
ME 24-731
Conduction and Radiation Heat Transfer

Mid-TermExamination
March17,2000
Spring2000
Instructor:J.Murthy
Total= 25 points

This is a take-homeexam.Youmaystarttheexamany timeafter5:00pm on March17th.You muststopworking on the
examat 8:00amon March20th. Theexamis duein my office on themorningof March20th; for thosewho areworking,
pleasebesureto dropit off in my officesometimeduringthedayonMarch20th.No consultationor discussionwith anybody
is allowed,thoughyoumayconsultany textbooksandnotesyou like.

1. (5 Points) An aluminiumcubeof side5 cmis initially atT1
� 30

�
C. For t

� 0, two of theboundariesarekeptinsulated,
two aresubjectedto uniformheatingwith aheatflux q” = 104 W/m2. Theremainingtwo facesloseheatto surroundings
with anambienttemperatureof 20

�
C anda heattransfercoefficient of 50 W/m2K. Thepropertiesof aluminiumare:

ρ= 2700kg/m3; C= 0.896kJ/kgK; k = 204W/mK.

(a) Is a lumpedcapacitanceanalysisvalid?

(b) Assumingthatit is, developanexpressionfor thetemperatureof thecubeT(t).

(c) Calculatethesteadystatetemperatureof thecube.

2. (10 Points) A two-dimensionalsquaredomainof sideL hasinitial andboundaryconditionsasshown in Figure1. The
domainis initially atauniformtemperatureTi. For t � 0 theboundariesatx � 0 andy � 0 aresubjectedto aconvective
boundaryconditionwith a heattransfercoefficient h andanambienttemperatureTa. Theboundariesat x=L andy=L
aresubjectedto a given-temperatureconditionT � Ta.

(a) Write thegoverningequationsandboundaryandinitial conditionsin termsof adimensionlessvariableθ defined
as

θ � T � Ta

Ti � Ta

(b) Postulatingthat

θ � x � y � t � � X � x � t � Y � y � t �

find anexpressionfor theunsteadytemperaturefield θ � x � y � t � .
Youmayassumeall propertiestobeconstant.Thequantitiesh andTa arealsoconstant. OVER

1



T = Ta

h, T a

T = Th, T a
a

T (x,y,0)= T
4 5

1

2

3

6

y

x

i

L

Figure1: Geometryfor Problems2 and3

3. (10 Points) Now considerthenumericalsolutionof Problem2. Assumeauniformmeshof size∆x � ∆y andatimestep
∆t. For the control volumes1 � 6 developdiscreteequationsrelatingthe temperatureat thecontrol volumecentroid
to the discretevaluesof interior neighbortemperaturesandthe boundaryconditions. Usethe finite volumemethod
developedin class,andthefully implicit scheme.
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