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Abstract

A numerical study on the thermal and fluid flow performance of
the offset fins has been conducted using Fluent code. Flow in the
offset fin passage was modelled in 3-dimensions. A unit cell of
offset fin geometry modelled for the computational domain was given
the symmetric condition at the — right and left side of the cell and
the periodic condition at the entrance and exit of the cell. The
ranges of the major flow parameters in this study are 30<Re=<1200
and 0.7<Pr<335. The results were compared with the predictions of
existing correlations. The f-factor results agreed well with the
existing correlations except thicker and short length fins. Based on
the Fluent analysis, a new f-factor correlation has been proposed and
this new correlation showed better predictions for the thicker and
shorter fins. The numerical result showed that j-factor was affected

by Prandtl number.
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Table 2.1 Turbulent forced friction factor correlations for smooth

circular ducts

Remarks and

Author Correlation
Limitations
f=—Tu_ —00791Re "% agree with it within
Blasius 1.2 ' ‘ )
2P 4x10* < Re < 10°
Drew, o o
‘ agree with it within
Koo, and f=10.00140 + 0.125 Re” "% ‘
4% 10° < Re < 5x10°
McAdams
1
von —— =1.737In (Re/f ) — 04
VI o
Kaman agree with it within
or
and 4x10° < Re < 3 < 10°
_1 = =S
Nikuradse VT = dlog (Rev/f) ~ 04
; 1 agree with it within
Flonenko = 3
Techo,
Tickner, 1 Re 9 | agree with it within
T (1'7372l” 1.964InRe —3 8215)
and f HOHNLE = 9. 10* < Re < 2.5 % 10°
James
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Table 2.2 Turbulent forced convection correlations through a circular

ducts with constant properties(Nu)

Author

Correlations

Remarks and

Limitation

Dittus-—

Boelter

Nup = 0.023R°Pr”

Rep > 10000,
L/D=10,
0.7>Pr>160
T>Tm : n=04
(heating)
T<Tm  n=0.3

(cooling)

Sieder-
Tate

0.14
Nup = 0.027Re4/5pr”3(1%)

S

0.7<Pr<16700,
Re>10000,
L/D>10

Petukhov
-Kirllov

(£/2) Re Pr.
1.0t 1207CH2). %P1 23) — 1

NZ{D:

0.5<Pr<2000,
10*<Re<5 X 10°

Webb

(f/2) Re Pr

Nup = 1.07 + 9(#A/2)V*(Pr—1)Pr 4

Better at high
Pr and this
one the same
at other Pr,

smooth tubes

Sleicher—

Rouse

Nup =5+ 0.015Re”Pr”

m=0.88-0.24/
(4+Pr)
n=1/3+0.5exp
(-0.6Pr)
0.1<Pr<10"
10'<Re<10°

_13_



Table 2.3 Chronological listing of heat transfer and friction factor

correlations for offset fin

Investigator

Correlation

Year

Wieting

Re < 1000 :

Re = 2000 :

where, D, = 2sh/(s+h)

J= 0.483(Z/Dh)_0'162a— 0.184 73, —0.536
f= 7.661(Z/Dh)_0-384a— 0.092 f3,—0.712

j= 0-242(Z/Dh)f0'322(75/0,1)0'089]{@*0'368
f=1136(1/D,) "™}t/ D,) " Re”**

1975

Joshi and
Webb

Re < Re :

Re > Re +1000

where,

l

S

1.23 0.58
Re*=257(l) (i) Dh[t+1.328(&

j _ 0.53Re—0.5(l/Dh)—0.15a*0.14
f — 8.12R6*0.74(Z/Dh)*0.41a*0.02

j=021Re”"(1/D,)""*\(t/ D,)""
F=1.12Re "1/ D,) "t/ D,)""

1D,

and D, =2(s—t)h/[(s +h)+th/l]

T

1987

_14_



Table 2.3(continued)  Chronological listing of heat transfer and

friction factor correlations for offset fin

Investigator Correlation Year

Re <2000 :
j — 1‘37(Z/Dh)*0.25a*0~184R€*0~67

f — 5'55(1/Dh)*OBQOé*O.OQQRe*Oﬁ?

Mochizuki
Re = 2000 : 1987

et al j=117(1/D, +3.75)"\(t/ D,)" ™ Re” "%
f=083(1/D,+0.33) "*(t/D,)" ' Re” **

where, D, = 2sh/(s+h)

j =0.6522Re” 0.5403a— 0.154150. 1499,)/— 0.0678 %

[1 +5969% 10 5R61'3400z0'50450'456’y_1'055] 0.1

Manglik f —0.6243Re_ 07422067 0.185660.30537* 0.2659 %

[1 +7.669 < 10 S Ret129,,0:920 5376770‘236] 0.1 1995

and Bergles
where,

D, = 4shl

2(sl+hl+th)+ts

_15_



Table 2.4 The range of geometrical parameter for correlations

[0

(s/h)

0
/D

Y
(t/s)

Wieting
(1975)

Joshi and Webb
(1987)

0.134~1.0

0.012~0.060

0.038~0.202

Mochizuki et al.
(1987)

Manglik and Bergles
(1995)

0.135~1.034

0.012~0.060

0.038~0.195

_16_
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Fig. 2.1 Laminar flow in circular duct
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| turbulent
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Fig. 2.2 Turbulent flow in circular duct
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f - factor

0.1 s=4 mm

—— Wieting(1975)
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Fig. 2.6 Comparison of the correlations for f-factor
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Fig. 2.7 Comparison of the correlations for j—factor
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Table 3.1 Dimensions of offset fins

s (mm) t (mm) h (mm) 1 (mm)
Fin A 143 0.015 3 3.17
Fin B 1.52 0.152 2.26 6.12
Fin C 4 0.3 2.7 1.5
Fin D 4 0.1 2.7 15
Fin E 4 0.3 2.7 75
Table 3.2 Boundary layer thickness (Fin A)
Re ) Pr ot
100 1.215 335 0.175
500 0.701 335 0.101
700 0.543 335 0.078
1200 0.459 335 0.066
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Table 3.3 Boundary layer thickness (Fin B)

Re 5 Pr St

30 3.000 335 0.426
100 1.619 335 0.233
300 0.935 335 0.135
500 0.724 335 0.104

Table 3.4 Boundary layer thickness (Fin C)

Re 5 Pr St

100 1.029 335 0.148
500 0.594 335 0.085
700 0.460 335 0.066
1200 0.389 335 0.056
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Table 3.5 Boundary layer thickness (Fin D)

Re 5 Pr St

30 3.000 335 0.426
100 1.619 335 0.233
300 0.935 335 0.135
500 0.724 335 0.104

Table 3.6 Boundary layer thickness (Fin E)

Re 5 Pr St

30 3.000 335 0.426
100 1.619 335 0.233
300 0.935 335 0.135
500 0.724 335 0.104
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Table 3.7 Mesh size

Calculated size Selected size
Fin A 0.031 0.030
Fin B 0.0628 0.038
Fin C 0.031 0.025
Fin D 0.030 0.025
Fin E 0.031 0.025
Table 3.8 Parameters of Offset fin
o B 0 Y
Fin A 0.477 0.451 0.0473 0.105
Fin B 0.673 0.248 0.025 0.1
Fin C 1.481 2.667 0.200 0.075
Fin D 1.481 2.667 0.067 0.025
Fin E 1.481 0.533 0.040 0.075
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