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Condensing Heat Transfer Characteristics of R-22 and R-134a
in Small Diameter Tubes
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Abstract

Condensing heat transfer coefficients of R-22 and R-134a were measured in smooth, horizontal
copper tubes with inner diameters of 1.77 mm, 3.36 mm, and 5.35 mm, respectively. The experiments
were conducted in the closed loop, which was driven by a magnetic gear pump. Data are presented for
the following range of variables : mass velocity from 200 to 500 kg/m’ - s and quality from 0 to 1.0.
The heat transfer coefficients in the small diameter tubes (ID < 7 mm) were observed to be strongly
affected by various diameters and the heat transfer characteristics in the small diameter tubes differed
from those in the large diameter tubes. Heat transfer coefficients in the small diameter tubes are higher
than those in the large diameter tubes at the same experimental condition. It was found that some
well-known previous correlations(Shah's correlation and Cavallini-Zecchin's correlation) were not suitable
for small diameter tubes.
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3. Heat exchanger

1. Magnetic gear pump 2. By-pass valve
4. Mass flow meter 5. Evaporator

7. Auxiliary condenser 8. Test section (1.77 mm, 3.36 mm)
9. Sight glass 10. U-bend 11. Liquid receiver
12. Compressor 13. Driven motor 14. Condenser
15. Expansion valve 16. Evaporator 17. Liquid pump
18. Mass flow meter  19. Voltage transformer 20. Power meter

21. Hybrid recorder 22. Differential pressure transducer

Fig. 1 Schematic diagram of experimental apparatus
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Fig. 3 Comparison of mean local condensation
heat transfer coefficients with quality of
R-22

Table 1 Experimental conditions

Working fluid R-22 R-134a

Test section Horizontal copper tube

L.D of test section

1.77, 3.36, 5.35
(mm)
Mass velocity
5 200 ~ 500
(kg/m’s)
Quality ( /) 0~ 1.0

ANA Aldd & drk 2En AA AER
YEE Z7te WiE 33 228 o
HEg Jfde Wi x3 §F d9 RES
b33 Hi F4 438G AP heovd A ()2
At webA, 2 9 4 $HE FIAA MY
B Zo] #HAAd dist Ha EAGAF kg A
©)22 At = Utk

W
#

LU=

dcoN
= 4
he (T — Twrsm) @

_ dcon
heov = T~ T )

Zout

f Z heov dz

by = (6)

s
N
2
iy
b
ey
=
1o
=
)
Hi
o
=
&
6
o
e

R-22
10 —@- 10177 mm
— D338 mm
-~ ID8.38 mm

h,,, (WIPK)]
-

200 300 400 500
G, [kg/(m’s)]
Fig. 4 Comparison of mean condensation heat
transfer coefficients with mass velocity
of R-22

R-134a
@ ID1.77mm
0Fl - D338 mm

-&- ID5.35 mm

h, [kWH?K]

200 300 400 500
G, [xgi(m’s)}
Fig. 5§ Comparison of mean condensation heat
transfer coefficients with mass velocity
of R-134a

8 2u(Twrsp)e GAT HY AL o,
Uzt dAE Wwgde] AYsvin sHAse 4
A AN 3% e T4 ey ¥ &
5 2 E(Twuss)9t Qeong o] &3t 4 (7)ol A
Zrzy et agx 7 27 Ae AlgR
W Fd T4 Ed 25 Ty F4 igd
SX Twr Tws Tws &< AtE Had A )2 4
Absh 9 o}

In(d, d
Twrs.e™= Twisnt Qcon’ _(_2‘-_#-)92/2—-—1%)5(7)

(Tyr + 2-Tys + Tyy)

T = y ®)




58 FRS - wmA A

20
ID 535mm ID 3.38mm
18f|l e G=200kgm’s O G=200kg/m’s
& Gma00kgim's ¢  G=400 kg/m’s
18
- o o O .
S 14F Lagy )
F o — U S
i S Per Saar el e
E 12 } o <
£ SRS o
N 00 = oo pet o
= ¥V e v e .Q
08
06 -30%
04 .
o 200 400 600 800
Lid, [

Fig. 6 Comparison between average local heat
transfer coefficients of R-22 R-134a at
3.36 mm and 5.35 mm
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and calculated Nus, using Cavallini-
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