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Abstract

This study presents the airside performance of fin-and-tube heat exchangers with plain fin configurations. A total
of 18 samples were tested. The effect of the number of tube rows, fin pitch and tube diameter on the thermal-
hydraulic characteristics was examined. Depending on the number of tube rows, it was found that the heat transfer
characteristics were strongly related to the fin pitch. For N = 1 or 2, the heat transfer performance increased with
decrease of fin pitch. For N>4 and Rep. > 2000, the effect of fin pitch on heat transfer performance was negligible.
For the same fin pitch, the effect of the number of tube rows on the friction performance was very small. The effect
of tube diameter on heat transfer performance is related to fin pitch as well. Pressure drops for D. = 10.23 mm
exceed those of D, = 8.51 mm by approximately 10-15%. © 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Plate fin-and-tube heat exchangers of plain fin pat-
tern are employed in a wide variety of engineering ap-
plications such as air-conditioning apparatus, process
gas heaters and coolers. The fin-and-tube heat exchan-
gers usually consist of mechanically or hydraulically
expanded round tubes in a block of parallel continuous
fins and, depending on the application, the heat
exchangers can be produced with one or more rows.
There are many variants regarding fin patterns of plate
fin-and-tube heat exchangers, e.g. plain, wavy, louver
and convex-louver. Among them, plain fin configur-
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ation is still the most popular fin pattern, owing to its
simplicity, durability and versatility in application.

During the past few decades, many efforts have been
devoted to heat transfer and friction characteristics of
plate fin-and-tube heat exchangers. Table 1 summarizes
the most influential investigations of the plate fin-and-
tube heat exchangers of plain fin geometry since 1971.
The most informative studies were those carried out by
Rich [1,2], who investigated a total of 14 coils, in
which the tube size was 13.34 mm and the longitudinal
and transverse tube pitches were 27.5 and 31.75 mm,
respectively. He examined the effect of fin spacing and
the number of tube rows and concluded that the heat
transfer coefficient was essentially independent of the
fin spacing and the pressure drop per row is indepen-
dent of the number of tube rows.

Based on the test results for five heat exchangers
(McQuiston, [3], F, =1.81-6.35mm, D, =9.96 mm,
P =22mm, P ,=254mm and N =4), McQuiston
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Nomenclature

A area

A minimum flow area, pApg

Ag: frontal area

Ao total surface area

Ao external tube surface area

C heat capacity rate

¢ specific heat at constant press-
ure

D, fin collar outside diameter,
D, +26¢

D; inside tube diameter

D, tube outside diameter

Dy hydraulic diameter, 4A4.L/A,

f friction factor

F, fin pitch

G, mass flux of the air based on
the minimum flow area,
=p Vimax

hy heat transfer coefficient

j Nuj/RePr ', the Colburn factor

k thermal conductivity

L depth of the heat exchanger in
airflow direction

N number of tube rows

m mass flow rate

NTU UA/Cpin, number of transfer
units

AP pressure drop

P longitudinal tube pitch

Pr Prandtl number

Py transverse tube pitch

Q heat transfer rate

Qmax Cmin(Twater,in_Tair,in)’ the maxi-
mum possible heat transfer rate

Ie tube outside radius, including
collar thickness

Repe pVD./u, Reynolds number

Req equivalent radius for circular
fin

r tube inside radius

T temperature

Or fin thickness

U overall heat transfer coefficient

Vi frontal velocity

Vimax maximum velocity inside the

heat exchanger, Vi = Vi/o.

X1/ (P27 + P?/2 geometric parameter

XM P2, geometric parameter

Ow thickness of tube wall

€ Ouwe/Omu» heat  exchanger
effectiveness

n fin efficiency

o surface effectiveness

I dynamic viscosity of fluid

o density

G contraction ratio of cross-sec-

tional area

Subscripts

1 air side inlet

2 air side outlet
air air side

ave average value

b base surface

i tube side

in inlet

f fin surface

m mean value
min minimum value
max maximum value
o total surface
out outlet

water water side

w wall of the tube

[4] proposed the first well known correlation by
employing a “finning factor”, defined as A,/A, to
correlate his data along with those of Rich [1,2]. His
correlation shows a strong dependence of heat transfer
performance with the  finning factor, i.e.
j~(Ao/A) 3. For the friction factor correlation,
McQuiston [4] claimed the accuracy is +35%. Kayan-
sayan [5] also correlated his data (10 samples) using
the ‘finning factor’ and showed the j-factor was pro-
portional to (4,/A.) %%, However, the heat exchan-
gers tested by Kayansayan [5] were all again four-row
coil and no frictional data were reported. Furthermore,
the experimental data of Kayansayan [5] were con-

siderably lower than those reported by Rich [1,2]. The
discrepancies between data of Rich [1,2] and Kayansa-
yan [5] are not clear; however, as pointed out by Wang
et al. [6], some of the test data of Kayansayan [5]
showed a scattering inconsistency, which may imply
some inaccuracies of the test results [5].

Based on the database of five investigations, Gray
and Webb [7] proposed an updated correlation for
plain fin geometry. It should be mentioned here that
the database by Gray and Webb was for N >4 and the
database was filtered in advance to prevent ‘“‘over-
weighting”. The root-mean-square error of the result-
ing correlation was 7.3% for heat transfer coefficients
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Table 1
Experimental results for previous investigators®

Investigators Number of samples D, Fin pitch P, P Row  Test range  Correlation
(mm)  (mm) (mm)  (mm) (m/s)

McQuiston and Tree [28] 2 10.3 1.78,3.18  20.3 17.6 - 0.5-5.9 N
Rich [1] 8 13.3 1.23-8.7 31.8 27.5 4 0.95-21 N
Rich [2] 6 13.2 1.75 31.8 27.5 1-6 1.44-16.3 N
Elmahdy and Biggs [27] 1 991 3.14 25.4 22 6 0.8-4.5 Y

5 13.5 381-1.75 318 27.4 4

1 13.5 2.15 38.1 32.8 8
McQuiston [3] 5 996 1.81-6.35 254 22 4 0.5-4 N
McQuiston [4] - - - - - - Y
Kays and London [16] 1 10.21  3.175 254 22 - N

1 17.17  3.28 38.1 44.45 -
Gray and Webb [7] - - - - - - Y
Kayansayan [5] 3 9.52  2.34-334 254 22 4 0.5-10 Y*

3 9.52  2.34-434 30 26 4

1 12.5 2.34 31.8 32 4

3 16.3 2.34-434  40.0 34.7 4
Seshimo and Fujii [8] 5 635 1.2-2.1 20.4 17.7 1-2 0.5-2.5 Y*

8 794 1.2-23 20.4 17.7 1

4 952 1.5 25.4 32/22/20/18 1

9.52 254 20.4 17.7

4 9.52  1.0-6.0 254 22 1-5
Wang et al. [6] 15 10.06  1.74-3.2 25.4 22 2-6 0.3-6.5 Y
Wang et al. [9] 4 7.2 1.21,1.71  20.4 12.7 2-3 0.3-8.0 Y*
Present investigation 18 73 1.21-1.78 21 12.7 2,4 0.3-6.5 Y

8.28 1.21-2.06 254 19.05 1-4
10.0 1.21-2.06 254 19.05 1-4

# The test samples are all staggered layout. The correlation developed by Seshimo and Fujii [8] is valid for 1 and 2 row. The cor-
relation proposed by Kayansayan [5] is only for heat transfer data. The correlation proposed for Wang et al. [7] is a modification
of Gray and Webb correlation and the modification is only for heat transfer data.

and 7.8% for friction factors. Notice that the Gray
and Webb [7] correlation gave reasonably predictive
ability for those having larger tube diameter, larger
longitudinal tube pitch and transverse tube pitch. A
significant improvement of the Gray and Webb [7] cor-
relation is their friction factor correlation, which is su-
perior to McQuiston’s [4] correlation. Seshimo and
Fujii [8] provided test results for a total of 35 samples,
but their test range was limited to 0.5 ms~! < Vg <
2.5 m-s~'. Recently, Wang et al. [6] reported airside
performance for 15 samples of plain fin-and-tube heat
exchangers. They examined effects of several geometri-
cal parameters, including the number of tube rows, fin
spacing and fin thickness. Their test samples were lim-
ited to D, =10.3mm, P, =22mm, P, =254 mm and
N =2-6. Wang et al. [6] argued that the occurrence of
“maximum phenomenon” for the Colburn j factors at
a large number of tube rows and small fin spacing may
not be associated with the experimental uncertainties,

'D.G. Rich, private discussion with Prof. Webb, 1986,
quoted in Gray and Webb [7] paper.

as commented by Rich'. They also proposed a heat
transfer and friction correlation to describe their own
data set (P, = 22 mm and P, = 25.4 mm).

Though numerous studies had been devoted to plain
fin-and-tube heat exchangers, however, most of the
previously published data were for large tube diameter
(eg. D, = 9.52, 12.7and 15.8 mm). In modern
applications of air-cooled heat exchangers, the tube
size is generally less than 10 mm and the correspond-
ing longitudinal and transverse tube pitches are getting
smaller and smaller. Recently, the use of even smaller
tubes (like 7.94- and 7-mm tubes) in residential appli-
cation is becoming popular. This is because possible
higher heat transfer coefficients, lower pressure drops
and less refrigerant charge can be achieved by using
smaller tubes, and can eventually lead to much more
compact fin-and-tube heat exchanger design. This is es-
pecially helpful in space-limited areas. In a recent in-
vestigation, based on the test results of four plain fin-
and-tube exchangers with D, = 7.59 mm, P, = 21 mm,
P =127mm and N =2-3, Wang et al. [9] reported
that the Gray and Webb correlation may significantly
underpredict the heat transfer performance.
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In this connection, the present authors feel that
further experimental information is needed (especially
about those having smaller D., P, and P;). Thus, the
objective of the present study is to provide new exper-
imental data for the plain fin-and-tube heat exchangers
having D,=9.52, 7.94, and 7 mm (before expansion).

2. Experimental apparatus

The sample coils are all plain fin configuration.
Their detailed geometric parameters are tabulated in
Table 2. Detailed construction of the circuitry arrange-
ment is identical to those by Seshimo and Fujii [8] and
Wang et al. [10]. All tests were conducted in an open
wind tunnel as shown in Fig. 1. The ambient air flow
was forced across the test section by means of a 5.6-
kW centrifugal fan with an inverter. To avoid and
minimize the effect of flow maldistribution in the ex-
periments, an air straightener—equalizer and a mixer
were provided. The inlet and the exit temperatures
across the sample coil were measured by two T-type
thermocouple meshes. The inlet measuring mesh con-
sists of 12 thermocouples, while the outlet mesh con-
tains 36 thermocouples. The sensor locations inside the
rectangular duct were established following ASHRAE
[11] recommendations. These data signals were indivi-
dually recorded and then averaged. During the isother-
mal test, the variance of these thermocouples was
within +0.2°C. In addition, all the thermocouples were

Table 2

precalibrated by a quartz thermometer with 0.01°C
precision.

The pressure drop of the test coil was detected by a
precision differential pressure transducer, reading to
0.1 Pa. The air flow measuring station was a multiple
nozzle code tester based on the ASHRAE 41.2 stan-
dard [12]. The working medium in the tube side was
hot water. The inlet water temperature was controlled
by a thermostat reservoir having an adjustable capacity
up to 60 kW. Both the inlet and outlet temperatures
were measured by two precalibrated RTDs (resistance
temperature device, Pt—100 Q). Their accuracy was
within 0.05°C. The water volumetric flow rate is
detected by a magnetic flow meter with 0.002 1/s resol-
ution.

All the data signals are collected and converted by a
data acquisition system (a hybrid recorder). The data
acquisition system then transmitted the converted sig-
nals through a GPIB interface to the host computer
for further operation. During the experiments, the
water inlet temperature was held constant at 65.0 +
0.2°C and the tube side Reynolds number was approxi-
mately 38,000. Frontal velocities ranged from 0.3 to
6.5 m/s. The energy un-balance between air side and
tube side was within 3%. The water side resistance
(evaluated as 1/h;A;) was less than 15% of the overall
resistance in all cases. The test fin-and-tube heat
exchangers are tension-wrapped, having a “L” type fin
collar. Thermal contact conductance provided by the
manufacturers ranged from 11,000 to 16,000 W.m 2K.
Uncertainties in the reported experimental values of

Geometric dimensions of the sample plate fin-and-tube heat exchangers®

No. Nominal tube diameter (mm) D, (mm) Fin pitch (mm) P (mm) Py (mm) Number of tube rows
1 7 7.53 1.22 21 12.7 2
2 7 7.53 1.78 21 12.7 2
3 7 7.53 1.22 21 12.7 4
4 7 7.53 1.78 21 12.7 4
5 7.94 8.51 1.19 254 19.05 1
6 7.94 8.51 2.04 25.4 19.05 1
7 7.94 8.51 1.23 254 19.05 2
8 7.94 8.51 2.06 254 19.05 2
9 7.94 8.51 1.23 254 19.05 4
10 7.94 8.51 1.60 25.4 19.05 4
11 7.94 8.51 2.06 254 19.05 4
12 9.52 10.23 1.23 254 19.05 1
13 9.52 10.23 2.23 254 19.05 1
14 9.52 10.23 1.23 25.4 19.05 2
15 9.52 10.23 2.23 254 19.05 2
16 9.52 10.23 1.23 254 19.05 4
17 9.52 10.23 1.55 254 19.05 4
18 9.52 10.23 2.31 254 19.05 4

# The test samples are all staggered layout. Fin thickness of all the test samples are 0.115 mm.
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the Colburn j factor and friction factor f were esti-
mated by the method suggested by Moffat [13]. The
uncertainties ranged from 3.2 to 15.9% for the j factor
and 3.3 to 22.3% for f. The highest uncertainties were
associated with lowest Reynolds number.

3. Analysis

To obtain the heat transfer and pressure loss charac-
teristics of the test coil from the experimental data, the
e~NTU method is applied to determine the UA
product in the analysis. The total heat transfer rate
used in the calculation is the mathematical average of
the air side and the water side heat transfer rates,
namely,

Qair = Myir Cp,air ATy (1)

Qwater = mwatcr Cp,water ATwe;ltcr (2)

APH.X

@@@ép@@

Qave = (Qwater + Qair)/2 (3)

In the e-NTU method, the number of heat transfer
units (NTU) is defined as

NTU = UA /Cin 4)

The UA product was calculated using the e-NTU
relationship accounting the effect of the number of
tube rows from ESDU [14] and is depicted in Table 3.
Definitions of C* and ¢ are given as follows:

C'min ] air Cp,air
C*= — & (6)

Cinax Mywater Cp,water

Qave _ Qave

= (M
Qmax Cmin(Tin,waler - in,air)

€

The overall heat transfer resistance is defined from
the following relationship,

(19—

® © ©® O

Air Flow el

@@

: -

- ®

3-phase, 220V

@ ®

AP NOZZLE
Hot Water
Thermostat 5
Reservoir GPIB
@) Hybrid PC
Computer
PID [==SCR =44 Recorder

HEATER 3-phase, 220V

| Airinlet

2 Straightener

3 Developing section

4 Pressure tap(inlet)

5 T/C inlet temperature measuring station
6 Test unit(Heat Exchanger)

7 T/C outlet temperature measuring station
8 Pressure tap(outlet)

9 Mixer
10 Settling Devices (Flow Straightener)
I'l Nozzle pressure tan(inlet)

12 Nozzle pressure tap(outlet)

13 Multiple nozzles plate

14 Settling Devices (Flow Straightener)
1S Centrifugal fan

16 Air discharge

17 Water pump

18 Water flow meter

19 RTD inlet temperature of water side
20 RTD outlet temperature of water side
21 Temperature sensor

22 Inverter

Fig. 1. Schematic of test facility.
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L L g (Be) 2oy ] (8)
UA ~ noods 2 28\ D Jkgdy © Iid;

The tube-side heat transfer coefficient, /;, is evalu-

ated from the Gnielinski [15] semi-empirical corre-
lation

o (k) (Re; — 1000)Pr ( £;/2) )
\D /i1 +12.7/f/2(Pr23 — 1)

where

fi = (1.58 In(Rep,) — 3.28) 2 (10)

where Rep, = pVD;/u. The surface efficiency, n,, is
defined as the actual heat transfer for the fin and base
divided by the heat transfer for the fin and base when
the fin is at the same base temperature Ty,. This term
may be written in terms of the fin efficiency #, fin sur-
face area Ay and total surface area A, i.e.

Ar
ne=1--0-n) (11)

Table 3
&~NTU relationship for cross-flow configuration®

where 4, = Ay + Ay and Af, Ay, are the areas of the fin
and base, respectively. 1 denotes fin efficiency and is
calculated by the approximation method described by
Schmidt [16].

_ k) a2
mr¢
where
2h,
_ o (13)
b= (ﬁ_1>[1+o351n(k /n] (14
= p . eq
1/2
Rea _ 127 ﬂ(ﬁ —0.3) / (1)
r r \ Xy

With Egs. (12)—(15), an iterative procedure is needed

Number of tube rows Side of Cpin Formula
air 6= [1 _ C_C *(l_chTU)]/C*
1 tube o= ] — e (=eNUCT)CH)
air 8:[1_672KC*(1+C*K2)]/C*’K:l_e—NTU/Z
2 tube 6:17C—ZK/C*(1+(K2/C*))qK:lie—NTU~C*/2
air e=[1—e K (1 £ C*K2B = K) + B(C*PK*/2))/C* K =1 _e—NTU/3
3 tube £:1_e—SK/C*(l+(K2(3_K)/C*)+(3K4/2(C*)Z))/K:1_e—NTU-C'/3
air e=[1—e K (14 C*K2(6 — 4K+ K +4(C*PK* 2~ K)+ (8(C*)1’K°/3))/C*,
K=1 _e—NTU/4
4 tube =1 — e K/ C (14 (K26 — 4K + K2)/C) + (4K*Q2 — K)/(C*P) + 8K S/3(C*Y)),

K=1 _e—NTU-('*/4

o0 —

& =1 —exp[NTU*? . {exp(—C * - NTU*7®) — 1}/C *]

# Unmixed—unmixed formula.
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to obtain the airside heat transfer coefficient /4, and the
surface efficiency #,. The airside heat transfer charac-
teristics are presented in terms of the Colburn j factor:

he

P Vmax Cpa ( )

J
where Viyax = Vi/o. The term, o, is the ratio of the
minimum flow area to frontal area. All the fluid prop-
erties are evaluated at the average values of the inlet
and outlet temperatures under the steady state con-
dition. The friction factors are calculated from the
pressure drop equation proposed by Kays and London
[17]. The relation for the nondimensional friction fac-
tor, f, in terms of pressure drop is shown below:

Ae p | 2APp, 2 ( P1
f=2cfm —(1+aH)H -1 17)
Ao py| G P2 (

where A, and A. stand for the total surface area and
the flow cross-sectional area, respectively.

4. Results and discussion
Fig. 2 depicts the effect of fin pitch on the heat

transfer and friction characteristics having 4-row con-
figuration. As is seen in the figure, the heat transfer

1 I T T TTTTg | UL
—A—Dz753mm, F=1.78 mm
|—5/—D=7.53 mm, F=1.22mm
~O-D=1023mm, F=2.31 mm ||

| -[}-D=1023mm, F=1.55 mm | |
A\ |[—O—-DF10.23 mm, F=1.23 mm

Ll |

« 0.1 — =
© - _
C - .
© = .
| X

0.01 — —

[ Ll L

100 1000 10000

Ren.

Fig. 2. Effect of fin pitch on heat transfer and friction charac-
teristics having N = 4.

performance is independent of fin pitch for both types
of configuration (D.=10.23 and D.= 7.52 mm).
Regarding the effect of fin pitch on heat transfer per-
formance, Rich [1] concluded that the heat transfer
coefficients were essentially independent of fin spacing
having 4-row configuration. The experimental data of
Wang et al. [6] also supported this result for plain fin-
and-tube heat exchangers having 4-row configuration.
Analogous to the test results of plain fin pattern,
Wang et al. [18-22] also conclude that the effect of fin
pitch on the heat transfer performances is also negli-
gible for multirow louver and wavy fin geometry.
However, for the heat transfer performance of 1-
and 2-row configuration, as illustrated in Fig. 3, the
heat transfer performance shows detectable dependence
on the fin pitch. For Rep, > 5000, the effect of fin
pitch is negligible. The results can be explained by the
interpretations of previous investigations [23,24]. Based
on the naphthalene sublimating method, Saboya and
Sparrow [23] indicated that boundary development is
the most important factor for the 1-row coil and the
effect of vortex may gain in importance at higher Rey-
nolds number. Therefore, as shown in the present test
results, the effect of fin pitch diminished for
Rep, > 5000. For Rep, < 5000, the heat transfer per-
formance increases with decrease of fin pitch. This
phenomenon is seen for N > 2 and is especially pro-
nounced for N =1. The phenomenon can be further

1 1 IIIIIIII I LR

—A—N=1,F,=223mm
—V—N=1F=1.22mm
-O-N=2 F,=223mm .
LI-N=2F,=123mm

w 01}
"o -
c =
© =
0.01 —
- D, =10.23 mm
B Il Il Ll IlllI |
100 1000 10000

Rep.

Fig. 3. Effect of fin pitch on heat transfer and friction charac-
teristics having N =1 and N = 2.
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explained from the numerical results of the effect of fin
pitch carried out by Torikoshi et al. [24]. They con-
ducted a 3D numerical investigation of a 1-row plain
fin-and-tube heat exchanger. A schematic of their
results is plotted in Fig. 4a and b. Their investigation
shows that the vortex that forms behind the tube can
be suppressed and the entire flow region can be kept
steady and laminar when the fin pitch is small enough
(e.g. Fy/D =0.17, Fig. 4a). Further increase of F,/D to
0.3 would result in a noticeable increase of the cross-
stream width of the vortex region behind the tube
(Fig. 4b). As a result, lower heat transfer performance
is seen for larger F,/D for l-row configuration. For
the numerical results of 2-row configuration by Tori-
koshi and Xi [25], the first row cylinder is stabilized
due to the existence of the second tube row, rather
than in the wake of the first row as seen in Fig. 4c.
Therefore, the 2-row coil still reveals similar results as
those of 1-row coils. However, it can be seen that the
effect of fin pitch for N =2 becomes less profound in
comparison with N = 1.

With further increase of the number of tube rows
(N = 4), the airflow within the heat exchanger may
become periodic and results in the ‘“‘vortex-controlled”
regime. Consequently, the effect of fin pitch on heat
transfer performance vanishes for N =4. This
phenomenon can be further substantiated from the test
results of friction factors. In comparison with the test
results of the 4-row coil (vortex dominated) in Fig. 2,
the closing of friction factors vs. the Reynolds number
is apparently lower (Rep,~2000-3000). Xi [26] also

0.5

Fig. 4. Schematic illustration of 3D computational results for
the effect of fin pitch (taken from those by Torikoshi et al.
[24] and Torikoshi and Xi [25]).

showed that higher velocity and larger number of tube
rows may result in the occurrence of vortex along the
fins, therefore the effect of fin pitch on heat transfer
coefficient would be negligible.

Fig. 5 illustrates the effect of the number of tube
rows on the heat transfer and friction characteristics.
The number of tube rows are 1, 2 and 4, respectively.
The fin pitch is approximate 1.2 mm. As can be seen,
the Colburn ;j factors decrease with increase of the
number of tube rows for Rep, < 3000. However, the
effect of the number of tube rows diminishes as the
Reynolds number increase over 3000. This phenom-
enon is very similar to the test results reported by Rich
[2] and Wang et al. [6]. At a higher Reynolds region,
the airflow and temperature distribution inside of heat
exchanger may easily become unsteady due to vortex
formation and shedding. Hence, higher heat transfer
performance is seen and eventually the effect of the
number of tube rows on heat transfer coefficient
becomes negligible. As the Reynolds number is
decreased, the effect of downstream turbulence tends
to diminish. As a result, significant degradation of the
heat transfer performance is observed for Rep, < 3000.
Xi [26] also pointed out that in the case of lower Rey-
nolds number, flow and thermal fields inside of heat
exchanger are laminar. Therefore, at any fin pitches,
the heat transfer coefficient decreases as the row num-
ber increases. Furthermore, the decreasing tendency of

1 I ||Il|||| | LR

—/-N=1F,=1.23mm
L1-N=2F,=1.28mm ]
—-O-N=4,F,=123mm

1

w 01}
_c =
c -
© =
001 D, =10.23 mm
[ | lIlIIIII L II!IIII_
100 1000 10000

Rep.

Fig. 5. Effect of the number of tube rows on the heat transfer
and friction characteristics (F, = 1.23mm).
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1 T Illlllll | T T T T

—/—N=1, Fp=2.23 mm
L-N=2F,=223mm
| -O—N=4, F,=2.31mm

w 01}
-o =
C =
[ -
00 D,=10.23mm W
B L I - lll|
100 1000 10000

Rep.

Fig. 6. Effect of the number of tube rows on the heat transfer
and friction characteristics (F, = 2.23-2.31mm).

| | L II] T T LA
~A—F,=1.19mm,N=1,D,=851 mm
—~/-F,=1.23mm,N=1,D,=10.23 mm
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100 —
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S ©
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= i 5=
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©
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x XZ 1s o
v
JaN
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0.1 1 10
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Fig. 7. Effect of the tube diameter row on the heat transfer
and friction characteristics (£, = 1.21mm, N=1 and 2).

heat transfer coefficient vs. the number of tube rows is
different when fin pitch is increased. In the case of lar-
ger fin pitch (F,~2.2mm) shown in Fig. 6, one can
clearly see that the effect of the number of tube rows
on the heat transfer performance at low Reynolds
numbers, is almost negligible. Figs. 5 and 6 also indi-
cate that for multiple-row coils, the friction factors are
independent of the number of tube rows.

The effect of tube diameter on the heat transfer and
friction characteristics for 1-row and 2-row is shown in
Fig. 7 (Fy~1.2mm). As seen, the heat transfer coef-
ficients for D, = 8.51 mm are slightly higher than those
of D, = 10.23 mm for N = 2. In addition, the pressure
drops for D, = 10.23 are 10-15% higher than those of
D. = 8.51 mm. The results agree with the 3D numerical
simulation carried out by Torikoshi and Xi [24]. The
larger diameter tube may increase the ineffective area
behind the tubes. However, for N = 1, the heat trans-
fer coefficients for D, = 10.23 mm are slightly higher
than those of D.=8.51 mm. A possible explanation
may be due to the ineffective area of the 1-row con-
figuration is comparatively small.

For a larger fin pitch near 2.2 mm, analogous
results are seen in Fig. 8. Notice that the fin pitch for
D. =851 is about 4-5% lower than that of
D, =10.23 mm. Hence, a slight difference in heat
transfer performance is seen for Vi < 1.5 m-s~!. The
effect of tube diameter on the heat transfer perform-

T T T 11T T T TTTTT
~/\~F_ =2.04mm,N=1,D,=851mm
p c
-v—Fp=2.23mm,N=1,DC=10.23mm
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¥Fp=2.23mm,N=2,Dc=10.23mm y
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Fig. 8. Effect of the tube diameter row on the heat transfer
and friction characteristics (£, = 2.04-2.23mm, N=1 and 2).
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Fig. 9. Effect of the tube diameter row on the heat transfer
and friction characteristics (N = 4, F, = 1.21-2.23 mm).

ance is almost reversed when compared with those of
F,~12mm and N = 4 (Fig. 9). Basically, the heat
transfer performance for D, = 10.23 mm is higher than
those of D, = 8.51 mm, except at very low frontal vel-
ocity. The characteristics of the pressure drops are
similar to those of F,~ 1.2 mm.

5. Conclusions

On the basis of previous discussions, the following
conclusions are made:

e The effect of fin pitch on the Colburn j factors
is negligible for N >4 and Rep, > 2000 owing to
the effect of vortex formation along the fin. The
present test data indicate that the heat transfer
coefficients increase with decrease fin pitch for
300 < Rep, <3000 and N =1, 2.

e The effect of tube row on the heat transfer perform-
ance is especially pronounced at low Reynolds num-
ber where the number of tube rows is large and the
fin pitch is small. The effect of the number of tube
rows on friction performance is comparatively small.

e For F,~1.2mm, the effect of tube diameter on the
heat transfer coefficients is rather small. However,
the pressure drops for D, = 10.23mm are 5-15%
higher than those of D, = 8.51 mm. Similar results
were observed for F,~2.2 mm.
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