ME 24-731
Conduction and Radiation Heat Transfer

Solutionto AssignmeniNo: 7
DueDate: May 2, 2000
Spring2000

Instructor:J. Murthy

1. (a) Thesurfacesarenumberedasshovn in Figurel. UsingHottel's crossstrings,we find the relevantview factors

as
Fu = O
F, = F14=2_1L(2|_—(0+ﬁ|_)=0.293
Fia = 1-2F,=0414

The otherview factorscanbe deducedy symmetry
(b) Theequationgjoverningthe surfaceradiositiescanbewritten as:

4
§(E;,—3) = (1-¢) leij (Ji —Jj) for surfaceswith T given (1)
J:

4
q = ;lFi i (Ji —Jj) for surfaceswith ¢, given (2)

Solvingthefour equationsimultaneouslyor the J;'s yields
J = 7.5787x10°W/n?
J, = 3544W/n?
J, = 1.295x 10°W/n?
J, = 3.6138x10°W/n?

For surfaceswith temperaturegiven,the heatfluxesarecomputedrom Equation2 oncethe J;'s areknown. For
surfaceswith giveng;, E; is computedrom Equationl andthetemperatureomputedrom it. Thus

9, = 5.9733x10°W/n?

9, = —4.0606x10°W/n?
9; = —29128x10°W/n?
q, = 10°0W/n?
Heatbalances satisfied.Further

T, = 2000K

T, = 500K

T; = 1000K

T, = 1689K
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Figure1: Domainfor Probleml

2. For this problem,E,; is nolongerknown. The heatflux leaving surfacel is givenby:

£
G = 7 _lgl (0Tq—3) 3)

(Ta —To)
—k% (4)

It is possibleto guessT,, solvetheenclosuregroblemasabove, find g, from Equation3andupdatel, usingEquatiord,
iteratinguntil corvergence.This proceduranayrequiresomeunderrelaxationdependingonhow youstart,i.e, instead
of applyingtheentireq, to Equation4, anunderrelaedvalueisapplied:

O, < (1- au)qi + 0uQ,
whereq* is the previousiterateand a,, is anunderrelaxationcoeficientbetweerzeroandone.
A betterway of updatingthe surfacetemperaturd, is to linearizeq;:

0q,

% = Gty (Ta-Ta)
& * * *
= ﬁ (Egy—Jp) +40T (Ty — Td1)
1
= A+BT, (®)
Substitutingthis linearizedexpressiorinto Equation4 yieldsaniterative equationfor T, :
k
_dle—A
(B+g)

This equationis non-linearin T ; thenon-linearitiesarehiddenin the A andB terms.(Notice how linearizationcauses
thenon-linearadiative boundaryconditionon the solid to appeatik e a convective bounarycondition). Thus,iteration
is still required.Typically, convergenceis obtainedeasilyandwithin 10 iterationsor lessif you startwith the solution
of Probleml.Thecomputedadiositiestemperatureandheatfluxesaregivenby:

J, = 6.246x 10°W/n?
J, = 3544W/n?

J, = 11597x 10°W/n?
J, = 3.1838x10°W/n?



q, = 4.8227x10°W/n?

0, = —3.4524x10°W/n?
03 = —2.3704x10°W/n?
a = 10°w/n?
Heatbalancds satisfied.Further

T, = 1904K

T, = 500K

T; = 1000K

T, = 1648K

. For this multidimensionalconduction/radiatioproblem. we may write the following heatbalancefor the discrete
controlvolume:

Get+Ow+0s+0n = O
kely kwly KnOAX ksAX B
Ax (Te—Tp) + Ax (Tw—Tp) + 05 Ay(TN Tp) + Ay (Ts—Tp) = O

If the T 'swereknown for all thenorthsurfacesjt would beatrivial matterto solve for thediscretesolid temperatures.
However, in the above equation,Ty, is unknowvn, anddiffersfrom control surfaceto control surfacebecausehe view
factorfor eachcontrol surfaceto theenclosuras different.If we wantto solve this problemmulti-dimensionallyeach
of theinterfacecontrolsurfacesf thesolidwould beasurfacein theenclosuresalculation andwould haveits radiosity
andheatflux foundthroughthe enclosurecalculation.The equationto updateTy is foundfrom a surfaceheatbalance
atthe north surface. Linearizingthe the heatflux for the surfaceN usingEquation5 andequatingit to the northface
heattransferatewe get:
AX

AX(A+BTy) = C|)<r15—Ay (To—Ty) (6)
This constitutesheiterative equatiorfor Ty,. Everycontrolsurfaceonthenorthfaceof thesolid hasasimilar equation.
Theprocedurdor solvingthis multidimensionaproblemis similar to Problem2:

(a) Guessall Ty's.

(b) Solwvetheenclosureroblem;the enclosurenassurfaces?,3,4asbefore,but surfacel now hasasmary surfaces
asthex-directionspatialdiscretizatiorof the solid. ObtainJ’s.

(c) Find A, B for eachof thenorthfacesof the solid at theinterface.

(d) UpdateT, for eachof the north facesusing Equation6, andthe centroidtemperaturegor eachof the control
volumesin thesolid.

(e) lteratebetweerthe conductionandradiationproblemsuntil convergence.
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Figure2: Domainfor Problems2 and3



