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Determination of Flow Patterns for Multi-Phase Flow in Petroleum Production
Systems
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A comprehensive mechanistic model has been used to determine the flow pattern for gas-oil two-phase flow in pipes
of petroleum production system. Depending on operational parameters, geometrical variables, and physical properties
of the two phases, the two phases shows a specific flow patterns. For different parameters of the system, flow pattern
were compared for wide range of superficial velocities of oil and gas. In a variety of parameters, the inclinational
angle and superficial velocities of oil and gas are the most dominant factors in determining the flow patterns for
two-phase flow in pipelines. Other parameters such as pipe diameter and fluid properties have a limited effect on
the change of flow patterns except for near transition. The mechanistic model is shown to be useful to determine
the flow pattern in situations where either an experimental evaluation in a laboratory or reliable correlations are not
available.
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Fig. 1. Schematic representation of complete producing system.
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Fig. 2. Flow patterns in horizontal and near-horizontal pipes.

gk 714 Z2 (gas pocket)el] oI5 Fej€ct. 712
FEE e €812 (slug, SL)$t A7)X (elongated
bubble, EB)E Vi 4 Stk A7 IEREL €8
FEe g4 Ao A7) e o) V3ot £
o) A g
355 @mular flow, A): 714 $580] =d oA
A (liquid droplet)2 ¥3sl71% sl 714 74
o7 FAFAN FFEaL AT ol e n
gt dto 2 {Fsh sed olE dRsolE
3 gt 239, £, el dol AA
oA WAshs $dEHE (wavy-annular) F5S 3
AeEel dBg BEIE S
B EHF (dispersed bubble flow, DB): A
FEgo] vl W JxE BOE 7)de 2%
Hdo] dAddo] Hr, oo 7EE AN 1o
Z ] B0 YAs A fFgo] 2H AA
ol FUsA BE¥ ) EAIESE 24 A
7198 FY £ olFsnz 34 ¥ (no-slip)
FEo2 3l

IAANEY S W] EEAR AFo] vEt
v 291 (churn) f5o] WAE R g

B APeMe fsolel A4 tigk Barnea (1986)
ol B8 wdlg wlOE Pereyra and Torres (2005)

7t Add §5HE oF Z2a9 FLOPATNS
Microsoft Excel 200714 AH&8 ¢ =8 £33}
& ARgEI). o] TR B3l {59 ¥Y
7k Aol A fXg 7Y BRI o] T2 4
A3t} dAe} 7jA] BRI B vy, veT AT
of &9 WA 7 AF §58 A FY2 (R
Aol

L

V= ey
4,
vsa=;’7‘f @

7

A7 g gee 27t AR 7k §5, A
sjo]sze] ghRolct
o melola] AMget Fo] A7 2 chesh o
- 2AeIA WFAgo =l o)
o] A: Taitel and Dukler (1976) B¢ GH
Fo oA

vcz(l _}E)[(_p}—pg)g__fﬁﬁﬁgjm

6))
d Podr

o] L. Banea et al (1982) 24 &4 st
(falling fim)e.= Ao])

gd cosﬁ(l llf)
2 d
Ve @
i
- 2 g A 2o Mo
Aol C: Taitel and Dukler (1976) 22

Ve Z[“f‘L(ﬂL‘PG)g cosé :|O'5 ®)

SPePLve
o} K: Barnea ef al (1982) 249 (4 7t&= %
& ¢ 5
sy 6)
g

]

-BAVIERE o2 Aol
o] F-G: Barnea (1986) 24

xS, Gnn<dcs @

-RFo e Ho
o] J: Barnea (1986) 2.9

H;2024, 5,205 ®



156 ol -

-7\ EA SR e] Hol
ol E: Taitel et al (1980) =4

025

2 2
[M] >4.36
(0—ps)o
047101]}\1 | 76 VL% 710—11]}2}-0’] )é]}“ 'év:E’ PG pL"%
o) A, gt Holx 47, At 7 B
o= Az, Sp= AR Hel (=ddy/ dy), b
59, £ HRAA ShAR, e o 3

&)

)

A )
s= XA (sheltering coefficient), di= FAH]

ol A) Y A7, dpe A 71E AR, dgs
o] AAIN QA J1E A7, He FAe o
A T, 5 BAY WSS volZ A3 g o
Bte] FAlo]ch,

ok Al ARESE 78 AAES A B4, vo| =)
71818k B4, 99 Wg BF3le) Table 10 A2
ol Atk HelM F& AR FAEH A= 7R A
Sl ARE-E dlojHE vk},

Fig. 32 718 4] B4 € 29 =4 54 A 4%
e (BARE (°) ol digk freAR=s 71 dRry) &
o] FerE Vel Zlojth, FR7) £ Jge A
ZH oz AAE) 951 v,,=01, 1.0, 10.0 m/sec
2 v=001, 0.1, 1.0 msecs] 2z YAE 59
U= Aol 2974 (operating point) 22 EAIBIA
th AR A Qs 71El ZAES Fig 39 AN A
ot FLA FABIHA F71H Ake st
Fig. 4914 7& 27t Z3AL % 5 (@5°), 3 4%

Table 1. Parameters used in the generation of flow pattern map
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Fig. 3. Flow pattern map for horizontal two-phase flow.
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Fig. 4. Flow pattern map for upward inclined two-phase
flow (+45°).
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Table 2= 7+ FEHEEERE AL GEES &

liquid density (op)
liquid viscosity ()

400/600/800/1,000/1,200 kg/m3
0.001 kg/m-sec

fluid gas density (pg) 1/2/3/4/5 kg/m®
gas viscosity (i) 1x107° kg/m-sec
surface tension (o) 0.075 N/m
diameter 0.05/0.075/0.1/0.25/0.5 m
pipe inclination angle —90°, —45°, 0°, 45°, 90°
absolute roughness 4x10° m
operation liquid superficial velocity (vg) 0.01/0.1/1 m/sec

gas superficial velocity (v )

0.1/1/10 m/sec
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Table 2. Effects of inclination angle and superficial velocities
on the flow regime

inclination angle (%)

VsG VL.

(misecc) (misec) T 0 45 90 45 90
0.1 0.01 SS SL SL SW A
0.1 0.1 SS SL SL SW A
0.1 1.0 SL SL B SW A
1.0 0.01 S8 SL SL SW A
1.0 0.1 SS SL SL SW A
1.0 1.0 SL SL SL SW A

10.0 0.01 SW SL SL SW A
10.0 0.1 SwW SL SL SW A
10.0 1.0 SL SL SL A A

SS: stratified smooth
SW: stratified wavy
SL: slug

B: bubble

A: annular

Table 3. Effects of diameter and superficial velocities on
the flow regime for horizontal flow

VeG . diameter (m)
(m/sec) (mfsec) (05 0075 01 025 05

0.1 0.01 SS SS SS S8 SS
0.1 0.1 SL SS SS S8 SS
0.1 1.0 SL SL SL SL SL
1.0 0.01 SS SS S8 SS SS
1.0 0.1 SS S8 S8 SS 88
1.0 1.0 SL SL SL SL SL
10.0 0.01 Sw SW SW SW  SW
10.0 0.1 A A SW  SW  SW
10.0 1.0 SL SL SL SL SL
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Table 4. Effects of liquid density and superficial velocities
on the flow regime for horizontal flow

VG vy liquid density (kg/m®)
(m/sec) (m/sec) 400 600 800 1,000 1,200
01 001 SS SS S$§ SS SS
01 0l 8§ 8§ S§ 8S  sS
0.1 1.0 SL SL SL SL SL
1.0 001 S§ 8 S8 Ss SS
1.0 01 S§ 88 SS 8§  sS
10 10 SL SL  SL  SL  SL

100 0.01 SW §W  SW Sw SW
10.0 0.1 A A SW  Sw SwW
10.0 1.0 A SL SL SL SL

Table 5. Effects of gas density and superficial velocities on
the flow regime for horizontal flow

Vg Vg gas density (kg/m’)
(m/sec) (m/sec) 1 2 3 4 5
0.1 0.01 SS 8§ 8§ 8S SS
0.1 0.1 SL S8S 88 SS  SS
0.1 1.0 SL SL  SL SL  SL
1.0 0.01 8§ $S 8§ sS SS
1.0 0.1 SS SS S8S Ss SW
1.0 1.0 SL SL SL SL SL
100 001 SW SW SW SW SW
10.0 0.1 SW SW SW A A
100 10 SL  SL SL SL  SL

b A3 7 o] S0 & AF 38 AAW
o A Wl wet 3IRERFT e R
il BH-Eo] WA B4E Aejaid 7 2R
SE9 FasH $9E FedE e etk

712 fA 24€ A8F FuRE el A
YEE 1 kgm¥lA 5 kgm¥7HA] HIARL o Yg
W {EHEE Table 59 Fefaisitt. 714 dert 2
3 BRI} S50 & A SRl 2
I 7A =t AR Y eRafEe] 990 At
7Rt

3.4 B

M A A2PA T3 BB SO 1) 7]
o $4 #5 A H5ADS 2R Askel QA
=RE Agsltt. 719 G587 e o9 we, 9

A=, B99Y 5 24 fAe 22
A R &

29 5 n
AR E R A% A4 A2

&

o F2 ARFEO] FAolE ] 237F A FEHE
nRle 9EE BT $EE 9 =3 sl
stol= AApztel) weh F3RE, 399, g, 7
¥, 89 %5 59 AATE A2 4d3] genz
Ll

FEE AR 7P F83 AR etk $%
& Nole 93 2r7) 571 242 9 7)A 2R

57t Aod F4WERT, 2 AR ARE F
2 uisty oA ARy St A met e8n
ool BATE 3 5 A A 990 FE =
#f-Eo] PASAL 1 §5 Al 3/39e] A8
Aoy 4 313 5 Aldle Bdhsol LAt
golZ 27, 719 2%, J% 5 ¥ud & 9%
H|AR] ¥ Ae] AAH ¥4 fE5& 2ZolAxt
T fEuEle] WStE opr)siiTh

At A}

¥ AT 20104 ¥FAIAAATE) A4 F
234 Y 24 0 GR0TE Sle]
A9 913} +HHAL.

EHFnEH

Barnea, D., Shoham, O. and Taitel, Y. (1982) Flow-pattern
transition for downward inclined two-phase flow; hor-
izontal to vertical, Chem. Eng. Sci., v.37, p.735-740.

Barnea, D. (1986) Transition from annular flow and from
dispersed-bubble flow-unified models for the whole
range of pipe inclination, Int’l. Jour. Multiphase Flow,
v.12, p.733-744.

Brown, K. (1984) The technology of artificial lift meth-
ods, v.4, PennWell Books, Tulsa, OK, 447p.

Hasan, A.R. and Kabir, C.S. (2002) Fluid flow and heat
transfer in wellbores, Soc. Pet. Eng., Richardson, TX,
181p.

Gomez, L.E., Shoham, O., Schmidt, Z., Chokshi, RN.,
Brown, A. and Northug, T. (1999) A unified mech-
anistic model! for steady-state two-phase flow in well-
bores and pipelines, SPE 56520 paper presented at
the 1999 SPE Annual Technical Conference and Exhi-
bition, Houston, TX.

Mandhane, J.M., Gregory, G.A,, and Aziz, K. (1974) Flow-
pattern map for gas-liquid flow in horizontal pipes,
Int’l. Jour. Multiphase Flow, v.1, p.537-554.

Pereyra, E. and Torres, C. (2005) FLOPATN_Flow pat-
tern prediction and plotting computer code, U. of
Tulsa, Tulsa, OK.

Petalas, N. and Aziz., K. (2000) A mechanistic model for
multiphase flow in pipes, Jour Cdn. Pet. Tech., v.39,
p.43-55.

Shoham, O. (2006) Mechanistic modeling of gas-liquid
two-phase flow in pipes, Soc. Pet, Eng., Richardson,



AR A2l tPdgEel Y 2% 159

TX, 396p. Xiao, J.J., Shoham, O. and Brill, J.B (1990) A compre-
Taitel, Y. and Dukler, A.E. (1976) A model for predicting hensive mechanistic model for two-phase flow in
flow regime transition in horizontal and near hori- pipelines, SPE 20631 paper presented at the 65th
zontal gas-liquid flow, AIChE Jour, v.22, p.47-55. Annual Technical Conference and Exhibition of the
Taitel, Y., Barnea, D., and Dukler; A.E. (1980) Modeling Society of Petroleum Engineers, New Orleans, LA.

flow pattern transition for steady upward gas-liquid
flow in vertical tubes, AIChE Jour, v.26, p.345-354. 20104 108 2249 9, 201149 39 149 Al




