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1. (20 fltait!) A finned-tube, cross-flow heat exchanger (both fluids unmixed) is to use the exhaust of 

a gas turbine to heat pressurized water. Laboratory measurement is performed on a prototype 

version of the exchanger, which has a surface area of 10 m2, to determine the overall heat transfer 

coefficient as a function of operating conditions. Given 

• Exhaust gas: The  = 2 kg/s ,Tejniet  = 325°C and cm, = 1040 J/(kg.° C) 

• Water: Th, = 0.5 kg /s, inlet = 25°C - 25°C Tw,outlet = 150°C and cp,,, = 4203 J/(kg.° C). 

What is the overall heat transfer coefficient of the heat exchanger? 
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2. (20 fr., 	11-)vata-amt-11,41,un -i1,vm-aiij@urivi@l7Tn@-IFTE.Jvid@mtu-run-ivi-ilqvia-ivnmU n15NSrtY-1 

vi-ilg-a€vtl-ilvTlcnLifiltll'tgna.vi@vr,,aium-ra.ima-in@nn-wim.AviaaEjnnucu@nvi@ 

yluihino-rilLvuu stagger vooLifuei-uctilAna-krtiolvi@oihriu 16.4 ilaS6IN17 Te,otvi-mr,ov -ilvie@G1'1L66tiaJ'1`a 

(longitudinal pitch, SL) Lyilriu 20.5 27.,asaim 	 (transverse pitch, ST) 

20.5 ilasaim aa.11.6.6-1@julAijiluur - viamln5tu@nnalAIAlmlifiLvi-ifit 70°C qt1.11i1,1,1n6otm2 -aA2@l@in-wiii 

15°C t,ot 6 m/s vriaA'Niu (F),alavanalannwiaTtlictmesimnOivi@II,IthtLiiviiippmileuN 

lkik14-u-guj-i) 
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• hthtFIV1i11-151N1FIT1Li'MATU@'1111?1 (air-side heat transfer coefficient) 

• 6m-In-ifinuma-anLi'auel-rviunLvi@  

g•  Ylllan M kJ n*. vi@  

3. (20 fitinal) In a solar flat plate collector, the plate is of size 1 m x 1 m (W and H) and is at a 

temperature of 140°C. The glass cover is at a distance of 8 cm from the collector surface and its 

temperature is 40°C. Space in between contains air at 1 atm. If the collector plate is inclined to 

the horizontal at 0 = 20 degree, determine the heat transfer coefficient between the two plates. 

The heat flux (q) through the flat plate is defined by q = h(T1  — T2) where h is the heat transfer 

coefficient; T1  and T2 are the temperature of heated and cooled surfaces, respectively. 

The dimension of flat plate collector: W = width, H= height and L= air gap length. 
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4. (20 Mail!) A long 10-cm diameter steam pipe whose external surface temperature is 110°C 

passes through some open area that is not protected against the winds as shown in the figure. 

Determine the rate of heat loss from the pipe per unit of its length when the air is at 1 atm 

pressure and 10°C and the wind is blowing across the pipe at a velocity of 8 m/s. 

S. (20 fit MAD am,51--malivaffi@.,Cluvionni.IPTIAgilIlLnao@olin.:1-19YoLvi -Ifit /20  (1.1.i6tlAri/1u /1@lfliY(91'blel) 

fnoWin'ml,viaLnuT-ituu6t11.1i'uhArifiLLA"--i 	 laminar slug flow 2211viaUTu 

IAIA'n6i1R--ymfrual'nLeil2 (uniform surface heat flux) Vl@OPT-11.1E1-17J@TVi@ 

v_Hnlqn.ivirgvuuualialvnaSirioTdiLvi-L,w,at,  

a T z) dT„(z) 
	= constant 

az 	dz 

al@ T, g a mean temperature t@n@Ava, r 	 z 	1711T2911aJLI:tnEJTM1V1@ 

@lviiv_linlqt-uvv-itiltiju9iaaIniultai@nali (fully developed temperature distribution) T (r) LL&L', Nusselt 

number NUD  q3liluiLPM 

NuD  = hD/k 

Si@ D 	Irtrolitosi-ra,yugnmmlvi@; D = 2r, ISJ@ r, 

3 



Hint:  Nusselt number cligncu'gul,M.1W1-1M1f4, IVICI6t1@&1-11r15tIVI-igivinViloEll,th'f0ilitiEy-laml dimensionless 

temperature a2.-',alinn5VIMI,MTvng-io@U1,1.ifj viscous-energy dissipation term 

Uniform heat flux 

uo 4 4 4, 4 4' 4' 4 4 4 4 4  uo r  
t-,- z --). 

-.). ( 	) 	) -*- 
T t t t + t t t t t t 

gniamti(lraingo 

T, 
K 

p, 
kg 

cP,  
J 

li) 
kg 

v, 
m2 

k, 
W 

a, 
m2 Pr 

m3  kg.° C m.s s m.K s 
100 3.6010 1026.6 0.6924x10 5  1.923x10 6  0.009246 0.02501x10 4  0.770 

150 2.3675 1009.9 1.0283x10 5  4.343x10 6  0.013735 0.05745x10 4  0.753 

200 1.7684 1006.1 1.3289x10 5  7.490x10 6  0.01809 0.10165x10 4  0.739 

250 1.4128 1005.3 1.488x10 5  9.49x10 6  0.02227 0.13161x10 4  0.722 

300 1.1774 1005.7 1.983x10 5  15.68x10 6  0.02624 0.22160x10
.4 

 0.708 

350 0.9980 1009.0 2.075x10 5  20.76x10 6  0.03003 0.2983x10 4  0.697 

400 0.8826 1014.0 2.286x105  25.90x10 6  0.03365 0.3760x10' 0.689 

450 0.7833 1020.7 2.484x10 5  28.86x10 6  0.03707 0.4222x10 4  0.683 

500 0.7048 1029.5 2.671x10 5  37.90x10 6  0.04038 0.5564x10 4  0.680 

Plrlig49.111M1,11 

T, 

"C 

P,  
kg 

c73, 
I 

v, 
m2 

k, 
W 

a, 
m2 Pr /3, 1/K 

m3  kg.° C s m.K s 
60 985.46 4184.3 0.478x10 6  0.651 1.554x10 7  3.02 0.517x10 2  

80 974.08 4196.4 0.364x10 6  0.668 1.636x10 7  2.22 0.653x10 2  

100 960.63 4216.1 0.294x10 6  0.680 1.680x10 7  1.74 0.75x102  

120 945.25 4250 0.247x106  0.685 1.708x10 7  1.446 0.858x102  

140 928.27 4283 0.214x106  0.684 1.724x107  1.241 0.970x10 2  

160 909.69 4342 0.190x10 6  0.680 1.729x10 7  1.099 1.145x10
.2 

 

180 889.03 4417 0.173x10 6  0.675 1.724x10 7  1.004 1.210x102  

200 866.76 4505 0.160x10 6  0.665 1.706x10 7  0.937 1.350x10 2  
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