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Problem Statement
Considerparticipatingradiationin a three-dimensionalcuboidalbox of sideL, asshown in Figure1. The walls aregray-
diffuseandopaque;eachhasa known temperatureTwi asshown. Theemissivity of all walls is thesame,ε � 0 � 8. Thebox
containsa grayparticipatinggaswith a known (constant)absorptioncoefficient κ . Thereis no scattering.Thetemperature
of thegasis known atTgas. Theobjectiveof theprojectis to computethenetradiantheattransferratefrom eachwall usinga
ray tracingscheme.Theproblemshouldbedonenumericallyby writing a computercode.Thedifferentstepsyou will need
to take aredescribedbelow.
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Figure1: Box GeometryandBoundaryConditions

Calculation Procedure

1. Surface Spatial Discretization
Divideeachof thesurfacesE,W, N, S,T, B into a5 � 5 grid (∆x � ∆y � ∆z � 0 � 4m). Placeagrid pointat thecentroidof
each“control surface”.Theobjective is to computetheheatflux ateachsurfacegrid point. Theheatflux is considered
constantover theassociatedcontrolsurface.

2. Surface Angular Discretization
Considera hemisphereassociatedwith eachgrid point, spanninga solid angleof 2π . Justaswe discretizespaceinto
controlvolumes,let usdiscretizethehemisphereinto controlangles.A typicaldiscretizationNθ

� Nφ for thesouth(S)
surfaceis shown in Figure2; hereNθ is thenumberof controlanglesin theθ directionandNφ is thenumberof control
anglesin theφ direction.ChooseNθ =2 andNφ

� 8. Thus,thecontrolangleextentsare:

∆θ � π
�
2

Nθ
; ∆φ � 2π

Nφ
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Figure2: AngularDiscretization

Thereareatotalof 16controlanglespersurfacegrid point. Thusfor thesouth(S)surface,youwouldhaveatotalof 25
grid pointswith 16controlanglespergrid point. Youwouldhaveasimilardiscretizationfor eachof theothersurfaces
E,W, N, T, B. Theincomingray directions for thesouthsurfaceis givenby

s ����� sinθ sinφ i � cosθ j � sinθ cosφk 	 (1)

Similarequationsmaybewritten for thesurfacesE,W,N, T andB.

3. Computing Incoming Intensity
For a graymediumwith noscattering,theradiative transferequation(RTE) in a raydirections is givenby

d
ds

I � s 	 � κIb
� κI (2)

Here,

Ib
� n2σT 4

gas

π
is aknown constantalongtheray path.You mayassumen=1. IntegratingEquation2 alongs, wehave

I � I � 0	 e 
 κ l � Ib
� 1 � e 
 κ l 	 (3)

Here,I is theintensityassociatedwith theincomingray, I(0) is theintensityat thewall from which theray originates,
andl is thepathlengthin thegas.Ib is theblackbodyintensityassociatedwith thegastemperatureTgas. Thus,thereare
Nθ
� Nφ incomingraysat any grid point,eachassociatedwith a differentstartingintensitydependingon which wall it

originatesfrom, andhow far it hastravelledin thegas.

4. Updating Boundary Outgoing Intensity
Becausethe wall is gray-diffuseandopaque,the radiosityassociatedwith all outgoingdirectionsis the same,andis
givenby

J � εn2σT 4
wi � � 1 � ε 	 qincoming

where

qincoming
���

s  n � 0
I � s 	�� s � n � dΩ
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Theintensityfor all outgoingdirectionsmaybefoundfrom

I � s 	 � J
π

for s � n � 0 (4)

In this numericalimplementation,theincomingenergy qincoming is foundby numericalintegration:

qincoming � � ∑
i � incomingdirections

Ii
� si 	 si � nsinθi∆θ∆φ (5)

Thenegativesignaccountsfor thefactthatsi � n � 0.

5. Iteration
Theoverallprocedureconsistsof thefollowing:

(a) Guesstheintensityfor outgoingdirectionsfor eachsurface.Typically I � εn2σT 4
wi

�
π is agoodguess.

(b) Go to eachgrid point, andtracerays“backwards”. Find theenclosuresurfaceintersectedby eachray, andfind
thestartingintensityfor theray I(0). Find l, thelengthtraveledin thegas.

(c) Find theincomingintensityin ray eachdirectionto thesurfacegrid point usingEquation3.

(d) Find theincomingenergy qincoming ateachsurfacegrid point usingEquation5.

(e) HenceupdatetheoutgoingintensityusingEquation4.

(f) Repeatuntil theoutgoingintensitystabilizesat eachsurface.

6. Computing Net Wall Heat Flux
Oncetheiterationhasconverged,find thenetheatflux (outgoing-incoming)ateachgrid point from:

q � ∑
i � all directions

Ii
� si 	 si � nsinθi∆θ∆φ

Calculations Required

1. Makecalculationsfor four opticalthicknessesκL =0, 0.1,1, and10.

2. Tabulatetheheattransferratefrom eachwall asa functionof theopticalthicknessκL.

3. For eachoptical thickness,determinethe radiative heatbalancefor the enclosure.Would you expect the wall heat
transferratesto balance?

If youwish,youmaycomparetheresultsfor κL � 0 with surface-to-surfaceenclosurecalculationsusingthecodeyouwrote
for Assignment7.
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