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Problem Statement

Considerparticipatingradiationin a three-dimensionatuboidalbox of sideL, asshovn in Figure1l. The walls aregray-

diffuseandopaquegeachhasa known temperaturdl,; asshavn. The emissvity of all walls is the same,¢ = 0.8. The box

containsa gray participatinggaswith a known (constantiabsorptioncoeficient k. Thereis no scattering.The temperature
of thegasis known at Tgas. Theobjective of the projectis to computethe netradiantheattransferatefrom eachwall usinga

ray tracingscheme The problemshouldbe donenumericallyby writing a computercode. The differentstepsyou will need
to take aredescribedelow.
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Figurel: Box GeometryandBoundaryConditions

Calculation Procedure

1. Surface Spatial Discretization
Divide eachof thesurfacesE,W, N, S, T, B into a5x5 grid (Ax = Ay = Az= 0.4m). Placeagrid pointatthecentroidof
each‘control surface”. The objectiveis to computethe heatflux at eachsurfacegrid point. The heatflux is considered
constanbvertheassociatedontrolsurface.

2. Surface Angular Discretization
Considera hemispherassociatedavith eachgrid point, spanninga solid angleof 27t. Justaswe discretizespaceinto
controlvolumes et usdiscretizethe hemispherénto controlangles A typical discretizatiorN, x N, for the south(S)
surfaceis shavn in Figure2; hereN, is thenumberof controlanglesn the 6 directionandN(p is thenumberof control
anglesin the @ direction. ChooseN,=2 and N, =8. Thus,the controlangleextentsare:
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Figure2: AngularDiscretization

Thereareatotal of 16 controlanglegersurfacegrid point. Thusfor thesouth(S) surface youwould have atotal of 25
grid pointswith 16 controlanglespergrid point. Youwould have a similar discretizatiorfor eachof the othersurfaces
E,W, N, T, B. Theincomingray directions for the southsurfaceis givenby

s= —(sin@singi + cosbj + sinb cosgk) (1)
Similar equationgnaybe written for the surfacesE,W,N, T andB.

. Computing Incoming I ntensity
For agraymediumwith no scatteringtheradiatve transferequation(RTE) in aray directionsis givenby

d
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is aknown constantalongtheray path. You mayassumen=1. IntegratingEquation2 alongs, we have
I =1(0)e ¥ +1,(1—e ) ©)

Here,| is theintensityassociatedavith theincomingray, 1(0) is theintensityatthewall from which theray originates,
andl is thepathlengthin thegas.l, is theblackbodyintensityassociateavith the gastemperaturégas. Thus,thereare
Ng X N, incomingraysatary grid point, eachassociatedavith a differentstartingintensitydependingon which wall it

originatesfrom, andhow farit hastravelledin thegas.

. Updating Boundary Outgoing Intensity
Becausdhewall is gray-diffuseand opaque the radiosity associatedvith all outgoingdirectionsis the same,andis
givenby

J=en?oT + (1- f)qincoming

where

qincoming:/an<0|(s)|s'n|dQ



Theintensityfor all outgoingdirectionsmaybefoundfrom
J
I(S):7_r fors-n>0 4
In this numericalimplementationtheincomingenegy 0,c,ming IS found by numericalintegration:

li(s)s -nsin6ABAP (5)

i=incomingdirections

qincoming

Thenegative signaccountdor thefactthats -n < 0.

5. lteration
Theoverall procedureconsistsof thefollowing:
(a) Guesgheintensityfor outgoingdirectionsfor eachsurface. Typically | = enc T4 /mmis agoodguess.

(b) Goto eachgrid point, andtracerays“backwards”. Find the enclosuresurfaceintersectedy eachray, andfind
the startingintensityfor theray 1(0). Find |, the lengthtraveledin the gas.

(c) Findtheincomingintensityin ray eachdirectionto the surfacegrid point usingEquation3.
(d) Findtheincomingenegy incoming ateachsurfacegrid pointusingEquation5.

(e) Henceupdatethe outgoingintensityusingEquatiord.

(H Repeauntil the outgoingintensitystabilizesat eachsurface.

6. Computing Net Wall Heat Flux
Oncetheiterationhascorverged,find the netheatflux (outgoing-incomingpt eachgrid point from:
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Calculations Required

1. Make calculationdor four opticalthicknessesL =0,0.1,1, and10.
2. Talulatethe heattransferatefrom eachwall asafunctionof the opticalthicknessL.

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

If youwish, you maycompareheresultsfor kL = 0 with surface-to-suriceenclosurecalculationausingthe codeyou wrote
for Assignmenf.



