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Flow Condensation Heat Transfer of R22, R134a, R407C, and R410A
in Plain and Microfin Tubes
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ABSTRACT: Flow condensation heat transfer coefficients (HTCs) of R22, R134a, R407C, and
R410A were measured on horizontal plain and microfin tubes. The experimental apparatus was
composed of three main parts; a refrigerant loop, a water loop and a water/glycol loop. The
test section in the refrigerant loop was made of both a plain and a microfin copper tube of
9.52 mm outside diameter and 1.0 m length. The refrigerant was cooled by passing cold water
through an annulus surrounding the test section. Tests were performed at a fixed refrigerant
saturation temperature of 40C with mass fluxes of 100, 200, and 300 kg/mzs. Test resuits
showed that at similar mass flux the flow condensation HTCs of R134a were similar to those
of R22 for both plain and microfin tubes. On the other hand, HTCs of R407C were lower than
those of R22 by 11~15% and 23~53% for plain and microfin tubes respectively. And HTCs
of R410A were similar to those of R22 for a plain tube but lower than those of R22 by 10~
21% for a microfin tube. In general, HTCs of a microfin tube were 2.0~3.0 times higher than

those of a plain tube.

Key words: Flow condensation(Z&-$%), Heat transfer coefficients(g 2 € 4l5*), Microfin tube
(vlo]3 2 W) Enhancement factor(@ A& Z 2 A <)

72l d 9 G  AFH% [kg/m’s]
B @AEASF [WmK]

A gAgEd [m7 he @ &&FE [kl/kel
Cp : ®lE [kJ/kegK] k EHEE [W/mK]
D # W73 [m] Pr : Z3E$
DP : dsjdel%d ¢HA38 [kPa/m] L Q A [W)
t Corresponding author Re : #olg=s

Tel.: +82-32-860-7320; fax: +82-32-863-2270 T 2%k [Kor C]

E-mail address: dsjung@inha.ac.kr X AE



Y@ vlelzz My U R22, R134a, R407C, R410A) 52 ¢& IHEA S 657

azlA 22X}

X e gy
u P BAAS [Pa-s]
o 2 [kg/m’]

¢ A EHA =FH

st X}

avg @ BTEA
cal : AAA
exp  AEA

/ DA
s CEW
v ;714
1.4 B8

WE/F2719 dUA &S Folddd dug
719 288 EooF 9 ol & AdME 37
of AlgHE $&2HY ZESE AGATE F
=) o}\_ Aol v Fadd E3 FNA 4
£ 2 AL FX7IAAM dE AFEEY & R22
7 2&F B9 A4 243 5o @HEAZ
Q13 foﬂfﬂ”"l Hu g 8 AFAM R2E
NAL = e YulEe AALAFE 43

A& Be Fasteh

19709t Fujie et al Vol 2la) xL oz wvlo)
Az Ado] A oYE Mo Eo] Z=E A
$, Uy 59 7latsta MEEe AAHoR
vhe] sbRAM Aegde oFy] 9% ATt
ol ¢ub?® my EEY AN} BF
g olFoE nlo]az We] UAYHE HET
RS dALEAN] B Wil b a7
7t #3593 28u o aFdx BTa
#A R229] tAWEE 2ol1 YE RI3Ma,
RA07C, R410A 5o tiste] BUs APgx 2
o] o3 dlelEE ZAsm o) ugoz

Agdse A A$e 28 B8A @t o
o B AFNE 59T AFFX 9} 2AF A
j2 7 vlolaz BBS AEstd R2% 1 o
1 2ol Q& R134a, R407C, R410A9]
AdgAs 2 gEgslg =45k o

k

for 2 o mR
ot of r
=]

oo

z
=

1|

v w &} A} g,

o Kim et al.®e 77lx &4
BAGATE S v Jded B dAFe

AT —7—’\ AT EA %%‘?’P Agg e 4

i

-HN‘ noox
rH ale

e 8

fl

FERAAME d¥FA S By
B A7E 857 A bAEA
FE Aot A Bl dle
al Z3}7] vhdoh

s Mo 1o oZ
1

2 dadXe o voldz I3RS A3
Fou Table 1& °] #E9 ALE HoFEth
Table 2& ¥ 4dFdA deoHE HF R22
R134a, R407C, 18] R410A%] EAXE BoF
=1 o] ¥4 Holg+ EF REFPROP Z 271
F9g ol g3t AT Holt B ATFME
$E2LEE 40F02CTE, 7 97458 oF 7.3~
T7kW/m’e2 148 AeoA FFH&< 100,
200, 300kg/m’s0.2 WA A 7l AFL 3
gt AGASF 2 2 A8 AE Kline
and McClintock''We] #|¢t3t wrdle Apg3ld 01]
Zstgon Fae F5 oF 36%, vtolaAR ¥
o A$ % 7.0% @Ei [Ba=3e=1

3. &3 o i

3.1 ¢ xdoA R22 chd Hofo HMEH S
u|

Figs. 1~37} Figs. 4~6& #H#% 2 rlo]az
BHL AL AFRE 100, 200, 300 kg/m’s

Table 1 Specifications of test tubes

Symbol Plain Micro—fin
O0.D.(mm) 952 952
ILD.(mm) 882 8.80
Th(mm) 0.35 0.36

Components

Outside diameter
Inside diameter
Average thickness

Bottom wall thickness| t(mm) - 0.3
Depth of Micro-fin | Himm) - 0.2
Inclination angle B(°) - 18
Number of Micro-fin n - 60
Fin angle y(°) - 53
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Table 2 Thermophysical properties of refrigerants tested at 40C

P v oy Co, Cp, hy ky o o
(kPa)  (m%kg) (kg/m®) (kJ/kgK) (kJ/kgK) (kJ/kg) (mW/mK)(uPa-s) (N/m)
R22 1534 0.015 1129 1.339 0995 16656 76.9 1394  0.00604
R134a 1017 0.020 1147 1.498 1145  163.00 747 1634  0.00613
R407C" | 1640 0.0137 1080 1.626 1324 1684 81.2 1296  0.00521
R410A™ | 2414 0.0097  979.3 1.917 1.785 159.9 87.7 978  0.00303

(*) These are non-azeotropic refrigerant mixtures
condensation. The properties of these mixtures

given pressure.
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Fig. 1 Comparison of HTCs at 100 kg/m’s in
a plain tube.

6000

Plain tube
G=200 kg m2s!
a R22
A R134a
o 4000 O  R407C
e o R410A
o
: =
£ o0& o
P o °
S
£ 2000
0 4 l 2 l Il I 'y ' 2
0.0 0.2 0.4 06 0.8 1.0

Xavg

Fig. 2 Comparison of HTCs at 200 kg/m’s in
a plain tube.
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Fig. 3 Comparison of HTCs at 300kg/m’s in
a plain tube.
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Fig. 4 Comparison of HTCs at 100 kg/m’s in
a microfin tube.
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Fig. 5 Comparison of HTCs at 200kg/m’s in
a microfin tube.
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Fig. 6 Comparison of HTCs at 300kg/m’ in
a microfin tube.
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Table 3 Deviations of various correlations against the present data
Akers & Soliman Traviss Cavallini & Tandon Dobson & .
Rosson et al. et al. Zecchin Shah et al. Chato Kim et al.
Fluid | Avg. Mean Avg. Mean Avg. Mean Avg. Mean Avg. Mean Avg. Mean Avg. Mean Avg. Mean
R22 |—271 271 —317 317 —-72 168 —-40 179 —150 187 —202 202 —75 205 —120 124
R134a |—229 235 —276 282 —-82 174 —48 170 —170 193 —196 196 —73 195 —108 11.8
R407C | —6.3 141 —35 134 273 294 326 326 154 177 —-56 85 254 280 126 136
R410A |—134 179 —198 233 85 229 144 250 03 176 —174 176 55 209 76 9.2
All |-183 212 —21.9 250 34 210 78 224 —55 183 —165 171 24 218 -23 116
1L (Peai— hexp) X 100 o1 (Beat— Pexp) X100
Average deviatio = ” Z[ Froro Mean deviatio = " ZABS [ Broro

Traviss et al.,(m Cavallini and Zecchin,(m Shah,(]m
Tandon et al.,m’ls) Dobson and Chato,(lg) Kim
et al® Fo @A waF ARE meFd
Zkzte] g#Ea 2 HAYH T L X Mean deviation)
23% WA ZE Wule EALATE 534
th. 2% Kim et al®e 484, )& F7Fe
2}(Average deviation) —2.3%, AP TF A=
11.6%2 R22 dxgrlel 5585 dHLATE
7t 2 d=sgEd ol Kim et al®e 3
2ol ojgl FF Wl dolge) ZAsA A
HA7] Wi o2 Ars Ert

0.81 0.33
b gaf1+-2) " (- @
h, X 7, GA
0.5 0.1
1=x\"*( 0\ 11
Xy = (s () ®
" x Iy i,
40
N Average deviation

30 = 722} Mean deviation

20p=
:\o‘ 10=
<4
£ 9 /
% I(raa‘fss:az‘le:il:xn 2?::‘"0 Kim et al.
0 -10p=

20 = Akers& :(a:;!on

Rosson goliman
etal.
304
-40

Fig. 9 Deviations of various correlations against
the present data.
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Table 4 Heat transfer enhancement factors

G R22 R134a R407C R4I0A
100 2.90 3.02 - 2.54
200 2.75 2.57 2.02 2.26
300 2.29 2.29 1.97 2.05

(Mass flux G is in kg/m’s.)
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Fig. 10 Comparison of pressure drop at 300

kg/m’s in a microfin tube.
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