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1. Theproblemis splitinto two problemsT (x,y,t) = Ta(X,y) + T,(X,y,t). Thetwo problemssatisfy:
2 2

T T
ox2 = gy?

Ta(0,y) = Ta(x,0) = Ta(L,y) = 0; Ta(x,L) =T,

10T, 0%T,  0%T,

a dt 2 9y
Tb(oayat) = Tb(xa Oat) = Tb(LJyat) = Tb(xa Lat) =0

Tb(X7 Y= O) = Tl - Ta(X, y)
Thesolutionto the T, problemwasdonein classandis givenby:

2T, & (=)™ 41 . nmx sinh™®

Ta(oy) == n; n SN Sinh(nm)

Thesolutionto the T, problemis obtainedusingseparatiorof variables:
To(6¥,t) = X(X)Y(y).7 (t)
Separatingariablesandchoosingharmonicfunctionsin the homogeneoudirections(x andy) we get

X(x) = C;cosAx+C,sinAx
Y(y) C,cosuy+Cysinuy
Ft) = Coexp(—a(A2+pd)t)

Applying boundaryconditionsin thex directionwe get
X(X) =C,SinAnX;, Ap= %T n=123..
Similarly, in they direction:

Y(y) = C,Sintmy; pim = m—L" m=123..



sothatthetotal solutionbeforeapplyingtheinitial conditionis

[ee] 00

Tt =5 S Camsin(AnX) sin(pmy)exp (—a (A7 + p) t)

n=1m=1
Applying theinitial condition
T —Talx,y) = Z z CnmSin(AnX) sin(timy)
=1m=1
Exploiting the orthogonalityof sin(Anx), we canfind Cyy, as:

fo fo (T = Ta(x,y)) siN(AnX) sin(Amy) dxdy
J& J& SinP(AnX) Sir? (Amy) dxdy

Cnm -

2. Assumingalumpedcapacitancanalysiss valid, the solutionto the problemwith a constanfl., is givenby:

— hAS
6=1—exp (_pCVt>

where8 = (T —T,) /(T — T;) andAs is the surfaceareaof the body. Using Duhamels superpositiortheorem,the
solutionto problemwith T, = T; + At is givenby

_ hAg ft hAs
T(t)_Ti_pCV OArexp( pCV(t—T))dr

3. Assumeauniformmeshwith size(Ax,Ay). Thediscreteequatiorfor eachof the points1,2,3and4 in Figurelis given
below.

(a) Point1:
B keA knAX _ kX 2kpAy
ap = 3 + ay +ag+ ag + LY, b=agT, + P07

At
whereT, is the boundarytemperaturand Ty is thetemperaturet the previoustime stepat the point P.
(b) Point2:

keAy _ ksAX _ 2kpAy _ 2kpAX
% = 00 A =00 ay =007 5= " g = )y i g =

| pCXY
Ap = 8¢ +agt+ag,t+ag,+ At b:anTb\N+aBnTbn+ At TP

whereT,,, andT,, arethewestandnorthboundarytemperatures.
(c) Point3:

_kely o kefykefxo o keAX
T A WT A AN Ay'aS_Ay

CAXA CAXA
ap = aE+a\,\,+a,\,+aS+p ty,b pm Y10



(d) Point4:
_ kely . _ kady. _ knX _ ksAX
aE_—,_\X' avv——,_\xa aN_—Qy ; as——ﬂy

ap = 8 + ay -+ ay +as— Sty + E0Y b= sy + PONIT0 5 = 20, 5= 1000

Facevaluesof the conductvity areevaluatedusingharmonic-meamveraging:
2kpke
kp + ke

wherek, andkz are evaluatedusing T, and T respectiely. At boundariesywe may eitherusek evaluatedat the
boundarytemperatureor usetheinterior valuekp.

ke:

Figurel: Grid for Problem3



