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Fig. 4 Control volume of oil-water two-phase flow in the sudden expanded fitting
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Fig. 5 Control volume of oil-water two-phase flow in the sudden shrunken fitting
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Table 2 Fluid parameters for oil-water two-phase flow in the complex pipeline
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SR K TR B 05— BB

419

HRAE R 9 FE 10 AT, AR SCRRLFIEUE AL, R
WG RAF, TERFLE KRN 0%~100% I 5514, 4
P 25 B i M 14.4% , BARSEYI R 2% 0 9.8%, 1%
S AR 3 D BT B LA AL, T
FABEEERI, s AR S KRN, SO A o7
FREERT; 25 2 R 3 AN 55050 R AR D 0 Xl U 3
it A U DX DA i e 9 DX 9 3 i U DX ) e T A it
Ab, IER AWK TR —IE AR, WA S K
ARSI SR O

BIRB WS KRR TIGF KR, T KA
07T, TR R A3 B R R LTI e, T
D37 TP R A 1 23 30 156 0 R PR AR — 3, YA
T, ASFEIAREEE T, PR S R B 22
FARK . H TR b i AR 2 B () R AR s Bl
AKRIEIMAEAS G 528 IR, RS KR . 5
o VAN Y e M AR S SR e OB N T AN
B B KR BN AR KGN, PRI A S KA R

AR CHETAF M AR IFBCEIE . TRAVEE AR EN] | XU
PRBARRIA A AR R, 37 T R 2445 K AR 3 3
BIGE—HLERRERY 3 ad SEIRHZAE R AT T 800, 5
BUERIZE R T T s, 93ID0F FE458 .

(1) Seflrf, AR K AR A A B 2
B A TS ORI P R B T AR B, 7
TRBUE KRN 0%~100% 45 -, A5 AL T £ 4 X6 7
YRzt N 14.4%, SASFHRZE N 9.8%.

(2) MK P A AR SCHIAR B A48 I 10 43 T I
B 5 KRB IIORE KA 3 AT, A0 X I AR |
20 X 38 i Ao P DX 094 e 9 R i 3k O DX 38 i O X Y
. ELAT ISR BT AR B R R AR G B K
RGNS ISR, ARG A KR AL A

(3) St SO, K B AR P i AR Sk
RARETE M R LA 3 YT, FEFERE A2 BE 1Y
BERIMAS A s BE S KRN KGN, eI
TKEA R

SR
4, W/O 2T AF B R TR, m?

A, O/W JZ i A TR A T AR, m?
C, MR R, JoRa

C, Wi 7250, Jomd

C, HIZRE, TEN

d AR EAER, m

d, WOZM/K I EAZ, m

d, O/W 2K 1 HAE, m

S IREBERIEEE R A, oY
g HEMEE, m/s

L KFEERKE, m

p xR FEET), Pa

O AR, m/s

R TEMS I, m

Re, WRGWTEWEL, TohHN

S, W/O JZHIHENESE , m

S, O/W)ZHJHIEHE , m

S, W/OJZ5 O/W ZHYHI 5% 1, m
v #E, m/s

a,, WO 2B/ HHEE, Joit
a,, O/W 2SR EE , Toid
a EHEmMEKTA, °

y B O/W JZ I TR L A, TR AW

n, STHOHE A, TN

n,, KAERBIE R, TCRHN
n, WAHARRRE 3, Joma
N, WEFARFRE R, TR
0 TENZMINE, rad

iy WRETREREE, Pass

u, EEAAREE, Pas

p, IKAHERE, kg/m’

o, A, kg/m’

Pn REMWHIE, kgm’

p. ELAEE, kg/m®

Py STHAHEE R, kg/m’®

o HZKIAHZR K 7, N/m
7, IRATR SR EESEE N ), Pa

. K PIARZTZ TS B W/O 25 O/W JZ /Y Ft i

JFEEYEIN F], Pa



420

AiMBlEER 20184F 12 H 3 EH 4

CEPUIN

[9]

[10]

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

[20]
(21]

CATALA, G, THERON, B, CONORT, G, et al. Fluid flow fundamentals[J]. Oilfield Review, 1996, 8(4): 61—64.

HA54E, B e Z M S H N M. P42 . 75 43838 K24 ikt 2007. [CHE D F, LI H X. Multiphase flow and its applica—
tion[M]. Xi’an: Xi’an Jiaotong University Press, 2007.]

ZHANG, H, SARICA, C, PEREYRA, E. Review of high-viscosity oil multiphase pipe flow[J]. Energy & Fuels, 2012, 26(7): 3979—
3985.

FHFEE . IR — K WA AT — S - K ST SR HEITSY D). A% P EA MR (FEZR), 2008. [WANG, H Q. Investigation
on flow characteristics of oil-water two-phase flow and gas-oil-water three-phase flow in horizontal pipelines[D]. Dongying: China
University of Petroleum (East China), 2008.]

MR, BRI AR AR I (M. Jb5T: Al Tolk ikl , 2010. [CHEN T P, CHEN J L. Gas-liquid two-phase pipe flow[M].
Beijing: Petroleum Industry Press, 2010.]

SRAL . K 1 I AR K 22 A0 AR 3 Bl SE 0 5 B AL E 5T (D], db T rp i 90 R 24 (db EY), 2013, [ZHANG Q. Experimental
research and modeling of gas/oil/water multiphase variable mass flow rules in the horizontal wellbore[D]. Beijing: China University of
Petroleum-Beijing, 2013.]

VREHE, SRE, &N . ACFE MK AR RTS8 (7). 97613, 2011, 30(9): 641—645. [XU D Z, ZHANG G Z, ZHAO S H.
Research progress of oil-water two-phase flow in horizontal pipes[J]. Oil & Gas Storage and Transportation, 2011, 30(9): 641—645.]
SRAAAR, TRE, 5. A SR SOK B AR T B EAE L[], AR L TN, 2017, 36(4): 18—23. [GUO S L, YU S H, FANG
M. Numerical simulation of gas-water two-phase flow patterns in shale gas horizontal wells[J]. Petrochemical Industry Application,
2017, 36(4): 18-23.]

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.

POURARIA H, SEO J, PAIK J. Numerical modelling of two-phase oil-water flow patterns in a subsea pipeline[J]. Ocean Engineering,
2016, 115: 135-148.

HAN 'Y, ZHAO A, ZHANG H, et al. Differential pressure method for measuring water holdup of oil-water two-phase flow with low
velocity and high water-cut[J]. Experimental Thermal and Fluid Science, 2016, 72: 197-209.

KARAMI H, PEREYRA E, TORRES C, et al. Modeling study of three-phase low liquid loading flow in horizontal pipes[J]. Interna—
tional Journal of Multiphase Flow, 2017, 91: 76—88.

ZHAI L, ANGELI P, JIN N, et al. The nonlinear analysis of horizontal oil-water two-phase flow in a small diameter pipe[J]. International
Journal of Multiphase Flow, 2017, 92: 39—49.

PIETRZAK M, PLACZEK M, WITCZAK S. Upward flow of air-oil-water mixture in vertical pipe[J]. Experimental Thermal and Fluid
Science, 2017, 81: 175—-186.

FENG X, WU S, ZHAO K, et al. Pattern transitions of oil-water two-phase flow with low water content in rectangular horizontal pipes
probed by terahertz spectrum[J]. Optics Express, 2015, 23(24): A1693—A1699.

WANG Z, ZHANG Q, ZENG Q, et al. A unified model of oil/water two-phase flow in the horizontal wellbore[J]. SPE Journal, 2017,
22(1): 353-364.

FEE, B K AR IR AR B BE S (], A3 i aE Rk, 2008, 29(1): 139—142. [WANG W, GONG J. Improved phase inversion
model during oil-water two phase fluid flow in pipeline[J]. ACTA PETROL EI SINICA, 2008, 29(1): 139—142.]

ATMACA S, SARICA C, ZHANG H, et al. Characterization of oil/water flows in inclined pipes[J]. SPE Proje, Facil & Const, 2009, 4
(2): 41-46.

ROSCOE R. The viscosity of suspensions of rigid spheres[J]. British Journal of Applied Physics, 1952, 3(8): 267—269.

OERTEL H, BOHLE M, ETLING D, et al. Prandtl’s essentials of fluid mechanics|[M]. New York: Springer, 2007: 163—165.

SHARMA A, AL-SARKHI A, SARICA C, et al. Modeling of oil-water flow using energy minimization concept[J]. International Journal
of Multiphase Flow, 2011, 37(4): 326—335.



S ARG R IMK PIAR A B B ST — BB Y 421

A unified model of oil-water two-phase flow in a complex pipeline
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Abstract Oil-water two-phase flow in a complex pipeline, consisting of varying pipes and fittings in series/parallel, is
commonly encountered in the petroleum industry. However, previous study has been mainly limited to a single constant-radius
pipe. In this paper, a unified model of oil-water two-phase flow in a complex pipeline is developed based on the combination of
pipe serial-parallel theory, flow pattern transformation criterion, two-fluid and homogenous models. A case is presented to verify
the unified model and compare with CFD results. The results show that the unified model performs well in predicting both the
flow distribution and pressure drops of oil-water two-phase flow in a complex pipeline. Compared with CFD results for water
volumetric fractions ranging from 0% to 100%, the highest absolute percentage errors of the proposed model is 14.4% and the
average is 9.8%.
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