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Thermo-Flow Analysis of Offset-strip fins according to Prandtl Number

Youn-Sik Joo, Min-Soo Kim, Kwan-Soo Lee'
Department of Mechanical Engineering, Hanynag University, Seoul 133-791, Korea

ABSTRACT: This paper numerically investigates thermo-flow characteristics of offset strip
fins to obtain a correlation between heat transfer and pressure drop. The flow was divided
into three regimes, i.e. laminar, transition and turbulent. The predicted ; and f values from
the SST k- turbulence model agreed with previous correlations with the error less than

20% in transition and turbulent regimes. Heat transfer and pressure drop were predicted by
varying Prandtl number from 0.5 to 40. The Prandtl number showed little effects on pressure
drop but had great effect on the heat transfer characteristics. An overall correlation to
predict j was suggested by incorporating the effect of Pr and a new j correlation was
suggested for each Pr.
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Table 1 Geometric parameters of 18

offset—strip fins.

+20%.

- 20%
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8 1.954 0.405 0.028 0.067
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11 1.139 1.000 0.202 0.042 T (numerical datz)
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14 1534 0.583 0.047 0.061 - ,
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Fig. 4 f factor as function of Prandtl

number.

& AR A¥E Fig. 4, 591 YERdT Ao
011*1 OEL ’}F‘ 9}\)\01 f O]X]'—J oT Proﬂ 'I]'E )_—])]\—
o] Wzt vk whi ;o IAke] AFg Prol wE
gkl Wwstrt stk 538 Prvt =2 tAe]
B oE 7 wAee wAdol flew joghel
ME Z AolE Bt webA Pre] mE §F
Hst AL A10)S olgstda dxde
BHAL Prg E9ete &% 99 s
Tkt

jp, = 0.448745Re™ "4T0py~ 000886 (19)
e Oé7 0.1446042037* 0.156

2](12) A¥tele] wlui= Fig. 63 2l Fig. 6 ©l
A BEo] PryE o433 dAdAY dAAw 5
A A= e o7t gtk Prav) EoldsE Ay
23} A A B A7t Y= AL B S 9l
53] Pravt =2 tAe] A 1 Aol wig- Alst
th el Praes o83 5§ I Avanoe
Prepoll whe} gl s ohga o] 247F Aoshe A
o] e}sitt.

.'};.q’;'p,c,-d =(0.15417Re "~ 0327017 0077350.19177 0.17 (13)
jwnr”. = (0.54325Re 0.5130[— 0.17860.256,Y— 0.234 (14)

Mz A4 (13), (14S °)8
Bergles7)-4 Aol NS Fgon A= 7t

0l

air (Pr=0.7)
—-—- water (Pr=3.0)
- — —diesel (Pr=38.0)

= 00l

0.0001 1
1000 3000

Re
Fig. 5 j factor as function of Prandtl

number.

Propol wh jol Asha)at e &

e

Al Sk

realizable k—-¢ turbulence model, SST k-w
turbulence modelS ©] &3] HlwE}S o,
SST mdwol f 9 g & wAEY

Jj A=
T2 AYdE Fu FAEY 1 FES vasty

01
= Qair +20%,7 ,
o diesel ’ .
A water A o
n,
o
E 4
S .
e .
k3 % A
— A < ’..
A %
2 I
e o
001} Y. X
[ «Shmgp A
n” A
I/r A
A
1
0.01 01
j (Numerical data)
Fig. 6 Comparison of numerical data with

Jjpr correlation.



AL ol Y H 4 A 5SS FAF5
s R S I i e S B R R R
F7lolelel &, fAde i3t e WS
Pr ol w48 Fep= 2 Aol flont gk
Pr ol wheg} 2 zelzh Tk Pr ol whE W
stE dhte] Ao o Fey] flste] T3 G
A& Agstg oy ol EE Prye ©E 9%
S x5 e webA Prago we ol
I SR = A N

—

Kays, W. M., London A. L. , 1984, Compact
Heat Exchangers, McGraw-Hill, New York.
Manson, S. V. 1950, Correlations of heat
transfer data and of friction data for
interrupt plain fins staggered in successive

rows, NACA Tech., Washington.

Weiting, A. R. 1975, “Empirical correlation
for heat transfer and flow friction
characteristics of rectangular offset—strip

plate-fin heat exchangers” J. Heat Transfer,
Vol. 97, pp. 483-490.

Joshi, H. M., Webb, R. L.
transfer and friction
finheat exchangers”, Int.
Transfer, Vol. 30, pp. 69-84.
Mochizuki, S., Yagi, Y. 1987, “Transport

1987, “Heat
in the offset strip
J. Heat Mass

phenomena in stacks of interrupt
parallel-plate surface”, Exp. Heat Transfer,
Vol. 1, pp. 127-140.

6. Tinaut, F. V. Melgar, A., Ali, A. 1992,
“Correlations for Heat Transfer and Flow
Friction Characteristics of Compact
Plate-Type Heat exchangers”, Int. J. Heat
Mass Transfer, Vol. 35, pp. 1659-1665.

7. Manglik, R. M, A. E.
“Heat pressure

correlations for the rectangular offset strip

1995,
drop

Bergles,
transfer and

fin compact heat exchanger”, Exp. Thermal
Fluid Sci., Vol. 10, pp. 171-180.

8. Herold, KE., Hu, S. (1995) Prandtl Number
Effect on Offset Fin
Performance - Experimental Results. Int J
Heat Mass Tran 38: 1053-1061.

9. Zhang, L.W. Tafti, D.K. Najjar, F.M,,
Balachandar, S. (1997) Computations of flow
and heat transfer in parallel-plate fin heat
exchangers on the CM-5: Effects of flow
unsteadiness and three-dimensionality. Int J
Heat Mass Tran 40: 1325-1341.

10. Menter, F.R. (1994) 2-Equation Eddy-Viscosity
Turbulence Models for Engineering
Applications. AIAA J 32: 1598-1605.

Heat-Exchanger

- 238 -



