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Abstract 

 The analysis of double-pipe heat exchanger may yield incorrect results if only forced convection is 
considered as the only mode of heat transfer. In fact, there is also heat transfer by thermal radiation. This article 
presents a method of analyzing the operation of double-pipe heat exchanger in which the inner pipe is isothermal 
and the outer pipe is insulated. This method incorporates both forced convection and thermal radiation. The fluid 
is air that is transparent to radiation. The surfaces of the inner and outer pipes are divided into small elements 
that have uniform temperatures. The system of equations of radiative exchange, along with energy balance 
equations of air, is nonlinear. Solution consists of air temperature distribution and the distribution of heat flux 
supplied to the inner pipe. This solution differs from the solution obtained under the assumption that there is only 
forced convection. Adjustment of the overall heat transfer coefficient may yield the correct air temperature profile, 
but not the correct heat flux profile. 
Keywords: Heat exchanger, Thermal radiation, Nonlinear  
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��,�G/	�C(���ก�,-�	�)/�	�ก(�กJI���@�C�Aก���D����)�
�	
�A�( (thermal radiation) 	���(A��	�ก�	�������Bก�Bก��
F�
�	�A�( �*�)		�*�d�((���	�E/ก*A��EA���������H(
กe�J�����,�G/	�C(���ก�,-	���)/� C(ก�,�(��ก��
������-

�F�&��,�����ก��E�����
�	�A�('A
�ก��F�
�	
�A�(���ก���D����)�
�	�A�( 

*�
�����������ก�,-��ก������(
�	�A�(���	�ก��F�

�	�A�(���ก���D����)�
�	�A�(C()�')�
(���Cก�A����
ก�(�� ���ก�,-��ก������(
�	�A�(�BB���/� (double-
pipe heat exchanger) ������C(	�������ก@����
B�(�(���
��,�G/	�)/��	�������Bก�B���(�ก M'����	�กe�J��,�G/	�*�@�
������
������C(ก�B���(�ก ก��
������-���ก�,-
��ก������(
�	�A�((��M'�F�&��,��F���ก��F�
�	
�A�(��&C�AD���F.-��� �	�E/ก*A���(����&�ก��,�G/	����
�*ก*���ก�(	�ก���
������C(ก�B���(�ก�@�C�A	�ก���D�
���)�
�	�A�(C(���	�,����	���&	���A�	�'A ก���D����)�

�	�A�((��&�)��D�C�Aกe�J��������ก&�ก���ก�,-ก��
��ก������(
�	�A�(	���,�G/	�	�กก
��������'AEA�@�(
,
M'�)		�*�
��	��*��F���ก��F�
�	�A�(����(��( EI��	A
��
��&	�ก���@�C�A@�(
,	�
�	�	�(�@��I�(M'�ก��
ก@��('��)�	���)��.�Lก��E���
�	�A�(�
	 (overall 
heat transfer coefficient) C�A�
	��)�	���)��.�Lก��E���

�	�A�(&�กก���D����)� (radiation heat transfer 
coefficient) �*�กf����	�
�	��'�&(
���(
���(��&�C�AD�
ก��@�(
,����	�(�@��F���C' 

�������D��(	��'A	�
�	)(C&�Iกg�ก��E�����
�	
�A�(M'�ก��F�
�	�A�(�BBB���B
B/�ก�Bก���D����)�

�	�A�(C(����(A�*�'
�ก�	 [1,2] C(����(A�*�'�	�

�ก�	 [3] C(����
������
����D�(��(�B����(�(ก�()��
�D�( [4,5] C(���)��������	���	��������ก��B�ก��/�G��C( 
[6] ����	��'A	�ก��
������-ก��E�����
�	�A�(M'�ก��F�

�	�A�(�BBB���B
B/�ก�Bก���D����)�
�	�A�(C(กe�J
��� ���C(����
� �����
������(�ก������C(��� 	� &� '
�/(�-ก����'��
ก�(  

B�
�	(��(@��)(�ก��
������-ก���@���(���
���ก�,-��ก������(
�	�A�(�BB���/�������C(	���,�G/	�
����M'�F�&��,�����ก��F�
�	�A�(���ก���D����)�
�	
�A�( ��)�	���)��.�Lก��F�
�	�A�(�'A	�&�ก)�)�	F�(.- 
(correlation) ����'A��Bก����	��B
�		�
�	�	�(�@� ก��

������-ก���D����)�
�	�A�(C�A
�.��B�����(�กC�A��H(���(

���ก�B����l ���	���,�G/	����� ����กA��BB)	ก���	�
�����)A(�F�������ก��ก��&����,�G/	�กe�J������*�	

�	��
������  

 
2. ���LJ	&���$*MN	�M
% 

�/���� 1 �)'�G�F*�'�
��������ก�,-��ก������(

�	�A�(�BB���/� L ��
�	��
������ก�,- ri ��� ro 
�����	�������C(������(�ก*�	�@�'�B ���C(	���,�G/	�
��������ก�B Ti ���(�ก��A	+(
('A�((�ก ��,�G/	�������
(�ก To(x) ��H(Kn�ก-��(���*@���(�� กe�J�����A����ก�,-
�����,�G/	� Tf,0  

 
 
 
 
 

 

 

 

�/���� 1 ���ก�,-ก����ก������(
�	�A�(�BB���/�   

 
 
 
 
 
 
 
 

�/���� 2 ���(���ก�B��� j ������C(������(�ก  

�F���ก��@�(
,����*�
��� ���C(������(�กE/ก
�B����H(���(���ก�B n ���( �*������(	���,�G/	����� �/���� 
2 �)'����(���ก�B��� j ������C(������(�ก ���C(	�
��,�G/	� Ti ���(�ก	���,�G/	� To,j กe�J�����A����(
���ก�B�����,�G/	� Tf,j-1 ��������ก�����,�G/	� Tf,j 
)	ก��)	'��F�����(���กe�J�� 

 ( ) ( )




 +−∆=− −− jfjfiijfjf TTTxhPTTC ,1,1,, 2
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               ( )




 +−∆+ − jfjfjoo TTTxhP ,1,, 2

1     (1) 

M'���� C ����*��
�	&�
�	�A�( (heat capacity rate) 
JI����H(D�/,�����*��ก�����ก�B��
�	&�
�	�A�(
&@��F�� h ��)�	���)��.�Lก��F�
�	�A�( Pi ��� Po ��

�	��
�)A(��B�/� (perimeter) ������C(������(�ก
*�	�@�'�B 

F��(D�
�����ก������(
�	�A�('A
�ก���D����)�	�
&@�(
( 2n + 2 F��(D�
 ก@��(''��(�*����*� 1 EI� 2n + 2 
����	&�กF��(D�
������C( n F��(D�
 F��(D�
������(�ก n 
F��(D�
������(�ก F��(D�
�������'A�(JA����� ���F��(D�
���
����'A�(�
���� ก@��('C�AF��(D�
�����	'��H(F��(D�
���

�*E�'@� (black body) JI��	���ก������� (emissivity) 
����ก�B 1 )	ก��ก����ก������(���)�
�	�A�(���
���
F��(D�
��H('��(�� [7]  

( ) =




 −++ − ijfjfj TTThq ,1,2

1   

                 ∑
+

=
+σ−σ

2

1

4
,,

4
n

k
koknji TFT          (2) 

( ) =




 −+− jojfjf TTTh ,,1,2

1  

          ∑∑
+

=
++

=
+ σ−σ−σ

2

1

4
,,

1

4
,

4
,

n

k
koknjn

n

k
ikjnjo TFTFT    (3)  

)@����B  j = 1, 2, v, n ��� 

 ∑∑
+

=
++

=
++ σ−σ−σ=

2

1

4
,,

1

4
,

4
,0

n

k
koknjn

n

k
ikjnjno TFTFT    (4) 

)@����B  j = n + 1 ��� n + 2 C()	ก�� (2) w (4) Fj,k 
�	��EI�
�
�Kก�*��- (view factor) &�กF��(D�
 j �� k 
K��กJ-
�	�A�( qj C()	ก�� (2) ��H(K��กJ-
�	�A�(���
&���C�A���(���ก�B j ������C(�F���C�A	���,�G/	����� Ti 

)�
( To,n+1 ��� To,n+2 C()	ก�� (2) w (4) �	��EI�
��,�G/	����F��(D�
�������'A�(JA������
�������ก�,-
��ก������(
�	�A�(JI��)		�*�
����H(F��(D�
���
�*E�'@� 

 
3. �*��Pก�M�
% 

C(ก���กA)	ก�� (1) w (4) &@���H(*A�����B��
�

�Kก�*��-JI� �)�	��E@�(
,�'A&�ก)/*����	���/� C(
��ก)���A����� Sparrow ���,� [8] C�A)/*�ก��@�(
,

�
�Kก�*��-���
���F��(D�
(�ก������ก�B�D�(
���
(���
	�&�'�/(�-ก����'��
ก�('���)'�C(�/���� 3 '��(�� 
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π

+= −

B
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RH

B
F 1

2,1 cos
2

1

8
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−

+ −

B

AR

R

A

H
1

21

2

2

cos4
2

2

1  

 


− − R

RH

A 1sin
2

  (5) 

M'���� R = r1/r2, H = h/r2, A = H2 + R2 w 1 ��� B = H2 
w R2 + 1 

 
 

�/���� 3 F��(D�
(�ก���������	�ก����ก������(���)�
�	
�A�(ก�B�D�(
���
(���	�&�'�/(�-ก����'��
ก�(  

Sparrow ���,� [8] C�A)/*�ก��@�(
,
�
�Kก
�*��-���F��(D�
C(������(�ก���	�ก����ก������(���)�

�	�A�(ก�(���M'�	����C(���	�&�'�/(�-ก����'��
ก�('��
�)'�C(�/���� 4 '��(�� 

 ( ) −












+−π

π
= −

2

11
12

2
1,1 cos

1

R

R
RR

R
F  

        ( ) ( )( )[ ]
1

212
1

2
2

2
21212

2

41
tan41

R

RRR
R

−+
+ −    

 ( )[ ]}212
1

2
2

1
1 2tan2 RRR −+ −   (6) 

M'���� R1 = r1/h ��� R2 = r2/h 

 
 
�/���� 4 F��(D�
C(������(�ก���	�ก����ก������(���)�
�	

�A�(ก�(���M'�	����C(���	�&�'�/(�-ก����'��
ก�(  
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Brockmann [9] C�A)/*�ก��@�(
,
�
�Kก�*��-
���
���F��(D�
(�ก������C(ก�BF��(D�
C(������(�ก���	�
&�'�/(�-ก����'��
ก�('���)'�C(�/���� 5 '��(�� 

 ( ) +












−−

π
= −

2

112
1

2
2

1
2,1 cos1

2

11

R

R
RR

R
F  

        ( ) +−−
π

−π − 212
1

2
2

1
11 tan2

2
RRRABR    

 ( )( )[ ] ( )
( ) 














+

+
++ −

21

2

2
12122

1

1
tan11

AB

BA
BA   (7) 

M'���� R1 = r1/h, R2 = r2/h, A = R2 + R1 ��� B = R2 w 
R1 

 
�/���� 5 F��(D�
(�ก������C(���	�ก����ก������(���)�
�	

�A�(ก�BF��(D�
C(������(�ก���	�&�'�/(�-ก����'��
ก�(  

Brockmann [9] C�A)/*�ก��@�(
,
�
�Kก�*��-
���
������F��(D�
C(������(�กก�B�D�(
���
(���
���
���(�กก�B���C(���	�&�'�/(�-ก����'��
ก�('���)'�C(�/���� 
6 '��(�� 
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 −
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= −−

H

X

H

X
RF

2
tantan

1 11
2,1  

        ( )[ ]+−− −− RR
H 121 sin12sin
4

   

 −






 +
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H

X 1
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sin
24
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+







 +
π−++ − Y

H

RHR 1

21
2222

sin
24

41    
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+
−+

π+ −
22

22
1

212

4

2
1sin

24

4

HX

HRH  (8) 

M'���� H = h/r2, X = (1 w R2)1/2, R = r1/r2 ���            
Y = R(1 w R2 w H2) (1 w R2 + H2) 

 
�/���� 6 F��(D�
C(������(�ก���	�ก����ก������(���)�
�	

�A�(ก�B�D�(
���
(���
������(�กก�B���C(���	�&�'
�/(�-ก����'��
ก�(  

Rea [10] C�A)/*�ก��@�(
,
�
�Kก�*��-���
���
F��(D�
(�ก������C(ก�BF��(D�
C(������(�ก���	�&�'
�/(�-ก����'��
ก�(�*���/�*@���(��������ก�('���)'�C(�/���� 
7 '��(�� 

 DDYDL f
L

D
f

L

DY
f

L

DL
F −

+
+

+
= ++2,1  

YDLfL

YDL
++

++
−            (9) 

M'���� 

 R
R

A

B

A

R

B
f 11 sin

2
cos

2

1

8
−ξ

ξ

ξ−ξ
ξ ξ

−

















π
+

ξ
=  

        
( )





























−

+

ξ
−

ξ

ξ−ξ

B

RA

R

A 1

21

2

2

cos4
2

2

1 (10) 

��� D = d/r2, Y = y/r2, L = l/r2, R = r1/r2, Aξ = ξ2 + R2 
w 1, Bξ = ξ2 w R2 + 1  

 
�/���� 7 F��(D�
(�ก������C(���	�ก����ก������(���)�
�	
�A�(ก�BF��(D�
C(������(�ก���	�&�'�/(�-ก����'��
ก�(�*�

��/�*@���(��������ก�(  

 
4. �&�&Qก	
�*L	
$% 

ก@��('C�A ri = 0.1 m, ro = 0.2 m, L = 1 m, Ti = 
400 K, Tf,0 = 300 K EA�ก@��('
�	��f
��ก�� (V) ���
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�����A����ก�,-��ก������(
�	�A�( C )�	��E@�(
,
�'A&�ก 
  ( ) pio crrVC 22 −πρ=       (11) 
��� h @�(
,&�ก)�)�	F�(.-���ก�����G��C(�BB
�n�(��
(M'� Gnielinsky [11] 

 ( )( )
( ) ( ) 



















+

−+

−
=

32

3221
1

1Pr87.121

Pr1000Re8
Nu

L

D

f

f h  (12) 

 ( ) 264.1Reln79.0 −−=f       (13) 

�	��
��กg,��+F��C( Nu ��� Re �� 
�	��

�)A(D���/(�-ก�����'����ก (hydraulic diameter) 
 ( )ioh rrD −= 2       (14) 
��,�G/	����C�A��)	B�*������ก����H(��,�G/	��+�������
��ก�����
��������A�ก�B�����ก&�ก���ก�,-  
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�/���� 8 MF��K�-��,�G/	���ก���	���F�&��,��F���ก��F�

�	�A�( (�)A(���) �����B����Bก�B�	���F�&��,�ก��F�


�	�A�(
B/�ก�Bก���D����)�
�	�A�( (�)A(�IB) 

 ก@��(' V = 1 m/s �/���� 8 �)'�MF��K�-��,�G/	�
��ก��C(�������'A&�กก���กA)	ก�� (1) w (4) M'�
�����B����Bก�BMF��K�-��,�G/	���ก��C(���C(ก�,����	�
�F���ก��F�
�	�A�( D��+������)'�C(�/���� 8 �'A&�ก
ก��C�A&@�(
(���(���ก�B n = 10 EA�C�A���(���ก�B
&@�(
(	�ก�I�( D��+��กf������(����(A��	�ก '��(��(D�
�+��(��&I�	�)G�F�/���A� (convergence) ��A
 �/���� 9 
�����B����BMF��K�-K��กJ-
�	�A�(������C(ก�,����	�ก��
F�
�	�A�(
B/�ก�Bก���D����)�
�	�A�(���ก�,����	�
�F���ก��F�
�	�A�(JI��@�(
,&�ก 
 ( )fi TThq −=       (15) 
 

 �/���� 8 ��� 9 �)'�C�A��f(
�� ก��)		�*�
��	��F���ก��F�

�	�A�(C(���&�C�AMF��K�-��,�G/	����K��กJ-
�	
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M'���� hr ��H()�	���)��.�Lก���D����)�
�	�A�( (radiation 
heat transfer coefficient) 
            ( )( )2

2,
2

2, nfinfir TTTTh ++ωσ=           (17) 
Tf,n/2 ��H(��,�G/	���ก�����ก������ ��� ω ��H(�Kก�*��-
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