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ABSTRACT: In this work, pool boiling heat transfer coefficients (HTCs) of hydrocarbon re-
frigerants are measured from a horizontal smooth tube of 19.0mm outside diameter. Tested
pure-refrigerants are Propylene, Propane, Isobutane, Butane and Dimethylether (DME). The pool
temperature was maintained at saturation temperature of 7C and heat flux was varied from
10 kW/m2 to 80 kW/m2 with an interval of 10 kW/mZ. Wall temperatures were measured di-
rectly by thermocouple hole of 0.5mm out-diameter, 152 mm long and inserting ungrounded
sheathed thermocouples from the side of the tube. Tested results show that HTCs of Propane,
Propylene are 2.5%, 10.4% higher than those of R22 while those of Butane and Isobutane are
55.2%, 44.3% lower than those of R22 respectively. For pure refrigerants, new correlation can
be applied to all of CFCs, HCFCs, HFCs, as well as hydrocarbons was developed. The mean
deviation was 4.6%.

Key words: Nucleate pool boiling(#]8] %), Heat transfer coefficients(g A2 #A<*), Hydrocarbon
refrigerants(@2 8t 44 Y ol), Flammable(7}34)
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Fig. 1 Schematic diagram of the pool boiling
test facility.

=g AEsA FAHE & de 949 EdAddE
A 4. 2% 8l &7 tol ddsA A
Aag e deA & e 8719 § FEol 4
sted 71 =8 AU & W 3
W 38 gdly] f e AEeA 54
F e 48 A, 23 &Y HMEAE 4
Aagch. ddd F 8/Me uTol TA}e &
7l YA &&71= HFol HAdE dug
712 Zid WoFrlg dAz e §H T
o3 oA ¥EE7E €EHES dA %
2 d7dAME JtEYA 3HE FTEd A<
3ol W 5E TN HE5E MY T
d@e gee FY dAUE FAY F 7 o
ol B dFME Fig. 29 Zol F+ A9 &
HEste dddE AT F UA=E FEH
AzstAck. A Yui} HEst HFol WA
HE BUY Zole 152mmelxn FTade FE
de i d¥deg Ay A3 dixEx

to o

7F ¢ ¥& MC v &(Momoner Cast Nylon,
MCN)o g2 RAg wEo] Fude 7Yt ¢
2 Azo) tg Bok AT NS Lee et al”
o] A& Az vt

22 AdEuy

HE Adoja FoAnc Fa¢ AL u5L7]
o WY Huel 2ALE otk B AP
Ae Axs Wvjz 15878 207|474 A
g Hol g2a HEZ 7129 F&L &g
gk AV glgo] #uHw NFYPze o &
A B FEH F A FAE AT
zAd0o t ® % HULE o] Y& Ao
Wale] Asde E 258 7CE A% JE
g7 3Eee zaw G52 80KW/m oA ok &
AlZE % }ga}oq EB Edo 7}*9}
) —’g— AANZD %, A4S 80kW/m’
o A 5 E »afaa FHEG AN ENT
QHEAFE 24T e IREE 10 kW/m™%
B2AFBA HA A4S 10kW/m7H S22 s,

Ayl B ¥ 2% S8 W £7d A5
¥ 2eae v‘i‘—alff}i HE 8718 B8 obA
1 ol & §AE T o

Bale] sAsAct £ ¥F

27 ave AFe A B
2 os.?-oux 4HE ZAY woi
EHS 9 AIEZ FUsA Hol
olAEo R NAst P TUY BUS
3 APL FdshAct,

_a

Jo £ o8 d

2.3 M#dolgje] Xz

2 Ay gugAse) AZE Bud 498
4 4ae Agsed Fahdth dRU 4A
Y 9d% EROAY % 2dgALE 30

17.5

(HOE:

MCN Copper Cap Bakelite Cartridge Heater

MCN Epoxy

Thermocouple:Hole(0.64x0.5)

Fig. 2 Cartridge tube specifications (Unit: mm).
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Fig. 3 Comparison of R22 data with Cooper,
Stephan and Abdelsalam’s correlation.

Table 1 Some properties of tested refrigerants at 7C

. P, ky I kg My He o

Refrigerant | 1 pa) s T, (W/m-K) x10"° (Pa-s) (N/m)
R22 622 0.1245 0.7586 0.0917 0.00991 202.2 11 32 0.01066
Propylene 718 0.1539 0.7663 0.1197 0.01553 1240 - 7.286 0.00900
Propane 584 0.1375 0.7575 0.1019 0.01664 1174 8041 0.00923
DME 336 0.0626 0.7002 0.1512 0.01518 208.2 7.817 0.01338
Isobutane 199 0.0548 0.6869 0.1036 0.01446 184.1 7175 0.01220
Butane 134 0.0353 0.6589 0.1140 0.01447 189.0 7.102 0.01397
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Fig. 4 HT1Cs of tested pure hydrocarbon re-
frigerants,
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Fig. 5 Comparison between various correlations
and the present data.

Table 2 Measured heat transfer coefficients of various refrigerants

Refrigerant Heat flux (kW/mz) ‘

10 20 30 40 50 60 70 80
R22 2754 4396 5780 7057 8255 9433 10566 11712
Propylene 3206 5008 6492 7845 9064 10212 11435 12778
Propane 2709 4411 5880 7230 8514 9750 10923 12056
DME 1696 2898 3811 4607 5462 6371 7285 8215
 Isobutane 1324 2276 3095 3859 4623 5367 - 6130 6887
Butane 915 1720 2414 3101 3770 4417 5060 5698
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