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Abstract : The condensation heat transfer coefficients and pressure drops-of hydrocarbon refrigerants (R-290
and R-600a) and hydrochlorofluorocarbon (HCFC) refrigerants were measured in the two horizontal double pipe
heat exchangers with inner diameters of 10.07 mm and 5.80 mm at a mass flux of 35.5~210.4 kg/m’s and the
condensation temperature of 40°C. The average condensation heat transfer coefficients of hydrocarbon
refrigerants were higher than that of HCFC refrigerant(R-22). The pressure drop had a magnitude in the order of
R-600a > R-290 > R-22. The pressure drops in the tubes with inner diameter of 10.07 mm were approximately
6~15%, 9.8~12.5% and 2.1~4.6% higher for R-600a, R-290 and R-22, respectively, than those with inner
diameter of 5.80 mm. The condensation heat transfer coefficients were compared with the published
experimental data, and showed the best agreement with Haraguchi et al.'s correlation.

Key word : Heat transfer coefficient, Pressure drop, Refrigerant mixture, Flow pattern, Alternative refrigerant,
Hydrocarbon refrigerant
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Figure 1. Schematic diagram of the experimental apparatus.



=
2

2 aF AHEE AERAA S /NEEE Figure 13 2
o APAA = AFVE FeEHe F7I9FY EEAlE
Wl $BEE A2s Bt sRsE Aze TR
t} A7) (receiver tank)E U2 WinlE= s3I K oA 3}
¥ %5— 53‘7] 2 FYH FEH, $EE LJri ekl e
< HEEY. d5E QT 5710 Ez
2t & S5EH FAVE ﬁ"ﬂ%q- n]-&5% Yl
A SEA7I7] A A7k dudr|E AAs

A2 FuiF717F S50] HAeA Fo2 R
At} 7HA S (sight glass)E A A3} WujE71E £&
AI7171 A3l B57] Fo gA2ERE 2EE d3FF
W7 a3 oj@atel B4 w3t g Wue] 5%
T vt ko 7 s=2 7 Hoj Qi)

Figure 2= A@FR o|5#4 dEF[{SE71Y SAEE
veRd Zio|t}t. S57] e 27112 U7 10.07 mm(2] 73
12.07 mm)2} 5.80 mm(2J7Z 6.35 mm)}! FHHIL =3
(horizontal smooth copper tube)o| 1L, 7}A| 32 A o]
2FrH(pyrex tube)E 7hEH| AA ST S57] ()2

> e FJ

ﬁo'l:

L‘ 1250

250 J o250 1. 2s0 | 2s0 1. 250
P o

)

Condenser of d= 10.07 mm

Copper tube

( *'1"\) Thennocoupi Thermocoupl Copper Wibe

L—i—.l

One unit of test section

?0 07 580
|4—b| |<———>{

12 07 6 35

Position of C-C thermocouple C-C Cross section of condenser
of inner tube

Figure 2. Details of the test section.

Clean Tech., Vol. 14, No. 3, March 2008 55

Y7L 30 mmo| T, AL 34 mmQ PVCHL AL&s}sic).
PVCHTE g |2 79 379k dede FHaslsr] ¢
F QAN wbA S(critical insulation radius)g 3123k TH

ANFRLE 374 WA 10.07 mm$} 5.80 mm FHOE s
T Atk 14 10.07 mm A|EFE AHEH YRS 5
A3t A 4 Ao Yol 500 mm SHALE THA
123, #d 220 S4Z 28 dies ST sLA A
A SR TN AT 0o R 3§
AdNF&-ZAHEHE % 2 mm, 4
°] 20 mm2] %-% g AR B 25 Yl s

st sHck Lzﬂa 30 Ao %—3— @Tca SE
AL
E

Zt Ae] YoM 250 mm 5
%%Ol APHA k= o ol&

= -%—
& ol A4 g £AE U B 42 &

Ade HPRS Sk

Ao A R-22, thAl g R-2907 R-600a%
At BB SHAAEA Y OE AP FH
th FRELROR A $57) W v]$H/kAE A A
7] d5tel AFFZE FAYR-E AZYHRE BE OF, 4
e AERAS FH Wl FFE BT FEY S
oAt vl SE7AS MEAAT L the 24z Y 24
AA EHAEEE e APE AFsiginh. ded vhe)
wol B AFeE &S A}%-s}oq dags gE7et
EXL ylerdls= Fo] ZAol= ortx7] o] Ay}
G B4 1A = Y 01:: A JFE FAST A
HAE TE310ch Table 12 & A7) AdxAg 4

Table 1. Experimental conditions used in this research

Parameters R-22 R-290 R-600a

Test section Horizontal smooth copper tube

I.D. of test section, mm

(O.D. of test section, mm) 10.07(12.07), 5.80(6.35)

2 50.0 ~ 355~ 35.5 ~
Mass flux, (kg/m’s) 210.4 165.1 178.8
Reynolds number at |37,240~15 37,970~ 44,300~
condenser inlet 6,700 176,600 223,100
Condensation 40
Temperature, (C)
Cooling capacity, (kW) 0.95~10.1
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Table 2. Parameters and estimated uncertainties

Parameters Uncertainty
Temperature (C) + 01T
Pressure (kPa) + 2 kPa
Water flow rate (kg/s) + 1%
Refrigerant flow rate (kg/s) t 1%
Mass velocity (kg/m” s) + 1%
Vapor quality + 7.5%
Heat flux (KW/m’) + 7.8%
Heat transfer coefficient (k\)(//m2 K) + 9.1%
Pressure drop (kPa) + 90 kPa
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Table 3. Thermophysical properties of refrigerants used in
this study at the saturation temperature of 40°C
[REFPROP(version 6.01)]

Types of Refrigerants
Property State
R-22 R-290  R-600a
(kg/m") Vapor | 66.19 3021  9.442
(10°Pa-s) Vapor | 13.52 9415  8.070
Thermal Conductivity LIqUId 0.07 688 0.0858 0.1012
(mW/mK) Vapor | 0.01302 0.02152 0.01818
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Figure 7. Average heat transfer coefficient (hcasv;) vs. mass
flux (G) in the smaller tube, d; = 5.8 mm.
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Table 4. Average deviation of experimental- and correlated
heat transfer coefficients,

N _
O avg = —lj\—f L_El( hmj’;lexiexp” < 100
Authors Refrigerant Average deviation, Oug, (%)
(di=10.07 mm) (d;=5.8 mm)
R-22 73 24.5
Shah R-290 31.4 14.1
R-600a 54.6 27.4
R-22 10.3 -30.3
Traviss et al. R-290 6.2 20.3
R-600a 10.0 20.0
. R-22 14.3 25.6
C;:iﬁi R-290 7.4 16.7
R-600a 13.0 20.1
R-22 2.5 29.9
Hamga‘l“hi “ 1 Rr290 10.0 7.9
| R-600a 9.8 4.0
R-22 24 10.3
Dobson et al. | R-290 17.0 21.1
R-600a 10.0 4.5
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