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1. (a) Thesurfacesarenumberedasshown in Figure1. UsingHottel’s crossstrings,we find therelevantview factors
as

F11
� 0

F12
� F14

� 1
2L

�
2L � � 0 ��� 2L � � 0 � 293

F14
� 1 � 2F12

� 0 � 414

Theotherview factorscanbededucedby symmetry.

(b) Theequationsgoverningthesurfaceradiositiescanbewrittenas:

εi � Ebi � Ji 	 � �
1 � εi � 4

∑
j 
 1

Fi j � Ji � J j � for surfaceswith T given (1)

qi
� 4

∑
j 
 1

Fi j � Ji � J j � for surfaceswith qi given (2)

Solvingthefour equationssimultaneouslyfor theJi’s yields

J1
� 7 � 5787 
 105 W � m2

J2
� 3544W � m2

J3
� 1 � 295 
 105 W � m2

J4
� 3 � 6138 
 105 W � m2

For surfaceswith temperaturesgiven,theheatfluxesarecomputedfrom Equation2 oncetheJi’s areknown. For
surfaceswith givenqi, Ebi is computedfrom Equation1 andthetemperaturecomputedfrom it. Thus

q1
� 5 � 9733 
 105 W � m2

q2
� � 4 � 0606 
 105 W � m2

q3
� � 2 � 9128 
 105 W � m2

q4
� 105 W � m2

Heatbalanceis satisfied.Further,

T1
� 2000K

T2
� 500K

T3
� 1000K

T4
� 1689K
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Figure1: Domainfor Problem1

2. For this problem,Eb1 is no longerknown. Theheatflux leaving surface1 is givenby:

q1
� ε1

1 � ε1
� σT 4

s1 � J1 	 (3)

� � k

�
Ts1 � Ts2 �

d
(4)

It ispossibleto guessTs1, solvetheenclosureproblemasabove,find q1 fromEquation3andupdateTs1 usingEquation4,
iteratinguntil convergence.Thisproceduremayrequiresomeunder-relaxation,dependingonhow youstart,i.e, instead
of applyingtheentireq1 to Equation4, anunderrelaxedvalueisapplied:

q1 � �
1 � αu � q �1 � αuq1

whereq � is thepreviousiterateandαu is anunder-relaxationcoefficientbetweenzeroandone.

A betterwayof updatingthesurfacetemperatureTs1 is to linearizeq1:

q1
� q �1 � ∂q1

∂Ts1
� Ts1 � T �s1 	� ε1

1 � ε1

�
E �b1 � J1 ��� 4σT � 3s1 � Ts1 � T �s1 	� A � BTs1 (5)

Substitutingthis linearizedexpressioninto Equation4 yieldsaniterativeequationfor Ts1:

Ts1
� k

d Ts2 � A� B � k
d 	

Thisequationis non-linearin Ts1; thenon-linearitiesarehiddenin theA andB terms.(Noticehow linearizationcauses
thenon-linearradiativeboundaryconditionon thesolid to appeatlikea convectivebounarycondition).Thus,iteration
is still required.Typically, convergenceis obtainedeasilyandwithin 10 iterationsor lessif you startwith thesolution
of Problem1.Thecomputedradiosities,temperaturesandheatfluxesaregivenby:

J1
� 6 � 246 
 105 W � m2

J2
� 3544W � m2

J3
� 1 � 1597 
 105 W � m2

J4
� 3 � 1838 
 105 W � m2
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q1
� 4 � 8227 
 105 W � m2

q2
� � 3 � 4524 
 105 W � m2

q3
� � 2 � 3704 
 105 W � m2

q4
� 105 W � m2

Heatbalanceis satisfied.Further,

T1
� 1904K

T2
� 500K

T3
� 1000K

T4
� 1648K

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

qe � qw � qs � qn
� 0

ke∆y
∆x

�
TE � TP ��� kw∆y

∆x

�
TW � TP ��� kn∆x

0 � 5∆y

�
TN � TP ��� ks∆x

∆y

�
TS � TP � � 0

If theTN ’swereknown for all thenorthsurfaces,it wouldbeatrivial matterto solvefor thediscretesolid temperatures.
However, in theabove equation,TN is unknown, anddiffers from control surfaceto controlsurfacebecausetheview
factorfor eachcontrolsurfaceto theenclosureis different.If we wantto solve this problemmulti-dimensionally, each
of theinterfacecontrolsurfacesof thesolidwouldbeasurfacein theenclosurecalculation,andwouldhaveits radiosity
andheatflux foundthroughtheenclosurecalculation.Theequationto updateTN is foundfrom a surfaceheatbalance
at thenorthsurface.Linearizingthetheheatflux for thesurfaceN usingEquation5 andequatingit to thenorthface
heattransferratewe get:

∆x
�
A � BTN � � kn∆x

0 � 5∆y

�
TP � TN � (6)

Thisconstitutestheiterativeequationfor TN . Everycontrolsurfaceonthenorthfaceof thesolidhasasimilarequation.
Theprocedurefor solvingthis multidimensionalproblemis similar to Problem2:

(a) Guessall TN ’s.

(b) Solve theenclosureproblem;theenclosurehassurfaces2,3,4asbefore,but surface1 now hasasmany surfaces
asthex-directionspatialdiscretizationof thesolid. ObtainJi’s.

(c) FindA, B for eachof thenorthfacesof thesolidat theinterface.

(d) UpdateTN for eachof the north facesusingEquation6, andthe centroidtemperaturesfor eachof the control
volumesin thesolid.

(e) Iteratebetweentheconductionandradiationproblemsuntil convergence.
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Figure2: Domainfor Problems2 and3
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