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Pool Boiling Heat Transfer Coefficients Up to Critical Heat flux on
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ABSTRACT: In this work, nucleate pool boiling heat transfer coefficients(HTCs) of 5 refrigerants
of different vapor pressure are measured on horizontal Thermoexcel-E square surface of 9.53 mm
length. Tested refrigerants are R32, R22, R134a, R152a and R245fa. HTCs are taken from 10 kW/m2
to critical heat fluxes for all refrigerant at 7C. Wall and fluid temperatures are measured directly
by thermocouples located underneath the test surface and in the liquid pool. Test results show
that critical heat fluxes(CHFs) of Thermoexcel-E enhanced surface are greatly improved as
compared to that of a plain surface in all tested refrigerants. CHFs of all refrigerants on the
Thermoexcel-E surface are increased up to 1009 as compared to that of the plain surface. The
improvement of Thermoexcel-E surface in CHF, however, is lower than that of the low fin surface.
HTCs on Thermoexcel-E surface increase with heat flux. But after certain heat flux, HTCs began
to decrease due to the difficulty in bubble removal caused by the inherent complex nature of this
surface. Therefore, at heat fluxes close to the critical one, sudden decrease in HTCs needs to be

considered in thermal design with Thermoexcel-E surface.

Key words: Nucleate pool boiling(3 H]%), Heat transfer coefficients(®€ A&7 4=), Critical heat

flux( Al 9+25), Thermoexcel-E enhanced surface(Thermoexcel-E % %)
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Fig. 1 Schematic of pool boiling test facility
using a flat copper heater.



9% e%7]e Au@rl @Y. B AP
ATHE B GRES AFY dol 498 A7
A9 F57](Agilent 6030 A, 200 V, 17 A)oll <]l
(EEER EERCT L

22 WML AYT A

-

2

ToA = 7S WE/FxR7]A d A}
Thermoexcel-E &3 &S AF-&-3}o]
S dRFdAE vl dxdgAT
5 22 A7]e] JH dAd
L aEy 71Ee] S8
zro] mo] 917] wiiEel EH
skt of gl &l @kt o
o A= 7]ES] 98 FXHE o

2 A =8kt Fig. 2+ AT
3 Thermoexcel-E 7 EHE =
A felA & FAS YET Table 1
oA AL&-3k H 93} Thermoexcel-E =
Al o] o},

Fig. 3& & Aol Aztst dda
mmx9.53 mm)E YEHT ddE A
Hl5o] dojup= 2 w3 1 Jo] &
SlE 2 A E o] Tt Y 3H i
o Yagsdoe] ASEe] 2lem oF 3800 kW/m
o] AF&7HA 714 = THCGIAL, CCR-375-1
d). ddg s HE A HA dujol JFHAZ
7] Wit 2 AdeAE dHe S e

712 HZskA] A28 Thermoexcel-E &3 &

X4 e
o K
1 T o
4 e
o

o 38 %
U

|\
oxl

)

|

]_

ot
f
2

2,

ol

ol
=
fru

e
o,

Jo X
re 2

2 W
gy

o

o fl gy

.

_O|L

. 2
>
ofo

ot

o

> orlo 2 2 op rlo 1o o goh gt oo oo
rR o

b oz e

s
o
>
o

~—~
©

o =
ol s i
W

e oK B
_0|L

o S
e LU D B s Do o SR

2

Fig. 2 Side and top views of enhanced surface.

Table 1 Specification of surfaces

Surface Plain Thermoexcel-E
Thickness(mm) 4 4
Fins/in - 49
Fin height(mm) - 0.49
Gap(or pore) B 0.121

size(mm)

AxEA 9 F uE dAPAS 687
Test heater
(Copper block)
Red epoxy fill MC Nylon
Stainless steel
(TC & Electrical wires) g
o {"’I e
A i C:/
oj[ 'l
o
| 70 . 40 o 70
JEFINETN b—=
(Unit : mm)

Copper block(9.53mm X 9.53mm X 4mm)
with 4 thermocouple holes of
1mm diameter, 5mm depth

|« copper block
< Silver soldering

< Heater
S

5= @
Fig. 3 Flat heater specifications.
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Table 2 Some properties of tested refrigerants

at 7C
R32 R22 RI34a R152a R245fa
P
(pa) 10115 6215 3746 3371 722
Py 10306 12573 12713 9431 13861
(kg/m")
Pe o 27559 26345 18319 10571 4.330
(kg/m")
CDr 17857 11897 13611 17226 1.2862
e ® L . . . .
Cpg
(e 13298 07751 09304 11335 08912
hie
(k] k) 20400 19926 19316 299.83 200.62
kr
Wi 10 01398 00916 00889 01058 0.0937
AT 01392 02001 0.2439 0.2013 05182
(uPa - s)
9 00098 0.0107 0.0106 0.0122 0.0164
(N/m)
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Table 3 Comparison of CHF(kW/m?)of tested
refrigerants on Thermoexcel-E surface

against plain surface

jale

. Diff.
Ref. Plain  Thermoexcel-E ()
R32 580 1140 96.6
R22 370 740 100.0
R134a 360 720 100.0
R152a 400 740 85.0
R245fa 230 410 70.8
&
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Fig. 4 Boiling curves and CHF of tested
refrigerants on Thermoexcel-E surface.
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