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Liquid-solid two-phase flow pressure drop and ultrasound-based
pressure drop measurement method
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Abstract ; Liquid-solid two-phase flow is widely used in energy, petrochemical and other industrial processes. The pressure drop of two-
phase flow is an important flow parameter which is helpful for flow modeling and analysis. A liquid-solid two-phase pressure drop
measurement model is formulated. An ultrasonic-based liquid-solid two-phase pressure drop measurement method is proposed, which
combines the ultrasound Doppler and ultrasound transmission attenuation. A liquid-solid two-phase flow experiment platform is
established to study the law of two-phase pressure drop. As the two-phase mixing flow rate and the solid phase volume fraction increase,
the pressure drop of the liquid-solid two phases gradually increases. When the solid phase volume fraction is 0. 28% ~ 1. 37% and the
two-phase mixing flow rate is 0. 9~ 1. 65 m/s, the average relative errors between the two-phase pressure drop measured by the liquid-
solid two-phase pressure drop measurement model and the Churchill model using the ultrasound method and the pressure drop measured
by the differential pressure sensor are 4. 93% and 5. 10% , respectively. These results show the accuracy of the measurement model. The
pressure drop measurement for the two-phase heterogeneous flow is carried out and it further broadens the application range of the
pressure drop measurement model. This research work provides a basic method for non-invasive ultrasound measurement of liquid-solid
two-phase pressure drop.
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Fig. 1 Photos of liquid-solid two-phase flow
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Fig.2  Liquid-solid two-phase flow
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Fig. 3 Schematic diagram of sensors installation
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Fig.4 Calculation and measurement of single water
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Fig. 5 Measurement of two-phase pressure drop
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Fig. 6 Measurement of two-phase pressure drop
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Fig.7 Prediction value of two-phase pressure drop
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Table 1 Measurement of liquid-solid two-phase

mixed flow rate

(RIS 2 LG T AT R 22
T8/ % /(mes™") /(mes) (RE) /%
0.91 0.94 3.19
1.01 1.09 7.34
0.28 1.21 1.24 2.42
1.47 1.43 2. 80
1.57 1.59 1.26
0.90 0.93 3.23
1.05 1. 11 5.41
0.55 1.21 1.26 3.97
1.48 1.46 1.37
1.65 1.61 2.48
0.92 0.94 2.13
1.05 1.10 4.55
0. 83 1.29 1.26 2.38
1.46 1. 44 1.39
1.64 1.63 0.61
0.91 0.96 5.21
1.04 111 6.31
1.1 1.22 1.30 6. 15
1.42 1.46 2.74
1.65 1.61 2.48
0.92 0.93 1.08
1. 14 112 1.79
1.37 1.25 1.28 2.34
1.45 1.42 2.11
1. 60 1.61 0.62

2) [ AR AR 43 H50 1

X i 7K B A ) [ A AR ) 8 1 TG A R R 2 2 75
FWE 5 64T FRT A3 AR 0 5 fe KR (A B4R
K (16) ,1FEIA [ FE AR AR BT A i R 5, thT
S TR FE AR AR TR B2 56, RV {5 31E U8 3% 28 T AR A8 AH 7]
A AR B S0 1 D0 (AR N 2 4 AR ] P e o B T
— T AR R 22 218 P 2235 ) s D0 8 (ELAE R AS () 1) 9
B, R IEE 1 0.90~0.92 m/s, i T 2
H10L~1.14 m/s, FEEEFE ] 3 4 1.21~1.29 m/s, J il



5 10 ]

SRR 25 I AR A T A AL R P 1 s el o 51

JEMEI4 0 1.42~1.48 m/s, JRETERH 5 0 1.57~1.65 m/s,
WA | BRUAN (7] S5 6 2H 50 b 178 75 e ol 2R 5 A R, X VAR [
PRAH R 75 D R B T 0 — b 3, ] 8 I ASFITR A
T R A 0 — R 75 ek AR R R A3 R AR Ak G
R FERGR AR AR R A3 BT, 6 7 e sl 2R 520 38 K, Bt
5 WA A T A B T, 7 e R EOGE WAL, Rk
7 U R K (R A RRL 3 5 R R T B T L A
Ko ARG G FEL T 0 IH— b 75 2 9 E 5 A AR
B R AT — R G M RIS, 3X 5 4 U T L Y
A e 5 S BR A — f 8 7 R 00 T 3 A 6 RECH
0. 992, 7E | M 75 Z2 35 480 R 45 P AH it 2 5, % BEOAS [R] 1)
T L, P 2 7 A I DA B 1 P R R RO
15 FARARFR 585

1.1

1.0+

09}
o8l

o <d >oao

04 06 08 10
I AR A B B %

P8 9081 A A S B P S D
Fig. 8 Ultrasound attenuation value of liquid-solid

two-phase flow experiments
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Table 2 Pressure drop model measurement and

measurement value by pressure difference sensor
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Fig. 10  Two-phase pressure drop under low solid phase

volume fraction and low mixed flow rate
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Fig. 11  Two-phase pressure drop under high solid phase

volume fraction and low mixed flow rate
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