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WFZERC R OMEEE (330) : The effects of lubricant oil on flow boiling heat transfer of low
GWP refrigerant HF0-1234yf in small-diameter tubes with inner diameter of 2 and 4 mm were
experimentally investigated. Experimental results showed that with increasing oil mass
fraction, the local heat transfer coefficient increased at lower vapor quality due to
intensified foaming phenomena. However, the heat transfer coefficient decreases
monotonically with oil mass fraction in high quality region. The forming phenomena and
flow patterns at different mass flux and heat flux were illustrated by the visual
observation. With increasing oil mass fraction, pressure drop was larger from 1.7 to 4.8
times than that for oil free.
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Fig.1 Schematic of experimental system

Table 1 Experimental conditions

Refrigerant HF0-1234yf

Test section | {7301 tbe (L = 0.44~1.76 m)
I.D. =4 mm (L =1.7~4.25)

Inlet temp. 15 C

Inlet quality | 0.01 ~ 0.22

Heat flux 6 ~ 24 kW/m?

Mass flux 100 ~ 300 kg/m’s

0il PAG (VG46)

0il mass 0 ~ 4.5 wt%

fraction

Table 2 Properties of lubricant base oil

Lubricant base oil PAG (VG46)
Kinematic viscosity (40" C) [mm%/s] 49. 58
Kinematic viscosity (100 C) [mm®/s] 10.72

Viscosity index 214
Density [g/cm’] 0.9939
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Fig.4 Flow patterns in the 4-mm—ID tube for
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EEh3/h S < &R m BlZiEnZ s L,
il 2 OYEITRE VW, IREROER DL i
AN S WIGAIZIE, EAWRITIEE A EED
wWhoXHicizsd No.2,3), No. 2 IX5 W
M AVATHELIZAR T ZTORNDHZ D,
No.3,4 ® Co I%[A LT 5, No.3 IEFEEA O
(I EAITIA T /- STV 5, FiE

LR E WIE R HEIK L/ S WA 50 A
& EBEICEEL TS (No. 4),

(4) FANEHBEIRE O RPFrEMEESRITIR
Lok, h,=q/(T,-T,,). 7272 L a.
Ty T lZBGRH & B ONBEDIRE T, T, 1
Thome D J{ETHROIZIREIRDFEINEE TH
Do T VIR BEORIFNRE T, & DOEI/NI W
DT L, % T, & LTHRAELRL,

Fig. 51X 1.D.=2 mm%&E DA T G=150,
300kg/m’s. q=12. 24kW/m* O BFFEYRIER %
THVT 4 TEHELEZLDOT, XTI A—H|T
FTANVEEZT > T\5, Fig.5(a)~(c) D
R 70050k, K27 AV 7 o4 (x<$90.5)
LEIZFVT ok (x>0.5) I TRT 2
EMTE D,

K7 A4V T 4T, C<0. 4wt%TlE, Bx
BRI A A NVIRE DI T/NE RPN H
BN, Cy>0. dwth THA A VIR DRI & 4
BREROEINDA B 5, Cdwth, x=0 DEYR
ERITMBEOBVRIZER O 2 51 < 127
%, ZOFEBOEBMRER O, A4 ViR
AL BTN H L OBBERERNEE Z LN
b, BIREOEET Fig5(@) b)) L. &
BIMROFEITI (D) L ()b, TNENOH
INFBMRERZEIML T\ 5,

AT AW CIRBRERIT A A LR
JE DN CHFR 2 2R LT\ 5, Fig.6
12 I.D.=4mm% T. G=200kg/m’s. q=12kw/m’
DFAETH DN, BREROBLIL 2 mmE
ER UM 2R LTV 5D,



8 150 [kgm * 5]
12[kWm*]
7 Initial oil mass

@

w

2

Heart transfer coefficient [kW m? K-‘]
~

1

0

00 02 04 06 08 1.0
Quality
(a) For 150 kg/m’s and 12 kW/m?
8 150 (kg m > s ']
24 [kWm 7]

7 Initial oil mass
X % fraction [wt%]
¥ @ 0

§ 6 O 0.39
= @ 0.90
< 5 %o \\ﬁ\ @ 1.82
s 9 @ 273
§ .:g — 0¥:B\§. e 443
53 BB N

8

.

s 2 B

5 \

3 .

I w%

0

00 02 04 06 08 10
Quality
(b) For 150 kg/m?s and 24 kW/m’
8 T 300 kg m s ']
— o | 24 [kWm]
Ty TS ,\ Initial oil mass
o o— ’5 g :raction (Ewt%]
c .-
= 6 \8 O 0.44
z N —o- 092
2 51-O= o @ 1.78
8 _e o o .o 271
hh:‘ —e” O 341
g Ao N
o o .
$° \o
§ \ WA
= 2 N
€
g NN
* S
0
00 02 04 06 08 10

Quality

(¢c) For 300 kg/m’s and 24 kW/m?

Fig.b5 Heat transfer coefficients for the
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Fig.6 Heat transfer coefficient for the
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