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ABSTRACT: In this work, pool boiling heat transfer coefficients(HTCs) of 5 refrigerants of
differing vapor pressure are measured on horizontal smooth square surface of 9.52 mm length.
Tested refrigerants are R123, R152a, R134a, R22, and R32 and HTCs are taken from 10 l«:W/m2
to critical heat flux of each refrigerant. Wall and fluid temperatures are measured directly by
thermocouples located underneath the test surface and by thermocouples in the liquid pool.
Test results show that pool boiling HTCs of refrigerants increase as the heat flux and vapor
pressure increase. This typical trend is maintained even at high heat fluxes above 200 kW/mz.
Zuber's prediction equation for critical heat flux is quite accurate showing a maximum de-
viation of 21% for all refrigerants tested. For all refrigerant data up to the critical heat flux,
Stephan and Abdelsalam’s well known correlation underpredicted the data with an average
deviation of 21.3% while Cooper's correlation overpredicted the data with an average deviation
of 14.2%. On the other hand, Gorenflo's and Jung et al’s correlation showed only 5.8% and
6.4% deviations respectively in the entire nucleate boiling range.

Key words: Nucleate pool boiling(3§ H]%), Heat transfer coefficients(€ 42 44), Critical heat
flux(d A E-#4), Electronic cooling(Az} £38)
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Fig. 1 Schematic diagram of pool boiling test facility.

A&7 fe FrhHes da
st v &7 el 43
Adae] FHAA oF 50
AT £ E AFolA

at
R
ol
e
)
iy
i
&
K3

| & 9ge Ha
$%7) 2 A4 )

2ol AASHA

A=

T —I‘IT@%].
[z
=

200V, 17A)8 AE3te dade 2UsAT =
@ ade PP Bolrke 9e 2387 9

3t ME A3 (Yokogawa 221509, 50mV, 20A)<
gl AH NP Foke MRS A%
A5E ZAHAL

Q=1v m
AZIM @, L VE A AF A FH7IAA
dAdg AlFHe TET dFW), AEAEE F
3 A ARFA), €32 APBAMY dY
Zsh(V)E verdch
22 JTY AR AN
2 d7dMe 9AH F29 52 RSl
= HE dAGAFE SAY 5 Y=ES F2 A

719l BH dAG AEEE AZsE Fig 2=
£ AT A Azg Edg AlEE(9.52mm x 9.52
mm)E YEHATH EXg A8 e ZA H]E o
ot T FFG o Fe €& FFHIE I EH
2 FAHY itk €49 3 He ool 2089 Y
AEM] ALHA ol oF 3800kW/m’e] df&
72 d $ de Aoz AR ITHCGIAN, CCR-
375-1 4. dAdg 3HE AP AA Yoo H
A7 4 gl7] WiEd & A¥dMe ddg 3
Bl 22 AU T8 $(9.52mm x 9.52 mm x 4
mm)S AZSFTE o|¥A EAF AURE UE
7l 93 78 #3 HE AAT FH ASde ¢
Arrr7l & Az 48z oW/t BE=(0Om-
ega Bond 200, k~1.4W/mK)E& ©]&3le g
% HE FFAsAT. 28y YFde 3 H
EH & @& 1 7tEsto s|E e T8 #&
A JHEFstded o F 7HA Wy o €44

T

Test heater
(Copper block)

R? epoxy fitied MC Nyion

Stainless steel
{TC & Electronic line})

ﬁ:ﬁﬁ

40

{Unit : mm)

Copper block(9.62mm X 9.52mm X 4mm)
with 4 thermocouple holes of
1mm diameter, S5Smm depth

<+ Copper block
«+Silver saldering
4 Heating chip

Fig. 2 Test heater specification.
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Table 1 Predicted CHF and experimental ra-
nge of tested refrigerants at 7 C

: q” CHF. Zuber Experimental
Refrigerant range
(kW/m”) (kW/m”)

R123 161.9 160
R152a 414.8 400
R134a 365.3 360

R22 450.9 370

R32 654.1 580
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Fig. 5 Heat transfer coefficients of tested fluids.
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Table 2 Deviations of various correlations against the present data
ilt)?iilll:nalaarl:g) Cooperm Gorenflo” Jung et al?
Range Fluid Avg. Mean Avg. Mean Avg. Mean Avg. Mean
R123 -2.9 59 135 14.2 -0.3 26 22 3.0
R152a -179 179 49.8 49.8 -6.4 6.4 -21 3.9
2 | Rl34a -144 144 6.9 87 -6.2 6.2 -6.1 7.0
0~100 kW/m
R22 -24.9 24.9 16.2 16.2 -29 3.0 -0.7 24
R32 -50.8 50.8 106 10.6 -85 85 -7.8 9.2
All -22.2 22.8 194 19.9 -49 5.4 -29 51
R123 -74 9.3 5.0 126 -2.0 34 0.6 2.7
R152a -194 194 332 332 -6.1 6.1 -29 3.6
All R134a -11.7 117 1.8 41 -24 4.4 -44 5.0
R22 -176 176 16.6 16.6 5.8 82 3.2 45
R32 -48.3 48.3 43 45 -7.0 7.0 -16.0 16.3
All —20 9 21.3 12.2 142 -2.3 5.8 -39 6.4
(hpre = Peyp) X 100 (Ppre = Piegp) X 100
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Fig. 7 Comparison of Cooper(é)’s correlation
against experimental data.
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