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In the present work, constructal design of annular finned tube has been studied. Geometrical parameters 
include fin diameter, fin thickness, fin pitch, tube outer diameter, tube length, while physical parameters 
involve pressure drop number, Stanton number, fin-to-air conductivity ratio, and in-tube fluid-to- air 
conductivity ratio. The aim of this study is to enhance heat transfer by allowing the geometrical degrees 
of freedom to morph. It was observed that at certain flow conditions, there exist optimal geometry and 
fin number for the finned tube construct in which its thermal resistance is minimum. Fin efficiency and 
tube-side convective heat transfer coefficient are higher at low pressure drops and Stanton numbers. In 
these conditions, analytical relationships were proposed to predict optimal heat transfer, optimal fin 
number and optimal geometry.  It was seen that the optimal fin thickness-to-fin pitch ratio is merely 
dependent on the fin volume fraction; and it rises with the increase in fin volume fraction. Moreover, 
the optimum fin number is directly proportional to fin spacing – to- fin pitch ratio and inversely 
proportional to Stanton number. Furthermore, it was seen that in the range of parameters considered in 
this study, the tube with 3400 fins and aspect ratio of 0.63 has the highest heat transfer rate.  
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Fig. 1 Geometry of a typical finned tube  
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1D̂  n   

(18)  =
4 4

C  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

1.
1.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

5-
07

 ]
 

                               3 / 7

https://dorl.net/dor/20.1001.1.10275940.1395.16.1.1.4
https://mme.modares.ac.ir/article-15-286-en.html


    

    

  

320  1395161  

(19)  =
C 4

C  

(20)  =
C 4

C
(1 )  

(21)  =
4

C 1 1  

(20,19) (22)  . 

(22)  = 1  

SS=H0-D0 
) 22( (23)   

(23)  =  

Hf = 1 2(H1-D1) 
(17) (21)  n (24) 

 

(24)  
D =

1
2 1 1 1  

 . (15) 
 .

= ( )  . 
 

(25)  = 2C
C

4 1 1
1

1  

(11)  

2 C  .
 n  

(26)  = 1 1  

 
 
 
 

(27)  

2
C =

C
4 1 1 1

1

1
C

(2C )
 

(13) 
  n (28)  

(28)  = 4 St 1 exp 4 St = ( , ) 

n  )
/  / .  ( 

1-5 -   

 ]16[  . 
 LMTD P-NTU  

 . 
P

 .=

7.71 × 10 m = 0.15  .
= 9.8 × 106 St = 1.84 × 10

  ., = 40 =

0.925 ms , = 15 
= 5 ms  .1 

 .  
 n=1304 n=2400 

=2  . 

] 16  [
  .

 . 

  

2-5 -   
(17) (18)

 .
(27)(29)   

(29)  
2

C ~ . . .  

(29) 
  .  

  
   1 .

(15)

 (30)   

(30)  ~ . . . Pr . St .  

1 ] 16 [  
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Table 2 validation of the present study  

 1 2 3  4 5 6 

n  1304    2400  
 0.84 0.826 0.72  0.84 0.82  0.72 

L(mm) 2960 3000 3348  4821 4915 5454 
(mm) 57.6 57 54  45.1 44.7 42.4 
(mm) 2.27 2.3 2.57  2 2.05 2.27 
(mm) 0.36 0.4 0.72  0.32 0.37 0.64 
(mm) 14.4 21.2 37  11.28 18.24 28.9 

,present 61 78.8 70.6  68 94.5 80 
,ref.[15 ] 56.3 67.7 63  63  85.5 73.5 
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Table 3 Geometrical dimensions variations with flow and 
physical conditions  

  1 2 3 4 5  

 0.32  ---  --- --- 0.1 
 0.63  ---  --- --- 0.788 

(m3) 0.02   ---  --- 0.0001 0.02 
St × 10  1 2 1 20  1 

× 10  50 50 100 0.12 50 
n 3384 1692 3384 170 4719 

 10.8 9.5 12.5 10.4 11.0 
L(mm)  8000 4554  6900 415 10940 

(mm) 57 74.8 60.7 17.5 48 
(mm) 2.34 2.7 2.04 2.44 2.32 
(mm) 0.87 1 0.755 0.9 0.28 
(mm) 21 27.6 22.4 6.5 20.5 

 163 142 187 26.7 215 
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