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Nomenclature

Ac minimum free!~ow area ðm1Ł
Af _n surface area ðm1Ł
At tube surface area ðm1Ł
A9 total surface area ðm1Ł
Dc _n collar outside diameter\ D9¦1df ðmŁ
Dh hydraulic diameter\ 3AcL:A9 ðmŁ
f friction factor\ dimensionless
Fp _n pitch ðmŁ
Gc mass ~ux of the air based on the minimum ~ow area
ðkg m−1 s−0Ł
h heat transfer coe.cient ðW m−1 K−0Ł
j Nu:Re Pr0:2\ the Colburn factor\ dimensionless
k thermal conductivity ðW m−0 K−0Ł
L depth of the heat exchanger ðmŁ
N number of longitudinal tube rows\ dimensionless
NTU UA:Cmin\ number of transfer units\ dimensionless
DP pressure drop ðPaŁ
Pl longitudinal tube pitch ðmŁ
Pd wa/e height ðmŁ
Pt transverse tube pitch ðmŁ
Pr Prandtl number\ dimensionless
ReDc Reynolds number based on tube collar diameter\
dimensionless
S _n spacing ðmŁ
Xf projected _n length ðmŁ[

Greek symbols
o Qþ:Qþmax\ heat exchanger e}ectiveness\ dimensionless
u corrugation angle ð>Ł
df _n thickness ðmŁ

� Corresponding author[ Tel[] 99 775 2 4805183^ fax] 99 775 2
4719149^ e!mail] ccwangÝerl[itri[org[tw

m dynamic viscosity of ~uid ðkg m−0 s−0Ł
r mass density of ~uid ðkg m−2Ł
s contraction ratio of cross!sectional area\ dimen!
sionless[

Subscripts
air air side
i tube side
f _n surface
9 total surface
0 inlet
1 outlet[

0[ Introduction

Finned tube heat exchangers are widely used in a var!
iety of applications in the air!conditioning\ refrigeration\
and process industry[ Generally\ the heat exchangers con!
sist of a plurality of spaced parallel tubes through which
water\ oils\ or refrigerants is forced to ~ow while air is
directed across the tubes[ Since the dominate resistance
is usually on the air!side\ therefore\ the use of enhanced
_n surfaces is very common to e}ectively improve the
overall heat transfer performance[ One of the very popu!
lar _n patterns is the wavy _n con_guration as shown in
Fig[ 0[

Despite there being several e}orts devoted to the air!
side performances ð0Ð5Ł\ as pointed out in ð6Ł\ signi_cant
di}erences of air!side performances may occur owing to
the di}erences of reduction method[ The objective of the
present study is to construct the correlations for the air!
side performances of wavy _n!and!tube heat exchangers
based on consistent reduction methods[
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Fig[ 0[ Schematic of a typical wavy _n!and!tube heat exchanger[

1[ The data bank

The database for the present study are taken from ð3\4Ł
and our newly tested samples[ A total of 16 samples are
used for the development of correlations[ The database
includes those by Wang et al[ ð4Ł "6 samples#\ Wang et

al[ ð5Ł "7 samples#\ and additional twelve test samples
conducted in this new study[ Detailed geometry for the
test samples is tabulated in Table 0[

The detailed experimental facility data had been
described by several previous studies ð7\ 8Ł\ and will not
repeat here[ The heat transfer coe.cients for the present
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Table 0
Geometric dimensions of the wavy _n!and!tube heat exchangers

No Fin Fin Dc "mm# Pt "mm# Pl "mm# Wa/e Row
pitch thickness height No[
"mm# "mm# "mm#

0 1[43 9[004 7[47 14[3 08[94 0[21 0
1 0[10 9[004 7[47 14[3 08[94 0[21 0
2 1[43 9[004 7[47 14[3 08[94 0[21 1
3 0[58 9[004 7[47 14[3 08[94 0[21 1
4 0[10 9[004 7[47 14[3 08[94 0[21 1
5 1[43 9[004 7[47 14[3 08[94 0[21 3
6 0[10 9[004 7[47 14[3 08[94 0[21 3
7 0[69 9[01 7[51 14[3 08[94 0[07 1
8 0[58 9[01 7[51 14[3 08[94 0[47 1

09 2[98 9[01 7[51 14[3 08[94 0[07 1
00 2[06 9[01 7[51 14[3 08[94 0[47 1
01 0[54 9[01 7[51 14[3 08[94 0[07 3
02 0[69 9[01 7[51 14[3 08[94 0[47 3
03 2[00 9[01 7[51 14[3 08[94 0[07 3
04 2[03 9[01 7[51 14[3 08[94 0[47 3
05 1[74 9[01 09[27 14[3 08[94 0[07 5
06 2[98 9[01 7[51 14[3 08[94 0[47 5
07 0[52 9[01 09[27 14[3 08[94 0[07 5
08 1[76 9[01 09[27 14[3 08[94 0[07 5
19 0[48 9[01 09[27 14[3 08[94 0[07 5
10 0[56 9[01 7[51 14[3 08[94 0[47 5
11 1[74 9[01 09[27 14[3 08[94 0[07 0
12 1[84 9[01 7[51 14[3 08[94 0[47 0
13 0[54 9[01 7[51 14[3 08[94 0[47 0
14 2[47 9[01 7[51 14[3 08[94 0[47 0
15 0[51 9[01 09[27 14[3 08[94 0[07 0
16 2[55 9[01 7[51 14[3 14[3 0[57 0

Note] the sample heat exchangers are all staggered layout[

study were reduced using the oÐNTU methods\ and the
_n e.ciency is calculated using the Schmidt ð09Ł approxi!
mation[

The core friction of the heat exchanger is calculated
from the pressure drop equation proposed by Kays and
London ð00Ł[ The relation for the Fanning friction factors
which includes the entrance and exit pressure loss\ and is
expressed as below]

f �
Acr0

A9rm $
1DP

G1
c r0

−"0¦s1# 0
r0

r1

−01% "0#

where A9 and Ac stand for the total surface area and the
~ow cross!sectional area\ respectively[ The term\ s\ is the
ratio of the minimum ~ow area to frontal area[

2[ The correlation

Attempts are made to correlate the test results by using
a multiple regression technique[ The basic forms of the
correlations are]

j � C0 ReC1
Dc "1#

f � C2 ReC3
Dc[ "2#

It is assumed that C0\ C1\ C2\ and C3 are dependent on
the physical dimensions of the heat exchanger[ A separate
multiple linear regression was proceeded to determine
the exponents\ C1\ and C3 of the heat exchangers[ The
determinations of C0 and C2 are analogous to\ C1\ and
C3[ After a trial and error process\ the _nal equation
forms for the j factors are given as follows]

j � 9[213 ReJ0
Dc 0

Fp

P01
J1

"tan u#J2 0
Pl

Pt1
J3

N9[317 "3#

where

J0 � −9[118¦9[004 0
Fp

Dc1
9[5

0
Pl

Dh1
9[43

×N−9[173 loge"9[4 tan u# "4#

J1 � −9[140¦
9[121N0[26

"loge"ReDc
#−1[292#

"5#
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Fig[ 1[ Comparisons of the present heat transfer and friction correlations with the experimental data[
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Table 1
Comparison of the proposed correlation with the experimental data

Deviation 209) 204) 219) 214) Mean Average
")# ")# ")# ")# deviation deviation

j 68[5 84[0 86[3 87[4 5[33 9[24
f 73[8 86[2 88[5 099 4[90 9[13

Average deviation �
0
M $s

M

0

j" f #pred−j" f #exp

j" f #exp %×099)[

Mean deviation �
0
M $s

M

0

=j" f #pred−j" f #exp =
j" f #exp %×099)[

M] number of data points[

J2 � −9[328 0
Fp

Dh1
9[98

0
Pl

Pt1
−0[64

N−9[82 "6#

J3 � 9[491"loge"ReDc
#−1[43#[ "7#

The correlation for friction factor is given as]

f � 9[90804 ReF0
Dc

"tan u#F1 0
Fp

Pl1
F2

0loge0
A9

At11
−4[24

×0
Dh

Dc1
0[2685

N−9[9805 "8#

where

F0 � 9[3593−9[90225 0
Fp

Pl1
9[47

loge0
A9

At1"tan u#−0[4

"09#

F1 � 2[136 0
Fp

Pt1
0[3

loge0
A9

At1 "00#

F2 �
−19[002
loge"ReDc

#
[ "01#

Figure 1 shows the comparisons of the experimental data
with equations "3# and "8#[ Equation "3# can describe
84[0) of the j factors within 204) and equation "8#
can correlate 86[2) of the friction factors within 204)[
The results of the comparisons of the present correlations
with all the test data are tabulated in Table 1[ As seen\
the present heat transfer correlation gives a mean devi!
ation of 5[33) while the proposed friction correlation
shows a 4[90) mean deviation[

3[ Conclusions

A generalized heat transfer and friction correlation for
wavy _n geometry is proposed from a total of 16 samples
of _n!and!tube heat exchangers[ The proposed heat
transfer correlation can describe 84[0) of the test data

within 204) with a mean deviation of 5[33) while the
proposed friction correlation can describe 86[2) of the
results within 204) with a mean deviation of 4[90)[
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