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Abstract In the production process of offshore platforms, because the oil well produced fluid is a mixture of natural gas, crude
oil, water, mineral impurities and other substances, it cannot be directly exported, and a certain process is required before it can
be exported, stored or sold. The three-phase separator, as a relatively mature equipment in the process, has been widely used
in the production of offshore platforms. Among them, the gravity sedimentation three-phase separator has been widely used
as the basic separation equipment. Due to the existence of a large number of risers on offshore platforms, unstable conditions
such as slug flow may occur in the fluid in the pipes. In order to ensure stable production, a certain control theory needs to be
used to control the production process of the three-phase separator. As a mature and stable control theory, PID control has been
widely used in on-site production. Therefore, the simulation of the process flow and related parameter settings of the gravity
sedimentation three-phase separator and the corresponding pressure PID controller and the liquid level PID controller has
certain guiding significance for the on-site production process. In this paper, through an in-depth analysis of the relevant field
data drawings of an offshore platform, the corresponding production process model is established, and the offshore platform is
used to simulate the production process of the offshore platform for the related process flow of oil and gas processing. It verifies
that the PID controller is guaranteed in production. An important role in stabilizing production. And based on the simulation of
basic operating conditions, the unstable operating conditions are designed to further verify and compare the control effect of PID
control on the fluctuation of incoming flow, and analyze the response of PID control for the unstable incoming flow of different
frequencies and different gas-liquid ratios. characteristic. In addition, on the basis of process simulation, the selection of various
characteristic parameters (proportional gain, integral time, derivative time) of the PID control system has been studied in depth
and sensitivity analysis has been completed. For different controlled parameters such as pressure, hydraulic According to the

response characteristics of each parameter, the corresponding PID parameter recommended settings are proposed.
Keywords offshore platform, oil and gas processing technology, PID control, sensitivity analysis, three-phase separator
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Table 1 The component of the fluid in the simulation
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Table 2 The size data of Separator
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Table 4 Boundary conditions of separator

SUES BOEH
A E i /(kmole/h) 1080
S 1 E R /kPa 600
THAH H 1 5E K /kPa 200
JKH L RE JE /kPa 300
WLk J1 /kPa 101.3
WAL fm 0

SEEMOCEE RN 2256, B BEALLHh PID 7 1

RGBS HILE 5.

257 B 4 B 1A AR o B RS B R 2 &
Hoip AOPAITR A X PR —, Il A SRt A
AR =

HE 3 AT BE A, FEIXPIDEHRSEHLE T,
JEJTRES R AR A IR B BOE H (6 min A7), HEIAL
G R, IR RSN B4 S TR AR
FrtE SR 3 A — B, IR .

P 5 ke — AR A S KRR Bt ) AR fl il 2%

A FRERIAH e, TR R KA &, T LAY
AHVB A 385 (7 min Z2 47 ) 38 B HE AR A7 B (0.8 m) J& A Fif:
Hhn, AKMREEN, KAWL 72 min £ 475 F)
BOEMEIR R o B 6 AR H TT IR 8 B K ol e i
Wik e

K7 s ImAR TR A BERH e AR fb i 2k, aT LLBE B
FH], ME— AR B S S (7 min 22 47),
T IR AT A TR AR A, PR A A ] PR A #
BB MR . & 8 JhAH 1 A5 & 6 AR A
AR —

2.3 RIZIARTEERAEZGET PIDIZH RS EM ERHT
e OB E MR, BAESEEEHifT
x5 BEREERSEIZE

Table 5 Parameter setting during simulation
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Fig. 19 The change of the oil-water mixture level in chamber

1 when liquid plug gas-liquid ratio is 3:7
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PID B H00 I 1128 =AM A 7 T4 M5

it 21 AE 22 AT B A |, FE 10 minJ5 H
RIZUR AT E T 00 MRoE TOGE, Ay
PR AE PID 45 il #5 HOAE ] F AR e AE 1 e AL

2.4 BURMESHT

TEXTZA Y A T4 i BLADL ) 2 7 A B PCLE )
I(BUT) . DO ) TR ROR YA — 2 5, B

XX 3 AR SR — A TR E T
(1) HefolE 25 (P)
28711 D0 DA A IR R T VA1 T A& o I 52 1 &

Bekas, AT LB AT AT, e R B )
B2 A PP G RO PR . 25 S50 i ith £ 14 dn
T

RIS N2 il N A S ot 0] 111 E2 A A WA E
HIBEAE(E A 2000 kPa, A LABAGLE Y, B LB 25
PRI, R S 22BN, RIS BE A LU B3 25 1 34
T, e A3 25 55/ I8 143 BT P R e TR R, 24
L 5 18 8 — e FR R, Reu IR IR] RMTs/ N

Pl 24 Ay K [ B 5386 25 T Jil R Y057 42 71 1 i %

2500
2000 NN NS
®©
o 1500 -
=
EWOO—
500 |-
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
B [8)/min
B 21 RRAREHREENEN
Fig. 21 The change of pressure after the instability of

incoming flow disappears

0.9
0.8
0.7
0.6 |
05 F

04 b e e A
0.3
02k
0.1 F
0

R ASZ/m

—— EHAORERAL
— E—KER A
= IR

0‘;ééiéé%éé1.01.11.21.31.4
B [&)/min

B 22 FRAREHXERMLETK

Fig. 22 The change of the liquid level after the instability of

incoming flow disappears

187
AR R EE N 0.4 m, AR EH, ME
FE 548 25 0B K, e S B 2SN, AE HL 3 25

BUNCONT VI, SRR R A HE AR Ak ek 3, [R] A
Bifi 5 LU A5 184 25 380, AE LB /N 9 91 BBl PN A e
[N, 2 L3 35 R B — AR, e B[]
B3GR (. Fe B34 25 4 10 B BLOE 3 s ik 2
FGE )

1800

1600 |

1400 F
®© L
N 1200

= 1000
_R

I 800
600 |

400 | —1
200 £ 10 —50
0

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14
B /8)/min

B 23 AREILLGIGETEATL

Fig. 23 The change of pressure with different proportional

gains

1.4

12
Eosf
iz'
= 0.6 F
04f '
—01 —1 /

0-2¢ 65 — 10 [

0 1 1 1 1 1 1 it 1

0 1 2 3 4 5 6 7 8

B<f[8)/min

Bl 24 ARGz T MR R AW
Fig. 24 The change of oil phase level with different

9 10 11 12 13 14

proportional gains

0.6

_—

02 F
—0.1 —1
o1
/ 6 8
%% 15 30 45 60 75 90 105
B [E)/min
B 25 AEGIEE TRERATW

Fig. 25 The change of water phase level with different

proportional gains



188

FAIMBLEER  20234F4 H 8B 2 )

P 25 ARl LU B 45 T KA i it 26, 7K
MR TIREE N 0.4 m, ATLABHSAH, BEH B
WM, TR MR AL/, RO Y H I g
NI LA SRR E S RFEEHEIN, (Rl BE EE G A
ARSI, R I E] R e N o B R B 2 o R
HATHH, FIAZK 6,
®6 AELGIEETEWIESH
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Table 8 Accused parameters with different differential time

—
I FEC 18] /s [i1] /s [f] /min
1 8.5 95.34
10 8.5 95.89
éi*ﬁ 2000 6.0 10 20 * B
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100 140 -
982.23
1 7.4 0.00
@; 04 65 16 10 120  0.03
Wi A7 /m 50 9.0 -0.33
100 8.0 —0.34
1 750  0.01
Aok 10 750 0.01
wmmm(” 8.0 16 50 751 0.01
100 758  0.01
200 o -0.38
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