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Experimental Study on Evaporation Heat Transfer and

Pressure Drop of HCs Refrigerants

Kwang-Bae Lee

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 having =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,

This paper deals with the heat transfer characteristics and
pressure drop of R-290 (Propane), R-600a (Iso-butane) and R-1270

-1l -



(Propylene) as an environment friendly refrigerant and R-22 as a
HCFC’'s refrigerant for 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 12.7
Omm, 9.52 mm, 6.35 mm with 1.78 mm,1.52 mm,1.4 mm wall thickness
each is used for this investigation,

The 1local 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. The highest
evaporating heat transfer coefficient of all refrigerants was
shown in a tube diameter of 6.35 mm with same mass flux.

Hydrocarbon refrigerants showed higher evaporating pressure
drop than R-22 in all tubes. The highest pressure drop was founded
in R-600a, The highest evaporating pressure drop of all
refrigerants was shown in a tube diameter of 6.35 mm with same

mass flux,
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NOMENCLATURE

SYMBOLS

A Area m’

¢, Specific heat kJ/kg-K

V4 Diameter m

F Constant in Shah’s correlation

/ Friction factor

< Gravity acceleration m/s’

G Mass flux kg/m’ s

Y Heat transfer coefficient KW/m? K

7 Enthalpy kJ/kg

7y Latent heat kJ/kg

D Inner diameter m
Thermal conductivity kW/m-K

ys Tube length m

wm Mass flow rate kg/h

7 Number of local tube

N Constant in Shah’s correlation

P Pressure kPa

PR Compression ratio, 2. /2,

Q Heat capacity kW

7 Heat flux kW/m*



7 Temperature K

v specific volume m3/kg
W Compressor work kW

x Quality

=z Tube length m

7 Parameter in Shah’s correlation

GREEK SYMBOLS

A Difference

u Dynamic viscosity Pa-s

p Density kg/m®
!ﬁ% Two-phase pressure drop multiplier for liguid flowing alone
X, Lockhart - Martinelli parameter

w Parameter in Shah’s correlation

DIMENSIONLESS NUMBERS

Bo Boiling number
Co Convection number
Fr Froude number

Pr Prandtl number
Re Reynolds number

,Vi,



SUBSCRIPTS

ace Acceleration

ave Average

e Evaporator

eq Equivalent

or Refrigerant of evaporator
ew water of evaporator

Frie Friction

< Gas

) Inlet

ys Liquid, Flow of the liquid phase alone in the tube
/ Liquid

loc Local

NBD Nucleate boiling dominant
oul Outlet

pool Pool boiling

P2 Refrigerant

sat Saturation

W Wall

wi Inside tube wall
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HCFC Alde] w¥ufr} FAp HFC AlQe] e 2 chAE o] 7kaL glch HFC Wdufe]
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! 2 e YHES Ay 4 e A2 oA uje] A

ZH o] £HIE EY F e A8s GEZ U171 Y H ¥E 3R A
|

golch A2o] idEE oA Yule AT ¥FS

-4

sk eromAM Fado] ¢la, VP stadAdol glom, &2 Wnjet sty A
o] 3ol st EEF 7|Ee] WS AL WX . 22 x| 9} v}
of oux| 3 2

ol Hl&sHAL U &2 +&ES #FAIStoiof Tt olegt A
T HHFEY ZH2A duof of

Xlof] ODP (Ozone Depletion Potential) 2} GWP (Global Warming Potential) 7}
091 Abel WEfe] BAA D olE Al JolE AMESHE AlLwel T AT
27

(T2, R 5), olpEEL (), L4 (W), UE (H), B (10), 27|
Sol Alth. olE Zold Texl, Bu 5o wkiaA ot gol A, A
o] sy, dRbH FEE R} H TUEAT, HI7RA = 1A
Y o= 5 theE AzFE0d ) gtEteLA 9

gt 2y AR st B 1. Wz

wWol My ik ol A FmiEAME dRUol (NHs), I



AFok st 23 B
dHY U GYYst &

N, olN
1©
f

o4, _lﬁ, fl
fllo
i
ox,
_?L
N
4o
i)
x,
uls
oN
e,
N
2
X
lo
=
fu
Mo
0%
=2
lo

1.2.1 ¢ 448

oAl ol 2 At YmiE e g 3 dAZEA, F 5V tid iy
R-290, R-600, R-600a, R-1270=} &3} duof R-290 / R-600 (25/ 75 wt%, 50/
50 wt%, 75/ 25 wt%), R-290/R-600a (25/75 wt%, 50 /50 wt%, 75/25 wt%)
£ Y5 A 2E FAE ste], R-229] tiA] YuiEA e FIt A S st
Tl 252 38 dde Algol 2ojr= R-22¢] uv]ste] ¥h3ppiA thd
s ZrbslAlnt, 23 ol zkasitin Basieich 2e]3 Kwon® e R-2
o] chA WrjEA R-290, R-410aS ARESte] AHY Ao thstel Ay ste],
3 AE R-229 WlsTE & R-290, R-410aS AM&3IAS w, ZU o
A Aol gold R-228TH F7RRIha Bastgch

g SH7lolM e R-200& o] 8% Fd

]Lg

Do

0]
B

Olivier Pelleher’ Z& V-Typ
dedAs W AdPSHES FHste APES Jsiolrh. Ie7lve SFA
Diamond MS 568 A}-&35lgionm, A¥ ZALE R-2908] £%18Fo] 0.5 kgo|A,
AH4E 5.5~85 kil FUSEL 5 Colth Aol R-2908] @

AL 1.6~1.7 Ki/n'KZH R-228TH of 8% Eom, ulFe] F3go] uj3
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Gursaran D, Mathur®$ R-12, R-134a®} EFE}S=47 o] R-290, R-600a,
R-290/R-600aE ZtFH-AHE 3sto] 2| 9.53 mm, HF7 0.64 mm BZFHojA
FH 25 -6.7C, 4.4C 2|3l &5 25 37.8C, 48.9CE sto] Fetdy
7A3tE AYstdh. &S whEbeAA Yuje] Bd Fd ¥ 7sirt R-1290
)3 168~368% &= A LEIWEZ, R-134a®} v]ms}w 138~270% & A LIE}ICTE

B st el ebsbgAA Woj FoA R-600a, R-290/R-600a, R-290
o o7 FHd U AdYHSHE #A LiEtSiTh

Mark W. Spatz’’5<& R-229} R-410A, R-404A, R-290& ZESA 2 dlo] =
LAALEE 2 dg7stol il AEES st S =& 6.7C, AE=
E 56T 3l EF25E 43.3C, HEEE 8.3CE 313 9.5 mm F&Ho]
A AEE stk 252 AsAl F R-2900] M £ A AleE
PRt F7] W=7F 7 w2 R-2900] 7P YA & Eastalch

Adrana Greco'”5-& oA R-22, R-507C (R125-R143a 50%/50% in
AHEFAZ st AP ste] R-507C7F R-22H.th 4 4 Atstrt A
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Fig. 218 2 d7ol4 AT A8 BAZH 437, $37, WA,
Zu) W FEAANE T ARA WE- B2 Azdolr, 2A Wizt
SBEL AT 2wl W 85719 A4l eBEE 2R TAEC o
O Fig 228 dlolel WEALH W AT 3715 2| Fo Az
W olm, Fig 2.3 ¢&71E FHOE ¥ QB SUES yrhd Zolt)

AYAAE Fig 210048 Pol B U st A slEdH 2]
UFa UE -T2 AlolZe TASL dew, A Wizl eBEs
2u7 W Sx7]e AU4 (2ARA)I 2BHS AEE PAHC Utk W
o= QF=7] (compressor), -++2]7] (oil separator), 2=7] (condenser),
;7] (receiver) ZHBFF2¥A (mass flow meter), SFZME  (expansion
valve), ZW7] (evaporator), & £2|7] (accumulator), ¢=7]2 O F
T E §F7AM Y e B45 FF #A] (cooling water storage
tank), =X (water pump), T-FHA (water flow- meter), $F7], 1%
718 «Lo 2 #FHrh Ielal FHTloMe ddg FF FA (chilled
water storage tank), & EX, $HA, AP F7He 7], da3r]9]
To 2 ST

UF71= R-22-8 271F B Y FEF dF7lolH, 7PHEE (VS.motor)

g A8sjol a8 HA4E WAL 4 YRS shanh wE71 HAs
& SAst7] flste] tiA|¥d ElEHEl (digital tacho meter) & AR&SHiTt
P22 = £ B BE (panual expansion valve)& dx]3}4]
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1. Compressor 2. Receiver 3. Accumulator 4. Mass Flowmeter 5. Strainer

6. Expansion Valve 7. Oil Separator 8. Condenser 9. Evaporator 10. VS Moter

11. Data Acquisition System 12. Chilled Water Tank 13. Cooling Water Tank  14. Heat Exchanger

Fig 2.1 Schematic diagram of experimental facilities
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Condenser

—

Fig. 2.2 Photograph of heat exchangers.
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Pressure gauge

Compressor Mass flow meter

Fig. 2.3 Photograph of compression unit.
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Table 2.1 Experimental conditions of parameter

Refrigerant R-22 R-290 R-1270 R-600a
Tube type diameter
12.7, 9.52, 6.35
(OD) [mm]
140~ 108 ~ 200~ 50~
Psat [kPa]
753 700 845 244
Refrigerant mass flux 150 ~ 150 ~ 145~ 62 ~
[kg/m” « s] 400 280 280 150
Evaporating temperature 258 ~ 264 ~ 260~ 272~
[K] 286 285 286 286
Quality 0.11~1
Chilled water flow rate
240 ~360
[kg/h]
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Table 2.2 Thermophysical properties of pure refrigerants at

saturated state of 5, 40T

Density,

Enthalpy,

Specific Heat,

3 kJ/ (kg + K) Thermal
. Absolute kg/m kJ/kg Vapor Conductivity |Viscosity,
Temp, |Refrigeran . .
. ) Pressure, ! micropoise
MPa W/ (m - K) Ligiud
.. .. . Liquid
Liquid | Vapor |Liquid | Vapor Cp Cv
R22 0. 5841 1264 | 24.79 | 205.9 | 406.8 |0.7611 |0.5836 0.09261 2067
R290 0.5510 | 522.1 | 11.98 | 212.7 | 580.0 |1.8180|1.4820 0.10290 1198
5
R600a 0.1862 | 574.8 | 4.998 | 211.6 | 562.4 |1.6700|1.4730 0.10450 1883
R1270 0.6782 | 537.1 | 14,26 | 212.3 | 582.3 |1.6960|1.3290 0.12100 1269
R22 1.5340 1129 | 66.19 | 249.6 | 416.2 |0.9948|0.6722 0.07688 1394
R290 1.3690 | 467.3 | 30.21 | 308.0 | 614.5 |2.2800 |1.6960 0.08580 824.9
40
R600a 0.5308 | 531.2 | 13.63 | 297.3 | 609.3 |1.9460|1.6730 0.08920 1286
R1270 1.6520 | 476.7 | 35.71 | 305.0 | 608.1 |2.2060 |1.5290 0.09865 824.8
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G' Z[g
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Table 3.1 Fluid dependent parameter Fy; in the proposed correlation

Fluid Fr1 Fluid Fr;
Water 1.00 R-113 1.30
R-11 1.30 R-114 1.24
R-12 1.50 R-152B 1.10
R-13B1 1.31 Nitrogen 4.70
R-22 2.20 Neon 3.50
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