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ABSTRACT: In this work, pool boiling heat transfer coefficients (HTCs) of five hydrocarbon
refrigerants of propylene, propane, isobutane, butane and dimethylether (DME) were measured
at the liquid temperature of 7C on a 26 fpi low .fin tube, Turbo-B, and Thermoexcel-E tubes.
All data were taken from 80 to 10 kW/m2 in the decreasing order of heat flux. The data of
hydrocarbon refrigerants showed a typical trend that nucleate boiling HTCs obtained on en-
hanced tubes also increase with the vapor pressure. Fluids with lower reduced pressure such
as DME, isobutane, and butane took more advantage of the heat transfer enhancement me-
chanism of enhanced tubes than those enhancement ratios of 2.3~9.4 among the tubes tested
due to its sub-channels and re-entrant cavities,

Key words: Pool boiling(Z¥] %), Heat transfer coefficient(® A€ 44*), Hydrocarbon refrigerant
(&84 4 W), Enhanced tube(Z£Z#), Enhancement ratio(Z74])
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Fig. 1 Side and top views of 26 fpi low fin and enhanced tubes (50 times magnified).”
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Fig. 2 Schematic diagram of the pool boiling
test facility.
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Fig. 4 Nucleate boiling '"HTCs of hydrocarbon
refrigerants on a low fin tube at liquid

temperature of 7C.
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Fig. 5 Nucleate boiling HTCs of hydrocarbon
refrigerants on a Turbo-B tube at li-
quid temperature of 7T.
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Fig. 6 Nucleate boiling HTCs of hydrocarbon
refrigerants on a Thermoexcel-E tube
at liquid temperature of 7TC.
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Table 1 Measured heat transfer coefficients of various hydrocarbon refrigerants

1021

. Heat flux (kW/m")
Tube Refrigerant ™7 20 | 30 | 40 50 60 70 | 80
HCFC22 | 4479 | 6724 | 8310 | 9624 | 10798 | 11866 | 12859 | 13803
Propylene | 4913 | 7449 | 9220 | 10700 | 12024 | 13219 | 14282 | 15288
Low fin Propane | 4552 | 68%4 | 8544 | 9917 | 11104 | 12223 | 13182 | 14005
DME 2988 | 4747 | 6266 | 7597 | 8772 | 9804 | 10704 | 11535
Isobutane | 2851 | 4406 | 5696 | 6795 | 7763 | 863 | 9263 | 9873
Butane | 2204 | 3410 | 4518 | 5542 | 6471 | 7357 | 8180 | 8989
HCFC22 | 15036 | 16053 | 17595 | 18851 | 19775 | 20562 | 21175 | 21713
Propylene | 19474 | 21521 | 23175 | 24462 | 25389 | 26105 | 26813 | 27382
Turbo B Propane | 15065 | 18406 | 20127 | 21368 | 22301 | 23253 | 23816 | 24432
DME 6683 | 10884 | 14080 | 16568 | 18747 | 20427 | 21840 | 22819
Isobutane 4797 8010 10603 | 12733 | 14481 15899 | 16992 | 17852
Butane | 3067 | 5305 | 7343 | 9066 | 10592 | 12042 | 13348 | 14556
HCFC22 | 20838 | 23546 | 24881 | 25474 | 25535 | 25405 | 25001 | 24390
Propylene | 26967 | 29505 | 30292 { 30741 | 30931 | 30764 | 30750 | 30528
Thermoexcelp | Fropane | 21523 | 24787 | 26067 | 26704 | 27201 | 27345 | 27260 | 27088
DME 15802 | 19234 | 22791 | 25871 | 27888 | 29522 | 30773 | 31164
Isobutane | 10059 | 13935 | 16747 | 18752 | 20458 | 21765 | 22650 | 22732
Butane 7448 12310 | 14820 | 16406 | 17811 18881 19935 | 20805
Table 2 Some properties of tested refrigerants at 7C
) P,, . h k k x10 %, %10 o
Refrigerant | .oy | P T | ahe wesplwew| e | fee | ovm
HCFC22 622 0.1245 | 0.7586 199.2 0.0917 | 0.00991 202.2 11.82 0.01066
Propylene 718 0.1539 | 0.7663 366.8 0.1197 '} 0.01553 124.0 7.286 0.00300
Propane 584 | 01375 | 0.7575 | 3644 | 01019 | 0.01664 | 1174 | 8041 | 0.00923
DME 336 0.0626 | 0.7002 423.1 0.1512 | 0.01518 208.2 7.817 0.01338
" Isobutane 199 0.0548 | 0.6869 348.8 0.1036 | 0.01446 184.1 7.175 0.01220
Butane 134 | 00353 | 06589 | 3789 | 0.1140 | 001447 | 1890 | 7.102 | 0.01397
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Table 3 Enhancement ratio of various hydrocarbon refrigerants
. Heat flux (kW/m")
Tube Refrigerant ™ 20 | 30 | 40 50 60 70 | 8
HCFC22 16 15 14 14 13 1.3 1.2 1.2
Propylene 15 15 14 14 13 1.3 1.2 1.2
Low fin Propane 1.7 16 15 14 1.3 1.3 1.2 1.2
DME 1.8 16 16 1.6 16 15 15 14
Isobutane 2.2 1.9 1.8 18 1.7 16 15 14
Butane 24 2.0 19 18 1.7 1.7 16 16
HCFC22 5.1 37 30 2.7 24 22 2.0 19
Propylene | 6.1 43 36 3.1 2.8 26 2.3 2.1
Propane 56 4.2 34 30 2.6 24. 2.2 2.0
Turbo-B

DME 39 38
Isobutane | 3.6 35
Butane 34 31

37 | 36 34 32 30 | 28
34 33 31 30 28 | 26
3.0 2.9 28 | .27 26 | 26

HCFC22 76 54
Propylene 84 59
Propane 79 56
DME 94 6.6
Isobutane 76 6.1
Butane 81 72

Thermoexcel-E

43 | 36 | 31 | 27 | 24 | 21
47 | 39 | 34 | 30 | 27 | 24
44 | 37 | 32 | 28 | 25 | 22
60 | 56 | 51 | 46 | 42 | 38
54 | 49 | 44 | 41 | 37 | 33
61 | 53 | 47 | 43 | 39 | 37
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