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Heat Transfer - Exercises Preface

Preface

Worked examples are necessary element to any
theory (1. e. the principles, concepts and meth
examples can be used, with modification, as a
This work book contains examples and full solu
by Long and Sayma). The subject matter corresp
He at Transfer, Conduction, Convection, He a't E x
chosen with the above statement in mind. Whil s
of the mneed to mak them relevant to mechanic
problems are taken from questions that have o
difficulty ranges from the very simple to cha
which will hopefully allow the reader to occa
from following the solutions and would welcom

Christopher Long
Naser Sayma
Brighton, UK, February 2010
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1. Introduction

Example 1.1

The wall of a house, 7 m wide and 6 m hKmWki 6. fic

The surface temperatur®€ amdt hdaitnode e duh & e daik
flux through the wall and the total heat 1oss ¢t}

41{0

@

H=6m inside
outside
T,=6°C T, =16°C

Solution:

For one-dimensional steady state conduction:

6.0
—( | n2W0q6-1=6— — =
30 1

() Wqg AQ8 407620 —=xx—=-=

The minus sign indicates heat flux from inside t
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Example 1. 2

A 20 mm diameter copper pipe 1is used to carry he
subjected to a convective/ 6EmWhtndnsferheoe ffocs

per metre length of the pipe Whamdt hdeestuearwmal ds
20C. Assuming black body radiation what is the h

T,= 20°C

T.=80°C

20 mm diameter

Sol ution
( ,)..() =-=-=36020806mWIThg

For 1 metre length of the pipe:

convelBuveony Vs ImoWr2q240g10. 02 3 6 0 2 =x X x = X =
For radiation, assuming black body behaviour:
0( T;Z)r%d—:
g .. ~( 2933531067, 5—x-=

v a T / 462 mWgq
For 1 metre length of the pipe

T =xxxEE.2901.02462mWAq 0

radrad

A value ofKhis 6ePifmsentative of free convectior
loss by (black-body) radiation is seen to be cort
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Example 1.3

A plate 0.3 m long and 0.1 m wide, with a thickr

KmWkt/ hle6 = op surface is exp@®sedntanaegxpersn
the plate is heated by an electrical heater (als
the temperature of the plat¥®.adjavodimettert hadhas
connected to the heater and these read 200 V anc
perfectly insulated on all sides except the top

I T k=16W/mK
t=0012m ; T, i

Sol ution
Heat flux equals power supplied to electric heat

= ><I=V xlif x 25. 02097W1666
A W x L x 3.01.

This will equal the conducted heat through the 7

k
¢ —=() LT
t
TZT%Ll 04)&) :1>7<650.1928' 07,1666 (371.75 K)

The conducted heat will be transferred by convec
( )G(ll.ff4jTThq_+_:

. G(l)—Pf“TZq () -x9i3t7 s T} L967.57.1666
()71 -29375.371
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Example 1. 4
An electronic component dissipates 0.38 Watts t1
body) into €urWbandssath@&Osurface temperature of

transfer coefKjcdedtthe Il6e W msink *has an effecti

Sol ution

q% () o J-€L==TTTTh
—38(03 (T)Ex%3E067. 52936
00T1. 7
YN TT =0-%x255561067.5
This equation needs to be solved numerically. Ne

- S TTAX9.255561067.5

LEj TTPH6cE068 . 22
a1
g S Y TE+x9.255561067.5
S a4y T'+668. 22
a1

Start itera=30B&s with

- 48 .
1 300= ><+9x255é7330063001067 5
+63006 8.
- 48 _
52 4 66=324 3 X+9§3225§T546'324646'32410
+6c46.32468. 22
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The difference between the 1ast two 1terations i
0 °CK=T5 0323

The value of 300 K as a temperature to begin t hce
being above the ambient temperature.

10
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2. Conduction

Example 2.1

Using an appropriate control volume show that ttl

coordinates for a material with constant t her mal

0T  oT o*T 1ar
sttt =——
or ror Oz a Ot

k
Weree=— 1is the thermal diffusivity.
pc

Solution

Qr—cir

Consider a heat balance on an annul ar control V (

the control volume i1s given by:

Heat 1in 4+ Heat out = rate of change of intermnal

Q%@Jgg‘ﬂr (2.1)

0
+5 QrQ_r:_Q 5 r
or

ZazQ oz
0z

+5 ng_

11
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Conduction

mc T u=

Substituting 1in

_9Q r_a_ngg:_a me ) (
or oz ot

>

Fourier S nor ma l

]l aw 1n the

g _or

A on

R L NG S g%
or or

el sk
0z 0z

Equation 2.1 becomes

_9 X — zg.vz r—i x2-2 F§I£55=m16%—6£ﬂ
or |0 or 0z 4 t

Noting that the mass of the
p2r=06 0z rrm Equation 2.3

9 r—ai£ r+i rgkz =pc5££7
or o or 0z 0z t
Dividing by r, noting that r
function of z. Also dividing

18{ GT} o'T
—_—lSy—0>+ = t

E@
0z* k
pc

T _1ar
0z? a t

0| o°T oT or
——3r +——+
orlr &* or or

which

equation 2. 1:

direction of the

2r=0z)r A

2r=0r)r A

(2.3)

control volume 1is gi

becomes

taken outsic
t he thert

be
since

can
by k

definitioanz—kera“ndheexpmredimmg tdh € ffoisd svti ttye

gives the required

12
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o'T  oT o°T 1ar
+——t =——
o’ ror 0z} «a ot

Example 2.2

An industrial freezer is designed’ Ctowhemet htee ewt ¢
air tempd&G aatnudr et hies i2n5t ernal and exter'nKlahéad tr
W/ mK, respectively. The walls of the freezer ar

layer of plastic (k = 1 W m K, and thickness of
W/ m K, and thickness of 1 mm). Sandwiched bet we ¢
with k = 0.07 W m K. Find the width of the 1insul

Il os s td 15 W m

13
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insulationk; = 0.07 Wim K

Inside 4 :
outside
T=-20 T=250C
hi= 12 W/m2 K h, = 8 W/im2 K
« q
X
3 mm plastic \
ko= 1Wim K 1 mm Stainless

steel, k; = 16W/m K

Solution
T Uq Avthiesr et he overall heat transfer coefficien

15

v=94 - > _ | 3BBW 0
AT ~ ) 20(25
L L 11
U |— &%+ 4+ —=+++4++4+==333.0
hok, K h |

L, L L 111
— £ I s
i k ho,s 3

h, kp ; 333.0
L
K, 1 5y £+_L _ -0 .1 i 003 'O(D—kllii O_:
333hi0kp h, k 3331D 1 16 8
1 9nbL. 0 = (195 mm)
Example 2.3
Water flows through a cast steel pipe (k = 50 W/

wal l thickness.

14
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i.Calculate the heat 1loss by convection and ¢

when the wateiC,te¢empenvatsiedeiCaithetempecat nri e
transfer coef fKi cainedn tt hies o3u0t skiWl/em he a’t Kt rans f

i. Calculate the corresponding heat 1 oss when

outer diameter of 300 mm, and ther mal condu

Solution

0=

-T:
T, =-10°C
h,=20W /m’K
T =15
h,= 30 kW /m’K
k=50W/mEK
Plain pipe
2w T @ >, TEY
2 L hr
2 ( )-T,TLk r® 0
( Yrlyn o ry /Llkn (/2
(Z)2T0Z'Lth2_JGEL
2r ,L ) r

Adding the three equations on the right <column

27 ()-T,7 L
()r,2r+ 1/ 1nl
noh ol k
() -9 10(152 3 16 3
1 () 05.0M10 52.01n
x 05.0350000 x 052.020

15
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Insulated pipe

0_ 22( )-T,T
L ()rr ne, 1)/ ln(/ Inl
nh k oIl

16


www.semeng.ir

Heat Transf

Exercises

Conduction

() =9 10(152

05+.L0/052)013a.20/ BT

he heat loss is governed b3y
ghest thermal resistance. I
ance and this layer gover ns

ugh 100 m of stainless steec
ctively. The héakKt. tTrhaen sofuetre
o §Ce sa nhde atth eb yh ecaotn vtercatnisofne rt oc
flow through the pipe. Al s
1 W m K and 50 mm radial t1l

flow through a pipe per ur

I ()
x 05 . 03500000 05.0 x 15.020
For the plain pipe, t
which provides the hi
higher thermal resist
Example 2. 4
WaterCat s8pumped thro
47 mm and 50 mm respe
surface of the pipe 1
K. Calculate the heat
of insulation, k = 0
Solution
The equation for heat
oo 2 (FLTL
- ()rl[Jrl/lnl
nh Jo h ok

Hence substituting

()-%0801002

1

()

47/ 501 n
+ e

into this equation:

x1=0M2 9 . 0

x200001467. 0 x20005. 0

with insulation, we also use the e€c

For the case

Q— 2”()_T0TL

- () Ara1) /1 (/1nl
rlh k 0’;’3}’1}15'/{

_ s ()-%0801002

- 1

x2 00001467 . 0 1.

Notice
above,

t h
if

at
W e

0

()47/501n)501100131(:6’3@‘5
e e

x2001.0

with i1insulation, the ther mal resista

retain

t

he ther mal resistance for t

17
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Conduction

2z ()T,7Lx  ()-%0801

K. The fin may be

Det ¢
fin

 mx/In( ) )50/1

gram of a heat
inium fins (k =
60 mm long, 40

erature of the b

tenTpiesr"@E(hUnder t

ected. The surfa

( f) x)l(m:ToTsh
- w hme’s
simh

rmine the total
efficiency.

_\ﬁ\

-

@

50 mm

'H-L_H_H

4
W
s

4
(fOln

% error compared with the fu

sink to be used in an electr
1p7 5 W/ /m2)K 000f@r k=g <9t0a0n glu/lkagr Kc,r o
mm wide and 1 mm thick. The

ase of the, hd&G@GHE6 Oshiennk thhaes eax tr

hese conditions, the “externa

ssumed to be sufficiently thi

ce temperature T, at a dist a
—h—P .
ek—anélcds the cross sectional

convective heat transfer froec

T, =20°C
h=12W /m’K

N:Qﬂl’&

K=175W/mK
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Sol ution

Tot al heat fluxed 1s t hat from the un-finned sur

0Q0+ =

() ( TXmNswIThAaQ--x=-=)1)(

u () () 46MQ 0206012)19003.004. 0=—x-

Whewd s the cross sectional area of each fin

( f)7 x)(nmcToTs h — —

19
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Then
T eown CRTE
Thus
4], o) () e
() () A)-stamhrcapkdml TTmkAQ
Since

)
(1
k A

mt wP082.0)001.004.0(2) (2=x=+:

. x1=0x4=0%0=0 0 1 . 004 . 0 m¢t wA

:@Hwi_gﬁﬁlz91§56ﬂ 11
xIx004 0175

7113.006.0856. 11=x=mL
() () 6115.07113.0tanhtanh==mlL
() © ) = x — x03IBEG 1 15. 0206010
So total heat f1low:
" TWQB®3 . 29461 . 0=x+=+=

Finn effectiveness

. ratefer heat 9ransFin
s fin ()—Efégtbﬂ absence

03.2 45
C()-xx60104012

Eri %

20
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Fin efficiency:

fin h thefer through
re temperat:

__ Y

+F¢2+wL Lt Lt wlLwlLA

xI=0+9x22. 4)001.004.0(06.02m4

he fin of example 4.5, a fan was used to 1ir
heat transfer coef ffi cKi.entusitsi fiyn ctrheea suesd toof 4 Ch eW/lr
edict the rate of change of temperature wit
bel ow, calculatefohet hd mee d Kethti® k3@ o cool from 6

()0 7 Tefoy%

Sol ution

Consider a single fin (the length scale L for ¢ttt

h L xt h x000~?040402/
"k k 175

E3]

SinBgel,<<we can use he “lumped mass model approx

rir )

21
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=p, 2/ tAm

-T
T_@Ctln S —= Xxooll(n'(}gggagé)coonds42
2h -T,1 60

Example 2.7
The figure below shows part of a set of radial e
a small air compressor. The device dissipates 1

20C. Each fin is 100 mm 1ong, 30 mm high and 5 m
adiabatic and a heat tt &Knsuaftdrs ooefifitdhice mte mafi nH n-=

Estimate the number of fins requiredCto ensure t

22
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—
weggo=m

Solution

Consider a single fin:

mt wPO0O7.0)03.0005..0(2)(2=x=+-=

xI=0x1=5%0=0 3 . 0005. 0mt wd

. h P :( X 07.}0; %136T.
i xIx0°1 50180
62361.01.02361. 6=x=mL

() 5536.0tanh=mlL

(From example

() ()-s,., mDEEMRKAQ
<) = X3 IKEIX5X5x3=6 . 020120101 3

So for 1 kW, the total number of fins required:

23
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Example 2.8

An air temperature probe may be analysed as a fi
L = 20 mm, k = 19 W/ m K, D = 3 mm, when ftKhere 1is
an actual ai’°© aethpehetusnefateS0empe®Cature at the

o (h,,)

Solution

The error shopkbdIbdhzetempkenmnture distribution

(from the full fin equation) is given by:

h .
x L’ - ms i nh cosh
-TT " x) K ) (
-T.T h ., .
b e ml+—¢imhcosh
m
h 2/ 1
m:(k—j 2 ZF@'M'DA

At thelxitphe temperaturel,)dcowiOhelths by h ( =(

i_TooT 1

’_PTT: i =¢

b e ml+——'§imhcosh
m

Whepeis the dimensionless error:

A

¢ ,0=,,5s1LT (no error)

24
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o , 1= T,T = (large error)

For Cip | SRmWBh bl hADEMWEinm.
6 OC=rscer

: =R RD A

271 271 BTN
mz(nﬁ’_j L :(_hg :(ﬂj 14 5 s
k 7 D% k x 003.019

— = = 0444.0
mk x19235.59

LT ! = 539.0

,—T.T () () x+ 185.1sinh0444.0185. lcosh

25
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() °CH+-=39.55505060539.0

Hence err@°r=39 . 5

Example 2.9

A design of an apartment block at a ski resort 1
separate apartments. The walls of the building e
W/ m K. Use the fin approximation to examine the
suggestions for this design. In each case, the 1
(parallel to the wall) of 2 m.ndAssmume tasn dien s iedne
5C; the overall (convective + radiative) heat tr
W/ mK and on that on the O6uktside of the building

a)A balcony constructed from solid concrete and
b)A balcony suspended from 3 steel beams, k = 4(
m each of effectiyzeOclrz.,OOsrpAlsiemeﬁmﬁ’éBhH):areual flo

the balcony in this case may be considered to
c)No balcony.

Solution

W=2m
Wall |
k,=1W/mK ‘
T balcony
T, =20°C L Y k,=2w/mK
h=swimk ¥
T,=-5°C
' +=0.2m //bﬁ‘ h,=20W /mK
>
L=0.3m —f _—

a)For the concrete balcony

g2/ _
Treat the solBl.d:—]lca—a—lcony as a fin
b

26
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1..020
B =— =1
2
Not that Bi is mnot << 1, thus 2D analysis would

give an acceptable result for the purpose of a ¢

mt HP4 . 8)2. 04 (2) (2=4=+=

=x8.%x0=2 . 04 mt HA

To decide 1if the fin is infinite, we need to evVva
2 2 /1
m W= (X B2 0,
k x 8) 02

This 1is large enough to justify the use of the f

()() % T 4PkhQ-=

w0 O 4 oo O o 0

Also assuming 1-D conduction through the wall:

THE G g (2)
k
7 — ~EJ( (3)
L
Adding equations 1, 2 and 3 and rearranging:
—TH(
4, = 2/ 1 (4)
1 L A,
h k,, Pk h
This assumes 1D heat flow through the wall, the

introduce some 2-D effects.

27
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x4 . 820

Compared with no balcony:

_ STp(_ =¥5(20
9= LI 111 3.0 /nBW 5 2
o e
h Kk '8 1 20

The difference ,for one balcodWAi%s6 .
For 350 apartments, the difference

For the steel supcp:o(i)iéaﬂhnibélalmBﬁyOWthere

28

248.

i

S

6891

0) 6.

522.

w.
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As before, however, in kkid>e> case Bi << | becausc

/1271
k x 1). 040

2,>>mWwe can use the infinite fin approximat

q, = —T[)T( _ - )’ 5 ( 20 /mlzl/lgzz

| L 4 2/1l 34‘_(0 01‘302/1
nok U Pkl 8 40 x40 6 2 0

beb /b8e2a.mMg842Q0 1 . 0 = x = =

For 350 apadOhdet s,

Example 2.10

In free convection, the heat transfer coefficier

( sz’.— Using the low Biot number approximation art

()TfZ"W}be—r:e G and »n are constants, show that t}

temperature ratio with time will be given by

B 1+(:)1 )14t$ n h

Where
_(—_/i 19 Ar e a

—Tfi‘n” X CapacityHeat Specific Ma s
ankd = the heat transfer coefficient at t = 0. U

luminium mgetorcyclPe =f=i n k(g KJoCfmkegf /f 8 0 iavned 7a5r0 a 0

hickness 2mm°Ctd Q& oidnl sfurrormo WG2d0w negn atihre aitn i2t0i al e
ransfer coefficient due *tK. |@mmpare frkies contvlkct

-

rom thef=eqtfatwhinc assumes a constant value of

Solution
Low Biot number approximatliod for free convectioc

Heat transfer by convection = rate of change of

29
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) (—an—T—T—_kQE'(Z (1)
f d t

We know thafl /T'Gh) ( —=

Where G i1s a constant .

(Note that this relation arises from the wusual 1
example: ()Pr i n0 6n Nbewl ent (f)PorwSdor0 Ga WNiurrar f1 ow)

Equation 1 then becomes:

() 0 rresg— e

[

Gn A - n
SO G cmERET (2

Gn At Y Gn At
i i—TfTme m C

Sinc(e’ )hiIiZ:tGh:e— heat transfer coefficient at tim
At

07 i{’-'—:
m C

30
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or " AtOd k=

h=16W/m* K

T, =20°C T =120°C
/
Areaboth
sides=
| 0.04m2
IX=2mm
For aluminium?’ == KkgJCmkg/ 870, /2750
For laminar free convection, n = Y
Yol kgXAm22.0002.004. 02750=xx==
oA 00 e iom L 2
mC x87022.0

o AtOH B = which gives

31
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Loy 1 -

n il
Wh e n 4 0C=r ‘9:%204
-20120
Then
()20
() x Ix0k 1 2164/ 1

which assumes that t he heat transfer coefficient
di fference.

; 6’;= 2.&)Lnlsn
—hA xIx0~1 . 216
Percenta«g—eS_—;egF%SO%—-g%l9100

Example 2.11

A 1 mm diameter spherical thermocd®upbkerbegadred
respond to 99.5% change of, u=hle. 8xIr@rpfundmnsg ai,r
0.026/2 Wmamwd Pr = 0.77) temperature in 10 ms. Wh
will occur?

u —> d=3 mm

32
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Sol ution

Spherical beidd: area= mwd
3/6 vol ume = wd
Assume this behaves as a lumped mass, then
T

Step change T . |

In air
temperature“\\

“. o~ Beadtemperature T,

Time, t
hoTo _y 995
To—T;
(given)

For lumped mass on cooling from temperature T

L~ To _ (p1)=20. 995
Tw_Ti—exp .
hA
1= , t=0.01 s
mcC

Which gives the required value of heat transfer

33
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nd C

p 0.5 d C p
h=0.5——=—" "
6 w 6
0. 5xBR400x%x7800 ,
h = 3 =260 / WK
N o D_260x1%
WE T 0. 0262

For a sphere

Np=2+{0. #ko. 0p/Fer

From which with Pr = 0.707
f=0. 4R%0. 0f/Re9. 4 =0
f=0.2,Ret0. 0FR¢

Using Newton iteration

x(n+]:)xn_f ( x)

fx)

Startinpg=wB0OB Re

[0.7%3)0@6(2339@.)i;00 0. 222
0. 04 B 0. 01782

1)
Ré"L300 [O'i
V30030

Which is c¢close enough to 300
From which

Re;i

D s 4.5 m/ s

U =

34
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Convection

3.

Co

Exampl e

Cal c

a) Wa

b) Wa

c) Ai
k

d) Ai

K)
e ) Me
f)yLi
g) En

u

q

l at

cr
cr

at
0.

at

and
cur
uid

ine

nvecti on

3.1

e the PuChhidgtfTonumberf ¢Plrowing

aut =20°QC0Rgkml=H,4.04 83

apt =9906%F: wg/~~m3 . M2, xC40208

20°C and 1 bar:
02624 W/ m K

x1 0B/8°° 1

L pe e kg /
e or LMo

kJ/ kg

K and

k

J/ kg K and
P MRs ,~=C800535/kegk¥K,Kvardl.

k

0.

1

x - X +2/ 1HOEWhETRG 8 .i2s9 1t he0 abs ol u

k = 0.03186 W m K.
y mat 2620k g/ ph6s,0.039

Sodimm 420 &&0 B=s ,1 346 9

Oiul =a8 . B 6kogl:pl 6s ,2 03 5

35

kJ/ kg

J/ kg

J/ kg

K

K and
K and
and %
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Solution

a)Pr'Usz ><4><18391§)0é)2
k 603 .

-7
><4><2<0:89130‘212. 3965
k 676.0

P _100000 e 1
R x293287

- xlexOS,}{)f68
B 02624,

/ - - /362 36
) e x1 0B'6 . 1 x3x7 3 T0A%6_51 15 OmilkSg. 2
(1 )11 +373110

TTC X3 PO 9= 8 .-
= / TKRHD 7

-5
P e X X 7£ 1608097 10018 2

03186. 0

C
ucC, “xIx3 9 100216512 OO

e) Pr
) x1 600081.0

36
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py pr i TxI36940430,
k 8 6

g)PruC,,:: ‘2><2<03:?£8%6.8
k 141.0

Comment s :

elLarge temperature dependence for water as
esmall temperature dependence for air as i
euse of Sutherland’s law for viscosity as
edifference between liquid metal and oil a
eunits of kW m K for thermal conductivity;
euse of temperatpme dapomrddnad .of c

Example 3.2

Calculate the appropriate Reynolds numbers a
the foll owing:

a)A 10 m (water line length) IlprglP&0hkd¢ mil
u = 1.73kg/ l0s,
b) A compressor disc of radius 0.3 m rotating

/%3 6
x1 0B'% .kl

= / m s
AT e s
c)0.05 kg/s of carbon dioxide gas at 400 K f
10B/5°° 1
ta];ue=(zx)3—+3Tkg/m S
d) The roof of a coach 6 m lpomngl.2amd/edli8ng a
kg/ m s)

e) The flow of exhaust gas (p =u E. B.B®kgy il 0s)
a valve guide of diameter 10 mm in a 1.6 I
3000 rev/min (assume 100% volumetand efifézx
port diameter of 25 mm)
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Sol ution

Lle)x ><le)xll?’O
a) Re £L 3600 1078. 2
7, x1 003 . 1
b) KT673273400=+-=
_ /33
e ><6><73f04x6:L51 s mkg/ 1028
()+673110
\Q
ﬂ09z:><=Q srad/ 15712
60
smrul/ 3. 471 ]l =x=Q=
p £ _ 100000 4o

R x673287
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Characteristic length 1is r not D

Re L0 _ 334197301 (turbule:
y7, x1 026. 3
7ZD2
c) pupzﬁgam
4m
u= 2
p D
M
Re P _px Dmiddd- d
Y7 D? Durmupnr

_x&00°f 056 .51

= smkg/ 1097.1

a ()+400233 g

R e=x—= x 05.04 106. 1 (turbulent)
T xIx0x9 7. 102. 0

d) :;16:100 s mu/ 8. 27

3600

Repuszz ><6><8.2Y61'111 (turbulent)
Y7, x1 0°8 . 1

e)Lem be the mass flow through the exhaust port

m= inlet density X vol ume 8'17.“‘3_ ﬁed in

second

2><:1X4103636600g:xx skgm/ 012.0
41
u:
Dp rx
d
=R
7
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R e= X75X012'=8g6l)904 (1l aminar)
T xx0x25. 01056 .

Comment s :

eNote the use of D to obtain the mass flow rat

characteristic length
eNote the different criteria for t23fPpIORteeron fr

103 Re x~

Example 3.3

Calculate the appropriate Grashof numbers and st

a)A central heating radiator, 0.6 m higp =with a
1.2 *kg/ Br =u &. 128&kgd n0s ) ]
b) A horizontal oil sump, with a surface tempera

oil ap =7585G (kPhrfh= 0468 ,Kx gindd 3. 3 6k gx/ ml 0s )

c)The external surface of a heating coil, 30 mm

water @t= 210000 (Rrg/An=6 .09 2K7 axpd+ 01 . ROz /xm Is0)
d)Air ap =20°Q,kEFm=u &. 128kgdi0s) adjacent to a
vertical, light bulb with a surface temperatur

Solution

3
a)Grz—ﬂ?QLTg
KT571875=-=A gl L
IR U R
p T ()+273281
XZ . :
- G~ X605 T Bylg g 2y
()x1x08 . 1291
10°3.172.01084. 1Promosx+Grlamina
|
b) Area X 2-04-0,,0667. oil
Per1met(e)r+><2.04.02 gl 75°C

T, =40°C
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KT354075=-=A

B U'Tg - ><><()><6><6§<7.>(<)
IS () x1°36. 3
1024.2546101. 4Prx=xx=Gr

G = 13(})511.047. 081. 9854

Heated surface facing downwardPmwr&sults in stat

c)
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KT602080=-=A
LT - X’ : :
G ﬁip [ g x X053 060010227 081.910
H (101
102593 .aml @6t BPr x=xx=Gr
2 |
q) [ —=Aream D ' iz
T 7D 44Perimete =
KT702090=-=A
ﬂ —:—lfll :1 -1 J K
T ()+273203 L—Jd
gl
3 3
G ﬂi)oLZg xxOxlg.Oxz:8§:§)2.l
iz ()x1x08 . 1293
105 .272.0105.3Prx=xx=Gr (1a

Comment s :

eNote evalflatfiom afghs T/slgiven by

eFor a horizont pldLs/u=x face

Example 3. 4
Calculate the Nusselt numbers for the following:

a)A flow of ga=s 4(.Fér3kﬂgx/®d.g§¥ahﬂ7f J/ kg K) over a t
chord length 20 mm, where the avkrage heat tra

b)A horizontal electronics component with a surHt
long, dissipating 0.1 W by free convection fro
and £ = 0.026 W m K.

c)A 1 kW central heating radiator 1.5 m long anc
dissipating heat by radiation and convection i
body radd at i56n° 7Wixd) 1KO

d)Air at 4°C (k = 0.024 W/ m K) adjacent to a wal
0.3 W m K, the inside temperature of the wall

42


www.semeng.ir

Heat Transfer - Exercises

Convection

Solution

C 20 mm
a) Zir—kp —
C -5
i yp:: XMILSIO6%0é%%-O
Pr 71.0
v e
by Nu Lhal
AT k
q:gzé_i;j /nZ0 0 0
A x 005.001.0
CT°=-=A152035
AreaSOé

mmmLO&i

Perirmélhﬁ

Nu—iﬁ: x 00126g:g2000
k x 026. 015
¢) Ny de L
AT k
In this case, q must be the convective
S 35BR27380=+-=
- KT7T29327320=+-=
ol(.n o) - X BEE R 1
T, =20°C
KT602080=-=A k//*'sm//ﬂ
q T
- == 0.6m
Re S8HWEAQ® 10 L
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q, %225842 /W6Wl9
A x 6. 05.
Nu=de L 6——&4:9
ATk 60
d) KT8412=-=A
)_TZTk o /T3
(assuming 1-D conduction) L=3m
q
COaisag
18. 0 . _ . =
=03 /mK B =
L 12 3 ’ el
= J1¢ 7 7 _ T _—Ix&8 W=015m
Tk 8 024.0
Comment s :
eNu is based on convective heat flux; someti me

and must be allowed for.
eThe value of k Nus itshet hdee ffilnuiitdi o(nn ootf s ol i d s ur |
eUse of appropriate boundary layer growth that
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Convection

I n

Example 3.5
forced convection for flow over a flat
general expCNgRelom free convection from a

i

a) Show

b)In

S

repres en,Gd"d Mwh g 1, nC and

t hat the 1 ocal

di fference 1n forced

turbul ent free

transfer coefficient

Solution

a) Ny=

b) Fr om

_xh
k

X

g XU
U

For forced

He nc JZZECI('O xju
x '\ u

Thi s s hows t hat t he

free comvexitd@Mm

He nc e‘z=£C{—2

X

So for free conve

with m =

(1),

convection, it 1s

ction,

m are constants

heat transfer

convection, ; wh'er eas

not with

does vary

ce@NdRei on:

heat transfer

plate,

vertic

coefficient

in fr

generally

coordi

coefficient

(1)

ME"™t transfer

1/ 3 for turbul ent

free

coeffici

C 0 n\
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pp e
h=—C, —27
y7;
2 ﬂ[pT 3/ 1
h=—C2 —z%
U

Hence the convective heat transfer coefficient
Example 3. 6
An electrically heated thin foil of length L =
speed metre. WinQawdthehbltewmpepatalrleel to the 1o
is internally heated Q@/Wants]eﬁtoincbhehte'rdda';sail
air with » v x == ¢ 1= 1p0K5k2g2k /| JT@DE T0 ;i 2 + 0 P @ =
The surfafeoefte¢mpedfaotibrés to be measured at t hce
be constant. Estimagt3d 20 hfer=dwi W@ 5s ple=e d when
T.
U,
Solution — ¥
) ’ &
Firstly, we meed to &
estimate 1f t<h-e—fd—o—w s
l aminar or
turbul ent 25 mm
Assuming a critical (trand DtBhRenv)= IRecyintoyl drse qruinrbee d
Ix0%3°22.1103103103
U, .3 a H= a V: ks = /s3m) 4
LL x1 025
Wind speed is very unlikely to reach this c¢critic
Nu = L PrREB3'3IT. 0
Nu

r3KI%/§1”Sé2q. 0
LaE e k TT
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Re22 ]
7 () .kxTT Pri6'62. 0
av=—2/5=' /mEmq5 0
x 008.0025.0
RQZ/:I X0250132/:50 173
() () xxk2'0662.00253.02032

L 103 Re x=

i LV ><1><O§<‘5:2 2 ./£3}710138Re
L x]1 0025

<
I
Il
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Example 3.7

The side of a building of height H = 7 m and 1ert
heat loss through this glass (ignore the ther mal
inside the building i1is 20°C, the outside air tert

the side of the building. Select the appropriat
numbers to estimate the average heat ptr=anls.f8 rx clc
kg / ,mmsl KJ / kg K and Pr = 0.7.

eFree convecti ony Kﬁ)l:@xiNfu,Ox%l/ﬁm(ﬁmar (Gr

e Free convectionxi>n9)laOiN:u 0t, ' W9b Glre n t ( Gr
e Forced convectxi<051)l;0xI‘%mnﬁ)i.x%Ba?ﬁ/fR(eRe

e Forced convect,i@rf),l:OxthurBux?)‘EgB/nsReRe

inside

T,

h outside
I,
h,

u, =

Solution
C C B
_ ﬂk,, k 'UP p_ _ 7X1X0 O:goilvoe 85/':&(M6W 0
Pt r .

First we need to determine 1f these f1lows are 1 a

side (Free convection):

1
o
-
-+
=
[¢]
=
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. B TALABglx. 92 . 1
u () “*xx93108.1
1 0°17.Gr A x =

(Flow will be turbulent over moAl) of the surfacc

For the outside (Forced convection)

p .Lu

Re x2 _ X3X015126'31

7, x1 008 . 1
(Flow will Dbe turbulent for most of the surface

Hence we use the following correlations:

On the inside su¥a@Er Nu

On the outsiMw=sur faPcréR'¢0°29 . 0

For the 1nside:

X h nﬂ(p)_ s i‘x3 %/gl
N% 7::0 —Y P
y7,
(x3) 3/1
h ~— =xenstant constant

X

Hence heat transfer coefficient 1S not a functic

=h:}£xav

For the outside:

h 8.0
Ny —~== (” xjuPr30129. 0
L p

8.0
h const(galﬂ:tx:'%'@
X
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:I::-'r dx = %:[:r'u'z dx = 2

a=i

h, = 2
! 0.8 (2

an?

1
 §
Write a heat balance:

Assuming one-dimensional heat flow and neglecting the thermal resistance of the glass

q="n(T,~T,)
g = I’a{j} _Tn}
h{T,-T,)=h,(T,-T,) (3)

From equation 1
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24) RTfh”—:

From equation 2:

8§.0
OWh 02%.% Pr3/1
A Ou

fﬁmfdgfﬁﬁéf%?%

/| TK2 Wk
From (3) with (4) and (5)
()()*" TTTT-=-7.2624. 1

() ()" TFE=57.262024. 1

() I.T°~1-5200464. 0 (6)
To solve thfEasn eiqtuartatoinve oxpproach can be used
First gueSGI=10
Substitute this on the right hand side of equat.

; ()’ CT=---=7.101510200464.0

For the second 1teration we use the result of t1
, ()(C)* CT=---=6.10157.10200464. 0

The difference bet wee nCSthseol lwaes tc atnw oc ointseirdaetri otnhsi si

°CI~6. 10
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Heat Transfer - Exercises
From which:
() (), =+-=/-F=17156.107.26mWIThgq

kWWqAQ6. 2424600730117 ==xx

Example 3.8

The figure below shows part of a heat exchanger

tube an is cooled by fins which are positioned

by convection to the surrounds that are at 27

Estimat the convective heat loss per fin for

and effect of the cut-out for the tube on the

a)natu
b) forc
wit h

n

convection,

convection

average

fi

with an average fin

with an

n

sur face

52
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The following correlations may be used without
your choice in the answer.

Ny = 0)'FP'RBRe, < 3° x 10
Ny = 0. 202 FPReg > 3 x 10
Ny = 0//3Pi6r Gr , <’ 10

Ny = 0/'fP'6r Gr 2 10

For air at these conditions, takg:/ Brs =a®d7p * F

Sol ution

&
<
@Q
e £
ley o
\C =
- | 20 mm dia
g — Ll
On the outside of the water tube, natur al convec

if flow 1s ] aminar ot turbul ent

3
Grz—ﬂ?g L Tg

u
KT202747=-=A
| 1
=K =
p +2 733200
2
Gr= x xI% 0><21=06821‘ o1 (Laminar)

() “*xx00108. 1

(L here is height because 1t 1s in the directior

53


www.semeng.ir

Heat

Transfer Exercises
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So we use
(G);PNru45/=} 0
1 LL_4 1
h,, — =¢onsjt§ﬁxxdxh
L, o

).

av

4/ 3
=
2 6 471
Ny, 5() SXXE. 0102
N .
hy b NUx 0202360 4w
L 1
« AFh g
avav 205.01 (0290t
w9 2. 0=
For forced convection, we mneed
&
&
E
Yats, £

i

20 mm dia

t o

fdaxext o x = AE =21 AihsA

evaluate Re t ¢
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Re Ll x05. 015

y7, x1 08 .

0117.4 (Laminar)

(L here is the width because flow is along that

Nu = L Pr’REB3. 0
1L
hy, —[hd=="L
L 2/ 1
Nu L () 7 U k%ZE=01017.46. 0Pr Re6.
N
h,, ok Nu x 02 010 %k uw
L 05.0

205.01.0105( B3 xERX=MEGETAh 4

WQ3 5. 4=

Example 3.9

Consider the case of a laminar boundary layer it
turbulent boundary layer. For a constant fluid t
numbers are given by:

Ny = 0/'FP'ReRe« )10
Ny = 0,0 rRkRe 10
Show that for a plate of length, L, the average

Nu,= (0°6-5 ®R¥6) Pr
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Sol ution

Where for a constant surface-to-fluid temperatur

Xy L
h,, % ) 1amina+r;{:t_Lrb41 fodx h
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Since for 1§,m1i(<h)B;c<f10w(

Nu = L Pr’Re€B3.0
2/ 1
h o Xi(p”m) P 33120
x\ U

I aml am

2/ 1
XKEQMQ} Pr3. o -2/ 12/13/1

Whe Ce,does mnot xdepend on
Similarly:
:xtgr}ktzu:);

Wher e

XL L
h l{ lamav2/1+j‘:t.[ur;,_2d0}xCdxxC

0 Xy

Ny ~ —|Cl—:“’2xL Ctg;c'[b(] xLi' 08.02/1

u 2/ 1 i.OS.O
Nu = (p ] Xy, (”—J —(Mﬁ Briols. oPpre. o0
u u u
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Butp;xLulﬁz (The transition Reynolds number)
S o

Nu L (F () o 10%0)s. ORe05.0106. 0Pr x—+x-=
Nu tew JPI3FORE 05 . 0=

Example 3.10

uit boa
d with
t numb
the b

A printed ci d dissipates 100 W from or

cool this bo flow speed of 12 m / s pe

average Nuss relationship given in Exeé

c o & =

- — = o
o

o = o =

temperature

o

rd for an air temperature
Take an ambient pressure of 1 bar, R = 287 J [/ Kk

Cp = 1 kJ / kg K, k ="0ghdh W / m K and p = 2 x I

H:02m

g=100W

u,=12m/s
T.=30°C

Solution

100
x 3. 02

Q9
ov =

0/mW./ 1666

58


www.semeng.ir

Heat Transfer - Exercises Convection

- 5
P ,uCPZZ xlxe)zl 06267. 0
k 03.0
L
P
U
P 10
== = /mtk5e. 1
P RT  x303287 "%
Regx=——— ><><3'0121]{)50'71.2

x1 0°2

Using the formula for Nusselt Number obtained 1ir

Nu ( Lav )PI‘33118‘0°Re05. 0-=
N%v( S )() V%P k&&ET7. 03101007.205. 0
N _kfl_atl’aq

e T T ATk

T Lq ><.§207OC_1666

Tk Nu x 03.0511

°CI+=6.626.3230
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4 Radiati on

Example 4.1

In a boiler, heat 1s radiated from the burning ¢
The temperatures of | tahngdrfdiseple can dvetlhye jatmulet sh eairre al

a)Assuming that the side walls (denoted by the s
temperature of the side walls is given by:

4 AN /41
T—{ 1B Tz ATFA
L=
+ F 4,54

where Fanyd ake the appropriate view factors.

b) Show that the total r ad,i aitsi vgei vheenatb yt:rans fer t
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c)Calculate the radiatiyve haf o= 3qr0a0dsTsrd 2mdt he t
the view factors are each 0. 57?

tubes @

Adiabatic wall (3)

/

Fuel @

Solution

a) +=00Q (1)
Since the walls are adiabatic
=00, -
From (2)

(3432324) oo (1413T34ﬁ'FATTFA—=_

T = 1. TEATFA
3
+ FAEA
4-1; T4 /E/TIFA
T3:£ 11 1 2 3 S 1 rFFA%Eﬂ[:
+ F 4.

(141212;) oo (3432Z24jFATTFAQ—+_

(141212;) oo (3423%47)FATTFAQ_+_
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— i
Fi4.E A
) ¥ ‘s + LA TFATFATF :
(z) 4 e e FATTEAYD 2323 2323 20
1212 24t 1A
+  F 4,54

‘o T'RATFA
( 14>1 2 12§ +O'-GEF2/£2T T EAP A%
+ F 4,54

(){d oo ‘%’E’%‘%@}m

(élz(ui 00-14_112_{%4_5&123‘424

+ TF 4K A
F 4,54
0-(1‘)2 24( F 44 T71= —
+ FA4EA
) T = Yti. LFEATFA %, T)F.ATFA
L= 2
+ F4EA + F4EA
4
il ><5><7+3><:5><. oKsz1 1696723 5.012
x45x. 0125. 012
, () (6+5—71%£ 9 7 31100813 .576 x =
+

Example 4.2

Two adjacent compressor discs (Surfaces 1 and 2)
by a 0.1 wide shroud (Surface 3).

a) Gi ven;,t=h dt. 6E calculate all the other view fac
b) The emissivity and tempe=al.ud.,.e8 0B0f= KJurRf, d lIOK 1 ¢
and Surface 3 can be treated as= r9a0doi akKt.i vAeplpyl yb I:

body radiation analysis to Surface 1 and to Su

2.5 -J 0D =9 45545"? W/ m
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and

3.333 ]l =4 4R334 W/ m

The following equation may be used without pro

, _JiE S
e R
E.

1

i j=1

c)Determine the radiative heat flux to Surface 2

£=04
T, =800K I, =900K

R=02m

a=01m

Solution

===amrrvr2.0

a) 21
mal . 0=
no_2.4
a 1 0
a 1.0
n 2.0

,=F6 . 0 (Although this is given in the questio

with the above parameters)
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= (As surface 1 1is flat, 1t cannot see 1t
- =—4=.F06(.FGmeEi?li1=mlaartieomclosure)

,=F6 . 0 (Symmetry)

,,=F

,i=F . 0

o %FHZZ ZX 2:x(1)x. 0242 °

3,0=F4 . 0 (Symmetry)

13 =-2-=04.04. 01
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Radiation

Le t— L=4¢
1
(, ) el10)()
, {1} JpF J RpF F J ¢E
b :Gn$,
=cTY (Radiatively
4 = —6_ - 4.011
& 4.0
? - 6ad,9. 05.
49 I,
. / 455459,
Applying to surface
, {1} JpF J FgF F J §
b :GB@,
b= = 3. %L
&, 3.0
N - 93 %%,,04

L / 483344

2 (i =

—AbERLEJE

_¢_+431:31212113112111,

black surface)

2TJJT

7 90'0107. 566 .

05.QmWwJ J=-

2)

_¢'++3f32121223221222,

. 1333.3T7TJJT

1333 .3 mwWJJ =~

09.05. 2
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J,-48334333.3
4.1

Substituting 1in (1)

Jy—-48334333.3

O ) / 455459.0

5x

/ 26099 mWJ =

The net radiative flux to surface 2 is given U

L BE L ae0997000070805, s
G, 3. 01 '

&, 3.0

The minus sign indicates a net influx of radia
consideration of surface temperatures.
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Example 4.3

The figure below shows a simplified representat:Hi
modelled as a jcyllilhdmm @OSumfaadda sl . The burner ¢
radiws 40 mm and height h = 40 mm), concentric W
of radsi w4s0 rmm. The end of the c¢cylinder, Sur face
surrounding environment .

a) Gi venjyt=hal. 1FAh3= and4 4F5 use the dimensions 1indic:
al l the other relevant view factors.

b) The f1l ame, base and surroundings can be, Tepr e s
T; angd @Tespectively. The emissFEvDt§. oApphy angr
radiation analysis to Surface 2 and show that

c ;) ¥ ShtENCFTFT
1 HEEE

The following equation may be used without pr oof

—JiE S
W e

c) The temperonadades f duynd 0 BK= alil2d0 OTK, and the su
500 K. Estimatg wmba nigempemat atd vE heat balanc:«
2, where theg=efliB8sivity 1s ¢

1, =10 mm

Surface 1

Surface 4

h=40mm

Surface 2

Surface 3

Sol ution

a) =27 hr A
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=2 hr A

77(2243”12) A44-==

14‘_r;+1§"1'f'FFFF

but

F, 2F, 2, = = x5=7=3=5F2 . 014338, 0

24*_2;"'25"21'FFFF

pp L ~BE, - 44515.014338.01
2 2

sasthht FFEF

4 . .
F, g o g X 04 00192355 021324, 0
3 z\,)-n'r - 01.004.0
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A h . .
B, g g X000 02891, 020574. 0
A, z\,)-n'r - 01*. 004. 0

34 =-44=TF36 . 043891.011373.01

Similarly (using symmetry)

L 3=IFIF3 73 .0

LGB 91 .0

L G AFAFT 36 .0
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For surface 2, 1 = 2, ] = 1, 3, 4
_Jé?:
- O 0)0) b S E S F
2
&
5, = a.yiiﬂOI

EJ=s, EJds, EJ=, (1, 3, 4 are black)

( ) ) EdBEJEEJ FhE-+-+-=-

() | FTELRTNTFFEJ +adme + +
J:J(24 ¢ L+ HRI)FTFTT
’ F, sl +
- “(r, 4 X045K7+4x. 0500205 7 -
C =
? +H240574.02057457352.0

KG9 131047, 36

On the outside of surface 2:

& 4240,E4§7)'q -

Al s o
—J
P N S T KO-9%131047. 36
l-¢,
&
2 4 (LT50'98.0107.56709131023.
- KT1029
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Example 4. 4

The figure below shows a schematic diagram, at
head (Surface 1), piston crown (Surface 2) and ¢

a)Using the dimensions 1indicpayt=ed0.obn tchael cduilaagtrea m,
relevant view factors.

b) The cylinder head can be repregsedt/dd &K aadblt dic
emissivity of &t=hée Sp.ibsptpolny car ogwne yi sbody radiatio

crown (Surface 2) and show that the radiosity
J ;= 42°°5f x 1D03;5 + 0.1 J

The following equation may be wused without prootf

—JiEns
(14) /85‘5‘2 () j

c)Similar analysis applied to the cylinder liner
J ; = 107210 + 0.222 J

I f the surface temper,at ua®0 o, tchal ulsatoen tch eco wrna

the piston crown.

d)Briefly explain how this analysis could be ext

Surface 1 — 100mm ——

Cylinder Head i
(1700 K) |

T

25 mm

L

Surface 3 "
Cylinder liner

Surface 2
Cylinder piston
crown (600 K)

Solution

a) )1 =Xx5&xx0mmr A4
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3 =X5%&&x5100mmDL A
=F (Flat surface)
1 ,=F6 . 0C Gi ven)
1213 =—4=-0=6FFO0. 10. 1
By Symmetry:
| 25 =O0F. F
3,7 =4F. FO

22207

A
Foy S5 s= =4F 0 Siondg =
3
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;,0=F4. 0 (By symmetry)

=-2-.=04-.=0F4F.FO 0. 1 0. 1

323133

b) For surface 2, i = 2

b _Jz
1_157, () () ko )y d | F

_82

&
=cT'] (Black body)

6= 75, —;7755:.%01

b =O—T24E,

1/3
24 ;( )0¢2#+J353TFT
J, =
2
1*()+B12E21
1 - 494
107, 54 3 5 F0+1xTx0 01 07 . 566 . 0
J, = 3
1 ~()++4.06.0
, o 1,071035105.42JTJ++x-=

We are also given that

222, 0107210JJ+=

0222.0107211.0JJ+=

Hence
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) - e 0222.01072171035600105. 4
) +&U756550897778.0
) / 8924 T mWJ =
Al s o
-J 49
g, = 2, &K24 760010756
l1-¢, 3/1
&

Negative sigmn >Ephd/jscoatneest flux is into the pist

c)To make the analysis more realistic, 1t mneeds
piston crown, and cylinder liner. Radiation fr
We then carry out analysis over a complete eng

The figure below shows; whe¢ hvazecometoncobPDaviametf ac
the case of two rectangular surfaces at right art
radiative heat transfer between a turbocharger I
System. The horizontal rectangle, W = 0.12 m anc
denoted Surface 1 The vertical rectangle, h =
denoted by Surface 2. The surrounds, which may t
of 60° C.

a)Using the graph and also view fadit&mdal}l Febr a,

b)By applying a grey-body r adi at i5San sahmawl ytshiast ttach
J, 1 s :

J = 28.%F +x 0LOH3 25K ( W/ m

The following equation may be used without pr oof

~JiES
W ner VA
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c)A similar analysis ©bs=

L = 22°°% x Q009 B5¥) .( W m

a0p. p4l ioebdt ation eSdu rtfhaec er e2s uwhitt

Use this to estimate the surface temperature

housing has a suwurfa?2@O0Kemperature of T

W /L=0.05 _ ’

0.1 04 0608 | 2 4 10
hiL

Solution

ho2,

wo_12.0
L 2.0

oo
|

From the ,FiFfgidr &:

Fy 4K A =

12. 0=X1=6:2:'F027- 0
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1213

23?%"‘21+

2123

Applying f

= —7=3—.=0F2F7 .

FFF

01

= —8=3-8=.FOF1 6 2 .

body

sur face

1
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_JE
- 0 = I B o F
1
€
b:O-T14E,
ZO-T34'!
—6 _ - 5. Q11
g, 5.0
S o
J = 14 ++GEF3£1@T
1 1 FF++,,,
;- . J,T TxXRHFBKT . 5673.027.0107.56
: +473.027.01
| 2 , / 254135.01035.28mWJTJ++x-=
c)
Given: A 1 /' 3500972.01068.22mWJTJ -
5 - o . /3500972.07001068.22mWwJJ
0972.05796JJ+-= (2)

Substituting from equation 2 into equation 1:
| o () 1 /2540972.05796135.01
Which gives:

” / P050107.28mWTJ+x=

Applying a heat balance to surface 1

4045 »
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i
9, = a ST Ix0-5%0-1=0 7 . 28109 . 57
!
&
o T Ix0-50 1 0 . 2 8
e ole, L) 533 107.565.0-xx=--=

Combining and gobvesng for T

= KT396

Note t,h=t- g¢q ¢ since q is out of the surface

78


www.semeng.ir

Exchange

Heat Transfer - Exercises Heat
5. Heat Exchangers
Example 5.1

A heat exchanger consists of numerous rectarj
an adjacent pair of channels, there are two
K, separated by a 18 mm wide and 0.5 mm t hi
resistances for ~4inrK/aW da nwda m5KrxWalrOe ¢e2 pe ct G ve l
number gipyFred . WY MNhere, thefeubse¢oiphe' Pydrau
a)Calculate the overall heat transfer coef fi

separating wall and the two fouling resist
b)Calculate the overall heat transfer coef fi
c)Which is the controlling heat transfer ¢ oc¢
Sol ution:
Hydraulic Diameter = 4 x Area / Wetted peri:

x1x0%1 8 25. 2
D, 4x= H 4
x1+0°) 1825 . 2 (

h - ok Nu

Dl

watezr%E .:0 9/ SglelsﬁWh a
x1 O

B ><037_1.09;12[§H6W}55
air X1034
1 1
— 1+ = = /| TKma WU
|:93O 18}6 55
b) = X105 .10 1 1 ><+‘4C;<1$+
16 930 186. 55
c)The controlling heat transfer

/| 2KGaWUO0 5

coefficien
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Example 5. 2
A heat exchanger tube of D = 20 mm diameter ¢conHy
K, p = 1,000 =k g0/’nk 1 mzx )1 06n the inside which is us
outside where the external heatl 0f0rKdVd shfgenro rci mmegf ftihc
t her mal resistance of the tube walls, evaluate t
internal heat transfer coefficient 1is given by t
pipe flow:
Nu = S P REP23 .0
Solution:
T=pVAm
yo
pA
Re P mV=D:: x 0983 =0946413
D TUTU xIx0k6 51 . 002. 0
Ny, & XRE.49613023.0
h D
Ny =—
L
k N 632.03.
ho—pfss X S I Pio w
D 02.0
-1
1 1
+=—| = /| 2K WU
20000

Example 5.3

a)Show that the overall heat transfer coefficier

T

el ation:
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With the terminology given by the figure below

b) A heat exchanger made of two concentric tubes
inner tube 1s made of 3mm wall thickness of st
inner tube radius 1s 25mm and has a water f1 oV
90mm and has an oil flow rate of 0.12 kg/s. Gi

» Y7, - k€x == K W/ ml138. 0
Water:
) U N k€x== K W/ m625.0

Using the relations:

Ny 6. 5= p 2300Re <
Nu = L PT'RE (P23 . D300Re >
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Calculate the overall heat transfer coefficient.
Which is the controlling heat transfer coefficice

If the heat exchangéG tit,5uSssidng €Cwatadd vataltled t hm ¢
the tube for a parallel flow heat exchanger

Sol ution:
a)

For the convection 1nside
e

I (% e, (1)
For the convection outside
BTG A Q
T e RTChrQ (2)

For conduction through the pipe material

27— kfiiLTQ
dr

82


www.semeng.ir

Heat Transfer - Exercises Heat Exchange

dT—(zQ ld—r (3)
27 L Frr

Integrating between 1 and 2:

wrtefz) (7]

27 L

From 1 and 2

Y
i 715(27[ Lth (3)

_9
2] o)

Adding 4, 5 and 6

7 Q( ()r,-f_+_,1_=1_/ln

27l

Rearranging

° . —d (y&7U
22l p [ r 7, r, 1
—1 |n® ++
ko \r h,y. h
Therefore, overall heat transfer coefficient 18
-1
U, = D1 neq Lov i
ko \n oY ih
b)

i) To calculate the overall heat transfer coef fi
coefficient both inside and outside.
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2
yomo 2
pA 4
Re M _ _ x 25. Oﬁ§781
D TUT xIx0k7 2505 . 0
C -6
Prﬂ,,:: ><4><17:8§§).7$5
k 625.0
Re > 2300 (turbulent f1low)
TheredNar e: DD PG NEET 18781023, 0Pr Re

8 4


www.semeng.ir

Heat Transfer - Exercises Heat Exchange

k .
From whii ch?2 Nux 625 06%7K51W
D 05.0

Ar ea 7 -r’F (44

D, == o =—0=3#=%10)025.0045. 0¢(
Peri megrme+ry (2
P —r, ), 2D Bm - x 12.02
Re == a i = =33
—r )y ( +r Y, T Do XIxOA2%5 . 3028 . 004 5.

Re < 2300 (Laminar f1 ow)

TherefNayrebH. 5=

p ok Nux 138.96,7 W/ m2 K
D, 034.0
0282 028 o )

U, =|——1 [i— ]+ + = 84.21> K W m
16 (2 x 025.D0)725

ii) The controlling heat , tbreacmasufseer icto e fsf itchiee nl to wies
hy, wi 11 cause similar changes in the; oviddallaubeat
little changes. You can check that by doubling ¢
check the effect on the overall heat transfer coc
iii,, 90&Er 1 ecsr ,, 5 3¢

ci

I.,is unknown. This can be computed from an ener

For the o1l side:

L, T7.¢mgp 895W )3590(213112.0)(=-x=--=5

X
Il
|

Il

TTTCRO SW ) 10(417825.0) (=-
Theref or eSS 6G1 8

Evaluate LMTD
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1 CT°=-=A801090
) CT°=-=A44.3656.1855
ro—ay ARD -8044..36

AINT/ 1 n( )80/ 44.361 n(

27 T Ly UTUAQAx=A-=

0 8950 i
2 AKrLU Tr  xxk.56028.0284.21

Figure a) below shows a cross-sectional view ¢t}

has a t

(

heated by hot exhaust gases. Figure (b) shows :
otal of 50 channels for the hot exhaust g
c

heat exchanger is 0. 3m

Using the information tabulated below, together
deter mine:

i.the hydraulic diameter for each passage;
ii.the appropriate Reynolds number ;

iii1i.the overall heat transfer coefficient;
iv.the outlet temperature of the cold air;
v.and the length L

Use the following relations:

Using the relations:

Ny, 6. 4= p 2300Re<
Nu = Lo PT’RE0°23 . D2300Re >
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1H= 3mm
Cold air 1
Hot gas — P 3mm
Cold air f
Hot gas -—
Cold air t

Hot gas

-—

(a) Cross sectional view through part of the Heat Exchanger

W=0.3m

(b) Schematic diagram of the complete heat exchanger

Data for example 4. 4

Hot exhaust inlet tempefature 100

Hot exhaust outlet temp@rature 70

Cold air inlet temper|jatt@Gre 30

Hot exhaust total mas|js flow 0.1 kg/s

Cold air total mass f{low 0.1 kg/ s

Density for exhaust alnd ¢old air 1 kg/m

Dynamic viscosity, exfhaust and cold air 11 8x10-5 kg
Thermal conductivity,|l exhaust and cold air| 0.02 W m
Specific heat capacitly, exhaust and cold ajr 1 kJ/ kg
Heat exchanger wall tthickness 0.5 mm

Heat Exchanger wall tlher mal conductivity 180 W m K

Hot exhaust side foulling rFfleWistance 0.01 K

Cold air side foulingl resi®¥tWance 0.002 K m

Solution:

Re VL
Y7,
DL = (Hydraulic diameter)
D, = X ‘ arezé xBw t i on><axB:.69ﬂ4;9n§55 044
periment2rpkHw () + 3.0003. 02
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For a single passage:

Vz(m) _ 50/ 1.050/,, ,
()xwH () xIx3 . 0003. 0

x1xo§9_§3§22.21
x1 08 . 1

2300Rel<kaminar f1ow)
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Since the thermal properties are the same and tl
cold stream heat transfer coefficients are also

= | EKiW

Note that if the third term in the brackets t hat
wil 1 not affect the overall heat transfer coef fi
resistance.

TNEMRTGmO—=—=
ohihicoc =6-004HOTHO 0 ( 30) (
Al s o
L{/AQ0A=
T,,is constant in a balanced flow heat exchanger
I'm °CH-=-=40307060100
() &M@%'O() ——xwBBECE@ge/ 60701001000
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