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STUDY ON FLOW CHARACTERISTICS OF SOLID-LIQUID TWO-PHASE FLOW IN
BEND BASED ON MACHINE LEARNING"

Xiao Shengpeng  Zhu Hongbo ? ZhouDai  Bao Yan
(School of Naval Architecture, Ocean & Civil Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract  Pipeline hydraulic conveying is a common mode of transportation in industry, which has the advantages of
long transportation distance, high safety, low operation and maintenance costs, environmental friendliness and flexible
layout. At present, there are many researches on the flow characteristics of two-phase flow in horizontal, inclined and
vertical pipelines in the pipeline system, while there are few researches on the bend in the system. It is urgent to clarify
the two-phase flow mechanism of this section, identify the erosion mechanism of this section, and make an accurate
prediction. In this study, firstly, the CFD-DEM coupling method under the Euler-Lagrange framework was used to
investigate the influence of five factors including bending angle, bending radius, input velocity, particle diameter and

particle concentration, on the pressure drop and erosion rate of bend. Based on the above five variables, the Pairwise
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method was used to carry out the combination of cases and numerical simulation calculation was done, and hundreds of
valid data were obtained. Based on this data set, six machine learning models were developed for training, the accuracy
of each model was compared, and the relative importance of each feature for the prediction results was obtained. The
results show that the pressure drop increases with the increase of input velocity, particle concentration, particle diameter
and bending angle, and has little relationship with the bending radius; The erosion rate increases with the increase of
input velocity, particle concentration, particle diameter and bending radius. With the increase of bending angle, it
decreases slightly before 90° and increases after 90°. The prediction accuracy evalution index R? (the closer to 1, the
more accurate) of the best machine learning model for pressure drop and erosion rate are about 0.96 and 0.99,
respectively, which have good prediction ability, and can be used to predict the pressure drop and erosion rate of solid-
liquid two-phase flow in bend under the influence of multiple parameters. It is found that the input velocity and particle

concentration are the most influential factors on the pressure drop and erosion rate prediction, respectively.
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Table 1 Parameter values for cases

Parameter Values
Ay/(°) 15, 30, 60, 90, 120, 135, 150
Ry/cm 3,4.5,6,7.5,9,10.5,12
Ul(m-s™") 2,2.6,3.2,3.8,44,5,5.6
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Table 2 Hyper parameters and prediction effects of various models for pressure drop

Prediction effect of test set

Model Hyper parameters
R? MAE RMSE
ANN hl n:5,h2 n: 8, h3 n: 18, learning_rate: 0.008, batch_size: 64 0.965 4 0.032'5 0.047 2
RF n_estimators: 205, max_depth: 13, random_state: 16 0.960 1 0.0330 0.050 6
XGBoost n_estimators: 591, learning_rate: 0.023, subsample: 0.4, colsample bytree: 0.9, max_depth: 5 0.95977 0.0343 0.050 8
LR —_— 09232 0.0552 0.070 2
SVM C: 85.127, gamma: 0.003, kernel: 'rbf' 0.9200 0.058 2 0.0717
KNN metric: 'euclidean’, n_neighbors: 6, weights: 'distance’ 0.8212 0.0855 0.1072
—=— ) true o2 3 & gt FE R 22 B % S|
. T 53 SHES STRAN EREOTNR R
: —a— RandomForest_pred . . - wr v me -
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T [ IG5 R 3, 7T LURIL, e e, BEHLARARAN
= 06F o S \ "
: : XGBoost [FJHERA 2[RI A AHIT, e LA 2 o 4%
g - Ay = —] He
z £0.9907 Jydme i, [AI 3 AN MAE Rl RMSE
E . . N ,
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Fig. 16 Prediction effect of various models on pressure drop
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Table 3 Hyper parameters and prediction effects of various models for erosion rate

Prediction effect of test set

Model Hyper parameters
R? MAE RMSE
ANN hl n: 32, h2 n: 83, learning_rate: 0.004, batch_size: 16 0.990 7 0.009 1 0.012 6
XGBoost n_estimators: 679, learning_rate: 0. 048, subsample: 0.7, colsample_bytree: 1, max_depth: 5 0.988 9 0.008 6 0.0137
RF n_estimators: 31, max_depth: 15, random_state: 391 0.983 8 0.0114 0.016 63
KNN metric: 'euclidean’, n_neighbors:4, weights: 'distance’ 0.868 5 0.027 8 0.047 4
SVM C: 844.627, gamma: 0.027, kernel: 'poly’ 0.7957 0.044 9 0.059 1
LR —_— 0.6184 0.067 7 0.080 8
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Table 4 The relationship between data size and prediction

accuracy
Data size R?: AP R*: Ey
50 0.9427 0.898 1
100 0.9392 0.961 4
150 0.963 2 0.9877
200 0.9557 0.9825
234 0.965 4 0.990 7
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Table 5 Relative importance of each feature for prediction of

pressure drop and erosion rate

Feature AP Exr
U 0.285 0.225
dp 0.223 0.213
Cp 0.215 0.238
Ay, 0.155 0.141
Ry 0.122 0.183
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