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1. (a) TheBiot numberhd/k for thecube 0.01
�

1. Soa lumpedcapacitanceanalysisis valid.

(b) Fromaheatbalanceon thecude,we canwrite

ρCV
∂T
∂ t

� 2Aq” � 2Ah � T∞ � T �
with initial conditionsT=T1=30� C. Thesolutionto theproblemis:

T � t � � T∞
� q”

h
��� T1 � T∞ � q”

h 	 exp � � 2hA
ρCV

t 	
Substitutingvaluesfor propertiesandgeometricparameters,weget

T � t � � 220 � 190
 0exp � � t
1209
 60 �

(c) At steadystate(t  ∞), T=220� C from theabove.

2. Thegoverningequationin termsof θ � � T � Ta ����� Ti � Ta � is:

1
α

∂θ
∂ t

� ∂ 2θ
∂x2

� ∂ 2θ
∂y2

with boundaryandinitial conditions

� k
∂θ
∂x

� 0 � y � t � � � hθ � 0 � y � t �
� k

∂θ
∂y

� x � 0 � t � � � hθ � x � 0 � t �
θ � L � y � t � � 0

θ � x � L � t � � 0

θ � x � y � 0� � 1

Postulatingthatθ � X � x � t � Y � y � t � we get

1
X
� X ” � 1

α
∂X
∂ t 	 � 1

Y
� Y ” � 1

α
∂Y
∂ t 	 � 0

Thereforeeachtermabove is only a functionof t. Thus

1
X
� X ” � 1

α
∂X
∂ t 	 � λ1 � t �

1
Y
� Y ” � 1

α
∂Y
∂ t 	 � λ2 � t �

λ1
� λ2

� 0
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Figure1: Geometryfor Problems2 and3

Fromsymmetryconsiderations,λ1
� λ2. Therefore,λ1

� λ2
� 0. For theX � x � t � problem,we choose

1
α

∂X
∂ t

� X ”

X ��� 0 � t � � h
k

X � 0 � t �
X � L � t � � 0

X � x � 0� � 1

Thesamesetholdsfor theY � y � t � problem.

It is easiestto solve theX(x,t) problemby usingachangeof variables:

x � � x � L

sothat

1
α

∂X
∂ t

� X ”

X � � � L � t � � h
k

X � � L � t �
X � 0 � t � � 0

X � x � � 0� � 1

SeparatingvariablesusingX � x � � t � � ξ � x � � τ � t � weget

ξ ” � λ 2ξ � 0

τ � � λ 2ατ � 0

wherewe have chosena decayingexponentialin time andsinesandcosinesin the x (homogeneous)direction. The
solutionthereforeis

X � x � � t � ��� C1cosλ x � � C2sinλ x ��� e � λ 2αt

Applying thex � � 0 boundaryconditionwegetC1
� 0. Applying theX � � � L boundarycondition,we get

tanλnL � � k
h

λn n � 0 � 1 � 2 ��
�
�
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Theeigenvaluesλn aresolutionsto theabovetranscendentalequation.Thus,thetotal solutionis:

X � x � � t � � ∞

∑
n � 0

Dn sinλnx � e � λ 2
n αt

Applying theinitial conditiongives

1 � ∞

∑
n � 0

Dn sinλnx �
We cannow exploit theorthogonalityof sinλnx � to obtainDn as

Dn
��� 0� L sinλnx � dx �� 0� L sin� λnx � dx �

3. For eachcontrolvolume,thediscreteequationis of theform:

aPTP
� aETE

� aW TW
� aNTN

� aSTS
� b

(a) For controlvolume1:

aE
� k∆y

∆x
; aW

� 0; aN
� k∆x

∆y
; aS

� 0; aBW
� hk∆y

0 
 5∆xh � k
; aBS

� hk∆x
0 
 5∆yh � k

; a0
P
� ρC∆x∆y

∆t

aP
� aE

� aN
� aBW

� aBS
� a0

P ;b � � aBW
� aBS � Ta

� a0
PT 0

P

(b) For controlvolume2:

aE
� k∆y

∆x
; aW

� 0; aN
� k∆x

∆y
; aS

� k∆x
∆y

; aBW
� hk∆y

0 
 5∆xh � k
; a0

P
� ρC∆x∆y

∆t

aP
� aE

� aN
� aS

� aBW
� a0

P ; b � aBW Ta
� a0

PT 0
P

(c) For controlvolume3:

aE
� k∆y

∆x
; aW

� 0; aN
� 0; aS

� k∆x
∆y

; aBW
� hk∆y

0 
 5∆xh � k
; aBN

� k∆x
0 
 5∆y

; a0
P
� ρC∆x∆y

∆t

aP
� aE

� aN
� aS

� aBW
� aBN

� a0
P; b � � aBW

� aBN � Ta
� a0

PT 0
P

(d) For controlvolume4:

aE
� k∆y

∆x
; aW

� k∆y
∆x

; aN
� 0; aS

� k∆x
∆y

; aBN
� k∆x

0 
 5∆y
; a0

P
� ρC∆x∆y

∆t

aP
� aE

� aW
� aS

� aBN
� a0

P; b � aBNTa
� a0

PT 0
P

(e) For controlvolume5:

aE
� 0; aW

� k∆y
∆x

; aN
� 0; aS

� k∆x
∆y

; aBE
k∆y

0 
 5∆x
; aBN

� k∆x
0 
 5∆y

; a0
P
� ρC∆x∆y

∆t

aP
� aW

� aS
� aBE

� aBN
� a0

P; b � � aBE
� aBN � Ta

� a0
PT 0

P

(f) For controlvolume6:

aE
� k∆y

∆x
; aW

� k∆y
∆x

; aN
� k∆x

∆y
; aS

� k∆x
∆y

; a0
P
� ρC∆x∆y

∆t

aP
� aE

� aW
� aN

� aS
� a0

P; b � a0
PT 0

P
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