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ABSTRACT: Two-phase flow boiling heat transfer of R-410A in horizontal small tubes was re-
ported in the present experimental study. The local heat transfer coefficients were obtained over
a heat flux range of 5 to 40 KW/, a mass flux range of 170 to 600 kg/m’s, a saturation temperature
range of 3 to 10 C, and quality up to 1.0. The test section was made of stainless steel tubes with
inner diameters of 0.5 and 3.0 mm, and lengths of 330 and 3000 mm, respectively. The test section
was heated uniformly by applying a direct electric current to the tubes. The effects on heat transfer
of mass flux, heat flux, inner tube diameter, and saturation temperature were presented. The ex-
perimental heat transfer coefficients are compared with six existing heat transfer coefficient
correlations. A new boiling heat transfer coefficients correlation based on the superposition model
for R-410A in small tubes was developed with mean deviation of 10.13%.

Key words: R-410A, Flow boiling(&&H]%), Horizontal small tube(5>3¥]Al#), Heat transfer
coefficient(Z A2 A 5), Correlation(’-#4])
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R-410
Horizontal stainless steel
smooth tube
05, 3.0
3-10
330, 3000
100~600
5~40
0~1.0

Test section
Inner tube
diameter[mm}
Saturation
temperature [C]
Tube length
[mm]
Mass flux
[kg/m’s]
Heat flux
[kW/m’]
Quality

Table 1 Range of experimental conditions
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Refrigerator

Thermocouple
Unit

Water Pump

Subcooler

Test Sections
Receiver

section of 3mm diameter tube.

Preheater

Fig. 2 The experimental test facility with test
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Table 3 Deviation of the heat transfer coefficient
comparison between the present data
and the previous correlation

Correlations MD AD
Gungor-Winterton"” 2256 | 198
Wattelet et al.™” 2497 | -798
Jung et al.™ 3113 -858
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Zhang et al."” 5196 | 23.28

Chen"™& 7192459 ddg Aua e an %
9 AANF FLAGoz PRI WY
(5)9F Zol vetidct

hip = Shyre + Fhy, ()

Zhang et al.'”& 7] 24 M SAADNA 7
el Frtell o3 G wgdE gEesr F}
Bt dto] Chen™] #ols=4 Fg 2445
R AR Fe fn(ngfML 2ol YeERR Y.

oie AO)FH 2ol 4744 %
sholm'™®¢] Qukd oz e 5 g}

1

=1+ — +7 (6

c

X
HR-ERE), SF-EHOW), FF-EF )

252 (vv)9 47H4] Z7)-9 $FA o 02 Chi-

sholmAl+ C9] -2 Z+z}+ 20, 12, 10, 5011

hart Martinelli s}& 7] X+ ot&9 WA ()2

E 7% & Qdth

(dP dZ)f f 12 —x \[ Pt 12
x= (dp/dy), ( ) ( x )(p_g) @

= Yehy7] A9 FREe Fig. 7
o eh Y=ol HJ—Z@V-\} B)o2HY +3 ¢%9’]‘ A

100 -

[ ¢  Expenimental Data
L~~~ Zhang e al. (2004) Factor F
[ —— New Factor F

S

& L

& 1
r <
é F = MAX (0.644,,1)

1 al i [ WYY |

1 10 100 1000

¢f2
Fig. 7 Two-phase heat transfer multiplier as

a function of ¢?%.

HulolHE o] &3t WA 8)F Zo] T
F=MAX(0.65¢; 1) 8)

N SAASASF h,, = 29} 2ol Cooper™
ARG o] &34t

o

Ry 1 =55 P4 0.4343In P, ) "% 05057 )

A @A EFFFEE 33 Martinelli pa-
oz s 27 AT 5
Abgsle A ze e
2(10)= 2ol AststAn

rameter X, v 29
Atk & d@uolg
AA ATE &Y W

mlm olft

o?\i

0.345
S= 39.36{;30 10)
f

a3 dgFY ZFAYF 448 Afse 4
(11)3 #ro| Dittus—Boelter #A4 <& ol &3l F
EFi=

k _ 08{ ¢ 0.4
hf0:0.02351[G(1 x)D} ( "””) 11

223 k¢

N

T dAe FAATS E APl E nud

A3t FFA7t -1.40%, A B FAXIE 10.13%
2 vetston, Fig. 83 Zo] ¢ #x 2o

B $20% o=z & AR EAT}: Table 491 A
23 A8AE AYsdth

)



R-410A ¥ 522

14
i +20%,
12 F A o d
3 S
10 Bt
% ! ‘s ,,»%: S 26%
s 87 it
’\% 6 F iy
< 4 F g
b MD = 10.13%
> AD = -1.40%
o L 0 0

0 2 4 6 8 10 12 14
hew. (KW/mPK)

Fig. 8 Experimental heat transfer coefficient,
hes, vs prediction heat transfer coefficient,
h

pred-

Table 4 Summary of the new heat transfer coeff-
icient correlation for evaporative refri-
gerants in minichannels

hy, = Shyy, + Fhy,
5= 39.365B0™*"
¢f

hnbc — 55]{0.12(7 0.43431nE )—055 Mfo.sqom’ whereq isin Wm'Z
F =MAX(0.654,,1)

h, =0.023 IZ) l:_G(l x)D:] (Cpr#t ]

He ky

¢§:l+£+i,,X Jo [ j[p*j
X X Iy x A pr

C(tt) = 20, C(vt)*12 Ctv)=10, C(vw)=5
Frorg =

for Re, ., <1000
" Re ¢

forg

FRu AR YA ol Z2+zF 05 mmet 3.0 mm, ¥
o] 330 mm<}t 3000 mm¢l AEQHARHES A
HEA R410A9 Hl5dAded 498 3 23
&7 e AR A

=

=]

Ae nlAlBRE e 4% 669

At

(3) B0l 4255 AAIAFE Frregom,
2740 ez F29Y GUBAFE A3 WA

7 ekl
) Wrjel ¥3ewr) F7lEsE dAgATE

7 asi o
(5) AFAFNE 7129 A AL v
A 122% ojAe aE Jeldew, uEhA
A dole 7t BaHAXHAD) -1.40% = AdHEA
AzMD) 10.13% 2 LA 3k v AlZY R-410A0

e S e At
#HuoEd

1. Kew, P. A. and Cornwell, K., 1997, Correlations
for the prediction of boiling heat transfer in
small-diameter channels, Applied Thermal
Engineering, Vol. 17, No. 8-10, pp. 705-715.

2. Wambsganss, M. W., France, D. M., Jendrze-
jezyk, J. A. and Tran, T.N., 1993, Boiling
heat transfer in a horizontal small-diameter
tube, Journal of Heat Transfer, Vol. 115, pp.
963-975.

3. Bao, Z. Y., Fletcher, D.F. and Haynes, B. S,
2000, Flow boiling heat transfer of freon R11
and HCFC123 in narrow passages, Int J Heat
and Mass Transfer, Vol. 43, pp. 3347-3353.

4. Choi, K.I, Pamitran, A.S. Oh, J.T. and
Oh, C.Y., 2007, Boiling heat transfer of
R-22, R-134a, and CO; in horizontal smooth
minichannels, Int J Refrigeration, Vol. 30,
pp. 1336-1346.

5. Pettersen, J., 2004, Flow vaporization of COs
in microchannels tubes, Experimental Thermal
and Fluid Science, Vol. 28, pp. 111-121.

6. Lazarek, G.M. and Black, S.H., 1982, Eva-
porative heat transfer, pressure drop and
critical heat flux in a small diameter vertical
tube with R-113, Int ] Heat Mass Transfer,
Vol. 25, pp. 945-960.

7. Tran, T.N., Wambsganss, M. W. and France,
D. M., 1996, Small circular —and rectangular—
channel boiling with two refrigerants, Int ]



670

10.

11.

12.

13.

#HFY - A S. Pamitran - 239 - Pega Hrnjak - 34

Multiphase Flow, Vol. 22 No. 3, pp. 485-498,

. Kuo, C.S. and Wang, C.C., 1996, In-tube

evaporation of HCFC-22 in a 952 mm micro—
fin/smooth tube, Int ] Heat Mass Transfer,
Vol. 39, pp. 25659-2569.

. Yun, R, Kim, Y. and Kim, M. S, 2005, Convective

boiling heat transfer characteristics of CQs
in microchannels, Int J Heat and Mass Tran-
sfer, Vol. 48, pp. 235-242.

Yan, Y.Y. and Lin, T.F., 1998, Evaporation
heat transfer and pressure drop of refriger-
ant R-134a in a small pipe, Int J Heat and
Mass Transfer, Vol. 41, pp. 4183-4194.
Gungor, K E. and Winterton, H. S., 1987, Simp-
lified general correlation for saturated flow
boiling and comparisons of correlations with
data, Chem Eng Res, Vol. 65, pp. 148-156.
Wattelet, J. P., Chato, J.C., Souza, A.L. and
Christoffersen, B. R., 1994, Evaporative char-
acteristics of R-12, R~134a, and a mixture
at low mass fluxes, ASHRAE Trans, 94-2-1,
pp. 603-615.

Jung, D.S., McLinden, M., Radermacher, R.
and Didion, D., 1989, A study of flow boil-
ing heat transfer with refrigerant mixtures,
Int J Heat Mass Transfer, Vol.32 No.9,

14.

15.

16.

17.

19.

pp. 1751-1764.

Shah, M. M., 1988, Chart correlation for sa—
turated boiling heat transfer : equations and
further study, ASHRAE Trans, 2673, pp. 185-19%6.
Chen, J.C., 1966, A correlation for boiling
heat transfer to saturated fluids in convective
flow, Industrial and Engineering Chemistry,
Process Design and Development, Vol. 5,
pp. 322-329.

Kandlikar, S.G., and M. E. Steinke, 2003,
Predicting heat transfer during flow boiling
in minichannels and microchannels, ASHRAE
Trans, CH-03-13-1, pp. 667-676.

Zhang, W., Hibiki, T., and Mishima, K., 2004,
Correlation for flow boiling heat transfer in
mini—channels, Int J Heat and Mass Transfer,
Vol. 47, pp. 5749-5763.

. Chisholm, D., 1967, A theoretical basis for

the Lockhart-Martinelli correlation for two-
phase flow, Int J Heat Mass Transfer, Vol.
10, pp. 1767-1778.

Cooper, M. G., 1984, Heat flow rates in sa-
turated nucleate pool boiling-a wide-ranging
examination using reduced properties, In :
Advances in Heat Transfer, Academic Press
16, pp. 157-239.



