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Experimental Investigation on Two-phase Flow Pressure Drop of R22
During Condensation in a Rectangular Microchannel

Liu Na Li Junming

( Department of Thermal Engineering, Tsinghua University, Beijing, 100084, China)

Abstract The paper reported two-phase flow pressure drop results of R22 during condensation in a horizontal stainless steel rectangular
microchannel with the hydraulic diameter of 0. 952 mm. Tests were conducted with saturation temperatures of 40-50°C , mass fluxes of
200-800kg/ (m”+s) and vapor qualities from O to 1. The results show that pressure drops in the test section account for more than 95% of
the measured pressure drops while the fractions of the expansion pressure drops at the outlet of the test section are small enough to neglect.
Pressure gradients of R22 increase with mass flux and vapor quality especially in high vapor quality regions while decrease with the satura-
tion temperature. Pressure gradients of R152a are lower than the data of R22 when compared with the same experimental conditions.
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Fig. 1 Schematic of the experimental system

SRS LR B AR 0. 952mm [ S 45 A9 5 1
PREIRAS , BRI R R AR 2R 4. Snm (1) KYKY2800
TR P S TR O e A ), S A R i P AL 2,
SEAE KR 352mm, A R K N 288mm, S
BRI AR, A AN AR T A N T
Bl R HIKAE A AL /K 2 S 5045 41 B R 0E 25 ]

PR, DAL 3

2 LR EHEE
Fig. 2 Sectional view of the test tube

Wﬁmﬁu
AN D L 3 A
” i
AHIKAN

I XBREHTEE
Fig. 3 Schematic of the test section

SLHAEAMEERCR ] 8 AN EHARH T5um (Y T ALK
P T A 3], K R A 23 B DU 2 0 S B A R S ) A
BRI AR R MR S I A Y b T SRR T
e PR AR %) -S4 UL RV SRS Y S BE TR EE o
VTR EI 7K I BE 2R 1 Pr100 41 i BH IR B2 4% J8 i T
i TE A DA T SR 2 2 R TR RS R A TR iR
Gro SEHAE N ERGE TE R A e AR BN 38 o R A
RHIK I, (175 50 56 By HK ikt 1 22 A /N F
1C(SERP 2Ry 1.5 ~2.5C) , B A +
0. 1°C, AT tA R 2 25 A i 10% o SEBG TR
JH 6020 Z 51 =oAL A o A T /K ¥ o B v BEL R A
R ThR A o FRABE AT AL S B R Ja 1 R S 38R
JH Trafagl1498 #Y H Jj A8 & &5 A5, A% K 0 ~ 6MPa,
FGHE R £0.3% o SCU B H 01400 7y e A
S U A A R g T A e 2 AE TR T AR IR
FEJEFEI, GRAIE T SE g0 Botk i DA RS . SEEe
B AR R IR R BCAE T R R A R T 9 (H
EJAT10A #4922 A8 % 28 FH T DU 4t 52 96 Be i if 1
25, M B E Y 0 ~ 100kPa, 52 £0.08% il %%
FRFY DK A R R TR L B ) J5 B ) DMF-I
FAN B I, W Y 0.5 ~ Skg/h, i
KGR £0.2% . SCIBCHEE T Agilent 34970A % ¥
REELRAT

2 BRI RIRE D

S Bt 1T v, i AR PR B B A



$£3% F4B
2013 £ 8 A

LR

Journal of Refrigeration

Vol. 34 ,No. 4
August ,2013

R RS HL , LA R AHAZ T HOR B 7 -
Ul —m, (h, - h,
%, = m, (h, ) (1)
mrh‘l\'

o U, 15350 D PR T AR e T 0 B 35 e,
PRI Y FEKS , R, o TGRS AT V& WA B (Rl e

Wi hy o TR AT R

S0 B B i T 3 A HI KA A L R AR AR
AT

Qaier = C,Jmu(tom - tin) (2)

e, AR HIK B LIS m, Sl ¥ 27K BT & It
4 R, A EIKEE S TR

SCEG B AR Ax R BESE R DL E

_ Qu
Ax = mh, (3)
HT AT 21 52 50 BLAY -2+
x = x, —0.5Ax (4)

i T SC B A AR AR /N, JOvk BRI £ S A N )
JE 7, M & 5 SC g A e AT B S I R 0 o
P 590 B BUR R, A SOk 25 & A 58 4%
Ak SRS R R =2 100 A A 2R kAR I AL
Wl , 5 LA RES 2 , DT il £ T 5 76 S 3045 1 11
FH FAR = A SRR 180k o 53 8h 6 T8 I IR e 45
TR, AR T B e A PRI B T R A R AIG
H—ATETE, T3 =505 B Sy B 800 ok 1) R
R, T % S B 7 sl e R A T B4l b 3, R
SIS R Ap,, BLFE EE R Ap, i 11 1A
Wi el Ap,, BRI 5K R Ap,,., A 58 45 05
WET Ap,. :
Ap,, = Ap; + Ap,, + Ap,, — Apy. (5)
Wl R T Ap,, J2: F T 30 30 A I B0 5 U
Y ST ) T A 0, T E Carey™ 7 O A
e XEER
(6% G (1 -x)°
AP = [pvf (1 -8)
Gx* G (1 -x)?
YR CET R (©)
2 G gl V& 0 I R 5 p, R p, 3 ) S VA
RV HI T & Ras o, Al i Baroczy' ™ eIt
133,
1 oy 0.74 0. 65 0.13 -1

e=[1+C—5H & & 7 o
x M,

S 2, F e, 53900 R T BRAR VARG
Xt s By ot 1l s i B ARG N A
P P A S B4 A A 7 R AR« L — A i 4

(1 Jey IS s A K, JHG e AR R KT 5 e Py P
HRERNSHRERY . Th M R Y 2 1 4B Wi 4 s e
Ap;, T 1 Butterworth 45332120 (8) L (9) I (10)
PEATIHA

mm=ik&—wﬁn—fwﬁ (8)

g =1 +x(Pl 1) (9)
Py

1
€= 0639 (1 =) +1 (10)
K BT T, 2 E B p, o A
THE x 09 eR By ot S5 g BeORn 42 Sk i m AR T
(Alesl-se(:lion/Aheader) ,ijtl&(éfﬁ/%;& , IEll: Y E/‘J lzlﬁo
5555 Beak LA AH S, Ak 38 T T AR SR AR Y
R, BT R A Jo i 1 958 2 1 8 T g R KK, T 97 Ak
TR/ ING RS A9 31 Rl 21 e ) B8 I G Je 20 i A5 0
JiFtiEr A AR AR AR AN R . T A
IR AS AL A (4 S35 16 T By Butterworth 25 Hfi 7
(1) F(12) FEATIHHA
A = Gy(V,, = Vi) (1)
P
%’ (1 -—x)?
e e (12)
A C12) 43 9053k 0l 0 Ay B A, 18 AR
(11), BRAT3H5 s O b e nd i S 28 4k
F(5) . (6) . (8) F(11) AT TH550 i 5 488 i [
Ap,, IR, BE B FE R B B -

dp _ Ap;
dl ~ 1 (13)

Ap SR K

TJ5 R22 p A4 B i a NIST ) i1 v 551 49
PEHT T Refprop Version 7.0 J1 5543 51,
EA I RGO AT E R Kline 2 HEFE K
W RIE LT T, S SR EIRZE WL 1,

3 LWERKRTH

3.1 TR EMBrERBTENTL

&l 4 dr2y i R22 7F G =600kg/m’ s .1, =50°C [},
A5 2 1 SR BE Ap,, MR 3 28 555G X H 515 21
R AR WA 4 T 8 A, 1 VBT 5K T B3 Ap,,,,
BEAE R R T Ap,, DA RBE 82 TR I Ap, Bl 1 B2 (1) 22 4k
ST S R VA N = R SR8 AR P s YA
FERILLGREE R 2. 456K 4 fk2 TR, &
VIS 53 e ek Bt ) 15 R A B A4 3 A s A
SR IRRE Ap,,JIT 7 HLBIAR/INTT LA 20 T BEE SR R I Ap,




$£34% F4H - Vol. 34 ,No. 4
St o BB = ik 95% LA L, i AR T AR TR RE Ap,, LA 300 >
7 AU % i  Api, R22 Gilke/ ()
SHELEEIRRE Ap, 10 LB TSP £ B4 250} (= 40C 2299
TR IR SIRR B B4 R AL E 0o} A=10C 2800
£ v800 ¢ ¥
i v o ° A
*1 ZHiRE s PO LY e a A
Tab.1 Experimental uncertainties ;Q 100 | ¥ Toa 8
=) A
o A
G W 50+ 4 o ©0° @
o o &
TELEE T (34 /K +0.1 : : ‘ '
A T (A 4R) * 0 02 04 06 08 10
JELEE T (P00 {51848 /K +0.05 x
(a) 1=40C
WA E M/ (ke/h) +0.2% 240
o R22 G/(kg/(m?s))
AR M/ (kg/h) +0.2% 200 (=50C 2200
e Bt /W +7. 1% 2 160f A=10C 8800 &£ 4
s a” A
T x +7. 1% 2 120f ° -
Y o A Q
J. 41 p/MPa +0.3% T 80t = A s
'%' A A = o ®
R/ Ap/kPa +0. 08% 40 & °
B TS 07" 02 04 06 08 10
10000 x
1000f - TTITTT S
&: 100¥ 2y B 5 RE R T R X R E S8 B B
< 10 F G=600kg/(m>s) ~ Ap/Pa Fig. 5 Effects of mass flux and vapor quality
1k t5= 50°C --- Api“ ------ Apnu ————— Ape . e .
o gAt= 10C —Ap" o Apmt on frictional pressure gradients
""""""""""""""""" R IR EE s i, mT L B R 14 R

0.01 N
0 .

B4 XREHOERBTENELE

Fig. 4 Pressure drops in the test section versus vapor quality

&2 BEBSIERE S BIERER LA

Tab.2 Fractions of all pressure drop parts

He 5/ %
Ap;, Ap Apy, Ap;

TR

R22 1.7~6.1 (4.8~13.4) x107° 1.1~3.195.8~99.6

3.2 EEUILL?H:FFXT@?%Ej]ﬁ}#mENH
S ] LA, R22 M BRI B B AE 1.
40°C 01 50°C iy 257 [ ot 2 7 3 A1 J32 A0 85 R 48
HARR 8 DX O S s W] o A R R
T 5 R ) DR A T ) ) A A R R
R TR ] P R AR 1) 25 106 A, 3 B0 48 T ) s 88 T 3 K 5
2 Jo e Y R RIS T B 0 1 AR I o AR AR
ZIN VIR P TE R A9 1 R A KPR 4 s T B AR
3.3 (AR B EERE S R R0
Pl 6 rfr g H 5 AL 9 43 5l 400 ke/ (m? -
s) 600 kg/ (m®+s) LA % 800 kg/ (m® - s) I A1 HE Xof

JEEAEE IR IR0 FE SNk . R B i T AR A M
AT | RS A, B VR I BE 0 T R, RN B AR N )
T, ARG BEYG I, VAR B B AR,
R A L 23 O, A TR B f e 1 O R SO Y
Tt Bl XA AT, A R BE TR SR I A I 3 AU
JIN 3T IR A VR R V., YRR PN P T A AT,
T XS YA ) KGR, X R T BUE R R
TR,
3.4 R22 70 R152a EEHE[E H#EERIXT LE

K7 rhgy iy R22 i R152a 76 [7) oo 18 6 B 4%
DAL ) S 60 4 A2 o TS 42 s B B P ) L 25 2R, AT D
F i R22 B RS T B B A A AR B2 R 40°C | o i
WA 200 kg/(m® +s) 400 kg/(m” +s) Fl 600
ke/(m’® - s) B K F R152a, R22 78 4 F i R
40°C INF Y ASCUE AH 19K BE 3 il A 13.4pPa - s Al
138. 7pPa-s; R152a AR ARG FEAR T R22, 4330
10. 7wPa-s F1137. 2pPa-s , Kl 5 11 [ IG5 SO AR P4 3
FERG EE (Rt /)N, 5 A R TR s BEL 7 1 T B3, AT 3
R152a fY FBE 4 1 ) B EE AR R22, X SOk F,
R152a 7EEESS H 5 )7 T HAT B AR R22 E’J{%ﬁ PN
AT R R152a FRRE A9/ o] 38 1 38 S 348

Jo I A e e BT RE
27—



S F IR

Journal of Refrigeration

Vol. 34 ,No. 4
August ,2013

3% F4H g
2013 £ 8 B
200
t/C
160 R22 :
_ G=400kg/(m*s) ¢4 5
g A=10C 0©
< 120}
v, @ A
= 1) A
S 80 o R
5 ° e
A
40
0 02 04 06 08 1.0
X
(a) G=400kg/(m?*s)
240
R22 1/C
2001 G=600kg/(m*s) 240
A=10C 250 o
= 160t ° A 2
= <] A
& 120} . a
% A
~ [o]
5 sof LA
AA
40 #
5 . . . .
02 04 06 08 10
X
(b) G=600kg/(m?s)
240
200} s ©
~ L o £
E 160 0
2 120 ° a
§ L e A2
= .8 R22 ts/°C
401 G=800kg/(m*s) 540
A=10C a50
0 02 04 06 08 10
X

(c) G=800kg/(m?*:s)

B 6 RFN IR FE X EE R IE 148 B RO R4
Fig. 6 Effect of saturation temperature on

frictional pressure gradients
4 &g

ST UL b S g R A AT, T A AR 45
1> S B 45T 0 P e XA B R A 4 KT K
JEE 48 R [ (5 A R B 95% LI, H 1T &b 3 DK T
TJ“’&'{%F K& T 7 LU AR /N ] L 2200
2) R22 fYEE4EE T A6 B A AN ) o AR IR B s 359 B
o £ i RN T B 4 RT3 O, TR TR X K
£ 1 R
3) R22 [y EEHE I B BE AR AN [R) ot i 3t s i), 3%
Wi 7t IR () 38 R /N o

240]152a R22 Glkg/(ns)) =40
2101 o 0200 A=10C
A a400
- B ae0 ., as
g 150t - A
E ° w8 A
£ 1200 ol " X
< . s
% 90+ . o .A A A A
S P
L A o
0F g aete L e
0 02 04 06 08 10

X

7 R22 7 R152a EEZE /146 L MOXHEE
Fig.7 Comparison of R22 with R152a on

frictional pressure gradients

4) R152a (B s 3 1 JEE AE AN [7) Jot o 7 e o 34

/NT R22, 3 B H AR 35 45 s e 5 i H A AL R22 19
BT,

AR REHH
gt 8

=R 45 A5 H (2011 A090200018 )
('The project was supported by Guangdong Industry-Aca-

demia-Research Project ( No. 2011A090200018). )

(1]

(2]

(3]

(4]

(5]

(7]

(8]

S 3k

Wang Huasheng, Rose ] W. Film condensation in horizon-
tal microchannels; Effect of channel shape[ J]. Internation-
al Journal of Thermal Sciences,2006,45(12) ; 1205-1212.
Matkovic M, Bortolin S, Cavallini A, et al. Experimental

Study of Condensation Inside a Horizontal Single Square

Minichannel[ C]. Shanghai ; December,2009 ;18-21.
Su Qian, Yu Guangxu, Wang Huasheng, et al. Micro-
channel condensation; Correlations and theory[ J]. Inter-

national Journal of Refrigeration,2009,32(6) :1149-1152.
Wilson E E. A basis for rational design of heat transfer ap-
paratus[ J|. Trans. Am. Soc. Mech. Engrs., 1915 ,37.47-
70.

Cavallini A, Del Col D, Matkovic M, et al. Pressure Drop
During Two-Phase Flow of R134a and R32 in a Single
Minichannel[ J ]. Journal of Heat transfer,2009,131(3) .
103.

Del Col D, Torresin D, Cavallini A. Heat transfer and
pressure drop during condensation of the low GWP refriger-
ant R1234yf[J].
2010, 33(7) . 1307-1318.

Cavallini A, Bortolin S, Del Col D,

International Journal of Refrigeration,
et al. Condensation
Heat Transfer and Pressure Losses of High- and Low-Pres-
sure Refrigerants Flowing in a Single Circular Minichannel
[J]. Heat Transfer Engineering,2011,32(2) :90-98.

Coleman J] W, Garimella S. Two-phase flow regime transi-

tions in microchannel tubes: the effect of hydraulic diame-



$£3% F4B
2013 £ 8 A

R22 FEHE LB E MR S S AER S ERE SRR

Vol. 34 ,No. 4
August 2013

ter[J]. Proceedings of the ASME Heat Transfer Division,
2000(4) . 71-83.

[9] Garimella S, Killion J] D, Coleman J] W. An experimentally
validated model for two-phase pressure drop in the intermit-
tent flow regime for circular microchannels[ J]. Journal of
Fluids Engineering-transactions of the Asme, 2002, 124
(1).205-214.

[10] Garimella S, Agarwal A, Coleman J. Two phase pressure
drops in the annular flow regime in circular microchannels ;
Proceedings of the 21st[ C] //International Congress of Re-
frigeration, Washington D. C. ; 2003, 1-10.

[11] Coleman J] W, Garimella S. Two-phase flow regimes in
round, square and rectangular tubes during condensation of
refrigerant R134a[ J]. International Journal of Refrigera-
tion-revue Internatikonale Dufroid, 2003, 26 (1). 117-
128.

[12] Kim S M, Kim J, Mudawar I. Flow condensation in paral-
lel micro-channels - Part 1: Experimental results and as-
sessment of pressure drop correlations [ J ]. International
Journal of Heat and Mass Transfer,2012, 55(4) . 971-
983.

[13] Carey V P. Liquid-vapor phase change phenomen [ M ].
Hemisphere, New York, NY (United States) , 1992.

[14] Baroczy C J. Correlation of liquid fraction in two-phase flow

with application to liquid metals[ J]. Chemical Engineer-
ing,1963, 57(61) . 179-191.

[15] Butterworth D, Hewitt G F. Two phase flow and heat trans-
fer[ M]. Oxford University Press,New York, NY, 1977.

[16] NIST Thermodynamic and Transport Properties of Refriger-
ants and Refrigerants Mixtures REFPROP[ DB/CD]. Ver-
sion 7. 0 ed.

[17] Kline S J, Mcclintock F A. Describing Uncertainties in
Single Sample Experiments [ ] ]. Mechanical Engineering,
1953,75:3-8.

BIEEZEEN

2N (1956 — ), b, Hoaz, 12 R0, T A R~ JVRE
TAER TR B AT, (010) 62771001 ,E-mail ; lijm@ ts-
inghua. edu. en, WFFE 516« A FERA 25 IRV R e mT P2 g
U 55719 68 s W B 5 R e I Ac i e AL T I

About the corresponding author

Li Junming (1956 — ), male, Ph. D. /Professor, Institute of Engi-
neering Thermophysics, Department of Thermal Engineering, Ts-
inghua University, (010) 62771001, E-mail; lijm @ tsinghua.
edu. cn. Research fields; Micro/Nano heat transfer, Renewable
energy utilization and saving in air-conditioning and refrigeration
system, Heat and mass transfer during material and energy recov-

ery process.



