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1. Introduction

Interrupted surfaces are often employed in plate-
finned heat exchangers to effectively improve the heat
transfer performance. Interrupted surfaces were often
in the form of louver or slit (lance). For practical im-
plementation of the air-cooled heat exchangers, the
interrupted fin patterns are often accompanying with
round tube, hence, periodic expansion/contraction of
airflow within the heat exchangers are encountered.
Therefore, the airflow pattern within interrupted sur-
faces is very complex owing to the presence of the
round tube. There had been many researches devoted
to the study of interrupted surfaces like slit fin geome-
try [1-4]. However, these studies were normally
focused on the fundamental understanding of the slit
fin surfaces. Experimental data in association with the
actual performance of the fin-and-tube heat exchangers
having slit fin geometry were very rare.

The only papers related to this subject were by
Nakayama and Xu [5] and Wang et al. [6]. Nakayama
and Xu [5] presented test results for three samples, and
proposed a correlation based on their test results.
However, as pointed out by Garimella et al. [7], appli-
cability of the correlation by Nakayama and Xu [5] is
very limited. Extrapolation of the correlations is inad-
visable due to the very strong dependence of the j-fac-
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tor on the ratio of fin thickness to fin spacing. In a
recent study, Wang et al. [6] provide test results for a
conventional slit fin geometry. Their results indicated
that the heat transfer performance increase with
decrease of fin pitch for N = 1. However, for N > 4,
the effect of fin pitch on the heat transfer performance
is reversed.

The purpose of the present study is thus twofold.
Firstly, further experimental data are provided to
understand the details of the slit fin geometry. Sec-
ondly, based on the test (newly test results) and those
reported by Nakayama and Xu [5], and Wang et al.
[6], an updated airside that can cover a much wider ap-
plicable range correlation is proposed.

2. Experimental apparatus and reduction methods

In this study, a total of 31 samples of fin-and-tube
heat exchangers having slit geometry were investigated
in the present study. Their related geometric par-
ameters are tabulated in Table 1. Detailed dimensions
of the slit fin patterns are illustrated in Fig. 1. As seen
in the figure, two types of superslit fin geometry were
examined (type I and type II). For comparison pur-
pose, previous tested slit fin geometry by Wang et al.
[6] was also shown in Fig. 1C. Note that Fig. 1C is the
conventional slit geometry with one-side interrupted
surface. The present superslit fin possesses an offset slit
geometry. Detailed definitions of the slit fin geometry
can be seen in Fig. 1D.

For the sake of simplicity, detailed description of
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Nomenclature

o total surface area (m?)

fin collar outside diameter (mm)

friction factor, dimensionless

, f», f3  correlation parameter

fin pitch (mm)

fin spacing (mm)

Nu/RePrm, the Colburn factor, dimen-

sionless

J1» J2» J3, Ja correlation parameter

Sh number of slits in an enhanced zone,
dimensionless

N number of longitudinal tube rows,

dimensionless

[

SRR CES

~.
g

Nu Nusselt number, dimensionless

P longitudinal tube pitch (mm)

P, transverse tube pitch (mm)

Rep, Reynolds number based on tube collar
diameter, G.D¢/[t,;r, dimensionless

Pr Prandtl number, dimensionless

Sh height of slit (mm)

Ss breadth of a slit in the direction of air-
flow (mm)

Sw width of slit (mm)

Or fin thickness (m)

Hair air viscosity (N s m™2)

the test facility and the related reduction method of
the heat transfer performance are omitted, one can
find the associated details from previous investigation
[6]. Tests were performed in fully dry test conditions.
Uncertainties of the Colburn j factor and friction fac-
tor f were estimated by the method suggested by Mof-
fat [8]. The uncertainties ranged from 2.4 to 14.1% for
the j factors, and 3.1 to 17.9% for f. The highest
uncertainties were associated with lowest Reynolds
number.

3. Results and discussion

Fig. 2 shows the test results for type I superslit
geometry with N = 1. The fin pitches are from 1.5 to
2.5 mm. The ordinates are j and f while the abscissa is
the Reynolds number based on collar diameter. As
seen in the figure, the heat transfer performance for
the type I slit fin geometry can be roughly classified
into two group. The heat transfer performance for F,
< 2.1 mm is about 20-25% higher than those of F,, >
2.1 mm. The results are different from those of the slit
fin geometry by Wang et al. [6] and those of the louver
fin reported by Wang et al. [9]. For louver fin and N
= 1, as shown by Wang et al. [9], the effect of fin
spacing on the heat transfer performance is relatively
small (F,=1.2-2.5 mm). For conventional slit fin geo-
metry (Fig. 1C), Wang et al. [6] reported that the heat
transfer performance gradually increased from dense
fin spacing to sparse fin spacing (F,=1.2-2.5 mm).
For type II superslit geometry of N = 1 as seen in
Fig. 3, the results are analogous to those reported by
Wang et al. [6]. In seeking connection of this phenom-
enon, it is necessary to examine the detailed fin geome-
try of the type I superslit fin. A close examination of
the type I geometry indicated that the slit was not par-

allel. A slight chevron is observed for type I geometry
which is similar to a convex strip to some extent.

For a particular fin pitch and wave height of
convex-louver strip, Pauley and Hodgson [10]
reported that the mixing angle usually increased
with the Reynolds number. It is noticed that the
mixing angle was defined as the inclined angle
formed by the dye, as measured from the louver of
first contact. Pauley and Hodgson [10] reported that
the mixing angle was related to the parameter, Fp/
4H. Where H is the height of louver. They found that,
for F,/4H = 3, the mixing angle decreases with the
increase of the Reynolds number. Based on their flow
visualization experiments, Pauley and Hodgson [10]
argued that an inviscid Rayleigh instability may cause
the unsteadiness of the shear layer for F,/4H near 3.
The velocity difference across the shear layer was large
enough to cause vortex rollup, and the mixing region
was contained primarily within the louvers and did not
extend between the fin rows. Therefore, a decrease of
mixing angle, and lower heat transfer performance is
shown when the fin pitch is decreased to a certain
value. The present F,/4H values are approximately
1.78 (F,= 1.5 mm), 2.26 (F,= 1.9 mm), and 2.98
(Fo= 2.5 mm). Therefore, for the present type I
geometry, it is very likely that when the fin pitch is
above certain value, the mixing angle may decrease
with the Reynolds number and result in the degra-
dation of heat transfer performance. The results imply
the detectable difference of the type I slit fin geometry
may be related to different type enhanced mechanism.
Instability caused by the vortex shedding is less pro-
found as Fj, is increased over 2.1 mm.

Figs. 4 and 5 illustrate the effect of the number of
tube rows on the heat transfer and friction character-
istics for the present superslit geometry. The fin pitches
are 1.5 and 2.5 mm for type I and 1.2 and 1.6 mm for
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Table 1 (continued)

No. of f'data

No. of j data

N

D (mm) Py (mm) Py (mm) ¢ (mm)

F, (mm)

References

No.

11 11

0.12
0.12
0.12
0.12
0.15
0.15
0.15
0.18

25.4 22
0.2

10.34
10.34
10.34
10.34
16.30
16.30
16.30

16.4

2.47

Wang et al. [6]

40
41

22
22

254
25.4

1.21
1.78
2.48
2.00
1.70
2.50

2.50

Wang et al. [6]

10
10

10
10

Wang et al. [6]

4
43

22
33

254
38
38
38
38
25

Wang et al. [6]

44
45

Nakayama and Xu [5]

33

Nakayama and Xu [5]

33

Nakayama and Xu [5]

46

12

33

Nakayama and Xu [5]

47

22

9.90
9.90
8.4

90
50

1.

Nakayama and Xu [5]

48

10

0.2
0.2

22

25

2.

Nakayama and Xu [5]

49

15

28

2.00

Nakayama and Xu [5]

50

466

449

Number of data used to develop correlation
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type II geometry, respectively. The effect of the num-
ber of tube row on the friction factors are relatively
small. Basic heat transfer characteristics of the present
fin geometry in conjunction with the effect of the tube
row are summarized as follows:

1. For Rep, < 2000, higher heat transfer performance
is seen for N = 1 in comparison with multiple num-
ber of tube row. However, one can see that the
characteristics are reversed when Rep > 2000. The
heat transfer performance for N = 1 is lower than
those of having multiple rows and the difference
increases with increase of the Reynolds number.
Apparently this is due to the additional vortex shed-
ding caused by the blockage of the tube row.

2. For dense fin pitches like F,=1.2 or 1.5 mm at Rep_
< 1000, the heat transfer performance drops very
sharply with the number of tube row. The results
can be interpreted from the observations by Mochi-
zuki et al. [11]. For offset slit geometry at low Rey-
nolds number region, they found that steady
laminar flow patterns prevailed throughout the core.
This implies that the heat transfer performances
may deteriorate significantly as the depth of the
core is increased.

3. For multiple row configuration, the effect of the
number of tube row is very small when Rep >
2000. Observations of Figs. 4 and 5 reveal that the
effect of tube row for type II is almost negligible.
Again, this phenomenon can be explained from
those observations by Mochizuki et al. [11]. They
reported that as the Reynolds number reached a sig-
nificantly high value, the turbulent intensity became
nearly uniform throughout the core. This phenom-
enon is especially pronounced for offset slit fin
geometry having smaller fin length.

From the previous discussions, the airside perform-
ances of the present slit fin are very complicated. Fur-
thermore, a detectable “level-off” phenomenon for the
heat transfer performance is observed for dense fin
pitch for N > 2. Therefore, we had conducted a mul-
tiple regression to correlate the test results. Test results
for a total of 50 samples of fin-and-tube heat exchan-
gers are used to develop the correlation (see details in
Table 1). The data bank includes those from this study
(31 samples, Fig. 1A and B), Wang et al. [6] (12
samples, Fig. 1C), and Nakayama and Xu [5] (7
samples, Fig. 1C). The proposed correlations are given
as follows:

. F. )2 /S Ja Pt 0.804
[ =598Re] | = | N°(= — 1
=i (p) () ) o

EN\"(8,\"
f:0.1851ReD:<_) (S) 0046 o

D.) \S»
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Fig. 2. Effect of fin pitch on the air side performance for type

I fin geometry and N = 1.
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fi=—0.8340.1175, )

Thus, Eq. (1) can describe 92.2 of the j factors
within 15% while Eq. (2) can correlate 94.6% of the
friction factors within 15%. The mean deviation of Eq.
(1) is 8.04% and for Eq. (2) is 5.44%.

4. Conclusions

Experimental study on the airside performances of
fin-and-tube heat exchangers having slit fin geometry
was carried out. Major conclusions of this study is
summarized as follows:

e For N = 1, the heat transfer performance of slit fin-
and-tube heat exchangers increase with decrease of
fin pitch. However, for N > 2, the effect of fin pitch
on the heat transfer performance is reversed.

e For Rep < 1000, the heat transfer performance
decreases significantly with the number of tube row.

e For Rep_ > 2000, the heat transfer performance is
relatively insensitive to change with the number of
tube row. The effect of the number of tube row is
almost negligible for smaller slit length (like type 11

! L

@ F,=1.2mm Super Sit
-—4@—F,=14rm Super Sit
P> F,=1.6 mm Super Sit
—w—F,=1.2nm Rain
—J———F,=1.4mm Rain

N | ~O——@F,=16nmm Rain

N=1,D,=7.52mm%
| | Illlll | | |
10° 10

Rep.

Fig. 3. Effect of fin pitch on the air side performance for type
II fin geometry and N = 1.
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|

Fig. 4. Effect of the number of tube row on the air side per-
formance for type I fin geometry.

geometry).

e The friction factors are relatively independent of the
number of tube row.

e A correlation is proposed for the present slit fin con-
figuration, the mean deviations of the proposed heat
transfer and friction correlation are 8.04% and
5.44%, respectively.
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