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Abstract — R134a is considered as an alternative refrigerant to R22 for air conditioners. An experimental
investigation was made to study the characteristics of the heat transfer and pressure drop for R134a flowing
in a fin-and-tube heat exchanger used for commercial air-conditioning units. Experiments were carried out
under the conditions of inlet refrigerant temperature of 60°C and refrigerant mass fluxes of 150, 200, and
250 kg/m’s. The inlet air has dry bulb temperature of 35°C, relative humidity of 40% and air velocity vary-
ing from 0.68 to 1.6 m/s. Experiments show that air velocity decreased by 5.9% is needed for R134a than
that of R22 while pressure drop for R134a was 18.1~20.4% higher than that of R22 for the degree of sub-
cooling 5°C. The results are useful in designing more compact and effective condensers for various refrig-
eration and air conditioning systems using refrigerant R134a.

Key words : Condenser, Fin and tube heat exchanger, Pressure drop, Chracteristics of heat transfer, R22 and
R134a
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Table 1. Properties and characteristics of refrigerants in this study".
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Name R22 R134a

Molecular mass (kg/kmol) 86.47 102.03

Critical temperature (°C) 96.15 101.06

Critical pressure (kPa) 4990 4059

Critical density (kg/m’®) 523.8 511.9

GWP (Global Warming Potential)(CO,=1) 1700 1300
ODP (Ozone Depletion Potential) (R11=1) 0.055 0

. . 3 Saturated liquid 1082 1102

Density at 50°C (kg/m’) Saturated vapor 85.95 66.27

. X . Saturated liquid 123.1 143.1

Dynamic viscosity at 50°C (uPa - s) Saturated vapor 14.18 13.12

P, at 50°C (kPa) 1943 1318
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Table 2. Specification of the test heat exchanger.
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Heat exchanger HeightxWidthxDepth (mm) 400%400%80 Number of tube rows 3

X & Number of tubes for row 16 Tube rows alignment Staggered

Outside diameter (mm) 9.52 Nurpber of ﬁ?s 18.0
. . 8.52 Helix angle (%) 53

Fin root diameter (mm) . o

Tube . . 8.54 Fin angle (%) 0.2
Equivalent diameter (mm) . :
Minimum wall thickness (mm) 0.3 Fin height (mm) 1.05

60 Tube material Copper

Horizontal tube spacing (mm) 25 Fin tvoe

Fin Vertical tube spacing (mm) 21.65 Mat }r]1pl SlitAluminium
Fin density (fins/m) 493 ateria
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Table 3. Experimental conditions.

Dry bulb temperature of air at the condenser inlet 35°C
Alir-side Standard relative humidity at the condenser inlet 40%
- Face velocity at the condenser inlet 0.68~1.6 m/s
Refrigerant R134a, R22
Refricerant-side Refrigerant massflux 150, 200, 250 kg/m’s
& Condensation temperature 50°C
degree of superheat 10°C
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Table 4. Summary of estimated uncertainties.
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Parameter Uncertainty Parameter Uncertainty
Temperature +0.75% Mass flow rate of refrigerant +0.2%
Humidity +0.3% Mass flow rate of air +4.09%
Pressure drop of air +1% Heat transfer rate of refrigerant +1.29%
Pressure +0.25% Heat transfer rate of air +4.21%
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Fig. 1. Distribution of relative length subjected to
changer of air velocity.

2} R228] Aekf< 150~250 kg/m’s WA 7154
0.8~1.6 m/s2. W3 A2 7§ U-bende} e el
g exo} 35T ehd AgAdele}. 3]
o] x, L& 22 257]9] dFelAfe 2 el /%
lo]g} A Yullf-2Ado]o|m, F Frow FaIF A
7] Fko] AdZe] Xelt}, Agellr A2 EAfol:= 49
7N U-bend?] #¥ &-55 7|FoR FHEHEY o &
Ex 3o Wrlexel £0.5°C ol LAzt W
we] {2 Aol mhE 2w sR e A o =
28] REAelet exREE o & otk

Qo] A 150 kg/m?s(a)plA] FHdZr) Az
4% RlI34ast R22%= 5544 (2375)8 713 F 2
WYAN &) AR 357 S5 wiHuzte,

o e qlo

ol EF NS GAGA S Folsle] 24
5] Adel= Aasid

Yee] A=kide 200 kg/m’s®] H$- R22E 3716
0.8~1 m/s?] H)ollM 2475 AUlE 35719 &7&5
WA vhe= dhm, Ri13da= 0.8 m/sell At o] Folzic),
ol 2220w 50°Col|A] RI34a®] $&atddsko] R22
He} 1.6% 2ol Apast ghde) 275 F2-e7)
Z4p7] ol AA el APANE B o 24
F 9ol Al R13das} R229] 8525 78152 T2
dE7slel o8 oF 0.5~2°CE vehget.

3-1-2. 379 e

Fig. 2= o) Ri34as} R229] kit A3 9w
R FYEE SR HE oE 57 &1
9] " REE BoFT gioh £ TR EE
o] Aakfdro] SIS RE R4 HHelAN
A vebgkon], Wnle) Aol a5 F)igo| 2}
L5 279 LT HHFL 7h4sigich o) Fig
13} 7Fo] Yule] Ak 200-250 kg/m’se F7)H<
0.8~1.2 m/s®] WA Yol 2455 A2 2771
7 AP v Bl AR 150 kg/m’se )
frd 1.2~1.6 mis9] 74 el FA3) Sz Al
7} Heol Wuie] HFeErt wobx] &7 &=t
24317 wgolth

Ri134as} R229] -$534 Q4-5)e) E7HA A€
739 ET FTIREE $5LE 5000 SAsiel e,
spR (RS Aoyl FREE WuleEe o
TFof F7IE 35°Ce sl xR Aot
rlje] Agkf<dre] 2k APF AN 755 F7)
A7 Yol 257 (3-8 dug))e] 19404 25
o] #5d F ohg AR o]Fded 1ddM &5 ¥
o}zl F71e oA 2~392 Ridse] Wulg 309 &

T T T T T T T T Y
52| i .
AT, =10°C R22 R134a
T,=50°C —&— O G =150 kgin's
50 T =35°%C —@— O~ G=200kgim’s o
RH = 40% —h— - B - G =250 kg/m’s
Sl NS W A 1
. [ 3 e A
T S & i ST A cA L TTa
i \U\ \\. 7ay
44 g g o T |
e W 0
"o T
42 - - A
' O
40 . . . ; . . . . .

07 08 09 10 11 12 13 14 15 16 17
V, [m/s]

Fig. 2. Variation of outlet air temperature according
to the change of air velocity at various refrigerant
mass flux.
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Fig. 3. Air-side pressure drop as a function of air
velocity.
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Fig. 4. Refrigerant side pressure drop as a function
of air velocity at various refrigerant mass flux.
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