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Abstract. Laboratory experiments were performed to establish a model for predicting the valve opening of the
topside choking method for elimination of severe slugging in offshore oil and gas pipeline-riser systems. Based
on the outflow characteristics of liquid slug at the riser top at the flow regime transition, which can be regarded

as those of transient single-phase liquid flow, the condition for gas-liquid blowout mitigation was determined, i.
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e. the peak value of pressure drop across the valve shall be twice its time-average value just at the elimination
moment of severe slugging, corresponding to the transient single-phase liquid flow. Then, the target resistant
factor and the flow coefficient were derived successively according to the defined equations. Finally, the valve
opening was worked out according to either the specification document of the valve or the calibration of the
flow characteristics of the valve. The prediction model innovatively correlates the peak pressure drop across the
choke valve with the physical process of instantaneous single-phase flow, resolving the inconsistency of map-
ping averaged 2-phase parameters to single-phase valve characteristics in conventional models. The average de-
viation of prediction for 2 experimental loops ( 150-m/DN 50 and 380-m/DN 80) is +0.55% and +1.8% , respec-
tively, for experimental data from 2 experimental pipelines; while the deviation from automatic control result is
smaller than +2% in a field case. The established model can guide manual operations and serve as a setpoint for

automatic control systems in offshore fields.
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1.water pump 7.gas-liquid mixer

_ | 2 buffer tank 8.gas-liquid separator
3.air compressor 9.liquid metering tank
4.buffer tank 10.oil-water separator
5.electromagnetic flowmeter 11.water tank
6.orifice flowmeter 12.electric ball valve

flow direction
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Fig. 1  The sketch of the 150 m multiphase flow loop in laboratory
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Table 1 Main parameters of flow loops in laboratory
parameter 150 m loop 380 m loop
inner diameter 50 mm 75 mm (46 mm for downcomer pipeline)
horizontal pipe section length 114 m 314 m
downward inclined pipe section length 20.4 m 25 m
inclination angle -5° -5°
vertical riser height 16.3 m 21.5m
downward vertical pipe height N/A 19 m
air flow rate 0~360 Nm’/h 0~420 Nm>/h (single air compressor)
water flow rate 0~30 m*/h 0~14 m*/h (single water pump)

gas-liquid separator rated pressure 1.6 MPa 32 MPa
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1.air compressor 7.silencer

2.water pump 8.gas-liquid separator
3.buffer tank 9.oil-water separator
4.mass flowmeter(gas) 10.water tank

5.mass flowmeter(liquid) 11.chock valve

6.gas-liquid mixer
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Fig. 2 The sketch of the 380 m multiphase flow loop in laboratory
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(a) The electric ball-valve on the 150 m loop (b) The pneumatic regulating valve on the 380 m loop
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Fig. 3 Flow characteristics of choke valves
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Fig. 4 Experimental operating points
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Table 2 Validation results for 150 m loop

experimental valve predicted valve opening  predicted valve opening absolute
case number  ug /(m/s) Uy / (m/s)
opening/ % (Fu et al.™1) /9% (this work) /% deviation/ %
1 0.10 0.10 16.67 16.32 17.98 1.31
2 0.10 0.25 17.83 16.09 17.81 -0.02
3 0.10 0.45 17.78 16.40 18.19 0.41
4 0.10 0.60 16.54 16.69 18.60 1.66
5 0.10 1.00 16.98 17.42 19.70 2.72
6 0.25 0.10 22.83 23.67 23.83 1.00
7 0.25 0.25 22.70 22.27 22.58 -0.13
8 0.25 0.45 22.69 21.94 22.21 -0.48
9 0.25 0.60 22.76 21.95 22.26 -0.50
10 0.25 1.00 21.86 22.25 22.75 0.89
11 0.45 0.10 26.79 30.66 29.54 2.75
12 0.45 0.25 25.66 28.13 27.25 1.59
13 0.45 0.45 26.88 27.18 26.35 -0.53
14 0.45 0.60 26.52 26.92 26.10 -0.42
15 0.45 1.00 26.77 26.77 26.08 -0.70
16 0.60 0.10 29.90 34.81 33.18 3.28
17 0.60 0.25 29.69 31.73 30.19 0.50
18 0.60 0.45 28.76 30.41 28.97 0.21
19 0.60 0.60 29.66 29.97 28.55 -1.11
20 0.60 1.00 29.67 29.55 28.24 -1.43
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(a) 150 m 53R (b) 380 m SEH IR
(a) Results for the 150 m loop (b) Results for the 380 m loop
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Fig. 7 Predicted optimal openings vs. the reference value obtained by manual traversing
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Table 3 Validation results for the 380 m loop

case wq /(m/s) sy /(m/s)  p./MPa experimental valve predicted valve opening  predicted valve opening absolute
number opening/ % (Fu et al.™) /9% (this work) /% deviation/ %
1 0.08 0.5 0.1 50 48 53 3
2 0.08 2.5 0.1 64 55 63 -1
3 0.08 6.0 0.1 78 61 82 4
4 0.10 6.0 0.1 80 63 83 3
5 0.20 0.5 0.1 61 60 61 0
6 0.20 1.5 0.1 64 62 64 0
7 0.20 8.0 0.1 100 79 100 0
8 0.45 0.2 0.1 85 100 90 5
9 0.45 5.0 0.1 100 100 100 0
10 0.13 0.5 1.0 57 56 60 3
11 0.13 1.1 1.0 54 53 60 6
12 0.15 4.0 1.0 63 56 67 4
13 0.25 0.4 1.0 75 76 76 1
14 0.25 0.9 1.0 70 67 7 -2
15 0.25 3.0 1.0 68 64 72 4
16 0.19 2.0 1.3 67 59 65 -2
17 0.30 5.0 1.3 76 68 81 5
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Fig. 8 The trend plot of pressure and differential pressure signals with the decrease of the valve opening

(380 m loop, ug;, = 0.25 m/s, ugzy = 0.25 m/s)
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Fig. 9 The enlarged trend plot of Ap, in fig. 8 (¢ = 600~1 500 s)
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