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Abstract

Experiments were conducted to obtain the correlation on the airside heat transfer coefficient of wire-on-tube type
heat exchangers using single layer samples. Correction factors to the Zhukauskas correlation were determined from the
experimental results. Numerical analysis and experiments were performed to validate the applicability of these cor-
rection factors using three wire-on-tube type condensers. The results show that the average discrepancy between the
performance experiments and present numerical results using the correction factors obtained from this study and
Zhukauskas correlation shows 3.7%, while it was 24.7% when the existing correlation was used. © 2001 Elsevier

Science Ltd. All rights reserved.

1. Introduction

Wire-on-tube type heat exchanges which has prob-
ably been the most widely used condenser in small re-
frigerant system for many years consists of tube bundles
in which a heat transfer medium such as refrigerant is
forced to flow, while a second heat transfer fluid like air
is directed across the tubes. Since the airside thermal
resistance of this heat exchanger is much higher than
that of refrigerant side, enhanced surfaces such as wires
straightly welded on the series of tubes are employed to
effectively reduce the resistance as in the other finned
tube heat exchangers, as shown in Fig. 1. Although these
are widely used in home refrigerator on accounts of low
cost and easy making, the general design data and cor-
relation for the airside heat transfer coefficient are not
easily available. This seems to be so because more
studies have focused on the research area such as cycle
matching and frosting.

*Corresponding author. Tel.: +82-2-688-3118; fax: +82-2-
856-0313.
E-mail address: jyyun@channeli.net (J.-Y. Yun).

The airside heat transfer coefficient of this heat ex-
changer, in general, can be calculated using the follow-
ing two methods: (i) The heat transfer coefficient of
tubes and wires can be obtained, respectively, by mul-
tiplying Zhukauskas correlation [1] by correction factor;
(i) Their results can be formulated directly by per-
forming the heat transfer experiment on wire-on-tube
heat exchanger. There have been some related investi-
gations. Jaster [2] used the former method, where he
defined 1.0 as correction factor for parts (wire or tube)
cross to the air flow and 0.5 as correction factor for parts
parallel to the air flow based on Zhukauskas correlation.
Hoke et al. [3] has recently presented an empirical cor-
relation on the airside heat transfer coefficient using
more than 1600 data from the eight wire-on-tube type
heat exchanger. However, this correlation is not easily
available despite the fact that the correlation is obtained
using relatively large number of data, since the range of
error for their data is up to £20% and their absolute
values are much smaller than the exact values based on
numerical results of this study.

There have not been enough studies on the per-
formance prediction and design of wire-on-tube type
heat exchanger for condenser in refrigerator, and also
their data do not correlate well. Hence, an establishment
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Nomenclature s surface efficiency, Eq. (6)
Ny fin efficiency of wire
A heat transfer surface area (m?) W enhancement factor, Eq. (20)
C correlation constant
c specific heat at constant pressure (kJ kg~' K—') .
lg d[i)ameter (m) b ¢ Subscrip {S
F, correction factor in cross flow, Eq. (13) Z c zif eross
F, correction factor in cross flow, Eq. (16)
G volumetric flow rate (m>min~') av average
h heat transfer coefficient (Wm™2K™") ¢ Cross flow
K thermal conductance (W K1) cr critical .
k thermal conductivity (Wm™' K1) cal calculatlor}
I length (m) cond conden;atlon
" mass flow rate (kgh~") cor correlvanon
N the number of article ;xp }el);g(:é;ment
l;]TU gllgslfrre (Z{):;;HSfer unit, ((nArh)/(nc),) H Hoke’s correlation
Pr Prandtl number, Pr = v/u ! inlet , .
q heat transfer rate (W) J {ast;r s correlation
Re Reynolds number, Re = (pVD) /(1) ! liquid
S spacing (m) o outlet
T temperature (°C) p pargllel flow
U uncertainty r refrigerant
Us gas velocity in case of all refrigerant is s surface .
assumed with gas (ms—!) T sum of tube and wire
124 air velocity (ms™") ;[V z:/likr’z
)I:V g&iiﬂ;m) WC  wire cross
wind wind tunnel

Greek symbols
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effectiveness, (Gactua1)/(¢max)

V4 Zhukauskas
correlation
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Fig. 1. A shape of wire-on-tube type heat exchanger.

of a reasonable standard for correlation is required. In
this study, two empirical correlations obtained from the
measurement of airside heat transfer coefficient will be
presented. Both the thermal performance test and the
numerical analysis on wire-on-tube type heat exchanger
are also conducted in order to examine the applicability
of the presented correlations, and their results are
compared with each other.

2. Measurement of heat transfer coefficient

As far as air flow in wire-on-tube type heat exchanger
is concerned, it can be classified into the following three
categories based on how each part contacts with air
flow:

1. All cross. The air passes through both the tubes and
the wires.

2. Wire cross. The air passes through the wires, whereas
it passes along the tubes.

3. Tube cross. The air passes through the tubes, whereas
it passes along the wires.
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(a) top view
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(b) side view

N, =14x2, D, =1.55mm, D, =4.66mm, L, =154mm,
L=140mm, W =220mm, S, =28mm

Fig. 2. The single layer of wire-on-tube sample used in this
study.

Since its heat transfer characteristics varies with air
flow direction due to the structural feature of this heat
exchanger, the measurement of the heat transfer coef-
ficient is also required due to the difference in flow
structure. The airside heat transfer coefficients are
measured from the single layer samples in this study, as
shown in Fig. 2. These are applied to both cases of all
cross and wire cross. In these works, an electrical heater
is used instead of water loop for controlling the heat
transfer rate. This has the advantages not only because

Thermopile & RTD 10 thermocouples for
for air inlet temperature tube surface temperature
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water loop is not required but also because it can
measure the heat transfer rate dissipated to air very
accurately.

2.1. Experimental apparatus and procedure

Fig. 3 shows the schematic diagram of the exper-
imental apparatus for measuring the airside heat trans-
fer coefficient using single layer samples of wire-on-tube
type heat exchanger. This apparatus is an open type with
a small size wind tunnel. It consists of a wind tunnel to
measure the air flow rate, a test section with the rect-
angular duct, a heat supply section to supply the elec-
tricity to a line heater inserted into the tube. Four
nozzles of 18-60 mm in diameter are installed at a wind
tunnel. The measurement error is minimized by opening
the nozzle properly for controlling the air flow rate. The
air flow rate is calibrated by a pitot tube at the down-
stream of nozzle, and the deviation between these two
data is within 0.3%. The test section is composed of
acrylic panel of 10 mm in thickness. 30 mm thick sty-
rofoam is used to minimize the heat loss through the
wall in the test section. We have used two test sections of
all cross and wire cross. The dimensions of the former
are 170 mm in height, 240 mm in width and 600 mm in
distance between the entrance and single layer sample,
while those of the latter are 15 mm in height, 170 mm in
width and 250 mm in distance between the entrance and
single layer sample. An example equipped for the case of
wire cross is shown in the test section of Fig. 3. The
power supply section is composed of a power regulator
and a powermeter for controlling and measuring the
amount of heat supplied. The powermeter is connected
to the data acquisition system.

The inlet air temperature is measured by using the
thermopile consisting of 20 junctions and the RTD. The
tube surface temperature is obtained by averaging the
temperatures measured with 10 type T thermocouples
installed at the tube surface. The uncertainty of the

Differential manometer

Screen

Thermal insulation (Foa

Nozzle

AN

O Single layer
Air inlet wire-on-tube type Air outlet
heat exchanger
Screen
Power supply section
(Powermeter + Power regulator) X
/ Test section
Acrylic plate

Fig. 3. Schematic diagram of experimental apparatus.
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thermopile and the RTD is, respectively, £0.02°C and
+0.05°C. The tube wall temperature are measured with
an uncertainty of £0.2°C. The air flow rate is determined
by using the measured pressure difference with an un-
certainty of £1.5% at the nozzle.

The experiment starts with controlling the electric
power after the fan speed reaches a set value. The
amount of electric power is measured after the tube wall
temperature reaches a steady state at every measuring
point. The uncertainties of these experimental results are
shown in Appendices A and B.

2.2. Data reduction

The airside thermal contact conductances are ob-
tained as:

Kac = (ndth) zc = (incy) NTU, (1)

Gh
S LS— 2
(TL,av - Ta.av) ( )
where Eq. (1) represents the case of all cross and Eq. (2)
indicates the case of wire cross, respectively. NTU
means number of transfer unit and this is calculated with
&NTU correlation for constant surface temperature.

NTU = —In (1 —¢). (3)

Kwe = (ndrh)ye =

The effectiveness of a heat exchanger, ¢, is obtained as,

_ qn
£ (rhcp)a(n - Tﬂ,i) ' (4)

where the heat transfer rate, ¢, means the amount of
heat supplied into heater. Since the air temperature
changes linearly with the air flow direction due to uni-
form heating for the test heat exchanger, 7, ,y is calcu-
lated by

gh
Tiav = Tajn . . 5
o ain + 2mcy (5)

As shown in Egs. (1)—(5), if the amount of heat supplied
into heater, the tube surface temperature, the air inlet
temperature, and the air flow rate are known from this
experiment, the airside thermal conductance obtained by
multiplying surface efficiency by heat transfer area and
the heat transfer coefficient can be determined. The
surface efficiency, 7, is given by
ng=1-=(1—=n,)— (6)
where #,,, 4, and At represent the fin efficiency, the heat
transfer area of wire and the overall airside heat transfer
area, respectively. The fin efficiency, 7,,, is given as

_tanh(mL)
w mL ’

where

(7)

[4n, S
m= D, and sz‘ (8)

Since the fin efficiency of wires is expressed as a function
of the heat transfer coefficient, several repeated calcu-
lations are required to obtain the fin efficiency and the
heat transfer coefficient from the airside thermal con-
ductance. In this study, we neglect the thermal contact
resistance between tube and wire, since the wires are
welded on tube surface.

2.3. Experimental results

The airside thermal conductance on the wire-on-tube
type heat exchanger can be expressed by the sum of tube
and fin conductance as follows:

k. k.
K = CRe"Pr" =4, + ,CyReM™ P = 4, 9)
D, D,
Since C; = C,, and m; = m,, in the case of all cross, Kac

is given by

k k,
Kac = CRe“Pr" = A, + 0, C.Re™ P = A,. (10)
D, D

w

By combining Eq. (10) and Zhukauskas correlation [1],
one can find

Kac = Kacy + Kacw = Fo(hz Av + nyhzwAw), (11)

where /7, and hz,, indicate Zhukauskas correlation on
the wire and the tube, respectively. /z; is given by [1]
Prf)o,zs k

—= (i=torw)

- (12)

hyi = CRegPrO-”(

s

where constants C and m are varied with the Reynolds
number, as shown in Table 1. Thus, the correction factor
to Zhukauskas correlation in the case of all cross can be
expressed by

Kac
F=— 13
¢ hZ.tA‘ + rlth.wAw ( )
where Kac is obtained from the experiment.
Although C; # C,, and m, # m,, in case of wire cross,
Kwc can be defined by crossing the air to the wire as
follows:

Table 1

Values of correlation constants C and m in Eq. (10)
Reynolds number C m
1-40 0.75 0.4
40-1000 0.52 0.5
1000-2 x 10° 0.26 0.6
2% 10° -2 x 10° 0.023 0.8
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m, k k
Kwc = CpRe{" P" = 4, + 1, CRe™ P == A, (14)
Dy Dy,
By combining Eq. (14) and Zhukauskas correlation, one
obtains

KWC = thZ,[AI + ”wE}hZ,WAW' (15)

Thus, the correction factor to Zhukauskas correlation in
the case of wire cross is given by

KWC - nchAth,w

F o=
P hziAt '

(16)
where Kwc and F; are obtained from the experiment and
Eq. (13), respectively.

2.3.1. The case of all cross

Fig. 4 shows the airside thermal conductance divided
by Pr% in the case of all cross, where wires and tubes
are all perpendicular to the air flow. The airside thermal
conductance (Kac) on the single layer samples obtained
from experiment, the tube conductance (Kac.) and the
wire conductance (Kac) are presented together in this
figure. As shown in Fig. 4, although the heat rate
transferred to wire is slightly different due to the Rey-
nolds number, it indicates that it is equivalent to almost
60% of total heat transfer rate. This is because the heat
transfer coefficients are increased due to the fact that
outside diameters of wire are far smaller than those of
tube, although area ratios of wire and tube are almost
equal. It indicates that the ratio of the value calculated
from Zhukauskas correlation to the value obtained from
the experiment, F;, has constant value regardless of the

6
o K, /Prosi=(n hA)  /Pros7
5L * Kugw/Pros=n,h, AF /Pros
« K,/ Pros7=h, A F_/Pros7
O 4r
S
~ 3
)
b4
Q
Q 2t
Tr /
0 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1
50 100 150 200 250 300 350 400 450 500
ReDt

Fig. 4. The variation of heat conductance with Reynolds
number based on tube diameter (all cross).

Reynolds number, as presented in Fig. 5, and it is de-
rived as follows:

F.=13. (17)

The reason for its value above 1.0 is because the heat
transfer is far better due to crossing of the air flow on
both wires and tubes. This result disagrees with Hoke’s
result in which Zhukauskas correlation is overestimated
in comparison with the actual value.

2.3.2. The case of wire cross

Fig. 6 shows the airside thermal conductance divided
by Pr%% in the case of wire cross, in which the air passes
through the wires, whereas it passes along the tubes. The
airside thermal conductance on the single layer samples
from the experiment, the tube conductance and the wire
conductance are presented together in this figure.
Although the ratio of the heat rate transferred for the
wires is decreased with the Reynolds number, it is
equivalent to 77-70% of total heat transfer rate on the
average.

Fig. 7 shows the variation of F, with the Reynolds
number. Its value increases slowly with the Reynolds
number, and is expressed by

F, = 0.063Rel. (18)

It is shown that this correlation predicts all of their data
within £6.8%.

The data obtained by multiplication of these correc-
tion factors by Zhukauskas correlation are compared
with the experimental result in Fig. 8. As a result, 90% of
their data are correlated to within +2% and all the data
are correlated to within £2.5%.

15

14}

131 e

12

11+

10 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L
100 150 200 250 300 350 400 450 500
Re,,

Fig. 5. Correction factor in cross flow (F;).
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Fig. 6. The variation of heat conductance with Reynolds
number based on tube diameter (wire cross).
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Fig. 8. Comparison of experimental heat conductance and
correlation.

3. Investigation on the applicability of correction factor

1.2 In this study, the correction factors on the airside
heat transfer coefficient are obtained using the ratio of
10k the existing correlation to the airside heat transfer co-
efficient obtained by this experiment. The applicabilities
on these correction factors are investigated by com-
08| paring the result of a numerical simulation with a ther-
mal performance test using three wire-on-tube type
condensers. The specifications used are presented in
weer Table 2.
04 L 3.1. Performance experiment
The experimental apparatus used in this experiment
02 consists of a psychrometric chamber, a refrigerant sup-
ply unit and an open type wind tunnel including a test
00 . . . . . section, as shown in Fig. 9. The refrigerant-side and the
300 400 500 600 700 800 900 airside inlet condition are, respectively, controlled by
Re using the refrigerant supply unit and the psychrometric
b chamber, and the air flow rate is obtained by controlling
Fig. 7. Correction factor in parallel flow (). the rpm of fan. The refrigerant supply unit consists of
compressor, condenser, subcooler, preheater, test sec-
tion, after heater, and suction unit. The dimensions of
Table 2
Specifications of the three wire-on-tube type condenser used in this study
Ar (m?) 4, (m?) Dy (m?) L& (m?) 4y (m?) Dy, (m?) Ly (m?)
Cond. 1 0.32 0.16 4.76 10.9 0.15 1.53 158
Cond. 2 0.30 0.10 4.76 6.8 0.20 1.53 142
Cond. 3 0.39 0.13 4.76 8.8 0.26 1.53 142

* L, means total length of tube.
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Fig. 9. Schematic diagram of experimental apparatus.
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Fig. 10. P-H diagram on the thermal performance test.

the test section are 200 mm in height by 200 mm in
width. This experiment starts by inputting the con-
densing pressure, the evaporating pressure, and the inlet
temperature of the test heat exchanger. A steady state is
always accomplished after about 4 h.

Fig. 10 shows P-H diagram on the thermal per-
formance experiment of the wire-on-tube type heat ex-
changer. The performance on the test heat exchanger is
measured at the point between 4 and 5. The test heat
exchanger is installed at the test section of the wind
tunnel. The inlet air temperature is measured by using
the thermopile consisted of 26 type T thermocouples and
the RTD installed at the inlet of test section. The exit air
temperature is measured by using the thermopile con-
sisted of 20 type T thermocouples and the RTD installed
at the exit of the air mixer in the test section. The un-
certainty of the thermopile and the RTD on the inlet and

exit temperature is, respectively, £0.02°C and *0.05°C.
The air flow rates are determined by using the measured
pressure difference (0-117 mm H,O, uncertainty, £1.5%
F.S.) at the nozzle (diameter 35 mm) of the wind tunnel.
The inlet temperature condition and the air flow rates
are controlled by a psychrometric chamber and a fan
with inverter, respectively. 50 mm thick polyurethane
foam is used to minimize the heat loss through the wall
of the test section and wind tunnel.

The refrigerant-side, airside test conditions and the
test results for validating the applicability on the cor-
rection factors are presented in Table 3. The heat bal-
ance in the wind tunnel and the uncertainty of these
experimental results are shown in Appendices A and B.

3.2. Numerical simulation

The section-by-section method [4] is applied for the
numerical simulation, which is similar to tube-by-tube
method proposed by Domansky [5]. The tube-by-tube
method divides a heat exchanger into several tubes,
while this method divides a tube into several sections.
Shah’s correlation [6] is used to calculate the refrigerant-
side heat transfer coefficient as follows:

hy = 0.023 %Re?'sPr?"‘l//, (19)

3.8x076(1 — x)"™

08
Y={(1-x)"+ 038 ’

(20)

where Re is the Reynolds number, Pr; means the Prandtl
number of liquid refrigerant, P, indicates P/P. as re-
duced pressure. In this case, all the refrigerant flowing
into the tube is assumed to be a liquid phase. The ap-
plication ranges of these equations are presented in
Shah’s work [6]. The airside heat transfer coefficients
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Table 3
Test conditions and results for investigating the availability of correction factors
Number of Flow Test G, Tai 1, T.; T cond qexp
cond. direction No. (m? min™") (°C) (kgh™) (°C) (°C) (kcalh™")
Cond. 1 All cross 1 1.901 29.4 3.96 63.1 36.8 88.6
Cond. 1 All cross 2 1.553 29.5 3.99 63.4 36.8 76.0
Cond. 1 All cross 3 1.210 29.6 3.97 63.4 36.8 64.4
Cond. 1 All cross 4 0.924 29.6 3.99 63.5 36.7 52.1
Cond. 1 Tube cross 5 1.920 29.4 3.98 64.8 36.7 79.9
Cond. 1 Tube cross 6 1.692 29.5 3.94 64.7 36.8 76.7
Cond. 1 Tube cross 7 1.408 29.7 3.97 64.6 36.8 70.0
Cond. 1 Tube cross 8 0.924 29.7 3.95 64.7 36.8 55.0
Cond. 1 Wire cross 9 1.939 29.7 3.99 63.2 36.8 77.9
Cond. 1 Wire cross 10 1.551 29.4 3.95 63.1 36.7 66.9
Cond. 1 Wire cross 11 1.212 29.8 3.99 63.1 36.8 58.9
Cond. 1 Wire cross 12 0.897 29.7 4.03 63.3 36.8 50.6
Cond. 2 All cross 13 1.920 29.6 3.93 63.9 36.8 87.4
Cond. 2 All cross 14 1.510 29.8 3.96 63.9 36.8 74.7
Cond. 2 All cross 15 1.250 29.6 3.99 64.0 36.7 69.1
Cond. 2 All cross 16 0.790 29.7 3.89 63.9 36.8 52.0
Cond. 3 All cross 17 1.910 29.6 4.04 65.9 36.8 95.9
Cond. 3 All cross 18 1.207 29.7 4.00 65.9 36.8 70.9
Cond. 3 All cross 19 0.907 29.8 4.01 66.1 36.8 61.3

used in the numerical analysis are calculated using both
the correction factors from this study and Zhukauskas
correlation. The application procedure of correction
factors used in this case is shown in Table 4. The air flow
rate in each section of heat exchanger can be calculated
from multiplying air velocity by the sectional area of the
airside flow, where the air flow rate in the highest and
lowest sections, plus the air flow rate in the right- and
left-side sections among them are obtained from multi-
plying those in the other section by 2.0, respectively.
This is because a great deal of air is also flowing to the
outside of edge section in the heat exchanger.

3.3. Comparison of experiment and analysis results

The results on the thermal performance experiment
and the numerical analysis are shown in Table 5 and Fig.
11, respectively. The operating conditions used in both
the experiment and the analysis are given in Table 3. The
refrigerant used in this study is R-134a. Both the ex-
perimental data and the analytical data obtained using
the correction factors from this study, the correction
factors (1 or 0.5) proposed by Jaster [2], and the corre-
lation proposed by Hoke et al. [3], respectively, are all

Table 4
Application procedure of correction factors for numerical
analysis

Flow type h in tube h in wire
All cross hzy - Fe hz - Fe
Tube cross hz. - F, hzyw - Fy
Wire cross hz; - F hzw - Fo

presented in Table 5. The discrepancy between the
analysis result using the correction factors from this
study and the experiment result shows maximum 10%
and average 3.7%, while that of Jaster’s factor shows
maximum 11.5% and average 8.1%. Especially, Hoke
proposed a correlation that the airside heat transfer
coefficient of a wire-on-tube type heat exchanger is
smaller than that of a cylinder in the cross flow. As a
result, it is shown that the majority of their data have
indicated the discrepancy of maximum 47.5% and av-
erage 24.7%, and all of their data are underestimated
compared to our experimental results. It is clear that the
performance prediction using the correction factors
found from this study is more accurate than that of the
other two studies.

4. Conclusions

In this study, the correlations on the airside heat
transfer coefficient have been developed with a type of
correction factor using the single layer samples of wire-
on-tube type heat exchanger. The applicabilities of the
improved correlations based on Zhukauskas correlation
have been discussed through the numerical analysis. Our
conclusions from the present work are as follows:

1. The ratio of Zhukauskas correlation for a single cyl-
inder to the heat transfer coefficient cross to the air
flow in the wire-on-tube type heat exchanger is con-
stant and its value is shown to be 1.3.

2. The ratio of Zhukauskas correlation for a single cyl-
inder to the heat transfer coefficient parallel to the air
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Table 5
Comparison of experimental and numerical results for heat transfer rate of wire-on-tube type condenser
Test no. Oexp Ocale Error Oraster Error OHoke Error
(kcalh™) (kcalh™") (%) (kcalh™") (%) (kcalh™") (%)
1 88.6 88.7 0.1 78.4 11.5 73.7 16.8
2 76.0 78.6 3.3 70.1 7.9 65.9 133
3 64.4 67.8 53 61.2 4.9 57.6 10.5
4 52.1 57.3 10.0 52.5 0.9 49.4 5.2
5 79.9 83.2 4.1 70.4 11.9 49.3 38.3
6 76.7 70.9 7.6 66.7 13.0 46.2 39.7
7 70.0 63.4 9.4 60.6 13.4 42.1 39.9
8 55.0 53.0 3.6 52.1 53 35.8 34.9
9 77.9 75.2 3.5 67.4 10.9 40.9 47.5
10 66.9 69.0 3.1 64.3 39 374 44.2
11 58.9 60.0 1.9 56.7 3.7 33.6 43.0
12 50.6 54.0 6.7 51.6 1.9 30.8 39.3
13 87.4 88.3 1.0 78.6 10.1 74.3 14.9
14 74.7 753 0.8 67.8 9.2 64.3 13.9
15 69.1 68.6 0.7 62.1 10.0 59.0 14.6
16 52.0 51.1 1.8 47.5 8.7 45.0 13.5
17 95.9 97.1 1.3 87.1 9.2 82.6 13.8
18 70.9 72.2 1.7 66.0 6.9 62.9 11.3
19 61.3 58.9 39 54.9 10.4 52.4 14.5
110 Acknowledgements
*  This study g B
100 | = Jaster's correlation e One of the authors (Dr. Kwan-Soo Lee) wishes to
T ;';kes“"e'am" R R acknowledge the financial support of Center for Inno-
or 10% e vative Design Optimization Technology (iDOT), Korea
g0 L A Science and Engineering Foundation (KOSEF).
8, e
< Y
= 70+ /.. ,’D/-“'D"”
Q R "; Appendix A. The uncertainty of thermal conductance
~ 60 [ i 79
% . /D/m"
- 50 |- Y The uncertainty of the airside thermal conductance
,'//,7)3'" . measurement experiment is expressed as follows:
40 - .',’C’.ﬁ M
P v, Uk 0K Usr\> (0K Uc\ [0k U, \’
o L un v K (aAT K ) +(aCK) +<aq}, K) '
20 /'//. 1 1 1 1 1 1 1 1 (A.l)

20 30 40 50 60 70 80 90 100 110
Qexp» Keallh

Fig. 11. Comparison of experimental heat transfer rate and

calculated heat transfer rate.

flow in the wire-on-tube type heat exchanger is a
function of air velocity and it is given by
F, = 0.063ReY.

3. It is confirmed that the case using the correction fac-
tors obtained from this study and Zhukauskas corre-
lation has a more accurate prediction result
compared to the existing two cases.

where AT =T,y — I,in and the airside thermal con-
ductance are given by

Kac =—Cln (1 I ) and

T CAT
Kwe I

The resultant uncertainty in measurement is presented in
Fig. 12. The uncertainty in the case of wire cross is
shown to be below 1%, while the uncertainty in the case
of all cross is shown to be 1.7-4.9% because of a larger
uncertainty in the temperature difference. Especially
when the heat transfer rate of the heater is small, the
uncertainty is large.
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Fig. 12. The uncertainties on the thermal conductance of single
layer wire-on-tube sample.

Appendix B. The uncertainty of performance experiment

First of all, the heat balance ratio of a wind tunnel is
investigated. The ratio is obtained by comparing the
measured airside heat transfer rate with the heating
value measured by powermeter, after the electric heater
is installed at the test section and the electric power is
supplied. An overall error of less than +3% in the heat
balance is permitted in this study.

The uncertainty of the heat transfer rate measured
using the wind tunnel which has accuracy of 3% in the
heat balance is calculated as follows:

U e Usr \>  {8Gew Uc \°

oo (St Ui (St LY
qexp aAT qexp ac qexp

where

AT =T, —T,i and g, = CAT. (B.2)

The resultant uncertainty of the heat transfer rate
measured is shown to be 3.5-7.5% as given in Fig. 13. It
has high value when the heat transfer rate is small.
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Fig. 13. The uncertainties on the heat transfer rate.
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