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Abstract

In this study, experiments were carried out to provide nucleate pool boiling heat
transfer data for a plain tube and 4 different low fin tubes employing 2 refrigerant
mixtures of R410A, R407C, and 12 pure fluids. Low fin tubes were machined on a
19.05mm nominal outside diameter copper block according to the manufacturer’s low fin
tube specifications. Cartridge heaters were used to generate uniform heat flux on the
tubes. For all refrigerants, heat flux varied from 10kW/m’ to 80kW/m’ It is found that
heat transfer coefficients(HTCs) of high vapor pressure refrigerants are usually higher
than those of low pressure fluids. On the other hand, the fin effect was more prominent
with low pressure refrigerants than with high pressure ones. Optimum fin density as
well as the increase in heat transfer coefficient with the increase in fin density were
found to be strongly fluid dependent. HTCs of RI123, a low pressure alternative
refrigerant, were similar to those of R11 while HTCs of R134a, an intermediate pressure
alternative refrigerant, were roughly 20% higher than those of R12. Finally, HTCs of
R32, R125, R143a, and R410A were all higher than those of R22 by 30~50%.
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Fig.2 Fin shapes of various low fin tubes

A 2% F7)F SEHE $3U18 U e
o] A&tk =3 E&7)F B3l Yo U1t
R Aol g Wodge] $EF=] wFEI=
T E AN 8718 2F 2HHA
2892 AFs}Gga 4] 4 REL FUAz ©
Bl AXE 44 EAYE F A=E 3, EFAX
9} dAE FEAJYE O-ringe 719 vz} ¥+
54 F=E YTk

2 AP ARSRE B ARe EF HE ¥
FAAZRAA L] ARE Fu= g A sHFe=
AzsIPom, olge B P Fig2st 2 &4
Zte] A& Table 191 Sich

Fig.3& Ade] A" d42@o] YL AA
3 HoFEh & 999 Hol, & sl=dA I
of ofs] A& Y MR 2ol 1524mmeolxn
FTAY7L 19.05mmeolth. dded U=z JiEd
A SHE AUt 7#dE EHES UEE )
A8l A= S AHE3ld e 8ol W73 9.5mme
FHE /1R, 4ol 1524mm, 97 9.5mm
d FlEZA IEHE @@ Y2 AR =%
#el Yo AU} dHEE HEE 3] ¢
3l A FIEA] 3|E Alele] FHe: IAEEI}
$-5% thermal paste® MY, F TREN
de] Mok =g 7] $s) @d4d%e) #
ofd wojAdoled ARIF FH 4FANT AT
Aot =3 W] dAGE A 98 +
g B9 9% 22 9% 15mm, LEF E& 8mm
2 &2 Uitk

8 B deiahee] e 258 24317 9

Table 1 Specifications of various low fin tubes

Fin wbel 1o g0 | 19 4pi | 28 fpi | 3 foi
Fins per inch 10 19 28 36
Fin heightmm) | 07 | 14 | 11 | 10
13185 | %0652 | 27647 | 30068
x10° | x10° | x10® | x10°®

Actual area(m’)

Actual area
/Plain area

(The heat transfer area of the plain tube is
8.977%107°m?)

147 2.9 3.07 335
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Fig.3 Fin tube specifications
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Fig.4 Boiling heat transfer coefficients of R123
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Fig.6 Boiling heat transfer coefficients of R22
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Fig.5 Boiling heat transfer coefficients of R134a
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Fig.7 Boiling heat transfer coefficients of R410A
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Table 2 Enhancement of pool boiling heat transfer coefficients of low fin tubes at q/A=40kW/m?

HTC of HTC ratio

Ref ‘Zlg;;‘m?g 10fpi/plain | 19fpi/plain | 28fpi/plain | 36fpi/plain
Low RI11** 2,137 247 3.35 337 412
vapor R123""*" 2,493 2.05 2.87 321 3.45
pressure R141b**" 2,072 2.28 347 358 350
R12" 3,576 2.26 2.49 2.54 321
Intermediate | R134a™ 4,924 191 2.04 2.35 267
vapor R152a"* 7,082 157 183 197 223
pressure R124" 3838 1.80 2.16 2.32 2.87
R142b™ 3,422 2.16 255 2.74 361
R22" 5,601 168 186 1.86 248
, R32" 7835 186 2.03 2.02 265
High R125" 7,661 177 187 1.96 2.22
p;’:;ourre R143a" 7,116 179 198 19 231
R407C* 4,934 1.36 153 157 167
R410A"™ 7,287 2.18 2.36 241 275

(¥ T@=4T, * : Tea=15C, ** : T=25T)
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Table 3 Some properties of tested refrigerants

419

Tw| Pa | ¢ | P | T D, |oDP| gwp |ASHRAE
Ref. igef’y“
(C) | (kPa) | (N/m) x107(m) 100year group
Low Rl | 25 |1062] 0018 | 0024 | 0633 | 799 | 100 | 4000 | Al
vapor R123 | %5 | 919 0016 | 0025 | 0653 | 757 |002| 9 | Bl
pressure | RI41b | 25 | 786 | 0018 | 0.019 | 0625 | 874 | 010 | 630 —
R1Z | 4 |3500| 0011 | 0085 | 0720 | 661 | 090 | 8500 | Al
Intermediate | R134a | 4 |337.1| 0012 | 0082 | 0740 | 694 | 000 | 1300 | AL
vapor | Rl52a | 25 |5%.7| 001 | 0132 | 0772 | 778 | 000 | 140 | A2
pressure | R124 | 4 | 1835|0012 | 0052 | 0700 | 684 | 003 | 480 | Alp
R142b | 15 | 2455 | 0.013 | 0060 | 0702 | 781 | 0.07 | 2000 | A2
R22 | 4 | 5659 0011 | 0113 | 0750 | 699 | 005 | 1700 | Al
, R32 | 4 |9236 0011 | 0157 | 0788 | 743 | 000 | 580 | A2
High R125 | 4 |7606| 0007 | 0212 | 0817 | 528 | 000 | 3200 | Alp
Drv;‘;ourre R143a | 4 | 7016 | 0007 | 0185 | 0800 | 628 | 000 | 4400 | A2r
RA0TC | 15 | 8901 | 0009 | 0187 | 0799 | 669 | 000 | 1.370 | Al/Alr
RAI0A | 4 | 9052 | 0011 | 0156 | 0789 | 701 | 0.00 | 1370 | Al/Alr

Table 4 Pool boiling heat transfer coefficients
of low vapor pressure refrigerants
at 25°C, q/A=40kW/m’

Table 5 Pool boiling heat transfer coefficients
of intermediate vapor pressure
refrigerants at 4°C, q/A=40kW/m?®

HTC ratio HTC ratio
Tube Tube
R123/R11 R141b/R11 R134a/R12 R124/R12
plain 117 097 plain 1.38 1.07
10fpi 0.97 0.90 10fpi 1.17 0.86
19fpi 1.00 1.00 19fpi 113 0.93
28fpi 1.01 0.93 28fpi 1.27 0.98
36fpi 0.98 0.82 36fpi 1.18 0.99
3 AxE BAFTL R12A4E HT GAGAF) 2 Jdddch
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Table 6 Pool boiling heat transfer coefficients
of high vapor pressure refrigerants
at 4C, @/A=40kW/m’

Tube HTC ratio
R32/R22R125/R22| R143a/R22 | R410A/R22
plain | 134 1.37 127 1.30
10fpi | 154 1.44 135 1.68
19fpi | 152 1.37 1.35 1.65
28fpi | 152 1.44 1.3 1.69
36fpi | 1.50 1.22 1.19 14
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