ME 24-731
Conduction and Radiation Heat Transfer

Solutionto Mid-TermExamination
March17,2000

Spring2000

Instructor:J. Murthy

Total = 25 points

1. (a) TheBiot numberhd/kfor thecube 0.01« 1. Soalumpedcapacitancanalysiss valid.
(b) Fromaheatbalanceonthe cude,we canwrite

pCVda—I =2Aq +2Ah(To —T)

with initial conditionsT=T,=30°C. Thesolutionto the problemis:
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Substitutingvaluesfor propertiesandgeometricparametersye get

t
T(t) = 220— 190.0exp (— m)

(c) At steadystate(t— ), T=220°C from theabove.
2. Thegoverningequationin termsof 8 = (T — Ta) /(T, — Ta) is:
1906 9%6 0?0
adt o oy
with boundaryandinitial conditions

_kﬁ (O)y7t) = _he (O7y7t)
06

—ka—y(x,O,t) = —h6(x,0,t)
o(Lyt) = 0
o(x,L,t) = 0
(xy0 = 1

Postulatinghat 8 = X(x,t)Y (y,t) we get
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Thereforeeachtermaboveis only afunctionof t. Thus
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V(Y ‘aﬁ) = A0
M+A, = 0
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Figurel: Geometryfor Problems and3

Fromsymmetryconsiderations), = A,. ThereforeA; = A, = 0. For the X(x,t) problem,we choose

10X "
aa ~ %
X(01) = X0
X(Lt) = 0
X(x0 = 1

Thesamesetholdsfor theY(y,t) problem.
It is easiesto solve the X(x,t) problemby usinga changeof variables:

X*=x—L
sothat
X'(-L,t) = EX(—L,t)
X@©,4t) = 0
X(x,00 = 1
SeparatingariablesusingX (x*,t) = £ (x*)1(t) we get
E+A% =0
T+A%a1 = 0

wherewe have chosena decayingexponentialin time andsinesand cosinesin the x (homogeneousjirection. The
solutiontherefores

X(x*,t) = (C,cosAX* +C,sinAx*) e~A !

Applying thex* = 0 boundaryconditionwe getC; = 0. Applying the X* = —L boundarycondition,we get

tanAnL = —E/\n n=0,1,2,...



TheeigervaluesA, aresolutionsto theabove transcendentadquation.Thus,thetotal solutionis:
X(X,t) = iDnsin/\nx*e‘Anz‘“
=
Applying theinitial conditiongives
1= iDnsinAnx*
=

We cannow exploit the orthogonalityof sinA,x* to obtainD,, as
O sinAnxtdx*
3. For eachcontrolvolume,thediscreteequationis of theform:
apTp = acTe +ay Ty +ay Ty +asTs+D
(a) For controlvolumel:

_ kay. _o: _ kax, _o _ hkay _hkax o pCAxAy
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8p =g +ay+agy + 8gs+ap b= (Bgy + g Ta+ BBTR
(b) For controlvolume2:
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8p =2 +ay+as+agy + 3 ; b=agyTat&Tp
(c) For controlvolume3:

kA kAX hkAy kAX o  PCAxAy
%= =

Y. o . kX L kex
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8p = ag +ay +ag+ gy +apy + 85 b= (agy +agy) Tat+apTH
(d) For controlvolume4:

Ky Ky g kexo KA o pCOXBY
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8 = ag +ay +ag+ agy +a3; b=ag Ta+a3TY
(e) For controlvolumeb5:

oA Y.L kX Ky . kA o pCAXy
% =0 Ay =70 =00 8= 1 Beeqpn %N T gy T g

8p =8y +ag+age + gy +ap; b= (Bge +agy)Tat+ ABTR
() Forcontrolvolume®6:
kay _ kay, kAx _kAx 5 pCAXAY

T WT e Ty BTy At

3 = a +ay+ay+ag+ap b=apTy



