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Assignment No. 10

1. The outer surface of a spherical container of O.D. = 60 cm is maintained at 85°C while exposed to
quiescent air at 25°C. Neglecting radiation effects, what is the rate of heat transfer from the
container? To minimize burn hazard it is proposed to install a thin-walled spherical surface over
the container to create an intervening cavity, to be filled with air at atmospheric pressure.
Neglecting radiation effects, what should be the minimum diameter of the outer sphere to ensure
that its temperature does not exceed 45°C? What is the reduction in the rate of heat transfer from
the container resulting from installation of the outer spherical surface?

2. Fluid A, available at 10°C is to be heated in a one-shell-pass four-tube-pass exchanger, heat using
fluid B available at 180°C. When the mass flow rates of fluids A and B are m, and mj, the
respective outlet temperatures are, T, = 100°C and Tj,,,, = 125°C. To increase T, it is
proposed to double the mass flow rate of fluid B (2m;) while keeping the mass flow rate of fluid
A unchanged. If as a result of doubling the mass flow rate of fluid B the overall heat transfer
coefficient (U) in the exchanger increases by 20%, what is the new outlet temperature of fluid A.

3. Problem 11.60 a). Do not do part b).

Due Date: April 12, 2005 at 4:00 p.m. in the assignment box.
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PROBLEM 11.60

KNOWN: Dimensions, configuration and material of a single-pass, cross-flow heat exchanger. Inlet
conditions of inner and outer flow. Fouling factor of inner surface

FIND: (a) Percent fuel savings for prescrlbed conditions, (b) Effect of UA on air outlet temperature and
fuel savings.

. SCHEMATIC:

» : =1m/s
. Tube, k = 20 Wim-K,
”:h_1'05 kgls D, =80 mm, D-=55% &
/—mc=1.0 kgls | '
' - R —2x10'4m2K/W ONO) GIS 160
- = mm
h,o —14m N=80—0) @ ®- -

Te,i=300K fe—{ S = 120 mm

ASSUMPTIONS: (1) Negligible heat loss to surroundings and potential and kinetic energy changes, (2) ) Nole: Foc confionH

Th,i = 1400 K

TC, (o}

Air properties are those of atmospheric air at 300 K, (3) Gas properties are those of atmospheric air at 15 vk Qvey e
1400 K, (4) Tube wall temperature may be approximated’ as 800 K for treating variable property effects. | Nrowa 3 ave not
gy . Studeuts oy

PROPERTIES Table A.4, Air (1 atm, T = 300 K) v=135. 89 x 105 m /s cp =1007 J/kgK k =0.0263
W/mK, Pr= 0707 (T = 1400 K): p 530 x 107 kg/sm cp—1207 I/kgK k 0091 W/mK Pr=
0.703; (T =800 K) k=370 x 107 kg/sm Pr-0709 : :

ANALYSIS: (a) Wlth capacrty rates of Cc mccp c =1 kg/s X 1007 J/kg K= 1007 W/K Chin and Cy
= mhcp h = 1 05 kg/s X 1207 J/kg K = 1267 W/K Cmax, Cmm/Cmax = 0 795 The overall coefﬁ01ent is |

8 bug, as NN gL

: . R . o
1 B R f1+ln(D0/D) 1_

UA  hiA; (27z:kL)N oA
‘For flow through a smgle tube,
Rep = diiy ax 05ke/s - =5733. o Shuelents may lehvetﬂxm
; NﬂDlu 807:(0 055m)530><10 kg/s m Gliwsk"s conplaiton
| ' Mg = (6R) (%ep-1000\Pr
Assuming fully developed turbulent flow throughout and using the Sreder Tate conelatlon Lo Fe 74/ ) (7 )
- ¥ =

Nup =0.027 Refy prl/3 (/) =0. 027(5733)*'° (0.703)! /3 (530/370)0 142256 wnae £ o maool

Ples ¥ g :
= 55m=424W e by
h; NuDk/D 256(0091W/mK)/00 m‘ /m K ) {:@MM%—M\-Z

For flow over the tube bank " i DR

[ST/(ST DO)] [Ol2m/(012-—008)m]1m/s:=3m/s
VmaxD 3m/s (0 08m)
v 1589><10 m/

ReD iy = =15, 100

From the Zhukauskas correlatlon for a: tube bank = Uole T cowe\at-o'n "V\t"“{"> Aok Nt>/ 1 (eﬁ V= 20, N 4)
1/4 Bl e Couslaws 0.9 owl 0.27 COw

NuD -0.27(15, 100)063 (0707)036 (0707/0709) =123 Low Table 7.7, gy 060, v eqpankin
1

hy =Nup (k/Do)—IOZ 3(0.0263W/m K)/0.08m = 33. 6W/ m2 K, Ges a constion fretor o 1o we clelom.-

e &ow tabto 7.8
Hence, based on the inner surface, the overall coefficient is ,
' Contmued
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Nup = G%b ax whoh -,&. a“ﬂ-oa(ow Cq
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PROBLEM 11.60 (Cont.)

L=i+R'. D; ln(Do/D)

U; b x D h |

1 0.0551n (0.08/0.055). . 0. <

L _[0.0236+0.0002 + 205510 (008/0.055) . 0.055 m? K/W
U, 40 0.08x33.6

U = (o 0236 +0.0002+0.0005 +0.0246 ) m> K/W] =223W/m% K.

Hence, (UA), = U;NzD;L =223 W/ m*- K x807 (0.055m)1.4m =432 W/K . The number of transfer

units is then NTU = UA/Cy,, = 432 W/K/1007 W/K = 0.429, and with Cpixea/Cunmixed = Ce/Ch = Crrin/Conax =
0.795, Fig. 11.19 yields & = 0.3 or, from Eq. 11.35 a, T Note, g & a wisleke (u e texdowK | slalewts

e=1- exp( ;1 {1-exp[-C, - NTU]}) 0305. ey ve - (%) (Fed-G [1- ep(3] E)
Hence, with .' ‘
amax =Canin (T - c,).1007W/K(1100K) 111x105W

9= Eamax =0.305X1. 11x108W = 337,800W
Teo = Tej +q/cmm -300K+(337 800W/1007W/K) 635K

Hence

% fuel savings = FS = (AT, /IOK X1% = 335K/10K)x1% = 33 5%
) Usmg the Heat Exchangers Toolpad of HT to perform 1 the parametrlc calculations, the followmg

P

results are obtained. NG- ‘?\E QU‘(R"(D
750 - 5
g 700 Ny : ‘ i V <
’§- / - ‘ge , e » - /
g B R R Rl A |
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P4 / ] . /
550 e 25 4—— - i ;
300 350 . 400 450 500 550 600 300 . 350 400 . 450 500 650 © 600

Convection parameter, UAGW/K) R T ?Co’m)'ec‘tion parameier;" UA(W/K)

Slgmﬁcant benefits are derived by i mcreasmg UA with values of Tc 0o=716 K and FS 41.6% obtamed
for UA = 600 W/K. The major contributions to the total resistance are made by the inner and outer
convection resistances. These contributions could be reduced by usmg extended surfaces ‘on both the
inner and outer surfaces.

COMMENTS: For part (a), propertles of the flue gas should be evaluated at (Thl + Ty 0)/2 and the
calculations repeated. The Colburn equation ylelds :

which, is 19% less than the result» of the Sleder-Tate correlation. - A




