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Sheet (1)

One Dimension Steady-State Conduction Heat Transfer

1. An iron plate of thickness L and thermal conductivity £ is subjected to a constant heat
flux go W/m? at the boundary surface at x = 0. From the other boundary surface at x = L,
the heat is dissipated by convection into a fluid at temperature 7., with a heat transfer
coefficient 4. Develop the expressions for the surface temperatures T and T, at the
surfaces x = 0 and x = L respectively. For the following data, calculate the surface
temperatures T; and T2 if L =2 cm, £ =20 W/m °C, gp = 105 W/m?, To= 50°C and h =
500 W/m? °C.
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required to achieve bonding

2- In a manufacturing process, a transparent film is being bonded to a substrate as shown in the figure. To achieve the bond at a
temperature T,, a radiant source is used to provide a radiation heat flux q,(W/m?), all of which is absorbed at the bonded surface. The back
of the surface is maintained at T,, while the free surface of the film is exposed to air at T.. and connection coefficient h. show the thermal

circuit representing the steady-state heat transfer and calculate the value of g, required to maintain the bonded surface at T,=60°Cand
T,=30°C. Take L;=0.25mm, L,=10mm, k=0.025, k.=0.05W/m?.°K, T.=20°C and h=50 W/m?2.K. Also calculate and T,.
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If the film layer is not transparent and all the radiation heat flux is absorbed at its upper surface, determine the mdiation heat flux
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6. Consider a plane composite wall is composed of two materials (A &B) of thermal
conductivity ka=0.1 W/m.K and kg=0.04 W/m.K and thickness La=10mm and
Lg=20mm. The contact resistance at the interface between the two materials i1s known to
be 0.3m2.K/W. Material A adjoins a fluid at 200°C for which h=10 W/m2.K, while
material B adjoins a fluid at 40°C for which h=20 W/m”.K; sketch the temperature
distribution and calculate the heat transfer rate through the wall if it is 2.5m long &2m
wide. Also calculate the outer surface temperature for material A&B and the drop in
temperature across the interface.
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Water at an average temperature of 320K flows inside a Teflon tube (k=0.17W/m.K)
with inside connective coefficient hi=200W/m? K. The inner and outer diameters of the
tube are 20mm and 25mm respectively. A thin electric heating tape is wounded around
the tube. The tape provides a uniform heat flux of 2kW/m?, and ambient air at
temperature of 300K, maintains an outside convective coefficient of 12W/m”.K.
Calculate:

i- The outer surface temperature of the Teflon tube.

1i- The percentage of heat flux transferred to the water.
[Ans. i- T;,=351.4K and ii.69.3% |.

Qh = 2000 W2 = Qoo « Te0.025 = I5F.08 Yy,

Reom = —— = ( - o.0ffs ¥m
¢ awrhe 27+ 0-0l « 200 W
125
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2T K, 2T+ o ¥ Y
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13
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- =3 _yop9 ¥
QK Qconv‘;i'gt °
:I'Lepemem(oﬁe, of bt (lux dronsiered Fo the caoker - %ﬁ = 6.692 = 49.3 %
h

If we need benefit insulation around the electric heating tape in the previous problem
to increase the percentage of heat that transferred to water, determine the maximum value
of Kinmax and repeat calculation of items 1 and 11 when use 30 mm thickness for that
insulation with the same heater capacity (2 kW/m?).

[AnS. Kinmax=0.15W/m.K, i-Ty=355.4K and ii-78.3 %]
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fho purcectody of bt o = %h«_ - 78%
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10. A hollow aluminum sphere, with an electric heater in the center, 1s use to test to
determine the thermal conductivity of insulating materials. The inner and outer radii of
the sphere are 0.15m and 0.18m, respectively and testing is done under steady state
conditions. With the inner surface of the aluminum maintained at 250°C in a particular
test, a spherical shell of insulation is cast on the outer surface of the sphere to a thickness
of 0.12m.The system in a room for which the air temperature 1s 20°C with convective
coefficient 30W/m”.K. If 80 Watt is dissipate by the heater under steady-state conditions.
What the thermal conductivity of the insulation? [Ans. ki,=0.0622W/m.K].

R Al | |
= I W "% . oB-%W _ 3Ll .i5"

K
LT K, LT 230 "
| 1
R T T 5B 3y _ ot
UMK, T . KB
o N W K o qex
Qam . | { i K Tasoléh “o.,s3 R, R Rew
L A,‘h B Lyl h © YTMe03%30 - L “',03‘\ o e T.220C
L= V \\\_ h=30'g;
250- 20 230
(i = = 2.8lLLe\gh , 2:176% 2%7: B &
Q$ + Qin "anv " +0 "+ Kin +0-0 e T
K‘n= 0062“‘1 'I‘-Y\El:& -

11. Air flowing through a long, thin-walled pipe maintaining the inner wall at a uniform
temperature of 500K. The pipe is covered with an insulation blanket composed of two
different materials A and B as shown in the figure. The interface between the two
materials may be assumed to have an infinite contact resistance and the entire outer
surface is exposed to air for which T4 =300K and h=25 W/m?.K. What is the total heat
loss from the pipe? Also calculate Temperature of Ts2,.4 and Ts2B.

[Ans. Q 10s=1040W/m.L, Ty 4=407K and Ty 3=325K]
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* Solution S(APS

- Gel man bulk &mfxraﬂlre

Tk = TirTo
2

i
T
~Get P,C, M, K and Pr from the [luid table at T,
TABLE A.4  Thermophysical Properties
of Gases at Atmospheric Pressure”

T p ¢, pe 107 v-10° k-10° a-10°

(K) (kg/m?) (kJ/kg-K) (N-s/m? (m?/s) (W/m-K) (m?/s) Pr

Air, AL = 28.97 kg/kmol
100 3.5562 1.032 711 2.00 0.34 2.54 0.786
150 2.3364 1.012 103.4 4.426 13.8 5.84 0.758
200 1.7458 1.007 1325 7.590 18.1 10.3 0.737
250 1.3947 1.006 159.6 11.44 223 15.9 0.720
300 1.1614 1.007 184.6 15.89 26.3 22.5 0.707
350 0.9950 1.009 208.2 20.92 30.0 29.9 0.700
400 0.8711 1.014 230.1 26.41 33.8 38.3 0.690
450 0.7740 1.021 250.7 3239 37.3 47.2 0.686
500 0.6964 1.030 270.1 38.79 40.7 56.7 0.684
550 0.6329 1.040 288.4 45.57 43.9 66.7 0.683
600 0.5804 1.051 305.8 52.69 46.9 76.9 0.685
650 0.5356 1.063 3225 60.21 49.7 87.3 0.690
700 0.4975 1.075 338.8 68.10 524 98.0 0.695
750 0.4643 1.087 354.6 76.37 54.9 109 0.702
800 0.4354 1.099 369.8 84.93 57.3 120 0.709



TasLE A6 Thermophysical Properties of Saturated Water”

Specic Heat of Specic Thermal Expansion

Volume Vapor- Heat Viscosity Conductivity Prandtl Surface  Coef-
Tempera- (m*/kg) ization, (kJ/kg - K) (N - s/m?) (W/m - K) Number Tension, cient,
ture, T Pressure, h, o - 10° B - 10°
(K) p (bars)® v -10° v, (kJ/kg) ¢, Ce p10°0 p.-10° k-10° k,-10° Pr Pr, (N/m) (K™
273.15 0.00611 1.000 206.3 2502 4217 1854 1750 8.02 569 18.2 1299 0.8I15 75.5 —68.05
275 0.00697 1.000 181.7 2497 4211 1.855 1652 8.09 574 183 1222 0.817 133 —-32.74
280 0.00990 1.000 1304 2485 4.198 1.858 1422 8.29 582 186 10.26 0.825 74.8 46.04
285 0.01387 1.000 99.4 2473 4.189 1.861 1225 8.49 590 18.9 8.81 0.833 74.3 114.1
290 0.01917 1.001 69.7 2461 4184 1.864 1080 8.69 598 19.3 7.56 0.841 73.7 174.0
295 0.02617 1.002 51.94 2449 4.181 1.868 959 8.89 606 19.5 6.62 0.849 72.7 227.5
300 0.03531 1.003 39.13 2438 4179 1.872 855 9.09 613 19.6 5.83 0.857 71.7 276.1
305 0.04712 1.005 29.74 2426 4.178 1.877 769 9.29 620 20.1 5.20 0.865 70.9 320.6
310 0.06221  1.007 22.93 2414 4178 1.882 695 9.49 628 204 462 0.873 70.0 361.9
315 0.08132 1.009 17.82 2402 4.179 1.888 631 9.69 634 20.7 4.16 0.883 69.2 400.4
320 0.1053 1.011 13.98 2390 4.180 1.895 577 9.89 640 21.0 3.77 0.894 68.3 436.7
325 0.1351 1.013 11.06 2378 4182 1.903 528 10.09 645 21.3 342 0901 67.5 471.2
330 0.1719 1.016 8.82 2366 4184 1911 489 10.29 650 21.7 3.15 0908 66.6 504.0
335 0.2167 1.018 7.09 2354 4.186 1.920 453 10.49 656 220 288 00916 65.8 535.5
340 0.2713 1.021 5.74 2342 4.188 1930 420 10.69 660 223 266 0.925 64.9 566.0
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Choose the approPriab: Nusse [t e(}uab'on
Re ¢ 2300 lominar flow
e > 230 —Elrbulznt [ low

- CGalculate the Nusselt no.

_ Galculale the conveclion coeflicient  Nu= ‘1%_‘1
- Emrﬁ‘ﬂ ba.loncc

9= Ah (T -Tp) = MC(T-T)




1-Water flows inside a tube 50mm diameter at mass flow rate of 2.4 kg/s. The water is to be

heated from 35°C to 65°C by maintaining the tube surface temperature at 80°C. How long - =
must the tube be to accomplish this heating? ‘ / w=goc
Notes that: May you use the correlation equation for fluid flows through ducts as follows: T,=35% , 22 M T,=45C
For turbulent flow where Re>>2300 —— \ Somm M =4 g
Nu= 0.023Re%8 pr™ where n=0.3 for cooling and n=0.4 for heating. l
For laminar flow Re< 2300 3 L =
Nu=1.86[Re. Pr]'/3 [D/L]?[u/p.,]**
for both laminar and turbulent forced convection the properties are evaluated at mean
bulk temperature Tm,,, except u,, at wall temperature Tw.
TagLE A.6 Thermophysical Properties of Saturated Water”
Det&rM(r)e '“’M l”ﬁ{h O[ {"x, {Ube Specic Heat of Specic Thermal Expansion
Volume Vapor- Heat Viscosity Conductivity Prandtl Surface  Coef-
Tempera- (m*/kg) ization,  (kJ/kg-K) (N - s/m?) (W/m - K) Number  Tension, cient,
b(.(lk &mp er, t :uxrf ! l,);r‘et?sur)c‘" 10° (kj'/fkg,) w100 @ -10° k100 k -10° P P ‘cr\/ 10)3 lfl('"l'(:b
meéan a £ ars v - v, 4 c; Ci% . e 2 e r " N/m
ur 320 0.1053 1.011 13.98 2390 4.180 1.895 577 9.89 640 21.0 3.77 0.894 68.3 436.7
325 0.1351 1.013 11.06 2378 4.182 1.903 528 10.09 645 213 342 0.901 67.5 471.2
- Li+Te - 65435 _
Tﬂb = I—E_ﬁ = > SOC

P=988 K& C= g ELK H = 5l alc® K K=o0.643 X pr=13.5k



m=pA U = qgg.lhr..,o.os"u =24 > U=1237 m

Re = 2LD _ 982= 123F¥ 4005
H Shlix {076

& The [low is furbuknf N=o.l for heo.lmcj

0. o 0-8 o-
Nu = 0.023 Dtg or o 0.023 x {{2330.9 = 3.54 Y 2 LIR.83

_ o0.05h

Nu hD _
K 0643
h

= 5322.3 %‘z‘ﬁ

9= mC(T-T;) = Ash (T—,,)

2.4+ {82 4 (45-35) = T4 0.05 L « 5382.3 ( 80 -50)

- 1 -
} |
Tw '
l
2~
|
l
T; ;
L=1.37 m




5-Air at 15°C and 1 atmosphere flows through a long rectangular duct with dimensions of

70mmx 130mm. The surface temperature of the duct wall is maintained at 120°C. If the mean

air velocity through the duct is 8m/s calculate the heat transfer rate and the air exit
temperature.

Notes that: May you use the correlation equation for fluid flows through ducts as follov
For turbulent flow where Re>2300

Nu= 0.023Re®® Pr™  where n=0.3 for cooling and n=0.4 for heating.

For laminar flow Re< 2300

Nu=1.86[Re. Pr]'/3 [D/L]"*[u/p.,]**

for both laminar and turbulent forced convection the properties are evaluated at mean

bulk temperature Tm,,, except u., at wall temperature Tw.
where D.;=4A./P

13omm

— fOmmM

TABLE A.4  Thermophysical Properties

List trail assume T, =89

of Gases at Atmospheric Pressure”

[—Tn =120

U’Smls

e {0 1)

T p & pe 107 v-10° k-10° a-10°
.T T v , (K) (kg/m’) (kJ/kg-K) (N-s/m? (m?/s) (W/m-K) (m?/s) Pr
E (+]
mh = St = 52C = 3BV K .
2 Air, AL = 28.97 kg/kmol
wd Ka _ . 4 100 3.5562 1.032 71.1 2.00 9.34 254 0.786
p=1o8s m3 C = {0063 e 150  2.3364 1.012 103.4 4.426 13.8 584  0.758
200  1.7458 1.007 132.5 7.590 18.1 10.3 0.737
_ 5 250  1.3947 1.006 159.6 11.44 223 15.9 0.720
M =1.942+ 1o LY K=o0o08ls X 30 1614 1.007 184.6 15.89 26.3 25 0707
ms mK
Pr= o7of 350 0.9950 1.009 208.2 20.92 30.0 29.9 0.700
400  0.8711 1.014 230.1 26.41 33.8 38.3 0.690



D.s = ’-fAc - L+ 0.07 ¢0.13 = 009 m
t B, 2 (0.{3+0.07) e
[.TK-.-.no"c
Re- PUDg - 108x8a009l _ ), 9q
M 1.952%15°° 15¢
13omm - "
[ > 2300 the blow is turbulent U=8"
0.2 o}y o8 ol ) — Fomm — — {om
Nu=0023 Re™ Pr' =o0023 5 Lo29% "« o¥ol ' = 9513
1
_ hDy _ ooflh h=29.84, M. RL
- K- ™ o028l = 29.84 —\ 7

MmC (T, -T,) = Aeh (T - Teele )
m=ppA U = 00F7 /g

& 007 sioob3 (T,-19) = 2(043+0.07) xio » 29.8k [ 120 - 152 T0)

To = 105% o e Lk ossumplion
& fhe previcus Skps Sl ke V&Pwhd of To=05 udill the calaoled - 3 —
T, = ‘]"t OSU-MLA \nlu.e




Water flows inside tube having 25mm diameter and 4m length at the rate of 1 kg/s the wall
temperature is maintained at constant temperature of 50°C and the inlet water temperature is 20°C.
Determine the convection coefficient and the exit water temperature.

Note that: May you use the correlation equation for fluid flows through ducts as follows:

For turbulent flow, where Re > 2300

Nu=0.023 Re%8 Pr" where n=0.3 for cooling and n=0.4 for heating

For Laminar flow, where Re <2300

Nu=1.86 [Re.Pr]"/3 [D/L]"/3 [u/pu ]

For both laminar and turbulent forced convection the properties are evaluated at mean bulk temperature,

except pwat wall temperature. /_"T\,( =5
‘ 7
I
° ] °
assume T, = 3k Vi=20% i | Te=722¢
—_— O=28mm !
1
“To+ 1} + 20 - \
T = 2T o M2 gpe g0k - \
m=1 g,
2 2 s
\ li m
TasLe A.6  Thermophysical Properties of Saturated Water”
Specic Heat of Specic Thermal Expansion
Volume Vapor- Heat Viscosity Conductivity Prandtl Surface Coef-
Tempera- (m*/kg) ization, (kJ/kg - K) (N - s/m?) (W/m-K) Number Tension, cient, Temper-
ture, T Pressure, h, o100 B-10° ature,
(K) p (bars)’ v -10° v, (kJ/kg) ¢, Cpy o 10° p c10° k<100 k100 Pr Pr, (N/m) (K™ T (K)

300 0.03531 |I,()()3| 39.13 2438 |-3.l7‘)| 1.872 855 9.09 |()I3 19.6 5.83 | 0.857 71.7 276.1 300

= i =44¥&ﬂ. . = I - S« 56 N-s ' = O i = 5.83
¥ l.003¢ o3 m? Cp 4/¥4K]K y A=855elo “m? K= o613 mi * P 8



M:PAC(J:P_-LIDJU =74?v%¢0~°252U=1 — U=2'OL|3M/§

Re = P7U2 - 77« ;‘O‘:g* ‘:'035 = 59 558 > 2200 burbubnt  [low
55« 07

Nu=0.023 Re%2 Pr" where n=0.3 for cooling and n=0.4 for heating

o-8 -4
= 0.023 e 59558 + 5.83 - R07.57

h= KNU _ 0-b3¢ 0757 _ 7514 M
D 0-025 mk

g = mc (T, -T) = Ach (T -Tow)

TOQQ:,* 20 )

(o479 (T, - 20) =Tvo-025+L « Fsul.é (5o - -

& Ty =3%27T
o T assumed alee of T, 2 He coleubhd ~olue
anothr tril shubl be dore ot To= 2222 unbdl  He cakulaked \olue
e7da"e_ He asumed ore , then coleulate ¢=mC(T,-T)



C. Tor [lid [lows over heater

o3l 25

g To

(R4 | bowlooco | Looowloow | Lpano+ lioocoo

Q o.Lbb 0.418 5855
b o.0l5 o-ol¥4 <. o0k
R, - Pud _hd
d" U Nu, 1<

all properties evaluated at mean felm fzmpemkurz

- TN
/
E= [ =\
“ T.
e il
T;
o= ~ A\
4 G
d




"
- meon bulk temperature  “Tmb = '\.'t_‘;'ﬁ. e
- man [ilm temperalure T = Iu_:tz_—hb ,
_Get p,C,y K and Pr from Fluid tabks ot Tos — .
T

- Rey= RV and cblermine the volus of @ and b

3 (0785 T\ —— T

a o~ O. mb ¥
C Nug= bR PO 3 ) -
_ Calculate the convection coelficient
NUJ: hl%

Qwa‘ As b (T =Ty )



6-An electric wire having a diameter of 2.5mm and electric capacity of 2 kW, determine the Tu=200C
wire length if the wire surface temperature not exceeds than 200°C when placed in air moves | /
with velocity of 10 m/s and at average temperature of 54°C. | e J35=\

Notes that: You may use the following correlation equation for fluid flows over heating
wire or heating rod having diameter of d as follows U=lo™
3

0,785Tw10-25 e
Tmy,

Nug = 1.11bRefPr®3!|

where 4 and D are constant and can be determine as follows:

Re, 40 ~ 4000 ~ 40000 ~ 400000 = . \
a 0.466 0.618 0.805 i
> b
b 0.615 0.174 0.024 d=25mm

Méaan ﬁbﬂ lempunlwt. TmF’-' Tw -;-Tmb = 17.¥.C = L'OOK

C= 40{3.5 i }l = 2285 » {0-5 144 TABLE A.4 Thermophysical Properties

Ha.K m3 of Gases at Atmospheric Pressure”
W T p c me 107, v-10° k-10° a-10°
K= 003365 —  Dr = 0.688 (K)  (kg/m’)  (kJ/kg'K) (N-s/imd)  (m¥s)  (Wm-K)  (ms) Pr

Air, AL = 28.97 kg/kmol
p= 0882 K3/m3 400 08711 1.014 230.1 26.41 338 383 0.690



Rey = PUd _ 0882l 4 10400025 _ gug Re; 40 ~ 4000 ~ 40000 ~ 400000

T H 2285 % 1573
a 0.466 0.618 0.805
& a=o.lph . b=o0415 b 0.615 0.174 0.024
a5
o031 [ 0.325 Ty :
Nug= G b Ry P [ =ny
w -185‘ L‘?S 0.25 - T\.(=2oo‘6
s .48 g ;‘[ 2 ] =15.43 | /
{41 % 0.615% 965 *0688 T ==
Nu = -h—d— = 0'0025"7 = d H
d= "k 0.03345 h= 2072 U=10"%

q= Aw h (Tw-Tmb) =Wd 4 h (T - Tmb)
— T4 00025 1. 5 20¥F2 | 200 - 54)

= 2000 > b
d=25mn

L= 8L m






lorced convection port T

3

Flow over [ ot plate

Pugno\als nurdoer of distence Re, =

M

Crilical Reynoldls number  Rep = 5 «10°

where  Rey = .&;{7\_‘! = Selo

* < e Aominor reqion

\-l-.solroulic bowrlorg '(otjer thicRness

S = L.6Ln

MR
Thermal boundarq loyer thicKness

>u
Dih = J"‘_
)

Empirical Nusselt ea’quions
@ local NusseH number

. dominar Re, < Salc

. Turbulent Rey > 5410

@ Avcrogf. Nusseld numloer
. (mjnor PO_‘ &54l0°
. Twbulent Re, 55410

All Ptoptr}ics are evaluated at

P U

v A Y%y {'Wbultﬂ} region

Ny, = o332

Nu,. = 0.029 N:'s Pr

41 L
Nyc= 0.642 Re, Pr

. L
Ny, = 0037 Re* pr’

-rmf =

T- +Tu
2

Forced convection part 2 Page 1



3-Air at temperature of 15°C flows with a velocity of 8 m/s at a flat plate which is maintained
at a uniform temperature of 115°C. Calculate the thickness of the hydrodynamic and thermal
boundary layers at 0.6m long from the leading edge also estimate the position of the point of
transition to turbulent flow. Also calculate thé&heat transfer coefficient at 0.6m from the
leading edge of the plate then calculate the heat transfer rate from the plate to the air per unit
width.

Notes that: May you use the correlation equation for fluid flows Over flat plate as follows:

1/2 prl/3

For laminar region where Rex < 5x10° Nu,,=0.664Re,

1/3
For Turbulent region where Rex> 5x10° Nu,,,=0.03 7Re:/ *Pr

hx _pUx Kcp ,
Where Nuav=T , Re, = m and Pr = & where all properties are evaluated at mean film
temperature Tm; = (T, +T.,)/, M/
I15C
ThicKness of the h-solwduﬁmmic '(o‘j'.r at 0.bm —_
—,-
sc
Re, = £Y* _ augesy ey L=
M
6“‘5= l"ﬁi‘_ = 0.0055% m _an :.-IN;—-I-"
Thermol bourd ot -est
M ounao er o.om
™y loygr o - 233K
By = M~ 5.00829
*h f " From air foble
The pos}l-ton of the horsikion Cp=1007.3 likg.k
Rec,=&)’fﬁ = 5&\05 — A = 1. 20f m M= 2.02-t|5s Wms
Kk = 0.02913 W,
Coleulote h,, for L= o0bm Lokt .
= 1.0 Im3
Re,; = WB5HL < 541 Lominos Flows P K3l
Pr=0.6M

|h |’:
Ny = ossh Rey Pr = 29339

hgv = NuEVK = ‘“126 w/mik
The heot dronster (er unit width

Q=AM (Tu-T) = LW h(T,T) =855.6 vy

Forced convection part 2 Page 2



Flow over bonk of tubes

o N "H

o Fﬁg 1@2@% ,

- 4@@@—*— o —L@g@ S
@@@T © -

| @\ﬁ&
10-‘.‘1\0. (@ S"o'ﬁtml (b)

Fluid in cross flow
over tube bank

o b

\

s . St
Sr-D S:-D
. S
if <,-D 3 als D) & U=z —I_— U,
° %25, D)
o
Empirical Nusselt e.cluu\‘ion
'I.‘ Conguration Rep s C, m
m 0.36 g )
Aligned 10-10° 0.80 0.40
= R& ] 5 }O O © )
N“ C max p" ( ) ) ’ c r Nl 7 2 Staggered 10-10° 0.90 0.40
Ts Aligned 10-10° | Approximate as a single
Staggered 10>-10° I (isolated) cylinder
Nu<” = C, Nu : [or N, <20  Alignea 10°-2 X 10° 027 0.63
(8,18, > 0.7)"
Staggered 10°-2 x 10° 0.35(5,/S5,)"* 0.60
P Umax D (S,/S, < 2)
“"hut' R‘m = __u Staggered 10°-2 x 10° 0.40 0.60
(5,15, >2)
Aligned 2% 10°-2 % 10° 0.021 0.84
Nu = LKQ Staggered 2% 10°-2 X 10° 0.022 0.84
“For $;/S, < 0.7, heat transfer is inefficient and aligned tubes should not be used.
All p,operi'ies are evaluated o
T Correction factor C, for N; < 20
T+
T = -‘—z—" l—xf-f)f P{ af T N, 1 2 3 4 5 7 10 13 16
Aligned 0.70 080 0.86 090 092 095 097 098 0.99
Staggered 0.64 0.76 0.84 089 092 095 097 098 0.99
Heal tronsfer vate -

1=Ash AT(_,., T

Ts

A= Ny N DL o ey U

al.
L,dg(e)\ ol M (@ Hdoes I s

(@ olm )l g e N sse

[rom ererqy obnce  Nh 8Ty, =mc(T.-T)

-TTON(Ny h ' ATi -AT,
we gt To= Ty o (T, -K) g PU-NaSCr (5T
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Conduction Heat Transfer from Extended Surfaces [Fins]

Section No. 3



The extended surfaces "Fins"

The extended surfaces are used to increase the ef fective area for convective heat transfer



Fin configurations. ﬁ

s
J

Straight fin of uniform cross section. Straight fin of nonuniform cross section. Annular fin.
¢ '_'/_\’*—————




rc'n Confujumkons wat? JC?

@ S“lfaﬂhf [c’n ' Uﬂi[Ofm Cross 5&(]’,_'0” oréo A - » J’OHF//
[-\Clb=v{£ / - c/b:Ac,(:_qD § QGU’QPLK 1
Ae,e-Hit ] /f) g £ TTD o duhnls
\O - 2(HAD :C\‘@(()L A[_ —-P/( + Ac,-t mA¢
/ﬁ_'f‘i* Af,’i /t::*ﬁ
@ S}m“ﬂh* Lin . Non- unilorm cross ;c}éon orea
Ac, =1 j ik
G Anulor Cin EI% Acp=2Tnt
| T oﬁmplﬂ
t Ac b= 2TTe,t

_ L — _
%A Gal A =TTTCr2r D4 Ay
("2)






Temperature distribution and heat loss for fins of uniform cross section

Tip Condition Temperat
Case (x=1L) Dist ibution@ﬂb )

Fin Heat
Transfer Rate ¢

rect: v
Convection heat @—Tm_ cosh m(L — x) + (h/mk) sinh m(L — x)

A
aCJCL h transfer:
ve TP ,fg?z)e; —kd6ldx._, T T cosh mL + (h/mk) sinh mL
A= b_ o’

~

coshm(L — x)
cosh mL

Adiabatic:

B
ag(,iq]m)é,c “(? dbldx —; =0

D Infinite fin (L > 00): ’ —mx ‘
€

sinh mL + (h/mk) cosh mL
cosh mL + (h/mk) sinh mL

} M tanh mL (

M

}awLm/C

o 1 — a
> __
0=T-T. m- = - hP =
@9(0@7,,—7,, @@ /m-— Yl / 4%65
& < - J
(Tp,-Ta )

A?J‘( ,i‘flpk c% P’()’l 1/9 = P?’hﬁ

Jomhm { M‘ '&MI/IM( J?A} erf\ln {
p

4‘0 L.m'{ = ’“’(c
m{ \/ﬂw

Mé’qlnf{c
£ < { 4=(+



Fin Performance

- C\( -
T o

effectiveness Ef | Fin efficiency 1

-
/ Ab =wxt
qr />
Ef — (a) Surface without fins 65 (
hAC’be qmax hAfOb

Lc,\olq LT\Q' o B

— AL - —— ——>
Tb‘__\/\/ (\’ N j\v (b) Surface with a fin
X
R- & o,



100
V ~ .12 L‘_ = L
80 ' A =Lt3
Vv P
- 3 "
L
60 L
2
= E= |
e L.=L+i?2 ¥
Al’:Lt"
— L e
y~Xx
y £ L.=L
e Q 7‘,2—’ A, Lir2
ot
0

0 0.5
GGZ(QMI'C '(c = '(
O\U’{l'vc ’{C A 4

-6/2

D/L(

1.0 1.5
‘ L2 (hikA )M

2.0

Efficiency of straight fins (rectangular, triangular, and parabolic profiles).
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80

20

N

%{Mﬂ“ f«‘./)

u mﬁam Crass _Sa:é'cm Arén

2.0

L2 (hikA )"

Efficiency of annular fins of rectangular profile.
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100
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Temperature distribution and heat loss for fins of uniform cross section

Tip Condition Temperature Fin Heat
Case (x=1L) Distribution 0/6, Transfer Rate ¢
A Convection heat cosh m(L — x) + (h/mk) sinh m(L — x) sinh mL + (h/mk) cosh mL
transfer:

h(L) = —kd6ldx.,_, cosh mL + (h/mk) sinh mL

cosh mL + (h/mk) sinh mL

M tanh mL qf Enf Gmax = T’f hAf ob

B Adiabatic: coshm(L — x)
dfldx .-, = 0 cosh mL

D Infinite fin (L — %0): o M
6(L) =0

0=T-T, m® = hPIkA,

0,=060)=T,—T, M= V\VhPkAS,

0.5 1.0 1.5 2.0 25
% kA,) 12

n, (%)

0 0.5 1.0 1.5 2.0 2.5
22(hikA )2



1. A very long copper rod (k=372 2’2?r_n=_rp in diameter has one end maintained at 90°C. The rod is exposed to
a quia'Vv_%“sé’t\‘/empeFaWu/re is 40°C and h=3.5W/m 2 .K. How much heat is lost by the rod? Also calculate the fin

efficiency and effectiveness.
B l:ﬂcj
I

Cose D) 3
o

- [Pk (T, -To)

P=Td = T % 0022 = 0.069 m

—

A = :r—: olz =Eu «0.022% = 0.00038 m’
QJ%Saoob‘H»'s?l;ooooBS (9o ~ko)

= 725 W

T e R

~\

= 90°C

_

///

/

¢ ¢

)

L—eo, D

L]f:J)’72W/mK

=22mm

_40°C
= 3. 5W/m K

Temperature distribution and heat loss for fins of uniform cross section

Tip Condition Temperature Fin Heat
Case (x=1L) Distribution 0/0, Transfer Rate ¢
A Convection heat

transfer:

cosh m(L — x) + (h/mk) sinh m(L — x)

cosh mL + (h/mk) sinh mL

o sinh mL + (h/mk) cosh mL
™ cosh mL + (h/mk) sinh mL

B

Adiabatic:

coshm(L — x)
cosh mL

M tanh mL

-0
@ Infinite fin (L —

> ):

nx

e

( M

(V)

0,

=TT,
=00)=T,-T,

m* = hPlkA,
M = V hPkA 0,
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E" <icalof-
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Ac,b h ('rh"T;)

9.245

T—'*Li 00222 3.5 (qo'l"o)

139

e

/

6 ¢

=372 W/mK
L—eco, D =22mm

Air

T, =40°C
h = 3.5 W/m2-K



4. One end of a circular poker is places in a fire. The poker is made of steel (k=55W/m.K)

and it has a diameter of 10mm. The end of the poker in the fire is 350°C, the air around
the poker is at 80°C with h=25 W/m 2 K. If the length of the poker between the fire and

the handle is 0.6m long, calculate the temperature of the handle of the poker

o Calculale he lempz’mlure ol the madle of the poker

Cose N 3 6 _ Coshm(l-2) + (himK)Sichm (L -X)
S coshmbs 4 (himk) Sichmb

hP

—
- —

KA.
P:‘TTC! = Waool =o0-03km

Air
T, =80°C

/ / / h = 25 W/m2K

qCOﬂV

A

L.=0.6m

-

D =10mm

T

Temperature distribution and heat loss for fins of uniform cross section

“T d 2 'Tr 2 2 rlu C d. ° .l- » l‘" H -
L =L o-of - 0.0000 F85 m ip Condition emperature in Heat
qc [ L s N Case (x=1L) Distribution 0/0, Transfer Rate ¢
A l(r‘(::\lL ilion heat cosh m(L — x) + (h/mk) sinh m(L. — x) sinh mL 4+ (h/mk) cosh mL
ansicr: l .
m = 25 + 0-03 Il 3 nglr m-{ © cosh mL + (h/mk) sinh mL cosh mL + (h/mk) sinh mL
'J 55 ¢ 0-0000 ¥85 ' o
B Adiabatic: coshm(L — x)
T — M tanh mL
O cosh mL
D Infinite fin (L — =): e ™ M
O0=mT—T, m* = hPlkA,
0,=600)=T,—-T, M = \V hPkA 8,




Air
6 _ Coshm(lL-%) + (himK)Sichm(L-x)

B toshm s 4 (himk) SichmbL // T;;, =<;Z_°$w 2K
/ — m .
T xel 9conv
Tb = 90°C /
\—6 - L
T - T : Y
TG i 3 o) D =10mm
Ry P cosh (134ghs 0-6) + | S ) <inh (13.48L4 «0.5) : L;k: 55 W/mK AC/ T
[.=0.6m
= 0.000593%

=

Bo-16C



3. Two copper rods A & B (380W/m.K) having 10mm diameter and length of L A =150mm and L B =300mm The rods are
to be soldered together end to end with soldering material having melting point at 650°C. The two rods are exposed to
ambient temperature T e =25°C and h=10 W/m 2 .K. Neglecting the heat transfer from rod tips,

Calculate: i-the minimum power input needed to affect the solder in watt.

Air
ii-The temperature at the free ends of the both rods. /
— =gie}
T, =650 °C / s
g / h =10 W/m=K
o The mMNINUM  (Dower :'npu[ nze(fec/
: — L =150mm —] { = |
Rod A T B- q . Mtanh mL | | LB 300mm |
f 5 [a’ =10mm
h
m = —_— -, ~
M = [RpKA(T,-T.) L ~. —
—— K=380 W/mk
P=Td -TM.o00f =003 m s g - 2 . : .
emperature distribution and heat loss for fins of uniform cross section
I'emyj 1 but 11 loss for | f unif
> 2 Tip Condition Temperature Fin Heat
Ac = ._{'L d2 .= % vool T 0000785 m Case (x=1L) . Distribution 6/0, ‘ Transfer Rate ¢
A l(‘.onf'rc‘cfion heat cosh m(L — x) + (hW/mk) sinh m(L — x) M sinh mL + (h/mk) cosh mL
M = % 0.0314 « .0000 135 = rsier cosh mL + (h/mk) sinh mL ™ coshmL + (h/mk) sinh mL
1HO 3 B0 « 0-00 b5 - 25
B Adiabatic: cosh m(L — x) o
= AO. W e M tanh mL
60483 i
D Infinite fin (L — =): e M
P {o+0.0314 >
* 0-0000F35 O=T-T, m* = hPIKA,
0,=00)=T,-T, M=V\hPkAS,




q = 60438 tanh (3.24l  0.15) = 23 W
fa

Rod B3 s q

Air
. / T.=25°C
Case 1y C]f = Mtanh mL T,=650°C / / h =10 W/im?K
; s |
M= [RPKR(R-T) ™ RE — Ly~ 1o0mm Ly=500mm |
[a’:JOmm
« &o-482 dach (3.24k ¢0.3) =-LEIT M —
3&3 422 (3.244 « 0.3) L45.3 K390 Wik
minimum power ioput = 9+
Tl
% AL LenT

"

F2.6T H



o TThe temperalure ot the frez ends

Air
o —_— —
b h =10 W/m?K
M- Te ( —L,=150mm — L =300mm |
T~ Cosh(3.24 «015) [d —]0mm
Ty = 5827% K=380 W/mk
Temperature distribution and heat loss for fins of uniform cross section
QOJ B s ”COSC B‘ _e__ - COSh m( L- 1) Tip Condition Temperature Fin Heat
eb Cosh mbL Case (x=1L) Distribution 0/6, Transfer Rate ¢
A f_‘on?/fc cfion heat cosh m(L — x) + (h/mk) sinh m(L — x) sinh mL + (h/mk) cosh mL
ransier: cosh mL + (h/mk) sinh mL cosh mL + (h/mk) sinh mL
s
_':B___"_ = ! B Adiabatic: coshm(L — x) St
T -k Cosh(3.244 « 0-3) e ~coshmL ‘
D Infinite fin (L — =): e™ M
L)
= 2 S .
'T;oB L'38 3 O0=T—-T, m*- = hP[kA,




5. A very long pin fin of 5mm diameter has a base temperature of T b =200 o C. The pin surrounding surface
is exposed to air at T o= =25 o C with h=100 W/m 2 .K. Calculate the heat loss through the fin and the fin
effectiveness. Also estimate how long the fin must have to be making assumption of “Very Long Fin yields

to accurate estimation for heat loss
calculation. Take for fin material k=335 W/m.K.

N CalCu(af& {h'_ hcaf loss U)mu:jh {he f-’n
Case O (} - M = ‘hpk[\(_ (Tb -To)
[
D= d = TMeo0005 - 0.015Tm

Ac = —.TT-T dz = 1-: 40-005;z = O-OOOOWIJ n’)2
¥

g :Jloo v 0.0157 « 335 « 0.0000l% (200-125)
f

= {797 H

™\

/ Ai
T, =200°C '// g

o/

R

)

L k=335W/mK
L—eo, D= 45 mm

r
. =25°C
1 =100 W/m?-K

Temperature distribution and heat loss for fins of uniform cross section

Tip Condition

Case (x=1L)
A Convection heat
transfer:

Temperature
Distribution 0/0,

cosh m(L — x) + (hW/mk) sinh m(L — x)

cosh mL + (h/mk) sinh mL

™ cosh mL + (h/mk) sinh mL

Fin Heat
Transfer Rate ¢

sinh mL + (h/mk) cosh mL

B Adiabatic:

coshm(L — x)

- M tanh mL
0 cosh mL
D Infinite fin (L — =): e ™ M
0=T—-T, m* = hPlkA,

0,=00)=T,-T, M=V\hPkAS,




e The Tin ellecliveness

&

E;"—‘——'

q\(lo f

CI = A, h(T-T.)

lof

% * ().Q()S2 + {oo ( 200-25)

0.34346 W

&

E;"—‘_—'

q"\(Io f

17.77
03136

51{.¥

Air
o // Tw =25 OC
Ty =200°C / h = 100W/m>3-K
= TR
L!f=33é§'W/mK
L—eco, D= 5 mm



. E,s{inmfc hom lonrj the fin musf have o be rfnk,‘ntj o‘.wmplim oi

Nery lorvj [in tjlcus lo accurale  eslimalion [or heal loss

Air
"\ %
7, =200°C J T.=25C

y = o0.9999q " ; h = 100 W/m?2-K
! adiablic ¢ My, 00g, b
radiabalic Lip -/ d ?
L k=335WimK
- . M
M  tanh m LC" o- 99999 / L—eco, D= 5 mm
Temperature distribution and heat loss for fins of uniform cross section
L . 5 Tip Condition Temperature Fin Heat
eff e Case (x=L) Distribution /0, Transfer Rate ¢
A l(;::vt% cfion heat cosh m(L — x) + (h/mk) sinh m(L — x) M sinh mL + (h/mk) cosh mL
St cosh mL + (h/mk) sinh mL cosh mL + (h/mk) sinh mL
— hP {00 ¥ 0-0157 = [6.b% wi 5 Attt S =D
“1"vax - - ' 1abatic: coshm(L — x
O :
D Infinite fin (L — =): e ™ M
5 -_—
L‘efr = 15.44 = B-343m 0=T-T, m* = hPIkA,




7. In an arrangement for measuring the thermal conductivity of solid material, a very long rod having diameter of 25mm
is introduced inside a furnace such that half of it was inside the furnace, while the other half extended horizontally in
ambient air at T e =25°C with h=10W/m 2 .K. By measuring the temperature at two points on the rod, the temperature
was found to be 150°C and 95°C, respectively while the two points are at a distance of 75mm from each other. Find the

thermal conductivity of the rod material.

—20 °C
° rl'ncl ”\f. U)U‘nu[ ClJﬂc/uc [:'w'/tj O[ the rocl rfnlerio[ = 10 W/m K //
o e—mi /
Cose O 3 T -
S ° T,=150°C Ty=95°C
hP /
b X AX=75mm —|
KA s - 2 ¢
P =Td = Myo0028 = 0.0735 m L
k
L—oo, D =25mm
m 2 T 2 2 /'/ 25
ACg 'T.; d = T* ‘0-025 = O-OOOI-{q m
Temperature distribution and heat loss for fins of uniform cross section
5 Tip Condition Temperature Fin Heat
m = J {O#* 0-0%3 Case (x=1L) Distribution 6/0, Transfer Rate ¢
0-00049 K |
D Infinite fin (L — =): e™ M
—0-5 b
= Lo-o 255 K 0=T-T, m* = hP[KA,
‘ 0,=000)=T,-T, M=V\hPkAS,




Jor node @ f50i= 25| | L/ s
=/
q5 - 25 -m(x+o-o¥5)
Tor node @ 5 = €
b
125 fo

Yrom node® ond @

125) | |1 il
To 1 2 ™ (X+0-075)
{25 ! eo.oime
fo
£, 125
Fo
% |
K =268 =

-mX

—
—

c-m(kro-oFS )

-m% 3 m(A+0.0¥5)
g

- 00fSm = 0.075 + L4o-0255 K

4g‘16 ‘qu;O'FS
|50 =25 b
/ - |4 :/
VV\:
-29°C
= 10 W/m?K '/’/
T;=150°C 95°C

/:

X—  AX=75mm
o

Lig 3
— —00, D =25mm
Temperature distril)utim}ﬁd hm\uf uniform cross section

Tip Condition Temperature Fin Heat
Case (x=1L) Distribution 0/0, Transfer Rate ¢
D Infinite fin (L — ): \ e™ / M
O0=T-T., m* = hPJKA, \/

0,=00)=T,-T, M=V\NhPkAS#,







Conduction Heat Transfer from Extended Surfaces [Fins]
Section No. 4




@ Sfroiﬂhi f;n

tanh mLe

?C= m L
' t
Lol oo d

N Circle %

tanhm L, _ tanh mL

. M Sichml + (himK) Coshm L, "
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9. If it is proposed to air-cool the cylinder wall of a combustion chamber by adding an Cylinder wall
aluminium casing with 30 annular fins of k= 215 W/m.K, to the cylinder wall of T 1

Aluminum casing
17T1 Tb

k=50W/m.K, as shown in the figure. The cold air is at 45°C with h=150 W/m”.K and the l
heat transfer rate from the inner cylinder wall and the casing is Q"— 7.5 kW. If the \A/\/\/‘\: 1
contact resistance between the cylinder wall and the casing is 10 m’ k/W, draw the ' — |__t=2mm
temperature distribution and the thermal resistance for the configuration and calculate: — , 115 —4mm
1- The fin efficiency nrand total efficiency . g’ —> , ¥
1i- The temperature of the inner and outer cylinder wall (T; & T,) and the fin base —_— , '
temperature (Tp). , ) T T T
iti- The fins effectiveness, € (Fin Heat Ratio FHR). | o~~~ I |
/. —r; = 54 mm —>| T_, h
i. Gleulide 1 and 2, MG | ;

L2(hikA )2



Cylinder wall Aluminum casing
g, = e Rele gy | ﬁ ;
Ap=(We —T0)e2 4 aTr t 1] ==y 2mm
= 2T ( 0.09%*_ 0.046%) + A% 0.09b «0.002 = 0.0342 Mm? — | I §=4mm
q; —>» I IT
-~ [ :
he = Ruee + Ac N, . 1
= 2“\’1“ - Nc 21Tr1t +AC Nc :—;/\':-m/:' |
= A My o0.0bb « 30« 000h —30+ AT 420066 % 0002 4 0.034A ¥ 30 i._rir_1=6o mm ——» Ter b
= 1.075% m? [ r,=66 mm
[¢—r,=98 mm-— >
(l = + i‘_ﬂ( FE-~ l) =0 ?81 \_\-.3040-005 T ‘\:T:
i 1.0795% =°.‘%m N\‘T
b
i) the h""l’ o innec ond outer c.dmalcr wall ond T, &1}
by
p = bl‘o/r. = ‘b‘ o = o0-001%43 K/\J \»Tv
"ﬂ 21T|-| Ke 1Mo 19 450
- _ (ot
QCM'} = E.‘ﬁ- = bk = {ok = o.coll¥yL k/u T‘W\vl —A _*
A, 21 H AW« o-0bvo-2 R‘B‘ Ru Re
array
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Q = Ti - Tw e ' | o=4m
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= -ri -T° —~ T l l T T T
- T = 1Al. y !
1 ch\ N Al.3 ¢ ;=54 mm —»| T h
Q. To-T le——r, =60 mm——» =
= b= le T - ° r, =66 mm
TR g > Yp=lohbT e———r, = 98 mm- .
To -
ie) [—ins e[[u“iveness b '\‘F
1\-Tb
£F= l“— 3 = A h \
T 9, = 1 Achy= oFFao-03h2 « 150 Ciok-b-45) T
= 234, U \'Tv
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+
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8.An air heater consists of a steel tube (k= 20 W/m.K), with inner and outer radii are r1=13mm and r2=16mm, respectively
and the eight longitudinal fins each of thickness t= 3mm as shown in the figure. The fins extend to concentric tube, which is
of radius r3= 40mm and insulated on the outer surface. Water at temperature of Tee=90°C flows through the inner tube
while air at Tee2= 25°C flows through the annular space formed by the larger concentric tube. If hi= 5000W/m?2 .K for water
and ho= 200 W/m?2 .K for air, what is the heat transfer rate per unit length? Also calculate the percentage increases in heat
transfer rate due to the addition these fins. -

a l"bill &mnS[ﬁr rafa
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.Z =1+ %ﬁ (0-49-1) = 057k
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11. A brass slab is 20mm thick (k=110 W/m.K) has gases on one side T1= 500°C with h1= 15W/m2 .K, while a liquid flows
on the other side which T2= 40°C with h2=2000W/m?2 .K. Calculate the rate of heat transfer from the gases to the liquid
through the bare slab. It is advised to add brass fins of 1 mm thick, 10 mm long and 10 mm apart on centers to increase
the heat transfer rate from gases to liquid. By consider the heat from fin tips, determine where better to add these fins
(on gases side or on liquid side)? And calculate the percent increase in the heat transfer rate for the better case chosen.
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koo - L{O = 5830 V\f/ml
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