ME 24-731
Conduction and Radiation Heat Transfer

AssignmeniNo: 7
DueDate: May 2, 2000
Spring2000
Instructor:J. Murthy

1. Considerthe two-dimensionabkquareenclosureshovn in Figure 1. The walls of the enclosureare gray-diffuse. The
intervening mediumis non-participating. The temperaturds given on 3 walls, and the heatflux is known on the
remainingwall.

(a) UsingHottel's crossstringsmethod find all the necessaryiew factorsto do anenclosureadiationcalculation.
(b) Write acomputercodeto solve the enclosureproblem.Thecodeshould

i. allow youto setthenumberof surfacesin theenclosure

ii. readfrom afile the following information (1) a flag taggingeachsurfaceasa given-heatflux or a given
temperaturesurface,(2) therelevanttemperature/hedlux boundaryvalue,(3) the areaof eachsurface,(4)
theemissvity, and(5) the view factorsfor eachsurfaceto all othersurfacesin theenclosure

iii. solvefor thetemperaturef eachsurfacefor which heatflux is given,andfor the heatflux whenthetemper
atureis given.

(c) Printthecomputedemperatureandheatfluxesfor eachsurface.Show thatheatbalances satisfied.
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Figurel: Domainfor Probleml

2. Now considera variantof Problem1, shavn in Figure2. Insteadof the bottom surfacebeinga known-temperature
boundaryconsideiit to bethe uppersurfaceof aslabof conductingmaterialof thicknessd =0.1m. Theconductvity of
the solid is 500 W/mK. Sinced/L <« 1, the conductionin the slabmay be consideredipproximatelyone-dimensional
in they direction. The bottomsurfaceof the slabis now givento be T,= 2000K. Assumesteadystate.

(a) Approximatethe heatflux in thesolidas

dr _ (Tsl — TSZ)
kd—y = kT

(b) Solweiteratiely for thetemperaturd, usingthe codedevelopedin the previousproblem.
(c) Printthe heatfluxesandtemperaturesn all surfacesandensurahatheatbalances obtained.



. If the conductionproblemwere not one-dimensionalbut truly multi-dimensional we may discretizethe solid into
control volumesas donein previous assignmentsand solve for the solid temperaturdield numerically A typical

controlvolumewith afacefacingthe enclosuras shavn in Figure2. Let the extentsof the controlvolumebe Ax and
Ay.

(a) Assumingsteadystate write thediscreteequatiorfor the heatbalancen the controlvolume.

(b) Outline a procedurefor obtainingthe all the surfacetemperaturesind heatfluxes aswell asthe cell-centroid
temperatured the solid.
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Figure2: Domainfor Problems2 and3



