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Experimental Investigation on Flow Pattern of Different Fluid-
Nitrogen in Square Channels

YANG Zhugiang, BI Qincheng

(State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract; Flow visualization experiments of different fluid-nitrogen co-current upward flow were
conducted in a square channel with a hydraulic diameter of 2. 5 mm. Three kinds of fluids were
studied, i. e. , water, saccharose, and sodium carboxymethyl cellulose (CMC). The typical flow
patterns of different gases at liquid superficial velocities were recognized, including slug flow,
churn flow, and annular flow. Flow visualization experiments on saccharose-nitrogen co-current
upward flow were also carried out in a square channel with a hydraulic diameter of 1. 0 mm. The
flow regime maps and the pressure drop of the working fluids were obtained according to the
plentiful experimental data. Flow mechanism in each flow pattern was discussed and the main fac-
tors affecting flow pattern were explored, in particular, the influence of the viscosity and the flu-
id flux. The results show that the surface tension, secondary flow, and hydraulic diameter have
significant effect on the flow pattern transition. The experiment with the hydraulic diameter of
2.5 mm indicates that the Chisholm method may not suit the non-Newtonian fluid.

Keywords: non-circular minichannel; saccharose solution; CMC solution; flow pattern

AN TE T RORRE E AR/ ARG alsiAete  FE, TR SR A AR v A5 2 00 . A 8 AT )/
P PR PR B RE A PR RE . PRIRABIEN  EE O 7E & A 50 U S b i B Willimarth™

ks B . 2010-06-05.  VEZTIA: BT 1986—) , B B4 BE S s (R RO . B % iR A 0. B4 WiH . BE
H SRB 43 40 BT H (50576076).
% 2% M BRI . 2010-10-19 W 25 M B . http: //www. enki. net/kems/ detail/61-1069_t. 20101019, 1844. 001. html



55 130 W rrom 45« IE D7 /N3 N A e P B - e UM A i 2

27

1 Ishii™ 43 BIWF5E T K J1 HAR Dy =1,2 mm K
- HE /N TR T N 0 23 S OK AR I Bl A
D T 3 AR B R B SR 3-5 DI (31 48 3 1 Al
AV [5R1A85 388 305 P F0) T RO S B 4 (A R T B 7 L 3R
B RREE AT TR 4B A2 H e [N 2R O
T AR Y S B6 G BE L. Satitchaicharoen'® Xt JL A
NIRRT A8 /I T BE T 38 18 3 1 TP AR R stk A T
THEGE AT T AL RS | 38 30 6 R0 AR 286 X
RS 52, Hibiki 48 A7 % Dy=1. 02 mm /)
NI BT R DIRG9 28 B3R IR AR
R EOR B R S RS BT T I A
Kawahara 55 A" 52800 55 17 AR 90 1 e 7K [0 45
/INIE TE N PR AR AR PR IS 0 A3 B T AR S B
SRR e B X SR R A B 4 S

E A SCHk [ 1 R Y 78 4 AR [BDE i
(ZAIE IETTE BRI S8 /NG 3 Hh AN R R
AL S AL | He R DL R e I R B S AT T SR B T
G IBLIN s T NS @0 E [ S A1 2 TR S i BE N2 =k i G
AR 50 Yo I ER FERSEE (BT 44k 0. 4%
() CMO) RS- AR IR Sh AT 5T R 5% T %
S FRTAT T T AR X T S ) 5 .

1 SRS

ARYIGAEE 1 PR AR SR & B e . <
R e e T RSO B AL U 22 R T IR 5 1 L R
AR AR TS A SR B 7R IR IS S g
Bz A1 A B o) 1k (0] 1 A 1k DR S 36 B o Y s
T3 R BRI A AR R T T 6k
TRORE NI A R O R R RN S BT A L
o TR R O e AR B B S R
VAN IZE BT H R [0 T 11 5 A . SE 0 R4t
R TR T A B — B AR R A5 B AR 4
KM

SCRG BT R HAT R B A LR
TR R AR AR L. S B sl 1 oy 1E 5
HEM WA 2. Z2800% 1.

k1 FBEEMEK

P14 /mm D, /mm PUEB A JE /mm
1.0 1.0 200
2.5 2.5 200

SR B AL B A Ak L it VMTV
PRATARHE JA H B SEAR A LAA BR A0 PG A% 8 2T
HL - AT W A5 1 MR AN B S 10 S AL S2 B &8 SR 40
Mri B T4 S S 0n 3k 2 pirw.

Lo IR UM 28015 SRR 49815 5H s 5. XU
T 6: BB 7. 5000 B 8. 22 AR A 9. 1R K
s 10 AR s 11 BTt 1208955 130 U 148
515 it s 16 - 7R

A1

300
200

2.5

(a)Dy,=2.5 mm

SR AR A

HAL : mm

(b)D,=1.0 mm

LAWIREE: 2. AWM 3: AT 4005l 5.4
PR REHT; 6: AHLBEEEIEN: 7. RAL; 8. W EMMR2Z;
9K T 10 /N iETE

K2 SEEBeahiim S

%2

T RWSE Jo/mes!

FNRH Jr/m s

1

© 0 NN Oy Ul R W N

—_ = e s e
gl W N = O

16

SGePewe 20 o N WD OO

S8 T Fe A Bk
1 0.
3 0.
6 0.
0 0.
0 0.
0 0.
3 0.
0 0.
1 0.
3 0.
5 0.
0 0.
7 0.
0 0
7 1.
0 1

01
01
01
01
01
01
02
02
04
04
05
06
30

.50

00

.00

http: / www. jdxb. cn



28 TOo% ok W

S

E R B HASE

2 IEJTIB/NE]
St
2.1 D,=2.5 mm BARERBEH-RSWAERE

SLESFAEE T Dy =2. 5 mm BY1E 5 TE#R I /N8
K-S B WA IR B AN I 3 BT . B 25 2 W0 3 1)
WA, HRAB T 3 R AL SRR (I PR IR R,

PR R #ﬁéﬁhﬁi R HRE mm

ol TH2 T4 TH14 TH6 TH16
Bl 3 Dy=2.5 mm B 7K~ ST R
MK 4 s, D, =2. 5 mm AYIEIE N CMC-AS,
AR 205 3008 S 3 A0 43 3] Sy AR i L BR AR
Uit~ SRR R U 3 A IR . CMC 3l %
BTEIZEIE p =400 mPa « s R ERITEIFHE ».. =15
Pa « s i 47 ZIRIRAE 22 C R A TR Me=
0.372 7y “™ 0, CMC-ZUSAE AR HE L IR 3

i N PR B S R 2 R

TN
E’J%ﬁzﬁ({ﬁi R 5K -FA A B SR F, sk AR
T He AR, 33X 2 PR 7E I 85 BT I CMC 1 26 1R 44
R s Sk 5 VR ) ) R A 38 KX B A T T R
TE R B SRS T S & 2SS 3] 58 8 1y iR
UL » S P A3 S 8 T 3R AR O, A R AR A T WL T
SRR I

WnE 5 Fras, Dy=2.5 mm f¥i8 8 N EER-E S
PRAH L 20 B U gt A SR AL L SRR A
FET AR I

S5 v i P RE A TR T A WA R M

BRI ﬁﬁ B g‘ﬂ% BEHVE BERVE TRV SRR

il

TA1 TH10 THI13 THLS TH13 THle THS T2

B4 D,=2.5 mm B CMC-A S Y M7 A

TE 20 CHFAF TR 1. 229 57 g/mL, FhEE
g 15. 845 4 mPa » sHO ARG R E N 2P
SHLIR YL Y 55 Sk R 3RS R A BORR L b Sk K-
KR AB L CMC 9T, 3 2 R T3 WAE AR 45 14
TREEE L CMC /)N FOaK R -5 350 1 45 2R 75 GH
MREITEOUT 5 BEREZ RO LT SRR, 32 R A i
T VR ) 2 R (A L e AR AROSAR ME R A
FEFEE AR oK ) L FE R, A e R
AF 22 17T A U B FROIR .

2.2 D,=2.5 mmEI'PFHIiJ\ :721_ ﬁ‘\.ﬁ’]uu.g:%—r

D, =2.5 mm B} 3 B [a) 1 5T 75 0 ) o B 2 2%
w6 frs. v LA KIEJIJ%E’J% CARRA AN
() I TRX AN [ 5 8 P s R e AR 3R A 7 A

(1) K RH TR VA R Ik 78 e A Xj‘t[:ﬁﬂ‘ﬁ FEARFNL
WRTT o WO A R G 7 5 ) JEAS AR ) M
TRAEARIBOE T A B FH 7 DX 3R A 7K G /0N, 7 2658 v8 AT
T TRV W R DS/, 7E T >1 m/s Y
IR T8 B 28N 1T 1 B SOIR 3. L R R 2 A I
TG MEAR = AR 00 PR AR I8 20 B8 A BRI
PR AL DX /)N, YR G R B — i (A S AR
A E T AR SRR A2 BIR R BT 7, ki
KB TR R 2 Ak S 40 4 Jk i) A0k L 7K T 75
[ 7N,

(2) CMC FIERH I W 28 5% 78 5 He By, CMIC
TN FHE i A7 vk B 37 YD Ak ek, i
FERE R R A R R, IO E CMC By etk i -
P D - B R e 2 ot e L R Y T A S
i, 3R AR T B CMC A9 261 B 1 R Y oK
132, BEAE W T B 1 DR, FeEm ) SLIR - e it 5 2
SRR L CMC By [ A 25 il 33 2 DR Sk B o ok 1) 38
Jin, CMC (1 85U A A FH el b M 28 e s /) o DT
T SO W AE e R DX P R Y X8R L CMC Y
G

TH8

TH1 ITH9 TH7 ITHIL TITH3 TITHS
E 5 D,=2.5 mm i A5 0 M AR A

http: / www. jdxb. cn



55 130

W rrom 45« IE D7 /N3 N A e P B - e UM A i 2 29

‘E 7K
5 ,
B ORI
B CMC
10° 10
Jgmes!

/6 Dy=2.5 mm it 3 FiOR LR A
R 25

2.3 AEKAERREE RSNFERERTE

Jp it — R R K 1 AR F T K S Y B
PEWARI S W58 T Dy =1. 0 mm (Y 1E B /il
R RER- RS MARR S, B 7 D,=2.5,1.0
mm B} AR A G A8 X ] L 3 1 3 A
AR T R IEAHA R o AH A PR A% 3T 5 AN (). SR -4
P LA FE SRR 1 BB B 2 K ) ELAR B
N AR Bl 0 K ) BARAS R AH ST
A AZ B TR, — 7 T, B TR A AR R AR
Tt 5 | AL 1Y) 76 A [R] 3R R, 7K ) AR /N Re
ZIN o BRI [ — VR o 40 2 A P o SR A st o
Ko I3 —J5 s /N RUBE fufi 3 T 5K gV I3 i A
Gy R WA ST B 5 4 PG 1. 0 mm 3 36 P
ARICAERAR B DI KT 2. 5 mm 3838 Y.

2.4 D,=2.5 mm B AREMERBB-RSFEERZ
EF%
P 8 SRk HEAE . CMC 3 Fl T8 43 76 T 45
WOHT R RS Aps X O X HHEAT 40 an T
COARTBOE I+ 3 75 A9 F 3 22 31l LB T A2
1 RO I s R 22 0 0. R TR AR 3 i

F1R) SR P R 1) B 4 e R et A 2 2R - CMIC
WEH LA b, PR H R Oz = T K . 55 b IR
AR AT CMC B R F e~ A 0 Y %) i vy A I
RERHA R0 T [ i T CMC B, 33k J2 PR o 253 g 34
Kt 8l T CMC ¥ W 1) 5 VI Ak A R S A 286 0t
ANPER 3 Qs

(2) VB A []— LA T A B TP R
i » CMC IR Z s K FRe M. 32 DR Ay okt 3 ¢ o B 6
F CMC i 5, HAr T B4 58 20 R , 1k B4 R 55 47
FHEE , SR 25 L 33 I CMC 114 31 01 R A4 B A
i sh A ] O sh AR H A Ra .

10
102k
s 10tk
=
2 100
Jy/mes”!
10*1 ﬁﬁ - 0.01- 0.08 - 0.5
CMC =+ 0.01—+ 0.08 - 0.5
K =+ 0.01-- 0.08 - 0.5
10’2 1 1 ]
10" 10° 10! 102
Jg/m-s™!
&8 Dy=2.5 mm B 3 FORRMEBA-AS
PR BE 8

X AN () A Joi 95 V- 20 R R AR ) e o AR R
F Chisholm J5EE#E47 5387 » A A T~ A W i AR W
KRN RE B, RS A 5 B T T R A A
CMC %% i 9 7, Chisholm /¥ B & Al
FH oK — o i b B 5 125,

10°r
Jp/mest
——0.01 —0.08
——0.015—0.1
——0.02 ——03
——0.04 —05

P=1+12/x+1/x>

100 L
10—1 1 1 1 1 1 ]
0% 10" 10° 100 10> 10*°  10*
XZ

K9 D,=2.5 mm i} CMC-RSPIAHRFIE T
#t 5 Martinelli $t X* ()5 R K]

2.5 AREKNEEMEE-RSHEEZER
E/INEIE P & 8 RS TR AR TR R i

5K OGRS A LR AR — EE AT B IR R

BIFFEBIXT G 10 S g 1 EAE A VR AE AN W)

http: / www. jdxb. cn



30 [ BN S S 545 4%
K 1 EHAR ASFRIGE T B EREST EL A, 38 3 204 7T LU [J]. International Journal of Heat and Mass Transfer,
B LR AE 1994.37(12) : 1749-1758.

[2] WILLIMARTH T,ISII M. Interfacial area concentra-

(DAEFR—FMAE T . 2. 5 mm il iE A
KT 1.0 mm @ I 1. X K T AR RN T
XY Re i#7)N o AT T A A9 e R b/,

(OFEARK T3 BAR B /N 38 P B R A
I, R RE B 3G I HOZ ALY L SRIMTE — & RS
T B P Bl 2 2 ULV A 35 K, 1. 0 mm 3l 3B P R
FERIEAC T 2. 5 mm 8018 2218 , 9 & 1Y) 22 (88 W b
K. G 1.0 mm @38 N B EL T B a0 — ki sh
M4

<
a
=
& L Jp/mes”!
10 D,=2.5mm-—=0.06 0.1
D;=1.0 mm ——0.06 ——0.1
Dy=2.5mm—~ 0.3 ——0.5
R D]l=1'0 mm —+— 0.3 ——0.5
10 -1 I 0 1 I2 I3
10 10 10 10 10
Jgmes!

K10 TEJ5 /DN 8 P9 - 2P R R4 e

3 4 it

AR SCE 2 TR S e W5 1E T T 8 T Y AN R
SRS AR Y A5 B LT 2458,

(Dt Dy=2.5 mm (¥ 1E 77 1 8 38 Py A [ 44
WA SPIAR T B 1 AT AR S 5T 3R A TR
()P B s - 2R ) T 2 IR b Ry AR e A ] o
SR VAT T 404, pF R 45 28 X TR H B A —
SEMZH A E.

()it Dy=1. 0 mm [ IEJy &8 38 P -
RAPIAHSNIWESE . 345 T Dy =2.5,1.0 mm [
T TE P I B A A X L B SE T OK O AR R v A
TR AL AR 52 ), [R) B &2 30 Dy =1. 0 mm Y38
T AR A S ) R s B 4.

)X T Dy=2.5 mm fil D,=1.0 mm
T PN ) AR EE R R & 30 Chisholm 775X Tk
A I A B R R AL B A P .

S 3Tk
[1] WILLIMARTH T,ISII M. Two-phase flow regime in

narrow rectangular vertical and horizontal Channels

http: // www. jdxb.

[3]

[4]

[5]

[6]

7]

(8]

[9]

[10]

[11]

tion and void fraction of two-phase flow in narrow rec-
tangular vertical channels[]]. Journal of Fluid Engi-
neering,1997,119(4) . 916-922.

TRIPLETT K A, GHIAASIAAN S M. Gas-liquid
two-phase flow in microchannels: part [l void fraction
and pressure drop[ J]. International Journal of Multi-
phase Flow, 1999, 25(11):395-401.

WOLK G, DREVER M, RATH H J. Flow patterns
in small diameter vertical non-circular channels[ J]. In-
ternational Journal of Multiphase Flow, 2000, 26(6) .
1037-1061.

ZHAO T S, BI Q C. Co-current air-water two-phase
pattern in vertical triangular microchannels[J]. Inter-
national Journal of Multiphase Flow, 2001, 27(5):765
-782.

SATITCHAICHAROEN P, WONGWISES S. Two-
phase flow pattern maps for vertical upward gas-liquid
flow in mini-gap channels[]]. International Journal of
Multiphase Flow, 2004 ,30(2) :225-236.

HIBIKI T, TAKAMASA T, ISHII M. Some charac-
teristics of developing bubbly flow in a vertical mini
pipe [ J .
Flow, 2007, 28(5):1034-1048.

KAWAHARA A, SADATOMI M, NEIK, et al. Ex-

perimental study on bubble velocity, void fraction and

International Journal of Heat and Fluid

pressure drop for gas-liquid two-phase flow in a circu-
lar microchannel[ J]. International Journal of Heat and
Fluid Flow, 2009,30(5) :831-841.

ZEH R T BT 4 R AV W TR P T B X R F
WRMBREMEHLID]. 1. FIFsSE RF 2k T2
B, 2007 :16-23.

WEAST R C, ASTLEM J, BEYER W H. Handbook
of chemistry and physics[ M]. 67th ed. Boca Raton,
Florida, America; CRC Press, 1986.

SPMZE, R ] K . TE J T 18T L G Y kR
PGSR FELT ], VU225 R~ 241, 2009, 43(7)
83-87.

GUO Yajun, BI Qincheng, HE Yongqing. Experi-
mental investigation on secondary flow of air-water
two-phase flow in straight channel with square cross-
section[ J]. Journal of Xi’ an Jiaotong University,
2009,43(7) :83-87.

(Gl IR

cn



