
ME 24-731
Conduction and Radiation Heat Transfer

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

1. Considerthe two-dimensionalsquareenclosureshown in Figure1. Thewalls of theenclosurearegray-diffuse. The
interveningmediumis non-participating. The temperatureis given on 3 walls, and the heatflux is known on the
remainingwall.

(a) UsingHottel’s crossstringsmethod,find all thenecessaryview factorsto doanenclosureradiationcalculation.

(b) Write a computercodeto solve theenclosureproblem.Thecodeshould

i. allow you to setthenumberof surfacesin theenclosure
ii. readfrom a file the following information(1) a flag taggingeachsurfaceasa given-heatflux or a given

temperaturesurface,(2) therelevant temperature/heatflux boundaryvalue,(3) theareaof eachsurface,(4)
theemissivity, and(5) theview factorsfor eachsurfaceto all othersurfacesin theenclosure

iii. solve for thetemperatureof eachsurfacefor whichheatflux is given,andfor theheatflux whenthetemper-
atureis given.

(c) Print thecomputedtemperaturesandheatfluxesfor eachsurface.Show thatheatbalanceis satisfied.
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Figure1: Domainfor Problem1

2. Now considera variantof Problem1, shown in Figure2. Insteadof the bottomsurfacebeinga known-temperature
boundary, considerit to betheuppersurfaceof aslabof conductingmaterialof thicknessd =0.1m.Theconductivity of
thesolid is 500W/mK. Sinced/L

�
1, theconductionin theslabmaybeconsideredapproximatelyone-dimensional

in they direction.Thebottomsurfaceof theslabis now givento beTs2= 2000K. Assumesteadystate.

(a) Approximatetheheatflux in thesolidas
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(b) Solve iteratively for thetemperatureTs1 usingthecodedevelopedin thepreviousproblem.

(c) Print theheatfluxesandtemperatureson all surfacesandensurethatheatbalanceis obtained.
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3. If the conductionproblemwerenot one-dimensional,but truly multi-dimensional,we may discretizethe solid into
control volumesasdonein previous assignments,andsolve for the solid temperaturefield numerically. A typical
controlvolumewith a facefacingtheenclosureis shown in Figure2. Let theextentsof thecontrolvolumebe∆x and
∆y.

(a) Assumingsteadystate,write thediscreteequationfor theheatbalancein thecontrolvolume.

(b) Outline a procedurefor obtainingthe all the surfacetemperaturesandheatfluxesaswell as the cell-centroid
temperaturesin thesolid.
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Figure2: Domainfor Problems2 and3
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