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Visualization study on flow pattern of gas-liquid two-phase flowing through
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Abstract: Producing a bubble flow in multi-orifice plate downstream (MOPD) is a basic condition for the exhaust
absorber with multi-orifice plates to achieve a satisfied absorption capacity. In this paper, a visualization
experiment on the flow pattern of gas-liquid two-phase flowing through a multi-orifice plate in a horizontal pipe
was conducted using the air and water as the gas and liquid phase, respectively. Four multi-orifice plates with the
orifice diameter of 2, 3, 4 and 5 mm were tested in a horizontal plexiglass pipe with the inner diameter of 98.5 mm
by using a high speed camcorder to record the air-water flow, thus the effects of orifice diameter, air flow rate and
water flow rate on the flow pattern in the multi-orifice plate downstream were obtained. The results show that the
stratified/plug flow transition in MOPD shift to an increased water flow rate while the plug/bubble flow transition
shift to a decreased water flow rate in comparison with the flow pattern transition in horizontal pipes. The flow
pattern in MOPD is inclined to a bubble flow with the decrease of air flow rate or the increase of water flow rate.
Meanwhile, an important dependence on the orifice diameter is found for the flow pattern in MOPD. With the
decrease of orifice diameter, the plug/bubble flow transition shift to an increased air flow rate and a decreased
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water flow rate, meaning that an increased flow range is obtained to form bubble flow. In addition, as the orifice

diameter decreasing, the flow pattern in MOPD is inclined to transfer from wavy stratified flow to bubble flow

directly without an occurrence of plug flow. To achieve a satisfied flow pattern and absorption capacity for the

exhaust absorber with multi-orifice plates, it is recommended to choose the orifice diameter not larger than 3 mm.

Key words: gas-liquid flow; bubble; orifice plate; flow; flow pattern; visualization experiment
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Fig.1 Experimental system for air-water flowing through multi-orifice plates in horizontal pipe
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Table 1 Meters for experiment

Measuring Measuring Range of  Accuracy
parameter meter Model of meter meter of meter
air flow rate turbine LWQ-MK 1.5—15 1.0
flowmeter 25B m’h
air pressure pressure MIK-P300 0—0.6 MPa 0.5
sensor
inlet water pressure MIK-P300 0—100 kPa 0.5
pressure sensor
outlet water pressure MIK-P300 0—50 kPa 0.5
pressure sensor
water flow rate  ultrasonic ~ Endress+Hauser 6—60 m*-h™" 2.0
flowmeter ~ Prosonic Flow
91W
temperature of  platinum Pt100 0—100°C 0.5
air and water resistance

(a) 17 plate ( d=5 mm) (b) 2* plate (d=4 mm)

(c) 3* plate (d=3 mm)
B2 2R

Fig. 2 Pictures of tested multi-orifice plates
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Table 2 Geometric parameters of tested

(d) 4* plate (d=2 mm)

multi-orifice plates

1.2 ZFLRAH

AR SEBG R 2 FUAR 2 B TN LALAR d A
F, 285920 3. 4. 5 mm. ZFRBETHLANLEY
EIATTHEEAFLARO IR, PR b & AN 1) /N FLFLER
WA 4 N2 E 2 Fros, 45
ZHNE 2.

Geometric parameters 1" plate 2" plate 3" plate 47 plate
orifice diameter d /mm 5 4 3 2
orifice spacing s /mm 6 5 4 3
number of orifices 172 259 412 744
thickness of plates §/mm 5 5 5 5
equivalent diameter ratio of 0.666  0.654 0.618 0.554
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Table 3 Tested conditions for air-water two-phase flow

Water flow ~ Water superficial Air superficial

Tested rate velocity Alr flow rate velocity
conditions 3.1 o Q, /m*h! o

Oy /m’*h Jy/m-s Ja/m-s

(a) 45 1.6 1 0.04

(b) 45 1.6 3 0.11

(c) 45 1.6 5 0.18

(d) 45 1.6 7.5 0.26

(e) 45 1.6 10 0.35

® 15 0.6 5 0.18

(g 30 1.1 5 0.18

(h) 55 2.0 5 0.18
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Fig. 3 Air-water flow results for exhaust port downstream in
horizontal pipe without multi-orifice plates
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Fig. 4 Air-water flow results for fully developed region in

horizontal pipe without multi-orifice plates
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Fig.5 Air-water flow results for 17 plate
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Fig. 6 Air-water flow results for 2” plate



EE

/nnfiﬁi"f‘:

KT P 22 SRS B CRA A i R AT AL S

« 2271 °

e iy
I
S

@ Oy=45m*+h7", Q=1m*-h™'

[

(b) Ow=45m3+h7!, 0,=3m3-h™!

e m—
'Y‘_
— =

(C) Q\\_45m} hl Qa S5md. hl

H

|

=
e

(d) Qw=45m’+h~", 0,=7.5m*-h”"'

el it
L. - ZT55a0

(f) Ow=15m3-h7", O;=5 m*+h!

—
L -~ -
L

(8 Ow=30m3-h7!, 0;=5 m3+h!

G

() Oy=55m*-h"!, 0;=5 m*+h”!
Bl 7 3MR R A S 45 R
Fig. 7 Air-water flow results for 3" plate

(a) Qw =45 m3- h_lv Qazl m3 ‘h_l

fii J——
E — ;—A

(b) Ow=45m3+h~", 0,=3m3-h™"

—

©) Qw=45m3+h™', O;=5m3h’!

@) Ow=45m3-h”!, 0,=7.5m*+h”"

©) Q“ =45m3+h’Y, 0,=10 m3-h!

(f) Ow=15m3 h™, O;=5 m3+h!

Ewa
-

(&) Ow=30m3- h_lv

(h) Ow=55m3+h7", 5 mieh!

Kl 8 4*‘&%#%&” EXITELPS
Fig. 8 Air-water flow results for 4" plate

Qa:5 ms.h-l



© 2272 ¢

T

30 ZAMRERLE R

I 2 ARG AL LA A A, FEAR TAE
S ) TOLE P FLSUS A o R ZEAR
TUAIVEARI 3 260 Sege 25 R M AR &K/
DL 22 FLRALAR RN 2 AL AL B A 52
T EMHLIR 2 FUAR G A S 7K R AL X
Al K 2 AR SIS S5 R 2 HI7E Weisman Ji ] F,
WK 9 FiR.
3.1 ZIRFLETREREAE M

HE 9 AT I, 2 LG AR AL s i A
KPFEWRAR. 5AKFEHL, 24805702/
FERUL L A2 30 SR AH I B 1 KT MRS, ZEAR/
TR AR S AR B IR N7 RS, ARk
FEARR R, £ Q=5 m hT I, SE/FRFER
(R ZT H 0.45 mes™ KA 1.2 mes™, SR
TR AR RMBGELIH 9.0 m-s™ B/AE 2.0
mes™ (LD AT 15 mes™ (473U

FLAR R SR AR 2 LR S Y B
BLECW . AE— 2 VBAH-SUAHIE T, bR 2 LRI
FRAE 2~5 mm 30 Bl N IEETCDN , FLIRE A 5 =
AR, B AALAR B/ INERAA ) 118 2 FLR
JE T RIIRI . 7RV B RN A LR N 2
FUARUE T B IR AL AR AL B 4 40 S (m YA L 9
H7 R 4HERE o A RPgak/INFLAR AT AE SE N 58 ) I P AH IR
B VUL ] A TR BGRARIAE X TR R I PR A A 2
SRFFAK

HHE 9 A, B LRI, 2 LIRS 1%
ARETE B X SR R N, oy J2 /Z8 R e AL 1 3t
55 2R IR UL % A2 10 5 2 TR) 1) P 2 T 4
R[5 J2 L B ok e S 3 ) R A U . 9 nAE
FLAE N 2 mm ) 4" FLAR ok 052 B 2R
WML R FEE, o RRERE
R HIR R

LR G T8 157 2 I B AR T 2 SRk o 7K e 3L
PO . 5 AR K R SRR, A
TESUARE T2 B35 20 4y BRI . BB, 2R H
Z AL R AR TR, fLAR RN R
HEH L, I 2 LB LR AT TE 2 FLAR S
TE BOIR I s A S, % T 22 FLAR W Wi 2 B i A
T B A EERE S E . TENH B MRE
RAMHLHE I 2 A K & 1 RN K Ll ik £ A
W NFLALAR, 8 S AE FLARUS T AN R T IR O
W4 =S

i % 68 &
1000 -
Weisman, et al )
—— transition boundary of stratified /plug flow
1oL =~ transition boundary of plug/bubble flow
annular —
A stratifie ow
- 10l wavy o plug flow
z O bubble flow
< intermittent
~° .
1F 1
stratified — Ceee
a
A ob
0.1 o
D,\
1
0.01 . : :
0.01 0.1 1 10 100
Jy/mes!
(a) 17 plate
1000
Weisman, et al )
—— transition boundary of stratified /plug flow
10k =~ transition boundary of plug/ bubble flow
annular
wavy
- 10} A stratified flow
4] o plug flow
E intermittent  © bubble flow
= 7 .
- stratified — dispersed
=}
A ob
0.1 g
6 \
1
0.01 L L L
0.01 0.1 1 10 100
Jy/mes!
(b) 27 plate
1000 -
Weisman, et al o
—— transition boundary of stratified /plug flow
look =~ transition boundary of plug/bubble flow
annular
wavy A stratified flow
T 10E o plug flow
g . . O bubble flow
£ intermittent
<k 1 di d
stratified — 1sperse
A A go
0.1 P
IO\
1
OO] 1 1 1
0.01 0.1 1 10 100
Jy/m sl
(c) 3# plate
1000 -
Weisman, et al "
—— transition boundary of stratified /plug flow
1ook = = transition boundary of plug/bubble flow
annular
- Py A stratified flow
] 10¢ o plug flow
% intermittent | bubble flow
St . ! dispersed
stratified B
A EO
0.1 10
I~
[
00] 1 1 1
0.01 0.1 1 10 100
Jy/mes!
(d) 4% plate

9 ARG RIEAZIL S
Fig. 9 Transition boundary of flow pattern in multi-orifice
plate downstream



5 6

AR KT A 2 FUBRUS BB AR R ) A SE 0

« 2273 -

3.2 SHERETUNZILREREARI

BN B A AR R L AR S T B 1 5 e
AT A 1 ZH S50 T 00U B S 50 45 R L ELAS H .
HiE 5~& 8 WL, EAHFIARME 45 m’h'
T, BEESHRELE 1~10 m’-h™' ¥ B N5 OK,
1V FLAR i I B 240 9 SR UL 47 FL RS U B 24 3
R, T 27 3 FLAR G Y H IR I e AR O %
R

AP, FE—E AR E N, BEESAHR RIS K,
H— S22 FLAR S B PR AH A BT E R IR m) AR VR
b, RISAH RN A R T 2 LIRS TR
VIR . R 9 s ZERAIR IR L AR 10 46 S 1
PRI E, HAKTE 2RI LD A —
JE Xl o

AR WA S, XFREERRE T 55|
P FHIR B R/NAE DG4, b5 Z LR LA % VA
Ko fE—EWMHRET, BEERILZRA, B
FEARIR AL FT 7 AR R B PR3O, R AT DLAE
RS MM E TIERHIRT . £ 0,=45 m>h™'
B, BEESRSILAEE 5 mm /N2 2 mm, FEAR/
HORFEFE AR I AR M2 0.02 mes™ Hk
£ 05ms ' BLE.
33 RHERETUIREREZI

TEAHI B S AL R 52 AT EH 56 2 ZH S T
AR EAS . BB S~E 8 K 9 ml L, Xt
F ', 2P R 3R, MR SRR 5 m T T,
B2 AR B AE 15~55 m+h™' S 3Gk, 29U
JER A e B oy R AR O FE R, R
AR SR o T 47 FLAR AE S50 IRV AR I B T
ST o7 IR B R IR -

Bl 7fE— & SAHME T, MEBHRER K,
Z ARG WA B T o R R A AR, B
DLV A AL B BT R T 7E 22 LR 5 T ORI »
(ERES N TR E 5 S R R TS M= W NN E PO
W5 ZFMRPIFLEAE G, fE— SRR, ME
FUBRSLARIR AN T BRI P 75 FRIOAH AL B 1Y) B
I/, HRIAT LR B /N VR I B AR AR S TR
Wifie £ Q=5 m’-h™" Itf, FEFEFLRILAZH 5 mm U
/N2 mm,  FEARDIRGUEE R (I SRR W RE 2
2.0m-s™ ENE 1.5 mes

FirL, X ZARE SRR B S, KK
T R R T3 2 KIS RSOk <, A F)
THEZ ARG TE B8 &) 40 B IEDIR R 2, AT gk
— BRI K R UE SRR -

4 % b

e 3o A MR P AR AL S 6 2R G0 SO A
REVIRAZ SIS B R 34T S 86, BT T
ZAMRALE SR S E AR 2 FLIR A
T, BB,

(D) H5ACFEMEL, K& A 2 USRI
TP A0 R A T R . ALRE 702/
FEPR e AR T T 1A AR B I K5 TR RS, AR/
IR UL AT SRR BN 5 R HERS o

(2) B AR RN BRARR EREK, 2 4L
BE A T IR BRI . SRI A ISR KN 2
FUAR S AR A B, (E 5 1)U BT
BN, AR 2~5 mm JE BN LARE FLAROE i
BTk

(3) B LA, LG ZEARFE I J= L]
(ER TR b B I I PN b v =s I ERANY L b 5
JTEHERS RV PR R AR AL R R K T
H, BEE RN, SURJE R IZEE T B =i
B BURTL, ZERT0E T K.

(4) EZ AR RBEEE T, N TG
T RS 50 73 B IR AT T S A T 7O PR PR
HOR, BN ZAURALAE . BEGHREKLR

(5) FiEEAR LB X 2 FLARUA
R B S VEFINLEL . A CRIEWRUSChe B R Uk
R, #UWHEZ SISO LA KT 3 mm.

References

[11 BAKER O. Simulations flow of oil and gas[J]. Oil and Gas Journal,
1954, 53(26): 185-190.

[2] MANDHANE J M, GREGORY G A, AZIZ K. A flow pattern map for
gas-liquid flow in horizontal pipes[J]. International Journal of
Multiphase Flow, 1974, 1(4): 537-553.

[3] WEISMAN J, DUNCAN D, GIBSON I, et al. Effects of fluid
properties and the pipe diameter on two-phase flow pattern in
horizontal lines[J]. International Journal of Multiphase Flow, 1979,
5(6): 437-462.

[4]  ZRE, KU, EEW. SRR E RN B B 7k R
D). JEE TREZABR 24K, 2010, 26(4): 40-47.

JIANG J Z, ZHANG W M, WANG Z M. The development of
gas-liquid two-phase flow regime identification in pipe[J]. Journal of
Logistical Engineering University, 2010, 26(4): 40-47.

[51 %501z, AZH), R, 55 RTRNAHRR B A
T[], J15k R, 2002, 32(2): 235-249.

LAOLY, ZHENG Z C, WU Y X, et al. On the gas-liquid two-phase
flow regimes and their recognition methods[J]. Advances in
Mechanics, 2002, 32(2): 235-249.

[6] % Bk ACPEIBHOKPRRARAG R LRRI]. TR, 2013,

5(4): 365-373.



© 2274 -

e L %

68 &

(71

(8]

[]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

JIANG C H. Review of the study on oil-water two phase flow
patterns in horizontal pipelines[J]. Journal of Engineering Studies,
2013, 5(4): 365-373.

INETL, BURCHE. 3 BRI P A B L ] S5 42 1 ).
FERTR2E2ER, 2000, 36(3): 382-388.

SUN B J, YAN D C. The transition mechanism of the flow regimes
and its control of gas-liquid two-phase flow in vertical pipes[J].
Journal of Peking University, 2000, 36(3): 382-388.

XIER, R, REW, & EREE ETHE AR R
RIEEmALI]. KB E TS, 2012, 27(5): 531-536.

LIUX M, LI ZH, WU Y X, et al. Effect of tube size on flow pattern
of air-water two-phase flow in vertical tubes[J]. Chinese Journal of
Hydrodynamics, 2012, 27(5): 531-536.

CHINNOV E A, RON’SHIN F V, KABOV O A. Two-phase flow
patterns  in
International Journal of Multiphase Flow, 2016, 80: 57-68.

I RS P ISR AL I TR B U TR 4 ) S 5 N R VB B 5
[D]. kifg: ERigACIEK, 2010.

LIU J J. The experimental and theoretical study on flow regimes and

short horizontal rectangular microchannels[J].

regime transport of oil-gas in horizontal pipe[D]. Shanghai: Shanghai
Jiao Tong University, 2010.

TR, B, R, A KT ISP R R AR Y SR
W[, WAAEIZ, 2001, 20(4): 31-35.

HU Z H, QIAN H Q, LU Y W, et al. Experimental study on the flow
pattern of oil-gas two-phase flow in horizontal pipe[J]. Oil & Gas
Storage and Transportation, 2001, 20(4): 31-35.

PhifE T, B KT AR AR B e R P (0], A T,
2005, 56(9): 1649-1653.

YAO H Y, GONG J. Oil-water flow patterns and transition
characteristics in horizontal pipes[J]. Journal of Chemical Industry
and Engineering(China), 2005, 56(9): 1649-1653.

R AR PAR LA B e e FOMR SR P R BT L [D). b
W AR, 2008.

LIU Y P. Study on the flow regime transition in horizontal gas-oil
flow and the characteristics of gas-liquid interface[D]. Shanghai:
Shanghai Jiao Tong University, 2008.

LAREE, TR KT TE SRR BCZE RS O S R i A 2
[J]. LT3R, 2012, 63(12): 3826-3831.

JIANG J Z, ZHANG W M. Accurate model for computing parameters
of gas-liquid slug flow in horizontal pipe[J]. CIESC Journal, 2012,
63(12): 3826-3831.

HANAFIZADEH P, HOJATI A, KARIMI A. Experimental
investigation of oil-water two-phase flow regime in an inclined
pipe[J]. Journal of Petroleum Science and Engineering, 2015, 136:
12-22.

R, fE A3 RV R AR TR R P SR BT (D). #%Eh
71T.#%, 2005, 26(6): 572-575.

CAO X X, YAN C Q. Experimental study of gas-liquid flow pattern
in inclined pipe[J]. Nuclear Power Engineering, 2005, 26(6): 572-575.
MOZAFARI M, AKHANVAN-BEHABADI M A, QOBADI-
AREAEE H, et al. Experimental study on condensation flow patterns
inside inclined U-bend tubes[J]. Experimental Thermal and Fluid
Science, 2015, 68: 276-287.

PIETRZAK M. Flow patterns and volume fractions of phases during
liquid-liquid two-phase flow in pipe bends[J]. Experimental Thermal

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

311

and Fluid Science, 2014, 54: 247-258.

JAZ e, RILEE. FETE AR R A OV PR I 2 e A AL
[, LT 243K, 2014, 65 (12): 4767-4774.

ZHOU Y L, ZAHNG L Y. Numerical simulation of flow pattern
transition for gas-liquid two-phase flow in helical square ducts[J].
CIESC Journal, 2014, 65 (12): 4767-4774.

CHEN X, GUO L. Flow patterns and pressure drop in oil-air-water
three-phase flow through helically coiled tubes[J]. International
Journal of Multiphase Flow, 1999, 25(6): 1053-1072.

FITE, SRR, W, S SRR A - KRR R ). 1
T.244), 2000, 51(2): 239-242.

LI G J, GUO L J, GAO H, et al. Flow patterns of oil-water
liquid-water two-phase flow in hellcally coiled tubes[J]. Journal of
Chemical Industry and Engineering (China), 2000, 51(2): 239-242.
ML, Bk, EZE, & KPE AR AR SR T A
[7]. SEB6F7%%, 2013, 28(1): 77-86.

WANG S L, RAO Y C, WU Y X, et al. Experimental research on
gas-liquid two-phase spiral flow in a horizontal pipe[J]. Journal of
Experimental Mechanics, 2013, 28(1): 77-86.

MILAN M, BORHANI N, THOME J R. Adiabatic vertical downward
air-water flow pattern map: influence of inlet device, flow
development length and hysteresis effects[J]. International Journal of
Multiphase Flow, 2013, 56: 126-137.

QIAO S X, MENA D, KIM S. Inlet effects on vertical-downward
air-water two-phase flow[J]. Nuclear Engineering and Design, 2017,
312:375-388.

FARHAD R, EBRAHIM H, MORTEZA B. Effect of pipe rotation on
downward co-current air-water flow in a vertical pipe [J].
International Journal of Multiphase Flow, 2016, 81: 1-14.
ANNAMALALI G, PIROUZPANAH S, GUDIGOPURAM S R, et al.
Characterization of flow homogeneity downstream of a slotted orifice
plate in a two-phase flow using electrical resistance tomography[J].
Flow Measurement & Instrumentation, 2016, 50: 209-215.

LI J, XU S, KONG S. Visual experimental research on bubble
absorption in a vertical tube with R124-DMAC working pair[J].
Experimental Thermal & Fluid Science, 2016, 74: 1-10.

JIANG M, XU S, WU X, et al. Visual experimental research on the
effect of nozzle orifice structure on R124-DMAC absorption process
in a vertical bubble tube[J]. International Journal of Refrigeration,
2016, 68: 107-117.

JEEE, GRS ALHE A HIBCR G 7L (D). TARIE: s
IR T AR AE, 2011,

ZHOU H J. Study on the exhaust cooling absorption system of the
closed cycle diesel engine[D]. Harbin: Harbin Engineering University,
2011.

AERME, TRBEAR. D W IE sl i R R G S S R R
H01. HEMARHET, 2011, 6(6): 102-108.

LI D P, ZHANG X D. Solutions and development trends of Russian
navy’s non-nuclear submarine propulsion system[J]. Chinese Journal
of Ship Research, 2011, 6(6): 102-108.

R, TR, AR, AIP B IR A EORSERI]. AR
SRR, 2002, 24(5): 14-17.

ZHAO ] H, HUANG C H, ZHANG L K. The summarization of
exhaust gas treatment technology of AIP equipment[J]. Ship Science
and Technology, 2002, 24(5): 14-17.



