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Abstract: Liquid solid two-phase flow, as a complex flow phenomenon, is widely present in various application scenarios of industrial
production and daily life This article focuses on the measurement of solid content in liquid-solid two-phase flow. A solid particle
concentration measurement device is designed, using an array ultrasonic sensor. The entire ultrasonic phased array testing system is
designed, and the corresponding focusing rule is designed to determine the corresponding experimental parameters for scanning through a
line scanning probe. Solid tracer particles of different masses were added to the water tank to simulate fluids with different solid content,
and different flow rates were set. A total of 140 signal acquisition points were carried out under different operating conditions, and the
collected matrices were converted into image information. The gray level co-occurrence matrix method was used to extract features from
the images. By analyzing the extracted energy and entropy feature values and the relationship between the concentration and flow rate of
solid particles in the two-phase flow, the concentration of solid particles in the water was modeled and fitted. Different ensemble
algorithms were used to predict the particle content in the liquid, and the prediction effect was compared the results showed that the light
gradient boosting machine ( LGBM) model had the best fitting effect, and the intelligent optimization algorithm was used for
optimization. The final model fitting accuracy reached 92. 85%, providing a new measurement method for measuring the solid content of
liquid-solid two-phase flow.
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Fig. 1 Schematic diagram of ultrasonic emission
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Fig. 2 Ultrasonic sensor and monitoring unit

Hor M5 P A A Ry CTS-PA22X R P AH 45 B A
A, & B — il i 2 5 M P B ML, 55—t S5 S



. 44 - B0 & 5 g i

39 &

K3 A hE

Fig.3  Ultrasonic transducer
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Fig.4 Probe wedge installation site
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Fig. 5 Diagram of the experimental setup
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Fig. 7 Distribution of particles of different weights in the medium (Q,=6 m’/h)
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Fig. 9  Gray-level co-occurrence matrix
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Fig. 10  The relationship between energy and weight variation
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Fig. 13 The relationship between energy and liquid phase flow rate
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Table 4 Parameter comparison

U(t) =t + u(t)
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wr.
P

wht Qs RN F, VIEEE/ L FEERED/
3.p-1 _ it MBI HE k -
(m*-h™) N (mes™h) (m*-s™")
6 1.23x107° 0.052 0. 005 4 2.1x10™
9 2.76x107° 0. 052 0.012 1 4.8x107*
12 4.89%x107° 0. 052 0.0216  8.5x107*
15 7.62x107° 0. 052 0.0338 1.3x107°
18 1.10x107* 0. 052 0.048 6 1.9x107°
21 1.49x107* 0.052 0.0660  2.6x107°
24 1.94x107 0. 052 0.0864  3.5x107°
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Fig. 14  Comparison of the prediction model performance of different algorithms
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Fig. 15 Comparison of the relative error of

different algorithms to predict the model
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Fig. 16 LGBM algorithm fitting effect
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Table 5 Comparison of experimental

parameters of population size

FIEEMAL  SCA MAPE/%  SCA+POA MAPE/% 114 HE/h
100 7.42 7.15 2.5
120 7.67 7.21 3.8
140 7.72 7.28 4.8
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Table 6 The control variable method was used to . 6F
test MAPE at different iterations ;

LiA7S AU MAPE+S/% HEFAER/min S

SCA 200 8.12+0. 21 45

SCA 300 7.42+0. 18 62 7k

SCA 400 7.41+0. 17 78

POA 400 8.08x0. 19 105 o . - - - .

POA 500 7.36+0. 16 148 1 2 F;d 4 5

POA 600 7.35+0. 15 170
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Fig. 17 Comparison of fitting effects

before and after optimization
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Table 7 Cross-validate the MAPE results for each fold

Fold %5 MAPE/ % IESE MAPE/ %
Fold 1 5.12 6.98
Fold 2 5.34 7.12
Fold 3 5.08 7.31
Fold 4 4.95 6.85
Fold 5 5.21 7.24
Mean + S 5.14 £ 0. 15 7.10 = 0. 18

K18 ZEXIIUERFT MAPE 45
Fig. 18 Cross-validate the MAPE results for each fold
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Fig. 19  Cross-validation learning curve
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