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Study on Characteristic of
Evaporation & Condensation Heat Transfer Using

Propylene(R-1270) Refrigerant

Dong-An Cha

Department of Refrigeration & Air-Conditioning Engineering,

Graduate School, Pukyong National University

Abstract

Environment friendly refrigerants with zero ozone layer
depletion potential are required to be used in refrigerators and
air conditioners due to the difficulties related to ozone layer
depletion and global warming, A rigorous study for the system
performance with new refrigerants bhaving =zero ozone layer
depletion potential is inevitable before adopting that as a new
working fluid. The HFC (Hydrofluorocarbon) potential has been
recommended as alternatives, However, some European countries use
HC (Hydrocarbon) refrigerant in refrigerators instead of these HFC

refrigerants,
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This paper deals with the heat transfer characteristics of
R-290 (Propane), R-600a (Iso-butane) and R-1270 (Propylene) as an
environment friendly refrigerant and R-22 as a HCFC’'s refrigerant
for condensing and evaporating,

The experimental apparatus has been set-up as a conventional

vapor compression type heat pump system. The test section is a
horizontal double pipe heat exchanger. A tube diameter of 12.70mm
with 1.315mm wall thickness is used for this investigation.
The test results showed that the local condensing heat transfer
coefficients of hydrocarbon refrigerants were higher than that of
R-22. The average condensing heat transfer coefficient was
obtained with the maximum value in R-1270 and the minimum one in
R-22.

The local evaporating heat transfer coefficients of
hydrocarbon refrigerants were superior to that of R-22 and the
maximum increasing rate of heat transfer coefficient was found in
R-1270. The average evaporating heat transfer coefficient
increased with the increase of the mass velocity and it showed the

higher values in hydrocarbon refrigerants than R-22.
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NOMENCLATURE

SYMBOLS
A Area m’
Cy Specific heat kJ/kg-K
D Diameter m
F Constant in Shah’s correlation
g Gravity acceleration m/s’
Mass velocity kg/m*-s
Heat transfer coefficient kW/nm’-K
] Enthalpy kJ/kg
Lig Latent heat kl/kg
D Inner diameter m
k Thermal conductivity kW/m-K
L Tube length m
m Mass flow rate kg/h
n Number of local tube
Constant in Shah’s correlation
P Pressure kPa
PR Compression ratio, P./P,
€ Heat capacity kW
g Heat flux kW /m?
T Temperature K



Compressor work kW
Quality
Tube length m

Parameter in Shah’'s correlation

GREEK_SYMBOLS

4

J7;

X

Di fference

Dynamic viscosity Pa-s
Density kg/m3
Parameter in Shah’'s correlation

Lockhart - Martinelli parameter

DIMENS1ONLESS NUMBERS

Bo
Co
Fr

Pr

Re

Boiling number
Convection number
Froude number

Prandt] number

Reynolds number
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SUBSCRIPTS

avg
C

cb
CBD
cr
c

dis

eq
er
ew
exp

m

loc
NBD
out

pool

sat
uw

wr

Average

Condenser

Convective boiling
Convective boiling dominant
Refrigerant of condenser
water of condenser
Compressor displacement
Evaporator

Equivalent

Refrigerant of evaporator
water of evaporator
Experimental

Inlet

Liquid

Local

Nucleate boiling dominant
Outlet

Pool boiling

Refrigerant

Saturation

Wall

Inside tube wall
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2.1 A8 3H
Fig, 2.1 & dFolA AL&E A48 FA=ZH o457, 357, BEEA,
Zuby) W Feaxz ZAH V2 ¥R - X AA”ew, A PFujrt
SHEE A2 U] 9 &7 e £3EHE FEE PR §
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J= &+&7] (compressor), §%-%]7] (oil separator), 2=7| (condenser),

FUEE Uehd Blo|

=}

287 (receiver) AHZFUA (mass flow meter), ZFAWHE (expansion
valve), Zu}7| (evaporator), & E-g]7] (accumulator), Y=7]8] «o & &+
#B}Hl E SF70M8] ddre
tank), E¥ 2 (water pump), FS-A (water flow - meter), AP F7rel
7], da#r)Y 2= f5¥Hch i FUTlAMeY dYs FF X
(chilled water storage tank), & B, $TH34, @ F FU7|, &
RWle oz SBUT
U&= R22§ 2718 MY %35 dFvleln, ZPHEE (V. Smotor)
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2.2 4% 23 9 Py
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Aol ZHE AR A ud Feied R-229 ol & tiAM¥E ZloE
slelg|= = Z3F (propane, R-290, £% 99.5%)3} o|AKEF (iso-butane,
R-600a, =% 99.5%), 22|31 =ZHz(propylene, R-1270, &%= 99.5%)=
Agstgnh QupaE Eewel dde AT ¥ 6, 4AE, @4 A
B 71FolM ITAZ wHHste] AEE st AP 4 BAE MY

Juje} =3t otelzt 23 L2 E FESIHA 307 ol BE R #A
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stdrt. dAY SHE THsl At HAW dlolsE dRATIAY

H

FHTh (thermocouple) & AMESIAIL, ¢h¥e] HFols FY FEEHHY
URAE AHEStETt o2t Zeo] FFH ZE delHs FFEAMY &9 A
£ ZEE FUES dolE 9R7IZ YFH dole A PA RS-23105
AHREE A 4 A=F 3ok

Aaloll o dolele] HHHEE vt Zrh &, Fig. 2.lofxeh o] Huj
A (OVAL A#R3A, £0.03%)= §F7A S5 AFE FF87] 4
stol 8&7] &7 3o AAstAL, &5V % FUrlcAM L dd5 VA
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1. Compressor 2. Receiver 3, Accumulator 4. Mass Flowmeter 5. Sirainer

6. Expansion Valve 7. Oil Separator 8. Contenser 8. Evaporator 10. VS Moter
11. Data Acguisiiion System  12. Chiiled Water Tank  13. Cooling Water Tank  14. Heat Exchanger

Fig 2.1 Schematic diagram of experimental facilities
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Fig 2.2 Detail of test section {(condenser and evaporator)
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b Mass flow etr
1Data logger

Photo. 2.1 Photograph of heat exchangers.
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Pressure gauge

Vs
Motor

Compressor Mass flow meter

Photo. 2.2 Photograph of compression unit.



Table 2-1 Experimental conditions of parameter

Horizontal

smooth tube

162~228

131~207 | 150~207

124 ~205

330 ~ 570
600 ~ 840
5 ~ 5
35 ~ 45
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Table 2-2 Thermophysical properties of pure refrigerants at

saturated state of 5, 40T

0. 09865
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A 3F EF7e dAd 54
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Pl E AH AL WY 7 WYY fULch AT 37k 4
BHE SHFAolM AHPHe] g An, ojn) Ynhi 2uAde] oA

ol 23 FHYYS YuiFr7t JAAER WHElrte R0 BE, 7 &1
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mj el R-290 (Propane)?} R-600a (iso-Butane), R-1270 (propylene)?] &
d B4 AFEort E o|EE 7EY AR b - FETLEH
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F)&.

3.1 35718 433
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Fig, 312 FYAOZ AW 370042 @4%e Ushd agoltt. 7
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[ oA " |Re00a © © @
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A | | rR1270 &2 &
A T e e N T

0 2 4 6 8 10 12
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Fig. 3.2 Temperature profiles in the condenser. (R-22)
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Table 4.1 Fluid dependent parameter Fy in the proposed correlation

Fluid Fri Fluid Fri
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R-22 2.20 Neon 3.50
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