ME 24-731
Conduction and Radiation Heat Transfer

Solutionto AssignmeniNo: 4
DueDate:March7,2000
Spring2000

Instructor:J. Murthy

1. Problem3.3from Patankar
Discretizingthe governingequationwe have

apTp = aTe+ayTy+b

with
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If dk/dx < 0, thenag < Oif

Ko < |dk 1
Ax2 ~ dx' 2Ax
Similarly, if dk/dx > 0, thena,, < Oif
K _dk 1
Ax2 T dx 2Ax
Themainpointbeingmadehereis thatit is notgoodpracticeto expandoutthe - kOOT terminto two terms.Theformer
is calledthe“consenative” form, andfinite volumeschemego to greatlengthsto obtainthis form beforediscretizing.

2. Problem4.8from Patankar
Thebestlinearizationis:

s = s*+(j—2);<<na—<q§>
S

A+Blgp| %
S = -8
(@) & = A—B|@|@,Ss = 0: This takesno adwantageof the known dependencelt may be difficult to getconver-
gencewith this type of approachdependingnthe sizesof A andB.

(b) & =A S = —B|@|: Heretheassumedlopeis lesssteepthanthe actualslope— again,theremay be problems
with corvergencethoughit is betterthan(a).

(c) & =A+B|@g|@, Ss = —2B|¢s|: Thisis theidealdiscretizatiorandcorrectlycaptureghe tangento the source
function.

(d) & =A+9B|@|@5,S> = —10B|¢p|: Thisis aconserative discretization A large S, tendsto slow convergence.
This shouldonly beusedif thereis difficulty with cornvergence.



3. Problem4.20from Patankar
Defining

thedimensionlesgoverningequationis givenby
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with boundaryconditions

8(0) = 1
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For auniform grid of sizeAX shavn in Figurel, thediscretizatiorequationsaregivenby:

(a) Foragenerainterior grid point (Point2)
1 1 hPL?
B = 5yt A = gy @ =8 Tay T AKX b=0

(b) Forthefirstinterior grid pointatthefin base(Point1)

1 2 hPL2

8 = 5y Ay =00 ag = 7o) @p =8 +ag+ — —AX; b=2a56(0) = a5
(c) Forthelastinteriorgrid pointatthefin tip (Point3)
1 2
ag =0; aW:R' aP:aW+—kA AX; b=0

A baseheatflux resultwith anaccurag greaterthan1% maybe predictedwith 6-8 grid points.
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Figurel: Grid for Problem3

4. Assumeauniformmeshwith size(Ax,Ay). Thediscreteequatiorfor eachof thepoints1,2,3and4 in Figure2 is given
below.

(a) Point1:

_kelY. o g KX kX 2kely
% = a0 Qw00 A= T 8= g B = Ty

X

ap = a +ay +as+ag b=agT,

whereT, is theboundarytemperature.



(b) Point2:

kelly . . _ ksX 2kpAY | 2kpAX
8= g0t Au=00; ay=00 ag= "3 g, = 1 7} G = kAPy ,

8 = @ +ag+ag, +agy; b= aBWwa+aBnTbn

whereT,, andT, arethewestandnorthboundarytemperatures.

(c) Point3:
_kely o kaly. kX KX
= WTE A AT Ny’ %= Ay
ap =ag +ay+ay+ag b=0
(d) Point4:

_kety, _kaBy, kB kX
T A WT A AT Ay'aS_Ay

ap = ag +ay +ay+ag— HAXAY;, b=SAxy, § =-20; & =1000
Facevaluesof the conductvity areevaluatedusingharmonic-meamveraging:
2kpke

kp + ke

wherek, andk; are evaluatedusing T, and Tz respectiely. At boundariesywe may eitherusek evaluatedat the
boundarytemperatureor usetheinterior valuekp.
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Figure2: Grid for Problem4



