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Experimental Study on Pool Boiling Heat Transfer of R134a-Qil
Mixture Outside Single Horizontal Enhanced Tubes

FEI Jiyou"?, ZHANG Dingcai', LI Liansheng'
(1. School of Energy and Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China;
2. School of Mechanical Engineer, Dalian Jiaotong University, Dalian 116028, China)

Abstract: In this study, heat transfer coefficients were experimentally determined for three hori-
zontal enhanced tubes (E21, E22, E23) with R134a-oil mixture. The evaporation temperature
was 10 C and 5 °C, respectively and the water velocity inside enhanced tubes was ranged from
1.5 m/s to 3. 5 m/s. The results show that compared with smooth tube the enhancement magnifi-
cation of heat transfer coefficient inside E21, E22 and E23 is 3. 703, 3. 035 and 2. 709, respective-
ly. The heat transfer coefficients outside the tubes with the oil concentration of 100 X 107% in-
crease by 3. 7%-7. 2% compared with those with oil concentration of 50X10 ¢ at the same water
velocities and the evaporation temperature 5 °C, while by 0. 8%-10. 9% at the evaporation tem-
perature 10 °C.

Keywords: enhanced tube; R134a-oil mixture; pool boiling heat transfer; experimental study

iV ZR G Hh I U B A TR AR LY RE (B XL BB RO 33X 86 2 ol 30 3 9k 0 A B

AR RS T H AT SCHRL 2-7 T2 HEAT T i
XA PR I A R T R T 5 (L P D 4 98 3

3 PRI ZEHG )T B 5i ARE HEAT T 51 R134a

Wk B 2007-07-05. YRR 2hdk A (1964, 5 b, B #2; g BRE OB 802 W HESIm. e
WH . 2083 P R & I BIFE 4 BY B30 H (20060400997).



520

%42

HE— T R BT S 2%
1 SZRARS

SRS R GENE 1 s, EER 2 TR
FIVEFR R GERUKAIEI RGE. 75 a5 N T 53 o B
AR B 7% A N A IITROK I A i A R B 26
LR L THIE AR EERS N  TE7KT-AE S R T 94 A
IRV SRR . V& W W AL I 6 0 T T 9 ) 3 2%
KL R b A TR OK R T2 T A 256
B SRIG 28 WY T KAE I Il S e IR KA L 58— M6
R, YA ROK S v EIK KA B
ZFREIKAE » FRUE PHE RO . 2 HIK [RIRE 72 X
FE—ANIEFR A H IR KA.

TR D A Ty 3O W 2R A R BE AR TR 4
oy A E 3 AR AL B I 1 v TR A B AE
LR AN E I O A B AL S DA
KR, Pt AR AR 4R B A J0KS FE 40 Fi B

JE 10 5 A B 3 A BIAE VS GRS TR A T
AT B — A 5. I 3% (Rosemount J& )
FOWPKEE N 0. 25 %, 8N 2. 5 MPa.

S B R A R G R N MR E RS R A
BIRAE B R RSl Keithley 2700 1 6 43 >F 4k
ST 7708 FRIETFOCH PC HLALAL.

MR E NI IRE#AE 1. 5~3.5 m/s 13
Bl N AR A B X 3 A 20 1) i i AL A 7E R134a AN
) 5 3 i AN A 28 R IR ((Lo+ 0.2) CAn(5+
0.2) C) B} B & APEREFEAT T IE. 3 Fh4E T 19 JL
] S5 S 3 1.

A1 maXE e R
Gyl D/mm h/mm L/mm
E21 18.93 1.18 1 100
E22 18. 87 1. 26 1 050
E23 18. 88 1.16 1 050

TE:D AME s h BEJEE s L S SEue Bt .

&l 2~&l 3 439k E21.E23 R4S AhEHRALRY
I 2 Fh S RARARAL L (H E21 FEm 34 198 K ik
K T2, FEERSFARRE.

FEHE A S0 I X i A v, 422 FE 7 AR 26 250 HH Y
R134a 1 F1 28 S B 5% B8 48 I R134a 1 F1 78
SIREE (A M D MZEEY/NT 0.2 C 54
FEI PR 38 0 2 0 R

L2840 2 VO HE RS s 3 IR 4 R AR 448 5 5 BEVIE 1Y 5 6 U 5
7 HUINAAER ;8 B RE A B 15 9 R EIUK B 5 10 B KA s
1 B RS R T 12 UK 513 FKH

K2 E21 AVEANR 3 E23 AUESME
s AL s ALY

2 SERREAL

RS2 3 BN RE KA SN B B S PR AR R
T N AR B LL B S AR K T EE R R134a
TEAN RV BN ] 5 dih 1 2 i AL O A A 4%
PERE.
2.1 BERRHWE
AR BTG (4 b v] A
ZRRAE TN K R B2 A AR T A )

®e - H./lt\(,'p(l‘bg - te.l) (1)
VBV A KR BE T e i A ) A
(ORES m,ng(Z‘c.z —te1) (2)

FH: ten st 200 02 28 KA N AROK HE L R
COD sten Loz 53 H 0¥ BE &V HKHE W O R
CCse, Rtk DRI R K B S (T/ (kg
K)) some omne 43 BIRNZE R AR IR A BRI HIK Y
R (kg/s). 1589 R134a (99 B SCik
(107, K B9 PEE [ SCik[ 11].

Fp—A TR RE S 2, 2L 10 2858 . LA
SEREAE JiZ% T 00 5. % B 58 A — A4S T
B, A PG © h i . 5 & A 25 2 4
SHE/NT 3Y0R i B s A A 3 I LA D L.
(S SEAE AR A 3G 2 .

TR R Ho F R



%5 1 ek i o % : R134a vp i e i 0] i A4S 4/ ith 1 19 2 AU Wil 1) S 4G AFF 5% 521
N7 S%
A Aty 1d
== =2 (12)
A, = nd,L 1) “T 4 d

T In((t— o) /(= 1)
AP, WK ZER IR IR d, i E
HI RS SR
2.2 BERSINFENERRENE

H T R [F) 78 A AL A AEAS [A] 5 T i AN (A
ZRRIBE T ZEL BN, T B 2E N ML AR
BT LR N AN R SR AR T, T BT AR
T A IR BT 0 3. AR S5 R ] Wilson $4BH 7
BRI AL PR

XFF AL A , DU A A 3R AR O SR B A FH
AT LU A BH 2 F I X

L _ 1 ,d 1
2o Td o TRAR, (6)

A Ry TS IR BH (T 76 SE S0 i A B E AT T
UL BT AR ST W] 208 5 R, A EEEE T
XiHE

do
d;
AR I ARG B398 W/ (m - KOML 5K
(6 hy S5 ALAE I I IR R R WA
FEAT B I AR TR B L O A IR
TR EIIREL B hi = cihy, BB, by, R AH [R5 150
G 1K T 2 1K A AR ARTRD TR A A Y
AL R ER B, B, X 6) it Rl PAE A%

_do
R, = 2/\ln D)

1 1 ,d, 1
/3 B ho + di Cihip +RW (8)
WA LLE R LA I
1
;—ahip%—b 9
Hrp
_do 1
a= 4 e (10)
b= hioﬂew (1D

WA SN IR L hy RAE IS4 b HREH
B AR S BT A RARKR A E LT o
SRR BT AR — AR AL A R U, o R WL

AR 12 T 0 A TR L PRAIE A AP A X 3L % 4
B ho AL WAL IAERE R FFHE AR 2 T

[ oy RIS FIAS T 1/ SR RS BB/
ip

LA E A UG HE BRI a. i aT LS H

hi = cihy, 13
SCHRLL2 IR A RS AR R KL o, SR Gielin-
ski A
A (&/8) (Re — 1 000) Pr

i = d; 1+12.7(6/)2(Pr*" —1) *
[H(%)Z'S](%)m (10
Hrp
= (1.82lg Re — 1. 64) ? (15

(1) 138 L : Re Ry 2 300~10°; Pr K 0. 6~
10°. B F Gnielinski 235G LUE N BETRL 1 g T
L ) Prandtl 24 Pr., %5058 ¢, A GeAf o HAH, 7]
kR Pry  FARA KX QDKW by T2, 07
TR INEEL, Gl B L AR
d,
h, = 1/(% *Z Ci}lip

2.3 ABEESW

A TS BA SR ML IR Bk BN B S
A 3.4 %60, SR FHSCERL 13-14 ] rp 8 o0 1150 00 s 46
PERTL AR B AN E BE ho - 15 1 78 A5 I B
BT A B AN 22 B Ry 16. 8%

3 LSRR KIHE

TR RALEE 21 1985 P 0 £ 4 2 B0 A
52k 3. 703, E22 14 3. 035, E23 -~ 2. 709 (L,
] 4) WIS N E21 B 38 LR BT L 7
W6 BT Ho e T R 134 a2 2 Rl R 6] 4 i 5 B 45 51

—R,) (16)

0.10 0.12
A 'm?Kkw !

K4 s Wilson [
T A PREL - 5~181 10 Dy 52 il 7 i 26 &4
AN PR B b S B FR 2. AR 5~ [&]
8 WA LA H AEAN R Z AL ¢ L Bl T 1Y
DN NG B S R R TR (e 1 QU A 1
R T P9 ~ PR 10U 3% WA 2 3 I 35 U T 1) 3



542 %

o50x107°
©100X10°°

3.5 4.0

E21 45178 R A KRR 10 “CoFAR RIS w2
A AME A Z BRI 1 56 BRI

o 50%x107°
©100x10°¢

3.0 35 4.0

E22 EAEZE R A KR 10 CHAR[E % 5
T IMER BRI R

w
(=]

t=57C
o 50x10°°
©100X107®

(%]
©

[\o]
N
|

g
g
B 24
=

(35
3%}

33
—_

E23 BHEZE R A DK 10 CREAR RS 3R
T AME BRI 0 56 R F

K AN i 2 A SME IR R BN &l 5~ &1 10
P B AEAR R B R T B S R B, =
RSO T SR AAL PSRBT, Bl R R 100 X
10 "B AMER R EL Sl 2R 50X 10 "y E 5,
FEZRRWIE R 5 CH EIMABIE T 3.7% ~
T.2% FEFK KIIE R 10 C B, MR Fm T
0.8%~10.9%. I 5~ 10 Zg & F£ W . & E21 f
E22 W E R I = TR A O T SR A A T A
E23 WUIE I O 8 s 2 Y SR 0 1Y i A i s
k.
AN

4 % w

(DARSCHSERY 3 Bl L 8 BA W] Y
TRAERVE R R E21 B4 NG A RBOR LA 5

2

o 50X10°°
© 100X107¢

4
g
22
S
NO

—

El 6 E21 &EEZE R ADKIER 15 CHEARR R
EAME A BN 1) 56 2

[ 5]
—_

—_ = W

o 50x10°¢
©100x107°

ho/kW-(m?-K)™!

E 8 E22 &AEzE K ANTKIR N 15 CHEAR &R
N AME AR BRI 1 56 2

t=10°C
o 50x107¢
©100x10°°

K10 E23 4 7EZ KA LUK 15 CREARR &l
A M A ZR BRI T A5G R K

3. 703, E22 1M 3. 035, E23 K 2. 709.

() FEA ] 9 2% 1 B FUR [R) 0 & TR T 48
E21 Fl E22 148 A& P4 2 850 bl 2 I 78 1 38 K Ty 4
M E23 A48 MG B R K000 i 25 i 8 1) 34 R
/N

(3) FEAH R 9 2 L S 7] 28 & R B T s iR oy
100X 10 (A AMEIM R BURE R T &Il R 50 X
100, FEZERRE R 5 CHEHM T 3.7% ~
7.2%, MPEZR K E N 10 CHHEIM T 0.8% ~
10. 9%.

()7 I T T 7K A5 A0t T 198 8 A4 114 52 i 5%
TS5 R IR R A SR e L T L —
HARAMEFE » LIE SRy AH R Y Tk 7 FH AL L.



55 5 4] WAk Az 5 R134a rhi i s S L A St o 1 £ 0 0 1 S 36 P 5T 523
S EHL (7] #oca, s, THEE. % S SIE /N g & i
(1] TN AT, T 48 v o s S P i F 9 2 P TR S I AR e LS g [T, LSS K

RIT]. FRARBLIE . 2006 ,34(16) : 80-85. 2222 2006,40(2) : 286-290

[2]

[3]

[4]

[5]

[6]

DING Rui, ZHENG Gang, SONG Ji. Research review
of lubricant oil” s impact on in-tube flow boiling heat
transfer [ J]. Fluid Machinery, 2006,34(16) :80-85.
SCHLAGER I. M, PATE M B, BERGLES A E.
Heat transfer and pressure drop performance of
smooth and internally finned tubes with oil and refrig-
erant 22 mixtures [ J]. ASHRAE Trans, 1989, 95:
160-169.

ECKELS S J, DOERR T M, PATE M B. Heat trans-
fer coefficients and pressure drops for R2134a and an
ester lubricant mixture in a smooth tube and a micro-
fin tube [J]. ASHRAE Trans. 1998. 104 366-375.
CAWTE H, SANDERS D A, POLAND G A. Effect
of lubricating oil contamination on evaporation in re-
frigerants R12 and R22 [J]. Int J of Energy Research,
1996, 20(8):663-679.

ZURCHER O, THOME J R, FAVRAT D. Flow
boiling and pressure drop measurements for R2134a/oil
mixtures: evaporation in a plain tube [J]. HVAC&.R
Research, 1997, 3(1); 54-64.

FegE WIS IS, HC290 3 il TR ZEACE- Rt 4 A
I e PICREPE B R R S AT [T e o R
2005,26 (1):5-10.

YAN Jia, TONG Mingwei, YANG Peng. An experi-
mental investigation on evaporation heat transfer and
pressure drop of HC290-oil mixtures in a horizontal
micro-fin tube [J]. Journal of Refrigeration, 2005, 26
(1):5-10.

WEI Wenjian, HU Haitao, DING Guoliang, et al.
Experimental study on the influence of oil on heat
transfer performance of refrigerant flow boiling inside
small tubes [J]. Journal of Shanghai Jiaotong Univer-
sity, 2006,40(2) . 286-290.

[8] WEBBRL, RUDY T M,KEDZIERSKI M A. Predic-
tion of the condensation coefficient on horizontal inte-
gral-fin tubes [ J]. ASME Journal of Heat Transfer,
1985, 107(2) . 369-376.

[9] SUKHATME S P, JAGADISH B S, PRABHAKA-
RAN P. Film condensation of R11 vapor on single hori-
zontal enhanced condenser tubes [ J]. ASME Journal
of Heat Transfer, 1990,112(1); 229-234.

[10] ¥aeld. Bkl TR mEmE (M. 1. b
HE A K H AL . 1992,

(11] iR, Pescie. B3 (ML 4 . dbat. &S H
th Rt L 2006.

[12] GNIELINSKI V. New equations for heat and mass
transfer in turbulent pipe and channel flow [J7]. Int
Chemical Engineering, 1976, 16(2): 359-368.

[13] CHENG Bing, TAO Wenquan. Experimental study of
R152a film condensation on single horizontal smooch
tube and enhanced tubes [J]. ASME ] Heat Transfer,
1994,16(2) : 266-270.

[147] KLIME S J, MCCLINTOCK F A. Description of un-
certainties in single sample experiments [ J]. Mechani-

cal Engineering, 1953,75(1): 3-9.
(i E#E)



