ABH 345 E 6 Ksh ¥ RE #RE Vol.34,No.6
2019 4 11 A CHINESE JOURNAL OF HYDRODYNAMICS Nov.,2019

DOI: 10.16076/j.cnki.cjhd.2019.06.012

\ s S N
P RE P 7K P AR 23 B0 SR B s R A
RERE S, okig?
(L FiEAmePEDE R A JEIN A FE], WY 518067, E-mail: zhangjian@imech.ac.cn;
2. FPEBER I ERE U, AEAT 1001900
1 B AR BRI P ERE A S R AR E S B , T AR A IR AR R
T, BEARRE M ERRIGR, EEEEIOASIGINE RN RS, FEESAH AR A A R IR B . 12045 & SRR AR
RN AW RSN RIS, XHEE NI K PRSI BEREAT 204, 45 R RO O TR SRS B T AL T S A5 3 1Y)
FERE S RIS EAAER KRR Z . 2755 BB il K B A A ARE, A3 T hK 23 BOR A LR FE 1R Tt
AL, W R TR RN, BASREIE 10% AN, AEERKR RN, ULRPIAE S BUR 30 3e 1 & R4t
ATAE R AR
X B iR WUKRESW: RWERE; EEms; R
hEPES: 0359 SCERIRERS: A

Investigation on the characteristics of oil-water two-phase
dispersed flow in horizontal pipes
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Abstract: The pressure gradient of oil-water two-phase dispersed flow in pipe is affected by series of parameters included
phase holdup, phase distribution and flow rate. The pressure gradient increases as the increasing of oil volume fraction firstly and
decreases after the peak where the phase inversion happened. The prediction of pressure gradient was researched by combining
the homogeneous flow model and the non-Newtonian fluid flow theory in this work. It is poor to calculate the pressure gradient
by the existed apparent viscosity prediction models. And a series of new apparent viscosity prediction models was introduced
which considers the characteristics of dispersed phase distribution. In conclusion, the given apparent viscosity prediction model
can be used to calculate the pressure gradient of oil-water dispersed flow, which is with the accuracy of 10%. It is important to
the design of the pipeline transportation system and the development of two-phase dispersed flow theory.
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Fig.2 The changing behavior of pressure drop with the
different oil volume fraction in pipeline flow
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oil-water dispersed pipeline flow

LR EPTid, SCHRT EA IR R E AR R AN
REMSAR 7 B ] T8 TE IR B PR IE S U5, &5
A RTROEE SO BRI, M3 R R R TR A
HKR S RPN ARRE RPIRAS, BRIV A FRE
FERARF AR RIVE BT, SEm 1 SRR L TSRS
Z.

2.3 EERBNF ERERN

s LA AR H, BT RE K BiR A
AR RS S AR A SR A R R, R A R
B P IR FL R REHEAT T, R T s
FE BRI, S RAFAERCR M2 . ASCONEE—»
3 W TE PR K AR 2 RO S TR Bh 1 1 P ARRALL
2545 RIS AR AR A T 7K 2 HIOTR 5 AR AR S R 1)
FURRIY, L5 2 FiK A R & I R A
AU R, 6 O AR R R R AT EAT
3R i T FRTH

P60 K F ik 45 L 110 2 U0 2% FEE AR of YAt 8 v g
BN TRATHIM SR . N RTBUE 1, BE7EEk
IR L TR, AT AR Rsh
A A BEMR A AR R R S
THEA RN P BRI AU f . BB
FERE . BTV E A K PR 2 O A R B
J B T AL 5 S B I R R B L e MBI T A
A GRE A EMK o BOR A AR E PE AR i
TARRIRAE, 2 IEG 2R ME LR, T L
AT N T PN T sl vh BE R B, R AT
(9) X PR R Z2REAT TH 5, FINIRS FE X7 10% A
PN AL T KR Bl AR 0 S T A U R L B A I

RIUIBIE T, B I AN R G P ik 7K 20 BG4
AR IR E AT, 49 23 IO BRORELAR 20 A 2
SN R L R R, R AR RRE Tk
ANAEAFWURF 207 AR LR RS, (H O R
JER R i R K, 7RO U RN
St b, ZRE RS T 0 BORTRLAR 20 A X K VR
BB sz, FARRREm N pros

ot 5 it R A #2019 5 6 W
10° 5
o 1D=50 mm
01D=25 mm

025

s
10?
10° - - s
10° 10° 10* 10°
Re,,
(a) Modified Brinkman Model (Eq.11)
10°5
1074
f=0079Re,””
S
1024
e
107 T T 1
10° 10° 10 10°

Re,,
(b) Modified Pal Model (Eq.12)
Kl 6 sl B IR T e 45 R
Fig.6 The prediction consequence of the frictional
factor in pipeline flow

10° 3

10* 4
- :
£ 10° 5
S a
/3 [m]
5 10° 4 7
3

1
10 0LD=50 mm
OLD=25 mm
10° . : ; ; )
10° 10' 10 10° 10* 10°
dp-dl"), / Pa-m’
(a) Modified Brinkman Model (Eq.11)
10°
Q,

10 5
E
£ 1074
~ .
3 10°4
S g

10'4

10° ; ; . :

10° 10’ 10° . 10° 10* 10°
(dp-dl"), /Pa-m’
(b) Modified Pal Model (Eq.12)

P 7 7K A s o TR0 5 SR 0 e
Fig.7 The comparison of the predicted and experimental values
of the pressure drop in oil-water dispersed flow



RERE, L ACT R Pl K B 2 BOR A VR IS REIE 793
nrm(ﬂiy (10) [3] GUO J X, YANG Y Q, ZAHNG S, et al. Heavy oil-

c

s Mg B RTR B R 43 O RN % 22 40 1 3
BEs hNIRESEL, S Wi K LR R PR A 1A 43
s, FIRG N 76 F € LRI, M Z%h=0.

gES B R, 5 Brinkman! A Palt > i 22 W
R HATIE IR, 25675 e /K BOR G FR
FE VEAE AR P REE, 5T NRLR SR 5200

7, =(1—g) > x(lay (11)
n.
2n. +5K 15 _ 2.5¢ . Ta 12
A eXp(T:;;7%;) (7L ) (12)
3 e

THZK AR 2> BRI S, T2 AFAE T A
PIRAITT R ARz b, IR ah b s B AR 2
B RGBT EES . ASCHEY E A SR
S SLEE K AR AR R 48, X il K P A
Sy BUR AN 8 B PRSI BT EE DI, 153 TR
R BRI . R AR AT, B
RS MR, e B B9 S 1 I s s
%, HAEESANMEAL R AL, ISR RIE(E.

g5 G BRI R R R AR R A AR, X
TE A K PR B0 ) s B AT TN, AR
VB b JEE T ASE A v B4 B ) I P 5 S e 4
FAAERCR IR ZE . ASRE L K P RE 5 R ST
Bt DUk, ZRE5 R8BI AN 7 HUH K 20 A s
B, PAAF R T 7K 0 BT B TR UL 2Rh FEE PR TN A5
A, AN TR R R, HREEEIAE10%
LA, VB ARSI, ORI B sl
BRI A SR I T 58 (U BAR HKHR

& £ X #:

[1] YANG L, LIU S, LI H, et al. Gas-liquid flow splitting in
T-junction with inclined lateral arm[J].
Hydrodynamics, 2018, 30(1): 173-176.

[2] LID H, XU J. Measurement of an oil-water flow via the

Journal of

correlation of turbine flow meter, gamma ray

densitometry and drift-flux model[J]. Journal of

Hydrodynamics, 2015, 27(4): 548-555.

[11]

[12]

[13]

water flow patterns in a small diameter vertical pipe
under high temperature /pressureconditions[J]. Journal
of Petroleum Science & Engineering, 2018, 171:
1350-1365.

ABUBAKAR A, AL-WAHAIBI T, AL-HASHMI A R,
et al. Effect of pipe inclination on holdups/velocity
ratios of oil-water flow without and with addition of
drag reducing polymer[J]. International Journal of
Multiphase flow, 2017, 89: 359-374.

PIROOZIAN A, HEMMATI M, ISMAIL I, et al. An
experimental study of flow patterns pertinent to waxy
two-phase  flows[J].
Engineering Science, 2017, 164(8): 313-332.
WR/ANT, VF e . B3 70 & R BT aR 7E[I]. AK3h /)
FH ISR (A ), 2017, 32(1): 11-18.

CHEN Xiao-ping, XU Jing-yu. Prediction of dynamic

crude  oil-water Chemical

viscosity of heavy crude oil[J]. Chinese Journal of
Hydrodynamics, 2017, 32(1): 11-18.

TR, kA, XU, S AR R AR AR RO
NRFAEWTIT[)]. KB I S St (A ), 2016,
31(2): 145-150.

ZHANG Dong, ZHANG Jian, LIU Shuo, et al.
Investigation on rheological properties and flow
characteristics of heavy crude oils[J]. Chinese Journal
of Hydrodynamics, 2016, 31(2): 145-150.

K. AR EURAA A R TR D). 1t
SR, 2006, 28(4): 1-8

ZHU Ke-qin. Some advances in non-Newtonian fluid
mechanics[J]. Mechanics in Engineering, 2006, 28(4):
1-8.

CENGEL J A, FARUQUI A A, FINNIGAN J W, et al.
La- minar and turbulent flow of unstable liquid-liquid
emulsions[J]. AIChE Journal, 1962, 8(3): 335-339.

PAL R, RHODES E. Viscosity concentration relation-
ships for emulsions[J]. Journal of Rheology, 1989,
33(5-8): 1021-1045.

LOVICK J, ANGELI P. Experimental studies on the
dual continuous flow pattern in oil-water flows[J].
International Journal of Multiphase Flow, 2004, 30:
139-157.

NGAN K H, IOANNOU K, RHYNE L D, et al. A
methodology for predicting phase inversion during
liquid-liquid dispersed pipeline flow[J]. Chemical
Engineering Research and Design, 2009, 87(3):
318-324.

ZHANG J, XU J 'Y, GAO M C, et al. Apparent viscosity

of oil-water (coarse) emulsion and its rheological



794

KB RS R

A 2019 45 6 M

[15]

characterization during the phase inversion region[J].
Journal of Dispersion Science and Technology, 2013,
34(8): 1148-1160.

BRINKMAN H C. The viscosity of concentrated su-
spensions and solutions[J]. Journal of Chemical Physics,
1952, 20(4): 571.

PAL R. Novel viscosity equations for emulsions of two
immiscible liquids[J]. Journal of Rheology, 2001, 45(2):
509-520.

[16]

RERR, TKAE, VRS, LK FURR AR R L]
HAUEIZ, 2014, 33(5): 531-537.

WU Qi-lin, ZHANG Jian, XU Jing-yu. Rheological
properties of coarse oil-water emulsions[J]. Oil & Gas
Storage and Transportation, 2014, 33(5): 531-537.



