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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, gas-liquid two-phase flow in the annulus of a real well during under-balanced drilling
Received 07 April 2016 operations is simulated numerically. Oil and gas flow from the reservoir into the annulus is considered
Accepted 29 May 2016 due to under-balanced drilling condition. A numerical code based on one-dimensional form of steady-

Available Online 02 July 2016 state single pressure two-fluid model in the Eulerian frame of reference is developed and its results are

validated using experimental data from two real wells. The results of numerical simulation show better

Eeny‘d':ﬁrbis,énced drilling accuracy in comparison with other researches. Given the importance of prediction and control of the
Two-phase flow bottom-hole pressure and the amount of oil and gas production during the drilling operations, the effects
Two-fluid model of controlling parameters such as liquid and gas injection flow rate and choke pressure are discussed.
gﬁt?r?&?ﬂieoﬁressure Also, the effects of different controlling parameters on the characteristics of two-phase flow pattern,

including liquid and gas void fractions, liquid and gas velocities and pressure distribution along with the
annulus are discussed. According to the results, the effects of choke pressure and injected liquid flow
rate on the production of the oil from the reservoir are independent of the values of each other and are
dependent on the injected gas flow rate.
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Fig. 1 Well geometry, discretized annulus and calculation path
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Fig. 2 Comparison of pressure distribution obtained from two fluid
model with actual data and mechanistic model
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Fig. 5 The effect of gas injection flow rate on the distribution of gas
velocity in the annulus
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Fig. 6 The effect of gas injection flow rate on the distribution of liquid
velocity in the annulus
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Fig. 3 Grid study
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Fig. 4 The effect of gas injection flow rate on the distribution of gas
void fraction in the annulus
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Fig. 9 The effect of liquid injection flow rate on the distribution of gas
velocity in the annulus
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Fig. 10 The effect of liquid injection flow rate on.the distribution of
liquid velocity in the annulus
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Fig. 11 The effect of liquid injection flow rate on the distribution of
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Fig 7 The effect of gas injection flow rate on the distribution of
pressure in the annulus
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Fig. 8 The effect of liquid injection flow rate on the distribution of gas
void fraction in the annulus
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Fig. 13 The effect of choke pressure on the distribution of gas velocity
in the annulus
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Fig. 14 The effect of choke pressure on-the distribution of liquid
velocity in the annulus

5ells b o @le 5 s p g8 59y 4 S5z L Gl3R 3 (o 14 SIS

0
i ——=a—— Choke Pre.=0.207 (MPa)
——— Choke Pre.=4.207 (MPa)
——a—— Choke Pre.=7.207 (MPa)
-1000 =

Depth (m)
8
8
1

-3000 |-

qooobom v b 0 0 0y 0 B8
0 5 10 15 20 25

P(MPa)
Fig. 15 The effect of choke pressure on the distribution of pressure in
the annulus

5els Jsbo yo JLid quis 55y 2 Syz lad Gl 3 o) 15 S

299

B e p3 Al Gliee «Sozplid AL izred oo ol
b s el pdate o (SLSU el 5l (5L

I, calisee So> slayled o 50l Job 5o abs 51 ey 14 JS"
il ol oo el mle 3 e (Sgm Lid Ll L s e olis
T Bl sl » Sox gl )lad a3 mle eje Sl
ORI b rioned 1885 (o0 WS ol (nl Sez jLad (I L ass e
ghw GWSL Gl L B ple B oy o Gl (Ser Lis
S Sl Soz jLad ML Sike 4 b bk
b on ol ghaie gl (cwsis et & S 55 5 ile slajle

Gl Sez slajlas sl 1) sle Jsb o Jlad e 15 S
OnlPlbLS dan 1o [Lid U ogd oo o Sez jLad Liolidlans oo olis
el Sgliie cilizee Saz ol ,lid 1o g bl o Lialidl pl olsee il

S e Sezr L Gl 15 212 (b ST 4 azg b
Ol wase )8 8 Con (et s (ol L) lale s g Lo o>
WIS yeesS SleSy 5D @ blES e o 5 Lid a5e8 a5 el ey

O30 3l oadh algi i p IS o phalyly pSG-3-5
] 00 AEU &Lo )Lé 33 it L5[.&&53.) 30 9 00 &, )lf )ls

0
-1000 |-
g |
3 2000
8 - »
I I
i ——=—— Choke Pre.=0.207 (MPa)
I ——=—— Choke Pre.=4.207 (MPa)
-3000 [~ ——e—— Choke Pre.=7.207 (MPa)
e e o L o L L
4008.78 0.8 0.82 0.84 0.86 0.88 0.9 0.92

Gas Void Fraction
Fig. 12 The effect of choke pressure on the distribution of gas void
fraction in the annulus

35 o 59 315 6 o 1o 5 85 1S3 Ui Gl 51112 S

6 o lots 16 0555 1395 55 s AN Adbles Sh bid


www.sid.ir

oo 9 ,5),.__»_&.55 Saan

Sbd 5 sy > Yo I o 3wl s 30 J1 SIS 9 2ok A4l b ol e I3Ui 03 5 lis labes 533 5 3Uvdsuib

2 P 8 B 08 oy o 5l gy cd ol M7 ST
5 e Soliuly e glaasl casl 00,5 &l 1) Calisee So slo,liasd
558 5 sl oo sden 0wl aie balagas o e SKasl
Gy cds g5 ol @ g Gl oy @ lad (Sex jlas Rl L
et Al Ssliilg o gaml o uals cpl Gl cconl aidly ials
5eolS e o, 58 58 oo Ll b cwl e Sl g4t )l
e Pl (Ghleds b o 28l Soz jLad s Sl sudy ok
A o 1y Sl on L3 sl 0550 b Jabe sy Sz
S35 2 S5 58U g 38 e S 5B e el con g a0 3
Gk 4 bay o flas alavly 4y a5 cuils axgi ol ojls bjld ce
Ol Bl sbalil 4 barye slacusgaze rizres g olx o)les
8,8l 0SS sadein jlade I See jlid

Shead wdgs i pliyr 5 o & bsie @l 18 JSAT
P ilise slaoo 50 g olz s sl ond By @l SU (20 e 5%
JLad G 5B e oo shen jo mbe B oo (I8l L el als @il 518
2 lged ced oo a8 e el w25 g Rl elr
Gy ca mals e ke 4l Gglae 515 5B Gl sl oo
waly ol 35 S 5B (00 @ ol s 50 mle GyE GBSl (B0
S e Sslialg jae saml [0 by a5 35 58 sla sy cl
A Cla loges plo 5l oo Jloged ol —adBs  CaS e 50,5 oo
ol 3,5 mle 3B oo Sl el Sty une sasl jo Ko ole
By gady e melS o (g i il

e O30 3 g S Ol €5 St gess 19 IS
wd 90 e oo LS 1) it Sez sl jlid o0 )5 b 3B oo
g Ao Ssbivlg e gaml 1o 5 bas slologes .l ouls &3l Jl5g05
w90, 0l 18 I SKhsl el jo e s glayloses
i adgs cole @ jlad aoldl galaule cale 5B o (il b o loges
ol> @i jlud asli g0 jo 0 Sox jlad B8l usen il o GlalS
5ol Sgz jlad ol e el adl, alST el wdes £ g il

500 -
480

460

Oil Flow Rate (m3/day)

420 ~——=—— ChokePre. =0.107 (MPa)
B ———— Choke Pre. =0.507 (MPa)
——=ea—— Choke Pre. =0.907 (MPa)

400 -
PR TR TR SRR N e PR T R ST
50 100 150 200 250
0., (m3/min)

Fig. 17 The effect of injected gas flow rate on the oil production at
different chock pressure
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Fig. 16 The effect of injected gas flow rate on the oil production at
different flow rate of injected liquid phase
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Fig. 20 The effect of chock pressure on the oil production at different
flow rate of injected gas phase
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Fig. 21 The effect of choke pressure on the oil production at different
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Fig. 18 The effect of injected liquid flow rate on the oil production at
different flow rate of injected gas phase
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Fig. 19 The effect of injected liquid flow rate on the oil production at
different chock pressure
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