
ME 24-731
Conduction and Radiation Heat Transfer

Solutionto AssignmentNo: 4
DueDate:March7, 2000
Spring2000
Instructor:J.Murthy

1. Problem3.3from Patankar
Discretizingthegoverningequation,wehave

aPTP
� aETE

�
aW TW

�
b

with

aE
� kP

∆x2
� dk

dx
1

2∆x

aW
� kP

∆x2 � dk
dx

1
2∆x

aP
� 2kP

∆x2 � SP

b � SC

If dk � dx � 0, thenaE � 0 if

kP

∆x2 ��� dk
dx
� 1
2∆x

Similarly, if dk � dx � 0, thenaW � 0 if

kP

∆x2 � dk
dx

1
2∆x

Themainpointbeingmadehereis thatit is notgoodpracticeto expandoutthe∇ � k∇T terminto two terms.Theformer
is calledthe“conservative” form, andfinite volumeschemesgo to greatlengthsto obtainthis form beforediscretizing.

2. Problem4.8from Patankar
Thebestlinearizationis:

S � S 	 ��
 dS
dφ � 	P 
 φP � φ 	P �

SC
� A

�
B � φ 	P � φ 	P

SP
� � 2B � φ 	P �

(a) SC
� A � B � φ 	P � φ 	P � SP

� 0: This takesno advantageof theknown dependence.It maybedifficult to getconver-
gencewith this typeof approach,dependingon thesizesof A andB.

(b) SC
� A, SP

� � B � φ 	P � : Heretheassumedslopeis lesssteepthantheactualslope– again,theremaybeproblems
with convergence,thoughit is betterthan(a).

(c) SC
� A
�

B � φ 	P � φ 	P, SP
� � 2B � φ 	P � : This is theidealdiscretizationandcorrectlycapturesthetangentto thesource

function.

(d) SC
� A
�

9B � φ 	P � φ 	P ,SP
� � 10B � φ 	P � : This is a conservativediscretization.A largeSP tendsto slow convergence.

This shouldonly beusedif thereis difficulty with convergence.
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3. Problem4.20from Patankar
Defining

θ � T � Tf

T0 � Tf

X � x
L

thedimensionlessgoverningequationis givenby

d
dX

 dθ

dX � � hPL2

kA
θ � 0

with boundaryconditions

θ 
 0� � 1
dθ
dX 
 1� � 0

For a uniformgrid of size∆X shown in Figure1, thediscretizationequationsaregivenby:

(a) For a generalinteriorgrid point (Point2)

aE
� 1

∆X
; aW

� 1
∆X

; aP
� aE

�
aW
� hPL2

kA
∆X ; b � 0

(b) For thefirst interiorgrid pointat thefin base(Point1)

aE
� 1

∆X
; aW

� 0 � 0; aB
� 2

∆X
; aP

� aE
�

aB
� hPL2

kA
∆X ; b � aBθ 
 0� � aB

(c) For thelastinteriorgrid pointat thefin tip (Point3)

aE
� 0; aW

� 1
∆X

; aP
� aW

� hPL2

kA
∆X ; b � 0

A baseheatflux resultwith anaccuracy greaterthan1% maybepredictedwith 6-8grid points.

1 2 3

Figure1: Grid for Problem3

4. Assumeauniformmeshwith size 
 ∆x � ∆y � . Thediscreteequationfor eachof thepoints1,2,3and4 in Figure2 is given
below.

(a) Point1:

aE
� ke∆y

∆x
; aW

� 0 � 0; aN
� kn∆x

∆y
; aS
� ks∆x

∆y
; aB

� 2kP∆y
∆x

aP
� aE

�
aN
�

aS
�

aB; b � aBTb

whereTb is theboundarytemperature.
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(b) Point2:

aE
� ke∆y

∆x
; aW

� 0 � 0; aN
� 0 � 0; aS

� ks∆x
∆y

; aBw
� 2kP∆y

∆x
; aBn

� 2kP∆x
∆y

;

aP
� aE

�
aS
�

aBw
�

aBn; b � aBwTbw
�

aBnTbn

whereTbw andTbn arethewestandnorthboundarytemperatures.

(c) Point3:

aE
� ke∆y

∆x
; aW

� kw∆y
∆x

; aN
� kn∆x

∆y
; aS
� ks∆x

∆y

aP
� aE

�
aW
�

aN
�

aS; b � 0

(d) Point4:

aE
� ke∆y

∆x
; aW

� kw∆y
∆x

; aN
� kn∆x

∆y
; aS
� ks∆x

∆y

aP
� aE

�
aW
�

aN
�

aS � SP∆x∆y; b � SC∆x∆y; SP
� � 20; SC

� 1000

Facevaluesof theconductivity areevaluatedusingharmonic-meanaveraging:

ke
� 2kPkE

kP
�

kE

wherekP and kE areevaluatedusing TP and TE respectively. At boundaries,we may eitherusek evaluatedat the
boundarytemperature,or usetheinterior valuekP.
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Figure2: Grid for Problem4
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