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[ Abstract |

and multi-parameter detection technology and so on. Based on the principles of mechanical structure design, the structural design of the

The novel electro-hydraulic composite intelligent completion system primarily involves downhole flow control technology

core component of the electro-hydraulic composite intelligent completion flow control valve was conducted, namely the throttle valve
sleeve. Finite element analysis was utilized to numerically simulate and study the mechanical performance and fluid flow characteristics
of the throttle valve sleeve. The the flow field characteristics under various openings, water cut rates, displacements, and working
conditions were analyzed by this method. The results indicate that the downhole temperature and pressure conditions have little effect on
the flow control performance of the throttle valve sleeve. The performance is stable and meets the design requirements under high
temperature and high pressure (125 °C, 50 MPa). With different openings, the pressure difference gradually increases as the flow rate
increases. At a constant flow rate, the pressure difference decreases with the increase of the opening. When the flow rate and opening
are constant, the pressure difference gets greater when water cut becomes larger. When the flow rate and water content are constant,
the greater the control series of the throttle valve sleeve, the smaller the pressure difference. The research results can provide
theoretical guidance for the structural design of intelligent completion flow control valve.

[ Keywords ] intelligent well completion; flow control valve; throttle valve sleeve; mechanical property analysis; flow field analysis
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Fig.2  Lower throttle sleeve structure diagram
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Fig. 3 Throttle sleeve model drawing
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Fig. 4 Schematic diagram of mesh delineation of throttle sleeve
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Table 3 Throttle sleeve spool parameters
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FEE 6 1.370 426 5 6.852 1325 13.704 265 0
FFRE T 0.402 039 5 2.010 197 5 4.020 3950
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Fig. 5 Throttle sleeve force basic structure
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Table 5 Numerical simulation scheme for fluid flow simulation of throttle valve sleeve under flow conditions of 100 ~1000 m*/d

RS — : : Llu ks : : :
T 1 P 2 JFEE3 I 4 I s JFEE 6 THET
0 12 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
30 12 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
50 12 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
70 I 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
100 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
21,23 4 0 Bh R R TR R TR e TR e TR
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FEJ1/Pa B J3/Pa
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6.814X10* 1.365X10*
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3.675X10* 3.021X10°
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—1.034X10* -1.292X10*
—2.604X10* —1.823X10*

(a) FFEEL (b) FFEE2
FEJ1/Pa FJ3/Pa
8.680 X 10° 3.726 X 10°
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~1.352X 10° —3.340 X 10?

(e) FFBES (f) FFEE6
HEJ1/Pa

3.943 X 10
3.449 X 10
2.955% 10?
2.461X10?
1.967 X 10>
1.473 X107
9.789 X 10!
4.850 X 10!
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Fig. 6 Differential pressure diagram under normal temperature and pressure conditions
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5355X10 606X 10°
—1.034X10* —1.292X10*
—2.604 X 10* —1.823 X 10*
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FEJ1/Pa FEJj/Pa
8.680 X 10° 3.726 X 10°
7.298 X 10° 3.122X10°
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(c) FFEE3 (d) FFEE4
FEJ1/Pa FJ3/Pa
1.683 X 10° 8.239X10?
1.380X10° 7.081X10?
1.076 X 10° 5.923X10?
7.730X10% 4.765 X102
4.695X10? 3.607X10?
1.660 X 10* 2.449 X102
—1.375X10? 1.291 X10?
—4.410X10? 1.334X 10!
7445 X 10° 21,024 X102
—1.048 X103 -2.182X10?
-1.352X10° —3.340X10?

(e) JFRES (f) JFBE6

FEJ3/Pa
3.943X10?
3.449X10?
2.955X10?
2.461X10?
1.967 X 10?
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Fig. 7 Differential pressure diagram at high temperature and normal pressure
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JEJ3/Pa FEJ3/Pa
3.682X10° 5.843X10°
2912X10° 4472 X10°
2.142X10° 3.100X10°
1.372X10° 1.728 X 10°
6.021 X 10* 3.562X10*
-1.679X10* -1.016X10°
-9.379X10* -2.387X10°
—1.708 X 10° -3.759X10°
—2.478X10° -5.131X10°
-3.248 X 10° —6.503 X 10°
—4.018X10° —7.874X10°

(a) FFREL (b) FFRE2
FJj/Pa FEJj/Pa

9.073X10° 2.793 X107

7.696 X 10° 1.233 X107

6.319X10° —-3.284 X 10°
4.942X10° —~1.889X 107
3.565X10° —-3.450X 107
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() FFEE3 (d) FFRE4
FJi1/Pa FEJj/Pa
3.696 X 10* 8.239X10?
2.982X10% 7.081X10?
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1.554 X108 4.765 X 10*
8.397 X107 3.607 X10?
1.257 X107 2.449 X 10?
—5.883 X107 1.291 X102
-1.302X10% 1.334X10"
-2.016 X 10% —1.024 X 10?
-2.730 X 10% -2.182X10?
—3.444 X 10% —3.440X 102
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JEJ1/Pa
3.869 X 10"
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3.178 X 10°
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Fig. 8 Differential pressure diagram for normal temperature and high pressure conditions
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Fig. 9 Differential pressure diagram under high temperature and high pressure conditions
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1.063 X107 2.611X10°
9.144X10° 2.122X10¢
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(b) IF B2

k J1/Pa

3.046 X 10°
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(d) FFRE4

FEJj/Pa
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4213 X10*
3.292X10*
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Fig. 10  Differential pressure diagram under normal temperature and pressure conditions
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FEF3/Pa FEF1/Pa
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B Ji/Pa
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7.064 X 10*
5.885X10*
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2.347X10*
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(f) JFRE6

() JFRE7

B R R TR R 22

Fig. 11 Differential pressure diagram under normal temperature and pressure conditions
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Fig. 12 Analysis results of the relationship between flow rate and differential pressure for different openings
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Fig. 13 Flow rate-differential pressure curves for different openings and moisture content conditions
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