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1. Introduction

This study is a continuation of a previous study by
Chang and Wang [1] who presented a general heat

transfer correlation for louver ®n geometry based on
91 louvered ®n heat exchangers having ¯at tube con-
®guration (Fig. 1). The database of the 91 samples was
collected from Davenport [2] (30 samples, Fig. 1, Type

A, 529 data points), Tanaka et al. [3] (one sample, Fig.
1, Type C, 6 data points), Achaichia and Cowell [4]
(15 samples, Fig. 1, Type B, 193 data points), Webb

[5] (®ve samples, Fig. 1, Type C, 33 data points), Sun-
den and Svantesson [6] (six samples, Fig. 1, Type C, 63
data points), Webb and Jung [7] (six samples, Fig. 1,

Type C and Type E, 36 data points), Rugh et al. [8] (1
sample, Fig. 1, Type D, 10 data points), and Chang
and Wang [9] (27 samples, Fig. 1, Type C, 239 data

points). The objective of this study is to propose a fric-
tion correlation that can correlate the results of 1109
data points.

2. The data bank

Detailed geometrical dimensions of the 91 samples
can be found from previous study by Chang and

Wang [1]. Relevant de®nitions of the geometric par-
ameter for the present louver ®n geometry are shown

in Fig. 2. The frictional performance is in terms of
Fanning friction factor f, i.e.
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where Gc=rmVc and Vc is the maximum velocity in

the core of the heat exchanger. Note that the core
entrance and exit losses were subtracted. The entrance
and exit loss coe�cients of Kc and Ke (the abrupt con-

traction and expansion coe�cients) were evaluated
from Fig. 5-4 of Kays and London [10] at ReDh=1.
The database for friction factors are shown in Fig. 3.
As seen, the frictional performance varies considerably

from di�erent data sources.

3. The proposed correlation

After a trial and error process, the ®nal equation
form of the friction factor is given as follows:

f � f1�f2�f3 �2�

where
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Nomenclature

A total surface area [m2]
Ac minimum ¯ow area [m2]
Dh hydraulic diameter of ®n array [mm]

Dm major tube diameter [mm]
f Fanning friction factor dimensionless
f 1, f2, f 3 correlation parameter

Fd ®n depth [mm]
Fl ®n length [mm]
Fp ®n pitch [mm]

Ft ®n thickness [mm]
Gc rmVc, mass ¯ux at minimum ¯ow area

[kg mÿ2]
Kc abrupt contraction coe�cient, dimen-

sionless
Ke abrupt expansion coe�cient, dimension-

less

Lh louver height [mm]
Ll louver length [mm]
Lp louver pitch [mm]

M number of test data point

ReDh Reynolds number based on hydraulic di-
ameter, dimensionless

ReLp Reynolds number based on louver pitch,

dimensionless
Th TpÿDm [mm]
Tp tube pitch [mm]

Td tube depth [mm]
Vc maximum velocity [m sÿ1]
DP pressure drop [Pa]

r1 inlet air density [kg mÿ3]
r2 outlet air density [kg mÿ3]
rm mean density [kg mÿ3]
s contraction ratio, dimensionless

y louver angle [deg]

Subscripts

exp experimental value
pred prediction value by the proposed corre-

lation.
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Fig. 4 shows the comparison of the experimental data
with Eq. (2). It is shown that 83.14% of the data of

friction factor are correlated within 215%, and the
present correlation gives a mean deviation of 9.21%.

4. Tests of the various correlations against the data

bank

In addition to the correlation proposed in this

paper, several other correlations were tested against
the data. These correlations include those by Daven-
port [2] and Achaichia and Cowell [4]. The f-corre-

lation by Davenport [2] is

f � 5:47Reÿ0:72Lp �Lt=Fl�0:89F 0:23
l L0:2

p L0:37
h

�for 70 < ReDh < 900�
�6�

f � 0:494Reÿ0:39Lp �Lh=Lp�0:33�Ll=Fl�1:1F 0:46
l

�for 1000 < ReDh < 4, 000�
�7�

The correlation by Achaichia and Cowell [4] is

f � 10:4Reÿ1:17Lp F 0:05
p L1:24

p T 0:83
p F 0:25

l

�for ReLp < 150�
�8�
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f � 0:895f 1:07A F ÿ0:22p L0:25
p T 0:26

p F 0:33
l

�for 150 < ReLp < 3, 000�
�9�

where

fA � 596Re
�0:318 log 10�ReLp�ÿ2:25�
Lp �10�

Notice the above-mentioned equations (Eqs. (6)±(9))
are dimensional equations (units in mm). The results
of the comparison of the Davenport correlation [2]

and Achaichia and Cowell correlation [4] to the data-

base are shown in Table 1. As seen, the mean devi-

ation of the present correlation, the Davenport

correlation and the Achaichia and Cowell [4] corre-

lation, are 9.21, 17.5, and 102.5%, respectively. The

Achaichia and Cowell [4] correlation shows signi®cant

overpredictions. This is probably due to the fact that

their database were of type B (Fig. 1) which have mul-

tiple numbers of tube rows. Hence periodic contraction

and expansion of the air¯ow within the heat exchanger

may result in higher pressure drops.

Fig. 1. Type of louvered ®n heat exchangers.
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Fig. 2. De®nition of various geometric parameters.

Table 1

Comparison of the correlation with all the experimental dataa

Deviation Present correlation Davenport [2] Achaichia and Cowell [4]

210% 68.35% 45.49% 14.97%

215% 83.14% 54.48% 19.12%

220% 90.89% 64.05% 21.73%

225% 94.86% 70.81% 24.17%

Average deviation 0.027% ÿ11.94% 100.83%

Mean deviation 9.21% 17.50% 102.48%

a Average deviation� 1
M �
PM

1
fpredÿfexp

fexp
� � 100%; mean deviation� 1

M �
PM

1
jfpredÿfexp j

fexp
� � 100%; M: number of data points.
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Fig. 3. f vs ReLP for all the test database.
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5. Conclusions

A generalized frictional correlation for louver ®n
geometry is developed in the present study. A total of
91 samples of louver ®n heat exchangers are used in

the regression analysis. The proposed correlation gives
a mean deviation of 9.21%, it is shown that 83.14% of
the frictional data can be correlated within215%.
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