire as the system, which is a steady-flow control volume, the energy balance
for this steady-flow system can be expressed in the rate form as

- - _ . 70 (steady) _ _ i )
Ein - Eout - AEsystem =0 k i:*-'l Iy L
P S — [l e w ';F""
Rate of net energy transfer  Rate of change in internal, kinetic, [ LE --:‘..q:-,_-,- e Tl 8 m/min
by heat, work, and mass potential, etc. energies vl ?'h é‘.ﬁﬁ Fad &
. . vy o g
= i i i = | —>
Ein = Eou 'i:'h'.f ‘H'i:- -"'._
mh, = Q,, +Mh, (since Ake = Ape = 0) e e v
= Yout /) = Ape = ,_...:,‘;.-..;._-.1;-_ TR

Qout = Qwire = mwirecp (Tl _TZ) ':_‘:‘n":'__{,’:_:_._.-.-';'-_.}-'i

Then the rate of heat transfer from the wire to the air becomes

Q =, [T (1)~ T, = (0.007074 kg/s)(0.896 ki/kg.°C)(350 — 50)°C =1.90 KW

5-168 Long copper wires are extruded at a velocity of 8 m/min, and are exposed to atmospheric air. The rate of heat transfer
from the wire is to be determined.

Assumptions 1 Steady operating conditions exist. 2 The thermal properties of the wire are constant.
Properties The properties of copper are given to be p = 8950 kg/m® and ¢, = 0.383 kl/kg.°C.
Analysis The mass flow rate of the extruded wire through the air is

m=pV = p(ard W = (8950 kg/m*)z(0.0025 m)* (8/ 60 m/s) = 0.02343 kg/s

Taking the volume occupied by the extruded wire as the system, which is a steady-flow control volume, the energy balance
for this steady-flow system can be expressed in the rate form as

- - _ - 20 (steady) _
Ein - Eout - AEsystem =0
Rate of f
ate of net energy transfer  Rate of change in internal, kinetic, i
by heat, work, and mass potemif], etc. energies 350°C 8 m/min
S = | | —>
Ein - Eout

mhy = Q,, +Mh, (since Ake = Ape = 0)
Qout = Qwire = r.ﬁwirecp (Tl _TZ)

Then the rate of heat transfer from the wire to the air becomes

Q=rhe, [T (t) T, 1= (0.02343 kg/s)(0.383 kJ/kg.°C)(350 — 50)°C = 2.69 KW
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5-169 Steam at a saturation temperature of Ty, = 40°C condenses on the outside of a thin horizontal tube. Heat is transferred
to the cooling water that enters the tube at 25°C and exits at 35°C. The rate of condensation of steam is to be determined.

Assumptions 1 Steady operating conditions exist. 2 Water is an incompressible substance with constant properties at room
temperature. 3 The changes in kinetic and potential energies are negligible.

Properties The properties of water at room temperature are p = 997 kg/m’ and Cp = 4.18 kl/kg.°C (Table A-3). The
enthalpy of vaporization of water at 40°C is hg, = 2406.0 kJ/kg (Table A-4).

Analysis The mass flow rate of water through the tube is

Myaer = PVA, = (997 kg/m* )(2 m/s)[(0.03 m)* / 4] =1.409 kg/s
Taking the volume occupied by the cold water in the tube as the system, which is a steady-flow control volume, the energy

balance for this steady-flow system can be expressed in the rate form as

: - _ - 20 (steady) _
E. —E,, _ AE e -0 Steam
Sin 7 Zou, e 40°C
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies 35°C
Ein = Eout Cold
Water

Q,, +mh, =rmh, (since Ake = Ape = 0)
Qin = Qwatcr = mWatCGC (TZ _Tl)

Then the rate of heat transfer to the water and the rate of condensation become

25°C

Q = me, (Toy —Tin) = (1.409 kg/s)(4.18 kJ/kg - °C)(35 — 25)°C = 58.9 kW

cond = h& __S8IWs 0.0245kg/s

Q =MeonaNgg 1w 2406.0kl/kg
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5-170E Steam is mixed with water steadily in an adiabatic device. The temperature of the water leaving this device is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work and heat interactions. 4 There is no heat transfer between the mixing device and the
surroundings.

Analysis We take the mixing device as the system, which is a control volume. The energy balance for this steady-flow
system can be expressed in the rate form as

: . - 20 (steady) _
Ein ~Eou AEystem =0 Steam
R
Rate of net energy transfer  Rate of change in internal, kinetic, 60 psia
by heat, work, and mass potential, etc. energies p
350°F

Ein = Eou 0.05 bmis R
m,h, +m,h, =m;h, N

O]
From a mass balance > ®—> 60 psia
My =M, +1h, = 0.05+1=1.05 lbm/s @

60 psi /
The enthalpies of steam and water are (Table A-6E and A-4E) 402SFla
- ; 1 Ibmy/s
1=00psia | 15083 Brw/lbm
T, = 350°F
P, =60 psia
T, = 40°F } h, =h¢ g 4o =8.032 Btu/lbm

Substituting into the energy balance equation solving for the exit enthalpy gives

rhyhy +1yh; (005 Ibmy/s)(1208.3 Btu/Ibm) + (1 Ibm/s)(8.032 Btw/Ibm)

h =
m, 1.05 Ibm/s

=65.19 Btu/lbm

At the exit state P;=60 psia and h;=65.19 kJ/kg. An investigation of Table A-5E reveals that this is compressed liquid state.
Approximating this state as saturated liquid at the specified temperature, the temperature may be determined from Table A-
E to be 4

P; =60 psia

T, 2T ahe —97.2°F
h3 — 65.19 Btu/Ibm J 3 f @h=65.19 Btu/lbm

Discussion The exact answer is determined at the compressed liquid state using EES to be 97.0°F, indicating that the
saturated liquid approximation is a reasonable one.
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5-171 A constant-pressure R-134a vapor separation unit separates the liquid and vapor portions of a saturated mixture into
two separate outlet streams. The flow power needed to operate this unit and the mass flow rate of the two outlet streams are
to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work and heat interactions.

Analysis The specific volume at the inlet is (Table A-12)

P, =320 kPa

< =055 } v =v; +X(vg —v)=0.0007772 +(0.55)(0.06360 — 0.0007772) = 0.03533 m’ /kg
. =0.

The mass flow rate at the inlet is then

R-134a
R 0.006 m*/s 320 kPa Saturated
m =—=——————=0.1698kg/s _ —> i —>
1 v, 0.03533m kg X =0.55 Vapor separation vapor
6L/s unit

For each kg of mixture processed, 0.55 kg of vapor are
processed. Therefore, l

M, = 0.7, =0.55x 0.1698 = 0.09340 kg/s Saturated

liquid
iy =M, -, = 0.45m; = 0.45x 0.1698 = 0.07642 kg/s au

The flow power for this unit is
Wiy =M,y Povy + My Pyuy — Py
= (0.09340 kg/s)(320 kPa)(0.06360 m> /kg) + (0.07642 kg/s)(320 kPa)(0.0007772 m* /kg)

— (0.1698 kg/s)(320 kPa)(0.03533 m* /kg)
=0kW
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5-172E A small positioning control rocket in a satellite is driven by a container filled with R-134a at saturated liquid state.
The number of bursts this rocket experience before the quality in the container is 90% or more is to be determined.

Analysis The initial and final specific volumes are

T, =—10°F X
. v, =0.01171t*/Ibm (Table A-11E)
X, =
T, =—10°F 3
000 [ Y2 =Yi Xy =0.01171+(0.90)(2.7091-0.01171) = 24394 ft" lom
2 = V.

The initial and final masses in the container are

v 2 ft3

m-v-_ 2 ——=170.81bm
v 0.01171m?/ke
v 2 fi

m=—t=— 2 _081991bm

v, 24394 /lbm
Then,
Am=m; -m, =170.8-0.8199 =170.0 Ibm
The amount of mass released during each control burst is
Amy, = mAt = (0.05 Ibm/s)(5s) = 0.25 Ibm
The number of bursts that can be executed is then

Am 170.0 Ibm

N = =
® 7 Am,  0.25Ibm/burst

=680 bursts

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

5-139

5-173E The relationships between the mass flow rate and the time for the inflation and deflation of an air bag are given.
The volume of this bag as a function of time are to be plotted.

Assumptions Uniform flow exists at the inlet and outlet.
Properties The specific volume of air during inflation and deflation are given to be 15 and 13 ft*/lbm, respectively.
Analysis The volume of the airbag at any time is given by
vr= [amey, - [me)e,d
in flow time out flow time

Applying at different time periods as given in problem statement give

20 lbm/s( Is

tdt 0<t<10ms
10ms \ 1000 ms

t
V) = I(IS ft3/Ibm)
0

t
V()= jo.015t2 fi’/ms2  0<t<10ms
0

Is
1000 ms

t
V(t)=V(10ms)+ j (15 t3/1bm)(20 lbm/s)(

10 ms

jtdt 10<t<12ms

V()= (10ms)+0.03ft>/ms?(t—10ms) 10<t<12ms

V(t) =¥ (12 ms)+0.03 ft>/ms? (t—12 ms)

16 Ibm/s ( Is
(30-12) ms \ 1000 ms

t
- j (13 £t /Ibm)

12 ms

j(t—12 ms)dt 12<t<25ms

V(t) =V (12 ms)+0.03 ft>/ms? (t—12 ms)

t
- jo.011556 fd/ms?(t—12ms)dt 12 <t <25ms

12 ms

V(t) =¥ (12 ms)+0.03 ft*/ms? (t—12 ms)

_ 0_~0121556 (t? 144 ms”)+0.13867(t—12ms) 12 <t<25ms

(t> —625ms?)+0.13867(t—25ms) 25<t<30ms

V() =V(25ms) ——0'0121556

1s
1000 ms

t
V(t)=V(30ms)— j (13ft3/lbm)(16lbm/s)[

12 ms

]dt 30<t<50ms

V() =V (30ms)—(0.208 ft3/ms)(t —-30ms) 30<t<50ms
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5-140

The results with some suitable time intervals are

6 r r r r r
Time, ms v, ft | i
0 0
2 0.06 5
4 0.24 - ]
6 0.54 o 4
8 0.96 E
10 1.50 o [ 1
12 2.10 E 3
15 2.95 o
20 413 >
25 5.02 2
27 4.70 I ]
30 4.13 L
40 2.05
46 0.80 i y
49.85 0 0 . . . . .
0 10 20 30 40 50

Time [ms]
Alternative solution

The net volume flow rate is obtained from
V =(Mo);, —(Mv)o,

which is sketched on the figure below. The volume of the airbag is given by
v = [ et

The results of a graphical interpretation of the volume is also given in the figure below. Note that the evaluation of the
above integral is simply the area under the process curve.

400 T T T T T T 6
300
5 — 5.03
200
150
100 4 —4.14
Mz —
4 o
= 0 —
— = 3
.> >
-100
F -150 1 2| 210
-200 -208
300 1
-400
0 10 20 30 40 50 60 0 L L L L " "
0 10 20 30 40 50 60

time [mlllisec]
time [millisec]
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5-174E A winterizing project is to reduce the infiltration rate of a house from 2.2 ACH to 1.1 ACH. The resulting cost
savings are to be determined.

Assumptions 1 The house is maintained at 72°F at all times. 2 The latent heat load during the heating season is negligible. 3
The infiltrating air is heated to 72°F before it exfiltrates. 4 Air is an ideal gas with constant specific heats at room
temperature. 5 The changes in kinetic and potential energies are negligible. 6 Steady flow conditions exist.

Properties The gas constant of air is 0.3704 psia.ft’/lbm-R (Table A-

1E). The specific heat of air at room temperature is 0.24 Btu/lbm-°F
(Table A-2E). /\

Analysis The density of air at the outdoor conditions is / NG
P, 13.5 psia Warm
po === 2P = 0.0734 bny/tt> i air Warm a
RT, (0.3704 psia.ft’/Ibm.R)(496.5 R) Cold air == = Warmair
36.5°F 700 72°F
The volume of the house is

Viuilging = (Floor area)(Height) = (4500 ft*)(9 ft) = 40,500 ft’

We can view infiltration as a steady stream of air that is heated as it flows in an imaginary duct passing through the house.
The energy balance for this imaginary steady-flow system can be expressed in the rate form as

: - - 20 (steady) _
Ein - Eout AEsystem =0
R
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

Q,, +mh, =mh, (since Ake = Ape = 0)
Qin =mc,(T,-T)) = P%p(Tz -T)
The reduction in the infiltration rate is 2.2 — 1.1 = 1.1 ACH. The reduction in the sensible infiltration heat load

corresponding to it is

Qinﬁltration, saved = PoC p (ACH saved )(Vbuilding )(TI - To )
= (0.0734 Ibm/ft>)(0.24 Btw/Ibm.°F)(1.1/h)(40,500 ft> )(72 — 36.5)°F
= 27,860 Btu/h = 0.2786 therm/h

since 1 therm = 100,000 Btu. The number of hours during a six month period is 6x30x24 = 4320 h. Noting that the furnace
efficiency is 0.92 and the unit cost of natural gas is $1.24/therm, the energy and money saved during the 6-month period are

Energy savings = (Qinﬁhraﬁon’ saved J(NO. of hours per year)/Efficiency

= (0.2786 therm/h)(4320 h/year)/0.92
=1308 therms/year

Cost savings = (Energy savings)(Unit cost of energy)
= (1308 therms/year)($1.24/therm)
=%$1622/year

Therefore, reducing the infiltration rate by one-half will reduce the heating costs of this homeowner by $1622 per year.
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5-175 Outdoors air at -5°C and 90 kPa enters the building at a rate of 35 L/s while the indoors is maintained at 20°C. The
rate of sensible heat loss from the building due to infiltration is to be determined.

Assumptions 1 The house is maintained at 20°C at all times. 2 The latent heat load is negligible. 3 The infiltrating air is
heated to 20°C before it exfiltrates. 4 Air is an ideal gas with constant specific heats at room temperature. 5 The changes in
kinetic and potential energies are negligible. 6 Steady flow conditions exist.

Properties The gas constant of air is R = 0.287 kPa.m’/kg-K. The specific heat of air at room temperature is C, =1.005
kl/kg-°C (Table A-2).

Analysis The density of air at the outdoor conditions is /\
P

90 kPa
0 3
Po = = =1.17kg/m ﬂ \
° RT, (0.287kPa.m’/kg.K)(-5+273K) Warm

) air .
We can view infiltration as a steady stream of air that is heated COl(Oi ar ==~ T Warrjl ar
as it flows in an imaginary duct passing through the building. -5°C 20°C 20°C
The energy balance for this imaginary steady-flow system can 93(; 153

s

be expressed in the rate form as

. - _ - A0 (steady) _
Ein - Eout - AEsystem =0
— R ——
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout
Q;, + mh; =mh, (since Ake = Ape = 0)
Qn =mcy(T, =T))

Then the sensible infiltration heat load corresponding to an infiltration rate of 35 L/s becomes

Qinﬁltration = Po Vair c p (Ti - TO )
= (1.17 kg/m?)(0.035 m/s)(1.005 kJ/kg.°C)[20 - (-5)°C
=1.029 kW

Therefore, sensible heat will be lost at a rate of 1.029 kJ/s due to infiltration.
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5-176 Chilled air is to cool a room by removing the heat generated in a large insulated classroom by lights and students.
The required flow rate of air that needs to be supplied to the room is to be determined.

Assumptions 1 The moisture produced by the bodies leave the room as vapor without any condensing, and thus the
classroom has no latent heat load. 2 Heat gain through the walls and the roof is negligible. 4 Air is an ideal gas with
constant specific heats at room temperature. 5 Steady operating conditions exist.

Properties The specific heat of air at room temperature is 1.005 kJ/kg-°C (Table A-2). The average rate of sensible heat
generation by a person is given to be 60 W.

Analysis The rate of sensible heat generation by the people in the room and the total rate of sensible internal heat
generation are

Qgcn, sensible =0 gen, sensible (No. of people) = (60 W/person)(150 persons) = 9000 W
Qtotal, sensible — Qgcn, sensible T Qlighting =9000 + 6000 = 15’000 W

Both of these effects can be viewed as heat gain for the chilled air Chilled air  Return air
stream, which can be viewed as a steady stream of cool air that is 15°C 25°C
heated as it flows in an imaginary duct passing through the room. The T
energy balance for this imaginary steady-flow system can be vy )
expressed in the rate form as \& /
- - _ - 20 (steady) _
Ein - Eout - AEsystem =0 /gl
[ ——) —_—
Rate of net energy transfer  Rate of change in internal, kinetic, ( fff;;\
by heat, work, and mass potential, etc. energies e

. NS
Ein = Eout f \ (
. i
Q,, +mh, =mh, (since Ake = Ape = 0) %ﬁ\\
Qin = Qtotal, sensible — me(Tz _Tl)

Then the required mass flow rate of chilled air becomes

_ Qtotal,sensible _ 15k)/s
C,AT (1.005 kJ/kg - °C)(25 —15)°C

=1.49 kg/s

air

Discussion The latent heat will be removed by the air-conditioning system as the moisture condenses outside the cooling
coils.
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5-177 A fan is powered by a 0.5 hp motor, and delivers air at a rate of 85 m*/min. The highest possible air velocity at the
fan exit is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time at any point and thus

Amey =0 and AEy =0. 2 The inlet velocity and the change in potential energy are negligible, V, =0 and Ape=0. 3
There are no heat and work interactions other than the electrical power consumed by the fan motor. 4 The efficiencies of
the motor and the fan are 100% since best possible operation is assumed. 5 Air is an ideal gas with constant specific heats at
room temperature.

Properties The density of air is given to be p = 1.18 kg/m’. The constant pressure specific heat of air at room temperature
is ¢, = 1.005 kJ/kg.°C (Table A-2).

Analysis We take the fan-motor assembly as the system. This is a control volume since mass crosses the system boundary
during the process. We note that there is only one inlet and one exit, and thus m; =m, =m.

The velocity of air leaving the fan will be highest when all of the entire electrical energy drawn by the motor is
converted to kinetic energy, and the friction between the air layers is zero. In this best possible case, no energy will be
converted to thermal energy, and thus the temperature change of air will be zero, 7, = 7;. Then the energy balance for this

steady-flow system can be expressed in the rate form as

- - _ . 20 (steady) _

Ein - Eout - AEsystem =0

N _
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Ein = Eout /]\ T
- o 2 . - ~
W, ;, +mh, = m(h, +V;/2) (sinceV; = 0and Ape = 0) “

Noting that the temperature and thus enthalpy remains constant, the relation above
simplifies further to

Wi =MmVy /2 0.5 hp

85 m’/min
where

m = pV = (1.18 kg/m>)(85 m>/min) = 100.3 kg/min = 1.67 kg/s

Solving for V, and substituting gives

v _J2We,in _ 20shp) (7457w \1m? /5]
: f 1.67kg/s | 1hp W '

Discussion In reality, the velocity will be less because of the inefficiencies of the motor and the fan.
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5-178 The average air velocity in the circular duct of an air-conditioning system is not to exceed 8 m/s. If the fan converts
80 percent of the electrical energy into kinetic energy, the size of the fan motor needed and the diameter of the main duct
are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time at any point and thus
Amey =0 and AE,, =0. 2 The inlet velocity is negligible, V; = 0. 3 There are no heat and work interactions other than
the electrical power consumed by the fan motor. 4 Air is an ideal gas with constant specific heats at room temperature.

Properties The density of air is given to be p = 1.20 kg/m’. The constant pressure specific heat of air at room temperature
is ¢, = 1.005 kJ/kg.°C (Table A-2).
Analysis We take the fan-motor assembly as the system. This is a control volume since mass crosses the system boundary
during the process. We note that there is only one inlet and one exit, and thus m; =m, = m. The change in the kinetic
energy of air as it is accelerated from zero to 8 m/s at a rate of 130 m*/min is

m = pV¥ =(1.20 kg/m*)(130 m*/min) = 156 kg/min = 2.6 kg/s

L V-V 8m/s)” —0( 1kJ/k
AKE =i Y2 VT (3 6 kgfs) BT € |=0.0832kw -
2 2 1000 m~ /s

It is stated that this represents 80% of the electrical energy consumed “
by the motor. Then the total electrical power consumed by the motor
is determined to be

_AKE _ 0.0832kW

=AKE = Wooor =087 =" 08

0.7W

=0.104 kW 8 m/s
130 m*/min

motor

The diameter of the main duct is

. 3 . .
U=VA=V(mD?/4) » D=, [22 - |H0m /mln)(lmmjzo.SS?m
v (8 m/s) 60s

Therefore, the motor should have a rated power of at least 0.104 kW, and the diameter of the duct should be at least 58.7
cm
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5-179 An adiabatic air compressor is powered by a direct-coupled steam turbine, which is also driving a generator. The net
power delivered to the generator is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 The devices are adiabatic and thus heat transfer is negligible. 4 Air is an ideal gas with variable specific heats.

Properties From the steam tables (Tables A-4 through 6)

P, =12.5 MPa
hy = 3343.6 kl/kg
T, = 500°C
and
P, =10 kP
! 0.92 ) } hy = hy +Xhgy =191.81+(0.92)2392.1) = 2392.5 k/kg
X, = 0.

From the air table (Table A-17),

T, =295K — > h, =295.17 kl/kg 2 125MPa
1 MPa  500°C
T, =620 K —— h, =628.07 kl/kg 620 K
Analysis There is only one inlet and one exit for either device, Air Steam
and thus m,, =My, =m . We take either the turbine or the comp turbine
compressor as the system, which is a control volume since mass
crosses the boundary. The energy balance for either steady-flow
system can be expressed in the rate form as
N 1| 98kPa 4
- - - steas
Ein - Eout = AEsystem Y =0 295K 10 kPa
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies
Ein = Eout

For the turbine and the compressor it becomes

Compressor:

Wcomp, in Mgy = My hy  — Wcomp, in = Mair (hy —hy)
Turbine:

Mgeam s = Wturb, out T Mgeamhy = Wturb, out = Mgeam (3 —hy)
Substituting,

Weompin = (10 ke/s}(628.07 —295.17) kl/kg = 3329 kW

Wb, = (25 kg/s)3343.6 - 2392.5) kl/kg = 23,777 kW
Therefore,

Woeout =Wiarbout = Weompin = 23,777 — 3329 = 20,448 kW
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5-147
5-180 Helium is compressed by a compressor. The power required is to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 Helium is an ideal gas with constant specific heats. 4 The compressor is adiabatic.

Properties The constant pressure specific heat of helium is ¢, = 5.1926 kJ/kg'K. The gas constant is R =2.0769 kJ/kg'K
(Table A-2a).

Analysis There is only one inlet and one exit, and thus m; =m, = m . We take the compressor as the system, which is a
control volume since mass crosses the boundary. The energy balance for this steady-flow system can be expressed in the

rate form as
- - _ - 20 (steady) _
Ein - Eout - AEsystem =0
— —_—
Rate of net energy transfer  Rate of change in internal, kinetic, 400 kPa
by heat, work, and mass potential, etc. energies

200°C

E.in = E.out

. C
W, +rhh, =mh, (since Ake = Ape = 0) OMPpLessor

W, =m(h, —h;)=mc, (T, -T,)

Helium
The specific volume of air at the inlet and the mass flow rate are 150 kPa

20°C

RT, (2.0769kPa-m’/kg-K)(20+273K)
P, 150 kPa

v, = =4.0569 m>/kg

AV (0.1m?)(15 m/s)
v, 4.0569 m> /kg

=0.3697 kg/s

Then the power input is determined from the energy balance equation to be

W,, =mmc, (T, —T;) = (0.3697 kg/s)(5.1926 ki/kg - K)(200 — 20)K = 345.5 kW
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5-181 Saturated R-134a vapor is compressed to a specified state. The power input is given. The rate of heat transfer is to be
determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible.
Properties From the R-134a tables (Table A-11)

T, =10°C

h, =256.16 kJ/kg

X; =1
Analysis We take the compressor as the system, which is a control volume since mass crosses the boundary. Noting that
one fluid stream enters and leaves the compressor, the energy balance for this steady-flow system can be expressed in the
rate form as

: : _ : J0 (steady) _
Ein - Eout - AEsystem =0 1400 kPa
Rate of net energy transfer  Rate of change in internal, kinetic, 50 m/s
by heat, work, and mass potential, etc. energies
E.=E

in

. . V2 V2
Wi, = Quye + M hy +% =m| h, +72 (since Ape = 0)

out

5 5 kg/s
. . . \Y, 10°C
Qout :Win + m{hl - h2 _72] sat. vap.
Substituting,
: : . Vv,
Qout :Win + m[hl — 12 _TZJ

2
Z132.4KW + (5kg/s)| 256.116 - 281.39)kJ/kg — 01/ [ lkJ/k2g 2}
2 1000 m*/s

=0.02 kW

which is practically zero and therefore the process is adiabatic.
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5-182 A submarine that has an air-ballast tank originally partially filled with air is considered. Air is pumped into the
ballast tank until it is entirely filled with air. The final temperature and mass of the air in the ballast tank are to be
determined.

Assumptions 1 Air is an ideal gas with constant specific heats. 2 The process is adiabatic. 3 There are no work interactions.

Properties The gas constant of air is R = 0.287 kPa-m’/kg-K (Table A-1). The specific heat ratio of air at room temperature
is k = 1.4 (Table A-2a). The specific volume of water is taken 0.001 m*/kg.

Analysis The conservation of mass principle applied to the air gives

dm, .

min
dt

and as applied to the water becomes

dm,,

dt out

The first law for the ballast tank produces

d(mu), d(mu) )
0= it &+ it * +h,m, —h,m,

Combining this with the conservation of mass expressions, rearranging and canceling the common dt term produces
d(mu), +d(mu),, =h,dm, +h,dm,

Integrating this result from the beginning to the end of the process gives
[(mu); —(mu), ], +[(mu), —(mu), ], =ha(my —m)), +hy (m; —my),

Substituting the ideal gas equation of state and the specific heat models for the enthalpies and internal energies expands this
to
PV, PV,

c, T, ——¢,T,—-my,c, Ty =¢,T;
RTZ v'2 RTI v'l w,1¥w'w pm(

PV, PV
RT, RT,

]_ mW,ICWTW

When the common terms are cancelled, this result becomes

v, 700

L= =100 0 =386.8K
e W, V) —+—————(700-100)
T, KT, 288  (1.4)(293)
The final mass from the ideal gas relation is
PV 3
m, =2 _ (1500 kPa)(700 m”) _ 9460 kg

RT, (0.287kPa-m?®/kg-K)(386.8K)
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5-183 A submarine that has an air-ballast tank originally partially filled with air is considered. Air is pumped into the
ballast tank in an isothermal manner until it is entirely filled with air. The final mass of the air in the ballast tank and the
total heat transfer are to be determined.

Assumptions 1 Air is an ideal gas with constant specific heats. 2 There are no work interactions.

Properties The gas constant of air is R = 0.287 kPa-m*/kg-K (Table A-1). The specific heats of air at room temperature are
Cp = 1.005 kJ/kg'K and ¢, = 0.718 kJ/kg-K (Table A-2a). The specific volume of water is taken 0.001 m’/kg.

Analysis The initial air mass is

PV, 1500 kPa)(1 3
m, = Y (1500 3a)( 00m~) _1814ke
RT,  (0.287kPa-m’/kg-K)(288.15K)
and the initial water mass is
v 3
Lo 600m” m3 = 600,000 kg
vy 0.001m’/kg
and the final mass of air in the tank is
P,V. 3
m, =PV _ (1500 kPa)(700 m*>) _12,607kg

RT,  (0.287kPa-m’/kg-K)(288.15K)

The first law when adapted to this system gives
Qin +Mihy —mehe =myu; —myu,
Qin =MyU; —Mu; +mehe —m;ih;
Qin =myc, T _(ma,lcuT +myuy )+ mwhw —(my —my)c p-r
Noting that
u, =h, =62.98kJke
Substituting,

Qi =12,697x0.718x 288 — (1814 x0.718 % 288 + 600,000 x 62.98)
+600,000% 62.98 — (12,697 —1814) x1.005 x 288
=0kJ

The process is adiabatic.
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5-184 A cylindrical tank is charged with nitrogen from a supply line. The final mass of nitrogen in the tank and final

temperature are to be determined for two cases.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it

can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Air is an ideal gas with

constant specific heats. 3 Kinetic and potential energies are negligible. 4 There are no work interactions involved.

Properties The gas constant of nitrogen is 0.2968 kPa-m’/kg-K (Table A-1). The specific heats of nitrogen at room

temperature are C, = 1.039 kJ/kg-K and ¢, = 0.743 kl/kg-K (Table A-2a).

Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the

microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,

the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:
min—mout:Am — m; =m, —mM

system

Energy balance: Air 200 kPa. 25°C

Ein - Eout = AEsystem
. —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
m;h; =m,u, —mu, 200 kPa
mic,T; =m,c, T, —mic, T, 25"C3
Combining the two balances: 0.1'm

(my —my)c,T; =m,c, T, —mc, T,
The initial and final masses are given by
PV (200 kPa)(0.1m?)

m, = =0.2261kg
3
RT,  (0.2968 kPa-m®/kg-K)(298 K)
PV (800 kPa)(0.1m*)  269.5
> RT, (02968kPa-m3/kg-K)T, T
Substituting,

(@— 0.2261}(1.039)(298) = @(o.mﬁ2 —(0.2261)(0.743)(298)

2 2

whose solution is

T, =379.0K
The final mass is then
L= 269.5 _ 269.5 ~0.7112kg
T, 379.0

(b) When there is rapid heat transfer between the nitrogen and tank such that the cylinder and nitrogen remain in thermal
equilibrium during the process, the energy balance equation may be written as

(My =my)C,Ti = (Mg 2€, Tp + M€ T5) = (Myig 1€, Ty + M C;T))
Substituting,
(269.5

2

269.5

T (0743)T, +(50)04T, |- [(0.2261)(0.743)(298) + (50)(0.43)(298)]
2

- 0.2261}(1 .039)(298) = {

whose solution is
T, =300.7K

The final mass is then

m, = 269.5 _ 269.5 - 0.8962 kg
300.7 300.7
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5-152
5-185 The air in a tank is released until the pressure in the tank reduces to a specified value. The mass withdrawn from the
tank is to be determined for three methods of analysis.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process. 2 Air is an ideal gas with constant specific heats. 3 Kinetic and potential
energies are negligible. 4 There are no work or heat interactions involved.

Properties The gas constant of air is 0.287 kPa-m’/kg-K (Table A-1). The specific heats of air at room temperature are Cp=
1.005 kJ/kg-K and ¢,= 0.718 kJ/kg-K. Also k =1.4 (Table A-2a).

Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:
min - mout =Am

system
—Me =My —M, @
me =m; —m,

Energy balance: Alr
800 kPa
Ein — Eout = AEsystem 25°C, 1 m’
—_— | SE— >
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

-mghe =myu, —myu,
0=m,u, —m,u; +mgh,
0=m,c, T, —mc,T, + mecpTe
Combining the two balances:
0=m,c, T, —-mc, T, +(M —m,)C pTe
The initial and final masses are given by

PV kPa)(1m?
L L (800 kPa)dm) ~9.354kg
RT,  (0.287kPa-m’/kg-K)(25+273K)

3% (150kPa)(1m®) 5226

RT, (0287kPa-m’/kg-K)T, T,

m,

The temperature of air leaving the tank changes from the initial temperature in the tank to the final temperature during the
discharging process. We assume that the temperature of the air leaving the tank is the average of initial and final
temperatures in the tank. Substituting into the energy balance equation gives

0=m,c, T, —mc, T, +(m —mz)cpTe
5226

2

0

(0.718)T, —(9.354)(0.718)(298) + [9.354 3 2Tz'6j(1 .005)(@}
2

whose solution is
T, =191.0K

Substituting, the final mass is

522.6
m, =222 ~ 2736k
27 191 &

and the mass withdrawn is
me =m; —m, =9.354-2.736 =6.618 kg
(b) Considering the process in two parts, first from 800 kPa to 400 kPa and from 400 kPa to 150 kPa, the solution will be as
follows:
From 800 kPa to 400 kPa:

4 (400kPa)(Im®) 1394

m =
> RT, (0287kPa-m’kg-K)T, T,

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

5-153
1394
- 2
T, =245.1K

0

(0.718)T, —(9.354)(0.718)(298) + [9.354 - 1194 J(l .005)(—2982+ Ik J
2

1394
m, = — —5687k
270451 &

Mgy =My —M, =9.354-5.687 =3.667 kg
From 400 kPa to 150 kPa:

. . 245.1+T
0= ﬂ(o.ﬂsm —(5.687)(0.718)(245.1) + [5.687 —Siﬁ](mos{%J
2 2
T, =186.5K
522.6
=220 803k
271865 &

Mg, =My —M, =5.687-2.803 =2.884 kg
The total mass withdrawn is
Mg =M +M, , =3.667 +2.884 =6.551kg

(c) The mass balance may be written as

am__
dt ¢
When this is combined with the ideal gas equation of state, it becomes
VdPe/T)
R dt ¢
since the tank volume remains constant during the process. An energy balance on the tank gives
d(mu) .
Ta M
d(mT
¢, 4D _¢ )T dm
dt dt
P/T
Cu Kd_P: CpT K—d( / )
R dt R dt
dP dP P dT
Cp——=Cp| —m———
dt dt T dt
dP dT
c,—-C,)—=C, —
©o =05 =%

When this result is integrated, it gives

(k—l)/k 04/1.4
P
T,=T|=2 :(2981()(1501(%) —1847K
P, 800 kPa

The final mass is

P,V 3
_BV_ (150 kfa)(l m”) —2.830ke
RT, (0.287kPa-m°/kg-K)(184.7K)
and the mass withdrawn is
m, =m; —m, =9.354—-2.830 =6.524 kg

Discussion The result in first method is in error by 1.4% while that in the second method is in error by 0.4%.

m,
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5-186 A tank initially contains saturated mixture of R-134a. A valve is opened and R-134a vapor only is allowed to escape
slowly such that temperature remains constant. The heat transfer necessary with the surroundings to maintain the
temperature and pressure of the R-134a constant is to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the exit remains constant. 2 Kinetic and potential
energies are negligible. 3 There are no work interactions involved.

Analysis We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

m,, =Am

in — 'out system

—Me =M, —Mm,
Me =M, —M,
Energy balance: R-134a

04ke 1L
Ein -E out = AEsystem 25°C
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Qin —Mehe =myuy —myuy

m

Qin =MyUy —Mmyuy +mehe
Combining the two balances:
Qi, = Myu, —myu; +(m; —m,)h,
The specific volume at the initial state is

3
v, =L 000ImT 6 6055 m kg
m, 0.4kg

The initial state properties of R-134a in the tank are

T, =26°C }XI:UI_Uf __0.0025-0.0008313 _ o

3 Vig ~0.029976-0.0008313 (Table A-11)
v, =0.0025m"/kg _ _ _
U =Us + XU =87.26+(0.05726)(156.87) = 96.24 kl/kg
The enthalpy of saturated vapor refrigerant leaving the bottle is

he =hg@aeec =264.68kI/kg
The specific volume at the final state is

v _0.00Im’

=0.01m’/kg
m, 0.1kg

v, =

The internal energy at the final state is

T2 =26°C }Xz _ V) —V¢ _ 0.01-0.0008313 03146

L vy 0.029976-0.0008313 (Table A-11)
vy =00Imoke Jy _uy £ xuy =87.26+(0.3146)(156.87) = 136.61 kike

Substituting into the energy balance equation,
Qin =MyUy —myuy +(m; —my)h,

= (0.1kg)(136.61kJ/kg) — (0.4 kg)(96.24 kJ/kg) + (0.4 — 0.1kg)(264.68 k/kg)
=54.6kJ
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5-187 Steam expands in a turbine steadily. The mass flow rate of the steam, the exit velocity, and the power output
are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with 1
time. 2 Potential energy changes are negligible.

20 kl/kg

Properties From the steam tables (Tables A-4 through 6)

P, =7 MPa | v, =0.05567 m®/kg
T, =600°C | h, =3650.6 kl/kg

and

P, =25kPa | v, = +X,v ¢y =0.00102 +(0.95)6.2034 - 0.00102)=5.8933 m* /kg
X, =0.95 hy =h; +X,hy =271.96 +(0.95)2345.5)=2500.2 kl/kg 2

Analysis (@) The mass flow rate of the steam is

m:iVlAlz !

————(60 m/s)0.015 m? )=16.17 kg/s
v, 0.05567 m*/kg

(b) There is only one inlet and one exit, and thus m; = m, = m. Then the exit velocity is determined from

. 3
m . .
i 1 VA, v, vy _ (16.17 kg/s)(5 89233 m~/kg)
vy A, 0.14m

=680.6 m/s

(c) We take the turbine as the system, which is a control volume since mass crosses the boundary. The energy balance for
this steady-flow system can be expressed in the rate form as

Ein _ Eom _ AE 20 (steady) =0

system

—_ -
Rate of netenergy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

E-in = I:;out

m(h, +V,2/2) =W, +Qq, +m(h, +V,}/2) (since Ape = 0)
- : : Vi V2
Wout = _Qout - m[hz - hl +%]

Then the power output of the turbine is determined by substituting to be

(680.6 m/s)* — (60 m/s)* [ 1kl/kg
2 1000 m?/s?

Wy =—(16.17x20) kJ/s — (16.17 kg/s)[zsoo.z ~3650.6 +

=14,560 kW
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EE
5-188 E Problem 5-187 is reconsidered. The effects of turbine exit area and turbine exit pressure on the exit velocity
and power output of the turbine as the exit pressure varies from 10 kPa to 50 kPa (with the same quality), and the exit area
to varies from 1000 cm? to 3000 cm” is to be investigated. The exit velocity and the power output are to be plotted against
the exit pressure for the exit areas of 1000, 2000, and 3000 cm?.

Analysis The problem is solved using EES, and the results are tabulated and plotted below.

Fluid$='Steam_IAPWS'

A[1]=150 [cm"2]

T[1]=600 [C]

P[1]=7000 [kPa]

Vel[1]= 60 [m/s]

A[2]=1400 [cm”2]

P[2]=25 [kPa]

g_out = 20 [kJ/kg]

m_dot = A[1]*Vel[1]/V[1]*convert(cm”2,m"2)

v[1]=volume(Fluid$, T=T[1], P=P[1]) "specific volume of steam at state 1"
Vel[2]=m_dot*v[2])/(A[2]*convert(cm”"2,m"2))

v[2]=volume(Fluid$, x=0.95, P=P[2]) "specific volume of steam at state 2"
T[2]=temperature(Fluid$, P=P[2], v=v[2]) "[C]" "not required, but good to know"

"[conservation of Energy for steady-flow:"

"Ein_dot - Eout_dot = DeltaE_dot" "For steady-flow, DeltaE_dot = 0"
DELTAE_dot=0

"For the turbine as the control volume, neglecting the PE of each flow steam:"
E_dot_in=E_dot_out

h[1]=enthalpy(Fluid$, T=T[1], P=P[1])

E_dot_in=m_dot*(h[1]+ Vel[1]*2/2*Convert(m"2/s"2, kJ/kQ))
h[2]=enthalpy(Fluid$,x=0.95, P=P[2])

E_dot_out=m_dot*(h[2]+ Vel[2]*2/2*Convert(m"2/s"2, kJ/kg))+ m_dot *q_out+ W_dot_out
Power=W_dot_out

Q_dot_out=m_dot*q_out

P, Power Vel,
[kPa] [kw] [m/s]

10 -22158 2253
14.44 -1895 1595
18.89 6071 1239
23.33 9998 1017
27.78 12212 863.2
32.22 13573 751.1
36.67 14464 665.4
41.11 15075 597.8
45.56 15507 543

50 15821 497.7

Table values are for A[2]=1000 [cm"2]
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5-189 Air is preheated by the exhaust gases of a gas turbine in a regenerator. For a specified heat transfer rate, the exit
temperature of air and the mass flow rate of exhaust gases are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time. 2 Kinetic and potential energy changes are
negligible. 3 There are no work interactions. 4 Heat loss from the regenerator to the surroundings is negligible and thus heat
transfer from the hot fluid is equal to the heat transfer to the cold fluid. 5 Exhaust gases can be treated as air. 6 Air is an
ideal gas with variable specific heats.

Properties The gas constant of air is 0.287 kPa.m’/kg.K (Table A-1). The enthalpies of air are (Table A-17)

T, =550K — h; =555.74kJ/kg

T, =800K — h; =821.95kJ/kg AIR

T,=600K — h, =607.02kJ/kg !
Exhaust I \L

Analysis (a) We take the air side of the heat exchanger as the system, Gases

which is a control volume since mass crosses the boundary. There is only —&
one inlet and one exit, and thus m; = m, = m. The energy balance for this 3 h)

steady-flow system can be expressed in the rate form as

2>
- : _ : 20 (steady) _ 4
Ein - Eout - AEsystem =0 \LZ
—_—
Rate of netenergy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Ein = Eout
Qin +my.hy = my.h, (since W = Ake = Ape = 0)
Qin = My (hy —hy)
Substituting,

3200 k/s = (800/60 kg/sh, —554.71kJ/kg) — hy, = 794.71 ki/kg

Then from Table A-17 we read
T, = 7751 K

(b) Treating the exhaust gases as an ideal gas, the mass flow rate of the exhaust gases is determined from the steady-flow
energy relation applied only to the exhaust gases,

E.in = Eout
hy = Quue + MegpauseNs  (since W = Ake = Ape = 0)

m,

exhaust
Qout = Meypaust (N5 = hy)
3200 kJ/s = My (821.95 - 607.02) kl/kg
It yields
m =14.9 kg/s

‘exhaust
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5-190 Water is to be heated steadily from 20°C to 55°C by an electrical resistor inside an insulated pipe. The power rating
of the resistance heater and the average velocity of the water are to be determined.

Assumptions 1 This is a steady-flow process since there is no change with time at any point within the system and thus
Amgy =0 and AE, =0.2 Water is an incompressible substance with constant specific heats. 3 The kinetic and potential
energy changes are negligible, Ake = Ape = 0. 4 The pipe is insulated and thus the heat losses are negligible.

Properties The density and specific heat of water at room temperature are p = 1000 kg/m’ and ¢ =4.18 kJ/kg-°C (Table A-
3).

Analysis (a) We take the pipe as the system. This is a control volume since mass crosses the system boundary during the
process. Also, there is only one inlet and one exit and thus m; =m, =m. The energy balance for this steady-flow system

can be expressed in the rate form as
e

2 - . &0 (steady) _
Ein - Eout AEsystem =0 WATER
R :
Rate of netenergy transfer  Rate of change in internal, kinetic, 30 L/min S D=5cm
by heat, work, and mass potential, etc. energies
Ein = Eout
W, i, +Mhy =mh, (since Q,, = Ake = Ape = 0) W,

Wi = m(h, —hy) = m{e(T, =T,) + vAP ] = me(T, ~T)
The mass flow rate of water through the pipe is
= p¥;, = (1000 kg/m*)(0.030 m*/min) = 30 kg/min
Therefore,
V\'Ie,in =mc(T, —T,) = (30/60 kg/s)(4.18 kJ/kg-" C)(55-20)"C =73.2 KW
(b) The average velocity of water through the pipe is determined from

v_Y_V _0030m’min

=—=—= > =15.3m/min
A o 7(0.025 m)
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5-191 An insulated cylinder equipped with an external spring initially contains air. The tank is connected to a supply
line, and air is allowed to enter the cylinder until its volume doubles. The mass of the air that entered and the final
temperature in the cylinder are to be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 The expansion process is
quasi-equilibrium. 3 Kinetic and potential energies are negligible. 4 The spring is a linear spring. 5 The device is insulated
and thus heat transfer is negligible. 6 Air is an ideal gas with constant specific heats.

Properties The gas constant of air is R = 0.287 kJ/kg-K (Table A-1). The specific heats of air at room temperature are C,=
0.718 and ¢, = 1.005 kJ/kg'K (Table A-2a). Also, u=c,T and h=c,T.

Analysis We take the cylinder as the system, which is a control volume
since mass crosses the boundary. Noting that the microscopic energies of
flowing and nonflowing fluids are represented by enthalpy h and internal
energy U, respectively, the mass and energy balances for this uniform-flow
system can be expressed as

Fspring

Mass balance: Air
P =150 kPa
My — Moy = Amsystem - Mmp=m—-m _ AAo
T,=22°C
_ 3
Energy balance: 1=0.11m
Ein - Eout AEsystem
H—/
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies
mihy =W, g + MUy —myu; (since Q = ke = pe = 0)
Combining the two relations, (m, —m, h, =Wy out +MoU, =My,
or, (My —=my)C, Ty =Wy e +MyC, T, —myc, T,

The initial and the final masses in the tank are

O RU_ (1sokpafoim’)

" RT, (0.287 kPa-m’/kg -K 295 K)
PV, (600 kpa)(o.zz m3) 4599
CRT,  (0.287kPa-mikg-Kfl, T,

=0.1949 kg

m,

459.9

2

Then from the mass balance becomes m; =m, —m; = —0.1949

The spring is a linear spring, and thus the boundary work for this process can be determined from

) (150 + 600)kPa (

P +P
075w, -y = 02201 =41.25 )

W, = Area =

Substituting into the energy balance, the final temperature of air T, is determined to be

—41.25= —[ 45T 99 _ 0.1949}(1 .005)295)+ {45T 9'9J(O.718)(T2 )—(0.1949)0.718)(295)
2 2
It yields T, = 351K
Thus, m, = 4599 _ 4599 | 309 kg
T, 3514
and m =m, - m=1309-0.1949 = 1.11 kg
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5-192 R-134a is allowed to leave a piston-cylinder device with a pair of stops. The work done and the heat transfer are to
be determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid leaving the device is assumed to be constant. 2 Kinetic
and potential energies are negligible.

Properties The properties of R-134a at various states are (Tables A-11 through A-13)

U, =290.84 kl/kg

P, = 800 kPa }ul =0.032659 m’ /kg

T, =80°C
! h, =316.97 kl/kg R-134a e
2 kg Q
P. _500Kkpa V2 =0-042115m%/kg 800 kPa
2 = o
U, =242.40 kJ/k 80°C  ~J—
T, =20°C } 2 s ——

h, =263.46 kl/kg

Analysis (a) We take the tank as the system, which is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

m,, — My, = Am - Me=m-m,

system
Energy balance:
Ein - Eout = AEsystem
| ———) N —
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Wi.in = Qour —Mehe = Myu, —myu;  (since ke = pe = 0)

The volumes at the initial and final states and the mass that has left the cylinder are
V, =m,v, = (2kg)(0.032659 m*/kg) = 0.06532 m*
V, =myv, =(1/2)m,v, = (1/2)(2kg)(0.042115 m*/kg) = 0.04212 m*
m,=m, —-m, =2-1=1kg

The enthalpy of the refrigerant withdrawn from the cylinder is assumed to be the average of initial and final enthalpies of
the refrigerant in the cylinder

he =(1/2)(h, +h,)=(1/2)(316.97 + 263.46) = 290.21 kJ/kg

Noting that the pressure remains constant after the piston starts moving, the boundary work is determined from
Wyin = P, (V) =V,) = (500 kPa)(0.06532 -0.04212)m* =11.6 kJ

(b) Substituting,

11.6kJ - Q,, — (1kg)(290.21 kl/kg) = (1 kg)(242.40 kI/kg) — (2 kg)(290.84 kI/kg)

Quu = 60.7kJ

out
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5-193 The pressures across a pump are measured. The mechanical efficiency of the pump and the temperature rise of water
are to be determined.

Assumptions 1 The flow is steady and incompressible. 2 The pump is driven by an external motor so that the heat generated
by the motor is dissipated to the atmosphere. 3 The elevation difference between the inlet and outlet of the pump is
negligible, z, = z,. 4 The inlet and outlet diameters are the same and thus the inlet and exit velocities are equal, V| = V,.

Properties We take the density of water to be 1 kg/L = 1000 kg/m” and its
specific heat to be 4.18 kJ/kg - °C (Table A-3).

Analysis (a) The mass flow rate of water through the pump is
m=pV =(1kg/L)(18L/s)=18kg/s

The motor draws 6 kW of power and is 95 percent efficient.
Thus the mechanical (shaft) power it delivers to the pump is

Wpump,shaft = ﬂlnotorWelectric =(0.95)(6 kW) =5.7kW

To determine the mechanical efficiency of the pump, we need to know the increase in the mechanical energy of the fluid as
it flows through the pump, which is

: . : (P, V} (P V2
AEmech,fluid = Emech,out - Emech,in = m[ 2 + z + gzz j - m{ ! + . + gzl J
p 2 p 2

Simplifying it for this case and substituting the given values,

: P, P -
AE pechid = m( 20 j: (18 kg/s)| L0 100KPa ( K ]: 3.6kW
| P 1000 kg/m 1kPa-m

Then the mechanical efficiency of the pump becomes

AE.mech,fluid _ 3.6kW

T pump = 7 =
Wpump,shaft 5.7kW

=0.632=63.2%

(b) Of the 5.7-kW mechanical power supplied by the pump, only 3.6 kW is imparted to the fluid as mechanical energy. The
remaining 2.1 kW is converted to thermal energy due to frictional effects, and this “lost” mechanical energy manifests itself
as a heating effect in the fluid,

Emech,loss :Wpump,shaft - AEmech,ﬂuid =5.7-3.6=2.1kW

The temperature rise of water due to this mechanical inefficiency is determined from the thermal energy balance,
E =m(u, —U,) = mMcAT

mech,loss

Solving for AT,

Emech,loss _ 2.1kW =0.028°C

AT = —mechuloss _ -
mc  (18kg/s)d.18k/kg - K)

Therefore, the water will experience a temperature rise of 0.028°C, which is very small, as it flows through the pump.

Discussion In an actual application, the temperature rise of water will probably be less since part of the heat generated will
be transferred to the casing of the pump and from the casing to the surrounding air. If the entire pump motor were
submerged in water, then the 2.1 kW dissipated to the air due to motor inefficiency would also be transferred to the
surrounding water as heat. This would cause the water temperature to rise more.

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

www. 20f 11 e. org

5-163

5-194 A water tank is heated by electricity. The water withdrawn from the tank is mixed with cold water in a chamber. The
mass flow rate of hot water withdrawn from the tank and the average temperature of mixed water are to be determined.

Assumptions 1 The process in the mixing chamber is a steady-flow process since there is no change with time. 2 Kinetic
and potential energy changes are negligible. 3 There are no work interactions. 4 The device is adiabatic and thus heat
transfer is negligible.

Properties The specific heat and density of water are taken to be

¢, = 4.18 kJ/kg K, p = 1000 kg/m’ (Table A-3). 20°C Tank
Analysis We take the mixing chamber as the system, which is a —+> T,=80°C
control volume since mass crosses the boundary. The energy balance T,=60°C
for this steady-flow system can be expressed in the rate form as -
m —+
Energy balance: . T
S , “| Mixing o
Ein — Eout = AEsyStemzo (steady) =0 chamber
— - ——
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies 20°C
E. —E . 0.06 kg/s
ryh, +m,h, =m;h,  (sinceQ =W = Ake = Ape = 0)

or rhhotC thank,ave + rhColdC pTcold = (mhot + n.’]cold )C meixture (1)
Similarly, an energy balance may be written on the water tank as

Me,in + mhotc p (Tcold _Ttank,ave )]At =Mk C p (Ttank,Z _Ttank,l ) (2)
where

Tank1 + Tank2 80+ 60 R

Ttank,ave == 7 - = 2 =70°C

and

My = 2V = (1000 kg/m?)(0.060m*) = 60 kg
Substituting into Eq. (2),
[1.6 k)/s + ., (4.18 kI/kg.°C)(20 — 70)°C)(8 x 60 5) = (60 kg)(4.18 kJ/kg.°C)(60 — 80)°C
—mhy, =0.0577 kg/s
Substituting into Eq. (1),

(0.0577 kg/s)(4.18 kJ/kg.°C)(70°C) + (0.06 kg/s)(4.18 kl/kg.°C)(20°C)
=[(0.0577 +0.06)kg/s](4.18 kJ/kg.°C)T

mixture
T = 44.5°C

mixture
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5-195 The turbocharger of an internal combustion engine consisting of a turbine, a compressor, and an aftercooler is
considered. The temperature of the air at the compressor outlet and the minimum flow rate of ambient air are to be
determined.

Air

Assumptions 1 All processes are steady since there is no
change with time. 2 Kinetic and potential energy changes are
negligible. 3 Air properties are used for exhaust gases. 4 Air is
an ideal gas with constant specific heats. 5 The mechanical Turbine Compressor
efficiency between the turbine and the compressor is 100%.

6 All devices are adiabatic. 7 The local atmospheric pressure is

100 kPa. Exhaust

Properties The constant pressure specific heats of exhaust gases Aftercooler
gases, warm air, and cold ambient air are taken to be ¢, = Cold air I .
1.063, 1.008, and 1.005 kJ/kg-K, respectively (Table A-2b).

Analysis (a) An energy balance on turbine gives l

Wir = Mo € pex (Texnt — Texnz )= (0.02 ke/s)(1.063 k/kg - K)(400 ~350)K = 1.063 kW

This is also the power input to the compressor since the mechanical efficiency between the turbine and the compressor is
assumed to be 100%. An energy balance on the compressor gives the air temperature at the compressor outlet

V\.IC = man,a (Ta,2 _Ta,l)
1.063 kW = (0.018 kg/s)(1.008 kJ/kg - K)(T,, —50)K ——T,, =108.6 °C
(b) An energy balance on the aftercooler gives the mass flow rate of cold ambient air
macp,a (Ta,Z _Ta,3) = mcacp,ca (Tca,Z _Tca,l)
(0.018 kg/s)(1.008 kJ/kg - °C)(108.6 —80)°C = m, (1.005 kJ/kg - °C)(40 —30)°C
m,, =0.05161kg/s

The volume flow rate may be determined if we first calculate specific volume of cold ambient air at the inlet of aftercooler.
That is,

L, _RT _(0287LJ/kg-K)(30+273K)

= 0.8696 m°/k
a4 p 100 kPa &

V., =mu,, =(0.05161kg/s)(0.8696 m*/kg) = 0.0449 m3/s =44.9L/s
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5-196 Heat is transferred to a pressure cooker at a specified rate for a specified time period. The cooking temperature and
the water remaining in the cooker are to be determined.

Assumptions 1 This process can be analyzed as a uniform-flow process since the properties of the steam leaving the control
volume remain constant during the entire cooking process. 2 The kinetic and potential energies of the streams

are negligible, ke = pe = 0. 3 The pressure cooker is stationary and thus its kinetic and potential energy changes are zero;
that is, AKE = APE = 0 and AEygem = AUgysem. 4 The pressure (and thus temperature) in the pressure

cooker remains constant. 5 Steam leaves as a saturated vapor at the cooker pressure. 6 There are no boundary, electrical, or
shaft work interactions involved. 7 Heat is transferred to the cooker at a constant rate.

Analysis We take the pressure cooker as the system. This is a control volume since mass crosses the system boundary
during the process. We observe that this is an unsteady-flow process since changes occur within the control volume. Also,
there is one exit and no inlets for mass flow.

(a) The absolute pressure within the cooker is

Pabs = Paage + Parm =75 +100=175kPa

Since saturation conditions exist in the cooker at all times, the cooking temperature must be the saturation temperature
corresponding to this pressure. From Table A-5, it is

T2 :Tsat @175kPa — 116.04°C

which is about 16°C higher than the ordinary cooking temperature.

(b) Noting that the microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy
u, respectively, the mass and energy balances for this uniform-flow system can be expressed as
Mass balance:

My = Mgy =AM = —Me=(My —M)cy or Mg =(M —My)cy

system

Energy balance:

E,-E AE

in out system
—_—
Net energy transfer Change in internal, kinetic,
by heat, work, and mass potential, etc. energies

Qi, —m.h, =myu, —myu; (since W = ke = pe=0)
System

| |
Combining the mass and energy balances gives b"u“d“r}'\j mlliz?kg i
in =(Mm; —m,)h, + myu, —myu ! V=6L !
Qi =(M 2)he 2l 1t L e i
The amount of heat transfer during this process is found from i Vapor I
. | |
Qi, =Q;, AT =(0.5kJ/s)(30x 605) =900kJ ! Fioied i
|
L !

Steam leaves the pressure cooker as saturated vapor at 175 kPa at all j“i

times. Thus,

The initial internal energy is found after the quality is determined:

0.006 m*
v, =L _0000M 6 606 mikg
m, lkg
Vi —Vi  0.006-0.001

vig  1.004-0.001

X, = =0.00499

Thus,
U =Uj + XUy =486.82+(0.00499)(2037.7) kl/kg = 497 kl/kg
and
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5-166
U, =mu, = (1kg)(497 ki/kg) =497 kJ

The mass of the system at the final state is m, = {//v,. Substituting this into the energy equation yields

Qin :(ml —ljhe +[luz _mlul]
v Vs

There are two unknowns in this equation, U, and v,. Thus we need to relate them to a single unknown before we can
determine these unknowns. Assuming there is still some liquid water left in the cooker at the final state (i.e., saturation
conditions exist), v, and U, can be expressed as

Vy =i + XV g =0.001+ X, (1.004 - 0.001) m>/kg
Uy =Ug + XU g =486.82 + X,(2037.7) kl/kg
Recall that during a boiling process at constant pressure, the properties of each phase remain constant (only the amounts

change). When these expressions are substituted into the above energy equation, X, becomes the only unknown, and it is
determined to be

X, =0.009
Thus,
v, =0.001+ (0.009)(1.004 — 0.001) m*/kg = 0.010 m* /kg
and
0.006 m*
m, _ Y _0006m7 0.6kg

v, 00lmke
Therefore, after 30 min there is 0.6 kg water (liquid + vapor) left in the pressure cooker.

Discussion Note that almost half of the water in the pressure cooker has evaporated during cooking.
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5-197 A water tank open to the atmosphere is initially filled with water. The tank discharges to the atmosphere through a
long pipe connected to a valve. The initial discharge velocity from the tank and the time required to empty the tank are to be
determined.

Assumptions 1 The flow is incompressible. 2 The draining pipe is horizontal. 3 The tank is considered to be empty when
the water level drops to the center of the valve.

Analysis (a) Substituting the known quantities, the discharge velocity can be expressed as

20z 202 _ 0121292

_\/1.5+ fL/D :\/1.5+0.015(100m)/(0.10m) N

Then the initial discharge velocity becomes

V, =0.1212gz, =4/0.1212(9.81m/s* )2 m) =154 m/s

where Z is the water height relative to the center of the orifice at that time.

Do

(b) The flow rate of water from the tank can be obtained by
multiplying the discharge velocity by the pipe cross-sectional area,

J0.12129z

Then the amount of water that flows through the pipe during a differential time interval dt is

. 2
dv =ttt = 2 o212 gzt (1)

4

I

2

; D
V= Apipcv2 = 4

which, from conservation of mass, must be equal to the decrease in the volume of water in the tank,

2
4V = A (-d2) = -2z @)

where dz is the change in the water level in the tank during dt. (Note that dz is a negative quantity since the positive
direction of z is upwards. Therefore, we used —dz to get a positive quantity for the amount of water discharged). Setting
Egs. (1) and (2) equal to each other and rearranging,

2 ﬂ_Dz D2 D2
L 0.1212gzdt =——*-dz — dt =-—% @ __ 0
D? ,0.1212gz  D?,0.1212g

o=

dz

z

The last relation can be integrated easily since the variables are separated. Letting t; be the discharge time and integrating it
from t =0 when z = z; to t = t; when z = 0 (completely drained tank) gives

0

1
Itf dt:_D—gj.Oz_l/de N tf :-D—gi :LZ%
t=0 D?,/0.1212g Y= D2,0.12129 | 3 D2J0.1212g '

Simplifying and substituting the values given, the draining time is determined to be

2D2 2
ty = 21 :2(10m)2 Zm — =259405=7.21h
D2 0.1212g  (0.1m)* 0.1212(9.81m/s?)

Discussion The draining time can be shortened considerably by installing a pump in the pipe.
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5-168

5-198 A fluid is flowing in a circular pipe. A relation is to be obtained for the average fluid velocity in therms of V(r), R,
and r.

Analysis Choosing a circular ring of area dA = 2zrdr as our differential area, the mass flow rate through a cross-sectional
area can be expressed as

R dr
m = IpV(r)dA = Iopv(r)zﬂrdr
A

Solving for Vg,

2 R
Vo = = IOV (r)rdr

5-199 Two streams of same ideal gas at different states are mixed in a mixing chamber. The simplest expression for the
mixture temperature in a specified format is to be obtained.

Analysis The energy balance for this steady-flow system can be expressed in the rate form as

. . _ - 20 (steady) _
Ein - Eout - AEsystem =0
—_— —
Rate of net energy transfer  Rate of change in internal, kinetic,
by heat, work, and mass potential, etc. energies m. T
. . 1» 1
Ein = Eou .. my, T
o h 4 he = rieh . S =W =0 Mixing » 13
mhy +myh, =m;h;  (sinceQ =W = 0) device —>
mlcpTl + mchTz = m3CpT3 mz, T2

and,

Solving for final temperature, we find

5-200 A rigid container filled with an ideal gas is heated while gas is released so that the temperature of the gas remaining
in the container stays constant. An expression for the mass flow rate at the outlet as a function of the rate of pressure change
in the container is to be derived.

Analysis At any instant, the mass in the control volume may be expressed as

.Y _ Yo
YTy RT

Since there are no inlets to this control volume, the conservation of mass principle becomes

. dm
My, =My = dtCV
__dmey VY dP
ot dt RT dt
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5-169

5-201 An evacuated bottle is surrounded by atmospheric air. A valve is opened, and air is allowed to fill the bottle. The
amount of heat transfer through the wall of the bottle when thermal and mechanical equilibrium is established is to be
determined.

Assumptions 1 This is an unsteady process since the conditions within the device are changing during the process, but it
can be analyzed as a uniform-flow process since the state of fluid at the inlet remains constant. 2 Air is an ideal gas. 3
Kinetic and potential energies are negligible. 4 There are no work interactions involved. 5 The direction of heat transfer is
to the air in the bottle (will be verified).

Analysis We take the bottle as the system. It is a control volume since mass crosses the boundary. Noting that the
microscopic energies of flowing and nonflowing fluids are represented by enthalpy h and internal energy u, respectively,
the mass and energy balances for this uniform-flow system can be expressed as

Mass balance:

My, — Mgy = Amsystem - mp=m (since Mout = Mipitial = 0) p
0
Energy balance: To
Ein - Eout = AEsystem
—_——
Net energy transfer Change in internal, kinetic, (74
by heat, work, and mass potential, etc. energies

Evacuated

Q;, + mihy = myu, (sinceW =E_, = E =ke = pe = 0)

initial
Combining the two balances:
Qin = My(u, —hy) =my(c,T, —c,Tp)

but
T,=T, =T
and
C,-¢, = R.
Substituting,
Qu = My (c, —¢, Ty = —m,RT, = —EO—;: RT, = P,V
Therefore,

Qout =PoV  (Heat is lost from the tank)
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5-170
Fundamentals of Engineering (FE) Exam Problems

5-202 Steam is accelerated by a nozzle steadily from a low velocity to a velocity of 280 m/s at a rate of 2.5 kg/s. If the
temperature and pressure of the steam at the nozzle exit are 400°C and 2 MPa, the exit area of the nozzle is

(a) 8.4 cm® (b) 10.7 cm? (c) 13.5 cm? (d) 19.6 cm® () 23.0 cm?

Answer (c) 13.5 cm?

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

Vel_1=0"m/s"

Vel_2=280 "m/s"

m=2.5 "kg/s"

T2=400 "C"

P2=2000 "kPa"

"The rate form of energy balance is E_dot_in - E_dot_out = DELTAE_dot_cv"
v2=VOLUME(Steam_IAPWS, T=T2,P=P2)

m=(1/v2)*A2*Vel 2 "A2 in m"2"

"Some Wrong Solutions with Common Mistakes:"

R=0.4615 "kJ/kg.K"

P2*v2ideal=R*(T2+273)

m=(1/v2ideal)*W1_A2*Vel_2 "assuming ideal gas"
P1*v2ideal=R*T2

m=(1/v2ideal)*W2_A2*Vel_2 "assuming ideal gas and using C"
m=W3_A2*Vel_2 "not using specific volume"
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5-171
5-203 Steam enters a diffuser steadily at 0.5 MPa, 300°C, and 122 m/s at a rate of 3.5 kg/s. The inlet area of the diffuser is
(a) 15 cm? (b) 50 cm® (c) 105 cm? (d) 150 cm? (e) 190 cm®
Answer (d) 150 cm?

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

Vel 1=122 "m/s"

m=3.5 "kg/s"

T1=300 "C"

P1=500 "kPa"

"The rate form of energy balance is E_dot_in - E_dot_out = DELTAE_dot_cv"
v1=VOLUME(Steam_IAPWS, T=T1,P=P1)

m=(1/v1)*A*Vel 1 "Ain m"2"

"Some Wrong Solutions with Common Mistakes:"

R=0.4615 "kJ/kg.K"

P1*vlideal=R*(T1+273)

m=(1/vlideal)*W1_A*Vel_1 "assuming ideal gas"
P1*v2ideal=R*T1

m=(1/v2ideal)*W2_A*Vel_1 "assuming ideal gas and using C"
m=W3_A*Vel_1 "not using specific volume"

5-204 An adiabatic heat exchanger is used to heat cold water at 15°C entering at a rate of 5 kg/s by hot air at 90°C entering
also at rate of 5 kg/s. If the exit temperature of hot air is 20°C, the exit temperature of cold water is

(a) 27°C (b) 32°C (c) 52°C (d) 85°C (e) 90°C
Answer (b) 32°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

C_w=4.18 "kJ/kg-C"

Cp_air=1.005 "kJ/kg-C"

Twl=15"C"

m_dot_w=5 "kg/s"

Tairl=90 "C"

Tair2=20"C"

m_dot_air=5 "kg/s"

"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
m_dot_air*Cp_air*(Tairl-Tair2)=m_dot_ w*C_w*(Tw2-Tw1l)

"Some Wrong Solutions with Common Mistakes:"

(Tairl-Tair2)=(W1_Tw2-Twl) "Equating temperature changes of fluids"
Cv_air=0.718 "kJ/kg.K"

m_dot_air*Cv_air*(Tairl-Tair2)=m_dot w*C_w*(W2_Tw2-Tw1) "Using Cv for air"
W3_Tw2=Tairl "Setting inlet temperature of hot fluid = exit temperature of cold fluid"
W4 _Tw2=Tair2 "Setting exit temperature of hot fluid = exit temperature of cold fluid"
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5-205 A heat exchanger is used to heat cold water at 15°C entering at a rate of 2 kg/s by hot air at 85°C entering at rate of 3
kg/s. The heat exchanger is not insulated, and is loosing heat at a rate of 25 kJ/s. If the exit temperature of hot air is 20°C,
the exit temperature of cold water is

(a) 28°C (b) 35°C (c) 38°C (d)41°C (e) 80°C
Answer (b) 35°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

C_w=4.18 "kJ/kg-C"

Cp_air=1.005 "kJ/kg-C"

Twl=15"C"

m_dot_w=2 "kg/s"

Tairl=85"C"

Tair2=20"C"

m_dot_air=3 "kg/s"

Q_loss=25 "kJ/s"

"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
m_dot_air*Cp_air*(Tairl-Tair2)=m_dot_w*C_w*(Tw2-Tw1)+Q_loss

"Some Wrong Solutions with Common Mistakes:"
m_dot_air*Cp_air*(Tairl-Tair2)=m_dot_w*C_w*(W1_Tw2-Tw1l) "Not considering Q_loss"
m_dot_air*Cp_air*(Tairl-Tair2)=m_dot w*C_w*(W2_Tw2-Tw1)-Q_loss "Taking heat loss as heat gain”
(Tairl-Tair2)=(W3_Tw2-Tw1l) "Equating temperature changes of fluids"

Cv_air=0.718 "kJ/kg.K"

m_dot_air*Cv_air*(Tairl-Tair2)=m_dot_w*C_w*(W4_Tw2-Tw1)+Q _loss "Using Cv for air"

5-206 An adiabatic heat exchanger is used to heat cold water at 15°C entering at a rate of 5 kg/s by hot water at 90°C
entering at rate of 4 kg/s. If the exit temperature of hot water is 50°C, the exit temperature of cold water is

(a)42°C (b) 47°C (c) 55°C (d) 78°C (e) 90°C
Answer (b) 47°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

C_w=4.18 "kJ/kg-C"

Tcold_1=15"C"

m_dot_cold=5 "kg/s"

Thot_1=90 "C"

Thot_2=50 "C"

m_dot_hot=4 "kg/s"

Q_loss=0 "kJ/s"

"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
m_dot_hot*C_w*(Thot_1-Thot_2)=m_dot_cold*C_w*(Tcold_2-Tcold_1)+Q _loss

"Some Wrong Solutions with Common Mistakes:"
Thot_1-Thot_2=W1_Tcold_2-Tcold_1 "Equating temperature changes of fluids"
W2_Tcold_2=90 "Taking exit temp of cold fluid=inlet temp of hot fluid"
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5-207 In a shower, cold water at 10°C flowing at a rate of 5 kg/min is mixed with hot water at 60°C flowing at a rate of 2
kg/min. The exit temperature of the mixture will be

(a) 24.3°C (b) 35.0°C (c) 40.0°C (d) 44.3°C (e) 55.2°C
Answer (a) 24.3°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

C_w=4.18 "kJ/kg-C"

Tcold_1=10"C"

m_dot_cold=5 "kg/min"

Thot_1=60 "C"

m_dot_hot=2 "kg/min"

"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
m_dot_hot*C_w*Thot_1+m_dot_cold*C_w*Tcold_1=(m_dot_hot+m_dot_cold)*C_w*Tmix
"Some Wrong Solutions with Common Mistakes:"

W1 Tmix=(Tcold_1+Thot_1)/2 "Taking the average temperature of inlet fluids"

5-208 In a heating system, cold outdoor air at 7°C flowing at a rate of 4 kg/min is mixed adiabatically with heated air at
70°C flowing at a rate of 3 kg/min. The exit temperature of the mixture is

(a) 34°C (b) 39°C (c) 45°C (d) 63°C (e) 77°C
Answer (a) 34°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

C_air=1.005 "kJ/kg-C"

Tcold_1=7"C"

m_dot_cold=4 "kg/min"

Thot_1=70"C"

m_dot_hot=3 "kg/min"

"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
m_dot_hot*C_air*Thot_1+m_dot_cold*C_air*Tcold_1=(m_dot_hot+m_dot_cold)*C_air*Tmix
"Some Wrong Solutions with Common Mistakes:"

W1 Tmix=(Tcold_1+Thot_1)/2 "Taking the average temperature of inlet fluids"
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5-209 Hot combustion gases (assumed to have the properties of air at room temperature) enter a gas turbine at 1 MPa and
1500 K at a rate of 0.1 kg/s, and exit at 0.2 MPa and 900 K. If heat is lost from the turbine to the surroundings at a rate of
15 kl/s, the power output of the gas turbine is

(a) 15 kW (b) 30 kW (c) 45 kW (d) 60 kW (e) 75 kW
Answer (c) 45 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

Cp_air=1.005 "kJ/kg-C"

T1=1500 "K"

T2=900 "K"

m_dot=0.1 "kg/s"

Q_dot_loss=15 "kJ/s"

"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
W_dot_out+Q_dot_loss=m_dot*Cp_air*(T1-T2)

"Alternative: Variable specific heats - using EES data"
W_dot_outvariable+Q_dot_loss=m_dot*(ENTHALPY (Air,T=T1)-ENTHALPY (Air,T=T2))

"Some Wrong Solutions with Common Mistakes:"
W1 Wout=m_dot*Cp_air*(T1-T2) "Disregarding heat loss"
W2_Wout-Q_dot_loss=m_dot*Cp_air*(T1-T2) "Assuming heat gain instead of loss"

5-210 Steam expands in a turbine from 4 MPa and 500°C to 0.5 MPa and 250°C at a rate of 1350 kg/h. Heat is lost from the
turbine at a rate of 25 kJ/s during the process. The power output of the turbine is

(a) 157 kW (b) 207 kW (c) 182 kW (d) 287 kW (e) 246 kW
Answer (a) 157 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

T1=500 "C"

P1=4000 "kPa"

T2=250"C"

P2=500 "kPa"

m_dot=1350/3600 "kg/s"

Q_dot_loss=25 "kJ/s"

h1=ENTHALPY(Steam_IAPWS,T=T1,P=P1)
h2=ENTHALPY(Steam_IAPWS,T=T2,P=P2)

"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
W_dot_out+Q_dot _loss=m_dot*(h1-h2)

"Some Wrong Solutions with Common Mistakes:"

W1 Wout=m_dot*(h1-h2) "Disregarding heat loss"

W2_Wout-Q_dot_loss=m_dot*(h1-h2) "Assuming heat gain instead of loss"
ul=INTENERGY(Steam_IAPWS,T=T1,P=P1)

U2=INTENERGY (Steam_IAPWS, T=T2,P=P2)

W3 _Wout+Q dot_loss=m_dot*(ul-u2) "Using internal energy instead of enthalpy"

W4 _Wout-Q_dot_loss=m_dot*(ul-u2) "Using internal energy and wrong direction for heat"
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5-175

5-211 Steam is compressed by an adiabatic compressor from 0.2 MPa and 150°C to 0.8 MPa and 350°C at a rate of 1.30
kg/s. The power input to the compressor is

(a) 511 kW (b) 393 kW (c) 302 kW (d) 717 kW (e) 901 kW
Answer (a) 511 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=200 "kPa"

T1=150 "C"

P2=800 "kPa"

T2=350 "C"

m_dot=1.30 "kg/s"

Q_dot_loss=0 "kJ/s"

h1=ENTHALPY(Steam_IAPWS,T=T1,P=P1)

h2=ENTHALPY (Steam_IAPWS,T=T2,P=P2)

"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
W_dot_in-Q_dot_loss=m_dot*(h2-h1)

"Some Wrong Solutions with Common Mistakes:"

W1 _Win-Q_dot_loss=(h2-h1)/m_dot "Dividing by mass flow rate instead of multiplying"
W2_Win-Q_dot_loss=h2-h1 "Not considering mass flow rate"

ul=INTENERGY (Steam_IAPWS, T=T1,P=P1)

u2=INTENERGY (Steam_IAPWS, T=T2,P=P2)

W3_Win-Q_dot_loss=m_dot*(u2-ul) "Using internal energy instead of enthalpy"

W4 _Win-Q_dot_loss=u2-ul "Using internal energy and ignoring mass flow rate"
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5-176

5-212 Refrigerant-134a is compressed by a compressor from the saturated vapor state at 0.14 MPa to 0.9 MPa and 60°C at
arate of 0.108 kg/s. The refrigerant is cooled at a rate of 1.10 kJ/s during compression. The power input to the compressor
is

(a) 4.94 kW (b) 6.04 kW (c) 7.14 kW (d) 7.50 kW (e) 8.13 kW
Answer (c) 7.14 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=140 "kPa"

x1=1

P2=900 "kPa"

T2=60 "C"

m_dot=0.108 "kg/s"

Q_dot_loss=1.10 "kJ/s"

h1=ENTHALPY(R134a,x=x1,P=P1)

h2=ENTHALPY(R134a,T=T2,P=P2)

"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
W_dot_in-Q_dot_loss=m_dot*(h2-h1)

"Some Wrong Solutions with Common Mistakes:"

W1 Win+Q_dot loss=m_dot*(h2-h1) "Wrong direction for heat transfer"

W2_Win =m_dot*(h2-h1) "Not considering heat loss"
ul=INTENERGY(R134a,x=x1,P=P1)

u2=INTENERGY(R134a,T=T2,P=P2)

W3_Win-Q_dot loss=m_dot*(u2-ul) "Using internal energy instead of enthalpy"
W4_Win+Q_dot_loss=u2-ul "Using internal energy and wrong direction for heat transfer"
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5-177

5-213 Refrigerant-134a expands in an adiabatic turbine from 1.2 MPa and 100°C to 0.18 MPa and 50°C at a rate of 1.25
kg/s. The power output of the turbine is

(a) 46.3 kW (b) 66.4 kW (c) 72.7kW (d) 89.2 kW (e) 112.0 kW
Answer (a) 46.3 kW

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=1200 "kPa"

T1=100 "C"

P2=180 "kPa"

T2=50"C"

m_dot=1.25 "kg/s"

Q_dot_loss=0 "kJ/s"

h1=ENTHALPY(R134a,T=T1,P=P1)

h2=ENTHALPY(R134a,T=T2,P=P2)

"The rate form of energy balance for a steady-flow system is E_dot_in = E_dot_out"
-W_dot_out-Q_dot_loss=m_dot*(h2-h1)

"Some Wrong Solutions with Common Mistakes:"

-W1_ Wout-Q_dot_loss=(h2-h1)/m_dot "Dividing by mass flow rate instead of multiplying"
-W2_Wout-Q_dot_loss=h2-h1 "Not considering mass flow rate"
ul=INTENERGY(R134a,T=T1,P=P1)

u2=INTENERGY(R134a,T=T2,P=P2)

-W3_Wout-Q_dot_loss=m_dot*(u2-ul) "Using internal energy instead of enthalpy"”
-W4_Wout-Q_dot_loss=u2-ul "Using internal energy and ignoring mass flow rate"

5-214 Refrigerant-134a at 1.4 MPa and 90°C is throttled to a pressure of 0.6 MPa. The temperature of the refrigerant after
throttling is

(a) 22°C (b) 56°C (c) 82°C (d) 80°C (e) 90.0°C
Answer (d) 80°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=1400 "kPa"

T1=90 "C"

P2=600 "kPa"
h1=ENTHALPY(R134a,T=T1,P=P1)
T2=TEMPERATURE(R134a,h=h1,P=P2)

"Some Wrong Solutions with Common Mistakes:"

W1 T2=T1 "Assuming the temperature to remain constant"

W2_T2=TEMPERATURE(R134a,x=0,P=P2) "Taking the temperature to be the saturation temperature at P2"
ul=INTENERGY(R134a,T=T1,P=P1)

W3 _T2=TEMPERATURE(R134a,u=ul,P=P2) "Assuming u=constant"

v1=VOLUME(R134a,T=T1,P=P1)

W4_T2=TEMPERATURE(R134a,v=v1,P=P2) "Assuming v=constant"
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5-215 Air at 27°C and 5 atm is throttled by a valve to 1 atm. If the valve is adiabatic and the change in kinetic energy is
negligible, the exit temperature of air will be

(a) 10°C (b) 15°C (c) 20°C (d) 23°C (e) 27°C
Answer (e) 27°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

"The temperature of an ideal gas remains constant during throttling, and thus T2=T1"
T1=27"C"

P1=5 "atm"

P2=1 "atm"

T2=T1"C"

"Some Wrong Solutions with Common Mistakes:"

W1 T2=T1*P1/P2 "Assuming v=constant and using C"

W2_T2=(T1+273)*P1/P2-273 "Assuming v=constant and using K"

W3_T2=T1*P2/P1 "Assuming v=constant and pressures backwards and using C"

W4 _T2=(T1+273)*P2/P1 "Assuming v=constant and pressures backwards and using K"

5-216 Steam at 1 MPa and 300°C is throttled adiabatically to a pressure of 0.4 MPa. If the change in kinetic energy is
negligible, the specific volume of the steam after throttling will be

(a) 0.358 m’/kg (b) 0.233 m’/kg (c) 0.375 m’/kg (d) 0.646 m*/kg () 0.655 m’/kg
Answer (d) 0.646 m’/kg

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

P1=1000 "kPa"

T1=300 "C"

P2=400 "kPa"

h1=ENTHALPY (Steam_IAPWS,T=T1,P=P1)
v2=VOLUME(Steam_IAPWS,h=h1,P=P2)

"Some Wrong Solutions with Common Mistakes:"

W1 v2=VOLUME(Steam_IAPWS, T=T1,P=P2) "Assuming the volume to remain constant"
ul=INTENERGY(Steam,T=T1,P=P1)

W2_v2=VOLUME(Steam_IAPWS,u=ul,P=P2) "Assuming u=constant"
W3_v2=VOLUME(Steam_IAPWS, T=T1,P=P2) "Assuming T=constant"
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5-217 Air is to be heated steadily by an 8-kW electric resistance heater as it flows through an insulated duct. If the air enters
at 50°C at a rate of 2 kg/s, the exit temperature of air will be

(a) 46.0°C (b) 50.0°C (c) 54.0°C (d) 55.4°C (e) 58.0°C
Answer (c) 54.0°C

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

Cp=1.005 "kJ/kg-C"

T1=50"C"

m_dot=2 "kg/s"

W_dot_e=8 "kJ/s"

W_dot_e=m_dot*Cp*(T2-T1)

"Checking using data from EES table"
W_dot_e=m_dot*(ENTHALPY (Air, T=T_2table)-ENTHALPY (Air, T=T1))

"Some Wrong Solutions with Common Mistakes:"
Cv=0.718 "kJ/kg.K"

W_dot_e=Cp*(W1_T2-T1) "Not using mass flow rate"
W_dot_e=m_dot*Cv*(W2_T2-T1) "Using Cv"
W_dot_e=m_dot*Cp*W3_T2 "Ignoring T1"

5-218 Saturated water vapor at 40°C is to be condensed as it flows through a tube at a rate of 0.20 kg/s. The condensate
leaves the tube as a saturated liquid at 40°C. The rate of heat transfer from the tube is

(a) 34 kJ/s (b) 481 kJ/s (c) 2406 kJ/s (d) 514 kJ/s (e) 548 kJ/s
Answer (b) 481 kJ/s

Solution Solved by EES Software. Solutions can be verified by copying-and-pasting the following lines on a blank EES
screen. (Similar problems and their solutions can be obtained easily by modifying numerical values).

T1=40"C"

m_dot=0.20 "kg/s"

h_f=ENTHALPY (Steam_IAPWS,T=T1,x=0)
h_g=ENTHALPY(Steam_IAPWS, T=T1,x=1)
h_fg=h _g-h_f

Q_dot=m_dot*h_fg

"Some Wrong Solutions with Common Mistakes:"
W1 Q=m_dot*h_f "Using hf"
W2_Q=m_dot*h_g "Using hg"

W3_Q=h_fg "not using mass flow rate"
W4_Q=m_dot*(h_f+h_g) "Adding hf and hg"

5-219 ... 5-223 Design and Essay Problems

CH T

PROPRIETARY MATERIAL. © 2011 The McGraw-Hill Companies, Inc. Limited distribution permitted only to teachers and educators for course
preparation. If you are a student using this Manual, you are using it without permission.



www.semeng.ir

