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Chapter 1

����� ��	
�� �� 
���������� �����:

����� ��	
 �� ��
�
��	
�� ���
 ��� ����� ��� �� ���  ��� � ��� ��	
 �� ���� � �
!

�"� �
 #� $� %&���'
��� . ��� %&���'
 ��	
 �� �� � ��� ��	
 �� �� (�$�� ��)��$ �� �*�

�
�	+.

����� ��	
�� ���� ������ �� �����

� �� #,)� �� -�� ��/��       ��
� 0����$�1 2��3,�4$ ��� ��+�� #��+$� �	5� ���
� 63�7$ 8��


�
 �	5	��
 �	5	� ��9: 63�7$ �� 0���5 (;��� �� #'
�$ <�
 ����=��=.

!��������� ��	
�� "#���$�:

Conduction ���$��

Heat transfer: Convection )��:� �� (���@��5

Radiation    ��9�9�

Conduction :�
 �	5	� -!�� (;��� � ($�
�5 ����$� ���
 B��
 #� C��� DE �
�=.

Convection :�
 �	5	� ���
C ��
! F!�� ��,� �� ��� �!���
 �*��� �� #! ��= .

��$� ���
 B��
 #� C��� �.
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Radiation: ���$� �
� 63�7$ #! G,� �� �� -��  ��
 (�	�4 H9�9� #9�"�    #�� C���� � ����1

 ���
 B��
 #,�$� �� F�$ ���I�
J
���'*$ K$	
$ (�	4 #� 0= %&���'
 � ��$��photon.

�
���% ������ ��	
�� :Conduction

��
�
��	
�� %�� 0	��/ LMI)N	�C3! #��O�(   #�� ���9�� ��
� C$ (�$�� ��)��$ #9�"� #!

�
 P�Q�$ ��"! ��
��:$�.

 &�'21 TT �

 (�)� 
� �*��+� (���, ��	
��)(.��� /01(

x
TAq
�
���

A: cross sectional Area )0���5 FR5 �� �	"S G,� ( ��)��
 #,�$�

T� : ��)��
 #,�$� �
� 63�7$ ��

WWW.MOHANDESYAR.COM



4

:x�� D'S #,�$� #T4�: ��

K: Thermal conductivity � �kmw .

  k #'
�$ �I�U� �Q

xT �� ,�
 �
��� F
3�*$ VT�U
 F
3S �O� C$1W���$:

dx
dTKAqx ��  (kw) #��	: 0	��/

�xq� Rate of Heat transfer in x Direction x � (�$�� ��)��$ ��� FR5 �

x
dx
dT :  FR5 �� �
� 0���$�1

 �+�M� �	"S �1$E#Q*X
 D  ��$��� �	5� #Q*X
 VT7 0���� C$ 0= �� (�$�� ��)��$ #! ��$� �$

F�$ %���&�$ Y	,� �� �	"S (�$�� ��)��$ #9�"� DE.

������ ��3 :� � fluxHeatqm
kw

A
qq

A
qq x :'''','' 2��

Assumption  Z�: �� k= constant 		
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��� k
z
Tj

y
Ti

x
Tkq ''

 #��	: 0	��/ ���� #� <'+�

� �TgradkTkq '' �����
�

���4���::Convection

��5 6�
7,���� (���, ��	
�� �� (8�� (����
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���� !��������:

       Forced convection

Convection:

Free (Natural) Convection

Forced convection :�
 �	5	� ���
C�5��7 <
�S �� B�	� ���@��5 #! ��= -: <�


��� �� ["E ��-�+�
 �	����$� <�
 �	+ ��@�$��	�\
�! ($&�R@� 0��! �
7 ].

Free concretion :�$C= �� ���MI <'+ #� ��)��$�*�^_ ($���J� �`$ �� ����� �� �

����
+�
 �	5	�=�
 �a�:	+ <�

�
 %�1 ���� �� ��/��
 �! 0= �*�^_ �	+�
 �M� � �	+�
 ;�� � �	+���.
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^� a�:	+ ��� $� N�M* �1$W�
 $� ���� F!�� �	T5 ���$     -�b��E $� (�$��� ���)��$ � ����1

�
���=.

21 TT �
convection

free
condction 12 TT �

 0	_12 TT ��
 ��	7�� #OQ�
 #� #@��� �� ���� ;�� F"� #� ��$� <��"� %�1 ���� ��
!.

 0	_12 TT � #� � F�$ -���E %�1 ���� F�$���$��
 F!�� ;�� F"� #��
!.

 (�$�� ��)��$ #9�"�Force C$ �5��7 <
�S #T��� #�FreeF�$ ��9�� �T�7.

���
 :�C�1 �*	!

9;�3 �<	� :(dew point)

 �� 0= F�� #! ���
�I#,)� -�*�$ �	9� ��� F��` ��9: �
�=�: �� �   8���*�^_ c= #�! �$

�
F�$ �
M+ #,)� �	+ .

T1 T1

T2 T2
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F�;�� (�+ #� d*�^_ � d+	5 �� (�$�� ��)��$.

�
 0��� -�	�� d��
�� 0	��/ B�	� (�$�� ��)��$ �	+(Newton’s law of cooling)

� ���TTAq w�

� ���� TThAq w� ���@��5 (�$�� ��)��$ e��f

Geometry, Roughness ���
� <'+ #� ���C �G,�

h:     fluid properties K ]Cp] � �� <�
 ���� g$	7

flow condition 0���5 B�$�+

* �$�)
h)#��5 e��f��5� ( �5��7 <
�S hT��	� (�$�� ��)��$ �$��)force ( #���)
 ��

 �$C= F*�� ��(free)F�$ ��9�� �T�7.

conrecfreeconrforced hh �

cew., forcedoncondestotiBoiling hh �

tcoefficionfilmh :

Heat transfer

* conduction:

�
�

�
�

�

�
�
�

:.
:.

:

:&

electronsfree
vibrationlottice

solid

fluidgas

2
1

*h�; �
! F!�� ��,� ��� ���� �1$�
 �	5� #� �C�
��=.

* Convection:

)���� ���	
���(
)
���������� ���(

)���� �����( )������� �!"(Diffusion
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*#� �5 (�$�� ��)��$ �$����+�� #�+$� �!���
 ���� ���� 2�"�� ���5.

)i&J* %�S j�+ (0�v

*F�$ d���� %&���'
 B�	� (�$�� ��)��$ � F�$ �Q4 FS�� G,� ���&� ��.

�
�
� �

:)(AdvectionmotionBulk
Diffusion:0)(v����	
��

convection

��' =���� ��$���:

1 (8��
 �� �$�� #*���
 -�$ � F�$ ��$��� h*���
 �� #��	: 0	��/  ��1$ ��� F�$ P��4 �$

�+�� �$���E��k #Tl�
 B�$�+ .

Tkq ���
�

'' :#��	: 0	��/

2 ( 8�
= F�� #� ���@� m���9
 C$

3 (F�$ P��4 #*���
 �+�� #�+$� �	5� ���$�� HM

 �1$ ���.

*
 n��* C$H��� FS�� %&���' (�$�� ��)��$ o	� -���Radiation�
�+�� .  �a���$ -�$ �

 K$	
$ B�	�Electromagnetic(Photon)�
 <)�

�	+.

 0	��/ Stefan- Boltzmann: 4
semit TQ ��''

max,

*� ���> �� ���� ?�@
� ���� ���AB<�� C��BD ��)� �3��C�$���:

#��	 $��%&��� ��
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42
8

.
1067.5

km
w����

�
 ���4 ��/$� G,� �� �a��$�
! : surfaceofemissivityTQ s :'' ��� 4�

8��
�
! ���4 �	7 C$ $� �a��$ �"�&!�
 #! �$ .�)8��� ��5 : (Black Body

1��

�
 cW5 $� 0= #� 8�+ 8�$� �a��$ %�"� #! F�$ �"�5 8��� ��5 �^�� (��MS #��
!.

� �424
11221 TTFAq i ��� �� : ��5 C$ #! ��9�9� �a��$1 ��5 #�2�
���.

factorviewshapeF )(:12

�� ���
1 2

122
1

12
1

A A

ji dAdA
rA

F .
cos.cos

�
��

K :E���% F��G�����,:

Tkq ���
�

'' tyconductiviThermalk :

�T! F*�� ��: gasliquidsolid KKK ��

n :�	'*	
 �$���@� ��$� �� ���

c :�	'*	
 B�	�
 FS�� C�1 ���

 � Cnkgas

  :#T4�: B�	�
�
 ��	7�� �� #� �R*	'*	
 #! �$�

!.

KRTCTkc ��!,,

1 (k FM�� �*	'*	
 %�5 ��D'S��$�.

12���� RAirHeHz KKKK

2 (gask�I�M��$ ��9: �� 0	_ ��$�� �
 �! � �	+n�
 ;�� ��
7 $� �� �`$ �� -�$ � ���

�
�

!.
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 H7��	�k�%8�, 8� �I)� �� J����:

3 (k �
��
 (����
k�
 <�T�� ��C�1��	+.

4 (k�
 d�$&:$ �
� d�$&:$ �� (����
 � ��C�1����.

k: � �	'*	
 #'M+ i����$ #� �
�5 �$	
0���'*$��$� �^��� �$C= ���.

� �
� ��

�
� ��

e

elsolidl
solid kelectfree

kkkkviblattice
K

:

5 (�O

 �*	'*	
 #'M+ #_ �� �+�� ��k��$� ���9�� . -���;��k  �	�5	
k  N��"*$

F�$.

� �kmwk .
2300Diamond
430Copper
80.2Iron
0.613water
0.02Air

 �T! F*�� ��: gasinsulationliquid
metal
Alloy

metal
Pure

diamonid
crystal kKKKKK

H��
 ���� : 
����� kk

 h���)
k��&T: #� j	��


steel
ilesss

steel
carbonamalcopper kkkk tanmin

Heat conduction Equation:
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 �B�7������ ��
�D 94�dxdydzC�#���D ��K
0� �� /��+� L�BM� (���

GE�:�a��$
 �@� ��$� �� ���*	�23�     #���� ��� ����"��+ ]��'���'*$ �a���$   �a���$ #�� �$

�	+ <��M� ���$��.

*���$�� (�$�� ��)��$ h*���
 0���= F�� #� i��

The first law of Thermodynamic (conservation of Energy principle):

� �1systemoutGin EEEE ���� ����

dzzdyydxxoutzyxin qqqEqqqE ��� ������ �������� ,
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�
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�

��	


�

�


�

�
��� dzqqdy

y
yqqdx

x
qq

z

z
zy

x
x

�
�

�
�

�
�

valumeunitperGenerationHeatqdddqE GzyxGG :. �� ��� �@� ��$� �� ��*	� �a��$

t
Tdddpc

t
TmCE zyxppsys �

�
�

�
�

�� �

)�
�5 ��5 (pv CC �

z
Tdkdq

y
Tdkdq

x
Tdkdq yxzzxyzyx �

�
��

�
�

��
�
�

�� ��� ,,

WWW.MOHANDESYAR.COM



12

t
Tdxdydzpcdddqzdz

z
qdy

y
q

dx
x
q

pzyxG
yx

�
�

��
�
�

�
�
�

�
�
��

� .�
���

 ����!� (�p�U
 �� (�$�� ��)��$ h*���
)�b&5 (�)�9
 ��(

Assumption:  K= constant �

� � 	
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�
�
�

�
�
�

�
�
�

�
p

G

PC
k

t
T

k
q

z
T

y
T

x
T �

�
,1

2

2

2

2

2

2 �

ydiffucitytThermal:� )���
�1 �1�
9UE(

:pPC )�"@� ���
�1 F�:�q(

�;�� :�
 dUE 8��
 �� H��� �
�1 �
��        �$��/ ��
� ����J� ��`r�� F��� H���� 8���
 � �	+

�
���1.

*
���� �M��

 �$	
 �a��$ 8��7s �$�� ��C�1 0	_ ��F�$ �! �R�=.

k
z
fj

y
fi

x
fffgrad

�
�

�
�
�

�
�
�

���
�

Div AA
���

.��

Div � � 2

2

2

2

2

2

z
f

y
f

x
fff

�
�

�
�
�

�
�
�

�����
���

.

Laplasion(T): Div � �# $Tgrad

� �
�1 ��)��$ h*���
 : � �ctek
t
T

k
qT G �

�
�

���
�
12 �

�
�
�

�

�
�
�

�

�

����

����

�
�

���

00

0

10

2

2

2

Tqsteady

Equationpoisson
k
qTsteady

EquationFourier
t
TTq

G

G

G

�

�

�

,

�

One-Dimensional:
t
T

x
T

�
�

�
�
�

�
1

2

2

�
�
�

:condition
:

Initial
conditionsBoundary

1
2

)�'
�* +�����(

) +�����
����"(

) +�����,-"�(
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� �

� �

�
�
�
�
�

�

��
�
�
�

�

�

�
�
�

��

�
�

��

�

�
�

�

�

0
x
T0'q'

:case

''

2
,0

1

:

0

0,0

1

x

xt

special
x
Tkq

conditionNewmann
TtT
ConditionDirichlet

conditionBoundary

� �

� �# $�
�
�

�

�
�
�

�

�

�
�

����

�
�

���

�

��

��

0
44

0

04

3

x

xtconv

x
TktTT

x
TkTTh

conveetion

,

,

��

5 (�
+�� �� �� N�"� �� G,� ��.

� � � �
� � � �

�
�

�
�

�

�

�
��

�
�

�

x

tx
B

x
A

BA

T
ktxTk

txTtxT

,,

,,

00

00

�

�"� G,� ���
 ��$� �a��$ ��/ �
! tQ� �	7 �� $� �a��$ ��$	�	+�
 K��7 ��	+.

* �1$Ak �Bk     #�,)� �� ��
�

 ��� N��"
 � F�$ ��$�� �� �� �R�= L�9
 �
+�� ��$�� �� ��

����$�� �� �� �R�= u��9
.

=���� (��% �� (�� 
+N' 8� ����� ��	
�� "#���$�:
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#��5���5 suface1) to tea(1 fromconvectionFreenaturalq ��

��� G,� C$ d�1 G,� #�2

#��5���5 � �2 to1surfacethrogh:2 conductionq�

 G,� C$ H9�9�)2 ( G,� #�)3(

#��5���5 surface3) to2surface(fromRadiation:3q�

#��5 G,� C$ ���5)2 ( $	� #�(Air1)

#��5 ���5 1)Air to2surface(fromconvection:4 maturalq�

#��5 C$ ���5Air1 G,� #�)3(

#��5���5 Surface3) to1Air(fromconvection:maturalq5�

� C$ d���� G,)3 ( G,� #�)4(

#��5���5 4) to3surface(throughConductionq �6�

 G,� C$ H9�9�)4 ( G,� #�)5(

#��5���5 5)surhace to4surfacefromRe: diationq7�

 G,� C$ ���5 #��5)4 ( #�Air2

2Air to4surfaclformconvection: Naturalq8�
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One-Dimensional: Heat conduction Equation:

In Cartesian:
t
T

k
q

z
T

y
T

x
T G

�
�

��
�
�

�
�
�

�
�
�

�
1

2

2

2

2

2

2 �

In cylindrical:
t
T

k
q

r
Tr

rr
G

�
�

��	


�

�


�

�
�

�
�

�
11 �

In spherical:
�
�

�
�

�

�
�

��

�
�

��	


�

�


�

�
�

�
�

2
1

0
11

2
n
n

nxr

t
T

k
q

t
Tr

rr
Gn

,

�
�

*1 (0�'
 � 0�
C �� �
� H�C	� 0���= F��� �
�1 ��)��$ (;���
 <� C$ 6��  V�T�U
 ���

�
 �"! �
 #� �
� H�C	� � F�$����= F�� #� $� (�$�� ��)��$ ��� #! �
!.� �'',qq�

2 (F�� #� ���
=0d
� �
� H�C	��
 F�� #� &�� ���$�� ��� �
�=(Thermal stress)

3 (  #���5 ��
� H�C	� �� ����5  d���"! � ��� ��
  $�   ���! c���� 0$	�� .Displacement,

Buckling

4 (e��

 L��S 0���= F�� #�:insulator:

5 (e�_ c�U��$���
4 ���Coating:

* �� ����� ��	
�� HO��)� L� ����D� ��K
0�)C�#���D:(

t
T

k
q

x
T G

�
�

��
�
�

�
1

2

2 �

02

2
�

�
�

�
x
Tstatesteady

Generationheatno

:

(��f�:) :1- ]���� ��2- ]�$���E3-���$�� HM

 0���(

A :F��`

K :F��`
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x
TkAqCconstont

dx
dT

x �
�

���� �1

constaxt
A
qqtconsq x

xx �����
�

� ''tan

0�	


�

�


�

�
�

�
�

k
Tk

x

=���� EP� Q��K
0� R�S
+� C�� �<����)� 
� �� ��� F�3 � ���,

��$ 0	��/: cteqqEE
dt
dEEEE dxxxoutinoutGin �������� �������

����� 211 CxCTC
dx
dT F�$ �,7 �
� H�C	�

#��	: 0	��/: kAdTdq
dx
dTkAq xxx ����� ��

� � � �1212
2

1

2

1
TTkAxxqkAdTdxq x

x

x

T

Tx �������� � ��

� �

kA
l
TTq

x
TTkAq xx

2121 �
��

�
�

�� ��

*������ =���� �� �$��
$O� =���� H7��	�:

R
VI �

�

cesisThermalRt tanRe:
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KA
lRt

RqT

RIV

cond

t

�
�
�

�
�

�

�

�

,,

,,
���

Convection:
hA

R

hA

TqThAq convt
1

1 �
	


�

�


�
�

�%�� ,��

Radiation: � � � �� �# $ssurrssurrssurr TTTTTTAq ����� 2244 ���� * � �ssurr TTA �

rad
radt hA

R 1
�,

�BU7� L�BM�:

 V<7� ����� �� ���, ��	
��)WO� ( ��� ��8��)X (���)� �����, ����

Ah
R

kA
lR

Ah
R

2
32

1
1

11
��� ,,

321 RRRRtot �� �  Series Resistances

...�
�

�
�
�

�
�

� ���

2

21

21

2121
R
TT

RR
TT

R
TTq

tot
x�

Parallel Resistance:

21
21 R

T
R
Tqqqq �
�

�
��� ����
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21

111
RRR

��

FD�� �����:
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(�+ FD�� ����� (��� ���)� �����, ����

54321
21 RRRRRR

R
TTq t
t

�����
�

� ���

432

41
RRR

TTq
��

�
��

Themal contact Resistance: Y�@� V<+ ������ E���	�

�����, �+�@� E���	� �Z� �� ��� E'�
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 F�$ #���$� ��C <
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Assumption: one-dimensional; no Heat Generation, steads stotes

F�$ o��+ ����$� �� B): (�$�� ��)��$.
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��$� �	5� i�� �� :�
 ����� $� %�� i�� B):��
!

Assumption: one-Dimensional , steady state, no Heat Generation

f�:(��:

���$�� HM
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      ���� ��
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A��^ ����M� !�)3 :Critical Radius of insulation
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��$��� o��+ 0��! $��E:
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�$	�:
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Heat conduction with internal Heat (Energy) Generation

������ �;�� ���� �� ����� ��	
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energyThermalHeatEnergychemical

EnergyElectical

V
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Gg

�
�� �� 2

eunit volumperGenerationHeatof: RateqQ� �@� ��$� �� (�$�� ��)��$ ���

1) Plane wall : G,�
 �$	��

* Assumption: one- Dimensional, steady state, uniform heat generation
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2 (����
+� _�����(�:

2. cylindrical wall:

Assumption: one-Dimensional, steady state, uniform heat generation.
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Heat Transfer from Extended surface: (fin)
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