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Prediction of Flow Resistance Coefficient and Analysis of Influencing
Factors during Vacuum Screening of Porous Media Beds
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(1. School of Computer Science, Yangtze University, Jingzhou 434023, China,
2. School of Mechanical Engineering, Yangtze University, Jingzhou 434023, China)

Abstract Investigating fluid flow characteristics during vacuum screening is crucial for revealing its
underlying mechanisms. However, the filter bed formed by solid particles retained by the screen during vacuum
screening is difficult to describe using microstructures and is often assumed to be a porous media bed. To accurately
describe the fluid flow characteristics of the porous media bed and further investigate the performance during
vacuum screening, this study predicted the flow resistance coefficient of the porous media bed based on
experimental and machine learning methods. The study analyzed the feature importance ranking results of the BP
neural network, random forest, and XGBoost models, identifying the sensitivity order of factors affecting the flow
resistance coefficient of the porous medium bed as air flow rate > particle bed > particle ratio > particle layer
thickness > screen mesh. Ultimately, utilizing the genetic algorithm (GA) with the XGBoost prediction model as the
fitness function for multi-objective optimization, a multi-objective optimization model was established, yielding the
optimal vacuum screening process parameters and flow resistance coefficient. This study provides a new method for
the study of the vacuum screening resistance coefficient, and the results are of great significance for analyzing the
vacuum screening mechanism.
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Fig. 1 Vacuum screening filtration experimental apparatus. (a) Experimental apparatus, (b) two-dimensional schematic diagram of

material cylinder, (c) experimental procedure
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Tab. 2 Partial particle layer viscous drag coefficient and inertial drag coefficient
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AR A AR AL 2 (4) 1 P SR i, S A
XGBoost 14 FUALPERH 1 %L D AR ) 2%k
C U RS E R WS O R AEHY, LA D FCodie /N Ry
H b5, i SRR, IR GA HEAT ALK A .

R4 RUSHELREKE

Tab. 4 Optimization parameter constraints interval

SRR Symbol 2y IX[a] X0
UL \% 0.2~3 m/s
PP TAZN B 0,1 -
ORI L R 1,2,34,5 -
TR J2 R B Th 3~11 mm
1 0 H £ M 100,150,200 -
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75 1), AR HL A T B L 28 SRR S SR, 5K
AR RN SR & L TN B S 2t Bliw vy, 8
T GA Bk BA R RS AT, ISGHE B, B 1)
2 Je A R A 1 AR A AR SO 5L B XGBoost
54, VLRI XGBoost T 45 Fb A A A A1)
IR, SR JE T GA Bk S AR 2 R A,
AL AL an il 8 I o
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predicted value of flow
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Fig. 8 Flow chart of XGBoost-GA optimization
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Tab.5 XGBoost-GA parameters

A 24 H
AR 200
R R BR 3
XGBoost )R 0.1
e/ MEAR 2
L1 IE LI AL 0.001
FhgER /N 100
oA RV 1000
B XAMER 0.4
Ar A 0.2

5L AU S INDRG B A L2 0 43 22 LAY B PR i 21 B
NRZBSHRACRITTHR . IRE R B R, B iR
25 RPEMT 45 AR, X XGBoost #5570 (14 I 45 354743
Br, 25 R 0L 5% 6, A3 6 T HI, XGBoost #71, 7E Kk
PR S BB 2R I RP 3K B T 99.74%, 78 L 5
L RYIKE] T 98.71%; 7E MR 1 R A 44 R
I7E 98% LA I 1] XGBoost #5417 [ 5 ) F i EL
A RAFrERE .

% 6 XGBoost FIlIZE R
Tab. 6 XGBoost prediction results

. I RIS
TR T e ke UI4E DR
R’ 0.9974 0.9871 0.9812 0.9845
RMSE 0.0015 0.0018 0.0035 0.0026

332 fUAeE R

FIH BB GA #1722 Bir A4k, ¥
Y ZRAF) XGBoost A RUAE SN Z2 H AR C AL Y 15
I B PRAR, 280k 1000 RIEAR, 315 20 HE A Tisr 2
FLA B BB ) REGR AL AL FUL R Pareto R,
WE 9 fron . Bl RS 5 EY Pareto FR AL

MK 9 BT HI, #E Pareto fift 5 7, R PEBH J1 R AL
FE[7.16x10",7.23 x 10" 22 [6] 434 , 1841k B 77 R 807
[6.55x 10°,6.74 x 10°] 2 [A] 43 i .

M 7 AL, Pareto BYIE S ff4E — 2L 20 4,
i 6 i Pareto A LA, A SCHl o i AL -TOPSIS J7
XTI AR BRI A5 211 Pareto AR5 MRS A THEFY,

%107 Pareto front

Q
£ 453 f"

6.56 =
*

6.54
7.16 7.17 7.18 7.19 7.20 7.21 7.22 7.23 7.24
viscous drag coefficient %1010

K9  Pareto Ry A4 &

Fig. 9 The distribution of Pareto frontier solution
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R, SR, FIFH TOPSIS Bk brifE b e 1Y
JRME M UEATHERR, B 5 1E BERAR AR AN G BRAE A . 395,
FHEERA YR 7 22 5 1 PHAR i R £ BELARL AR A B
RIS AR BT AR . e, AR R
FESEATHERE, AT F AR 1 P 3k %8 . Pareto 1Y
AL AR JFAL-TOPSIS P 45 54N 8 .

M 8 AT LA & #),20 4H Pareto (19 3F 45 fit 4 h ik
FPoE— e TR 12, 85K 7l H, 2450 FiE %S
iy et T2 2800 WORIEC LR 1, ¥ ) H %4 100,
WOk 2 JELRE 3.5 mm, T RURL IR, AU B 1.20 m/s;
ARG ERL 1 280k 7.176x10" m A5 MERH /1 2%k
9 6.635x10°m ',
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Tab. 7 The Pareto non-inferior solution set

FE BRI BREE/mm AR BRIR CUREE (ms) KB REY (m?)  BHERDDRAY (m)
1 1 3.5001 100 0 1.2003 7.167E+10 6.557E+05
2 1 3.5001 100 0 1.2004 7.167E+10 6.563E+05
3 1 3.5042 100 0 1.2014 7.168E+10 6.577TE+05
4 1 3.5012 100 0 1.2008 7.168E+10 6.573E+05
5 1 3.5012 100 0 1.2011 7.169E+10 6.597E+05
6 1 3.5038 100 0 1.2027 7.169E+10 6.585E+05
7 1 3.5055 100 0 1.2017 7.169E+10 6.583E+05
8 1 3.5032 100 0 1.2012 7.171E+10 6.613E+05
9 1 3.5012 100 0 1.2028 7.171E+10 6.608E+05
10 1 3.5004 100 0 1.2005 7.173E+10 6.624E+05
11 1 3.5023 100 0 1.2014 7.175E+10 6.633E+05
12 1 3.5002 100 0 1.2008 7.176E+10 6.635E+05
13 1 3.5006 100 0 1.2007 7.177E+10 6.637E+05
14 1 3.5004 100 0 1.2008 7.179E+10 6.639E+05
15 1 3.5011 100 0 1.2007 7.184E+10 6.659E+05
16 1 3.5022 100 0 1.2024 7.187E+10 6.664E+05
17 1 3.5043 100 0 1.2006 7.192E+10 6.677E+04
18 1 3.5001 100 0 1.2008 7.197E+10 6.683E+05
19 1 3.5004 100 0 1.2013 7.210E+10 6.694E+05
20 1 3.5012 100 0 1.2006 7.231E+10 6.732E+05

* 8 IEHMHI-TOPSIS IFMLEER 8.6 6.90

Tab. 8 Non-inferior entropy weight TOPSIS evaluation results

i Eiﬂi_ﬁfﬁ? T HRAE At RN HEE
B B iR
12 0.0281 0.2535 0.9003 1
16 0.0649 0.2096 0.7636 2
6 0.0949 0.2236 0.7020 3
19 0.1373 0.1591 0.5368 4
11 0.1398 0.1296 0.4811 5
5 0.1579 0.1319 0.4552 6
18 0.1828 0.1453 0.4428 7
9 0.1828 0.1428 0.4386 8
14 0.1830 0.1380 0.4300 9
7 0.1707 0.1280 0.4285 10
13 0.1924 0.1304 0.4039 11
4 0.1850 0.1189 0.3914 12
3 0.1653 0.1059 0.3904 13
2 0.2194 0.1382 0.3865 14
10 0.2104 0.1315 0.3847 15
15 0.1936 0.1182 0.3790 16
8 0.1663 0.1011 0.3780 17
1 0.2285 0.1379 0.3763 18
20 0.2030 0.1132 0.3579 19
17 0.2279 0.0411 0.1529 20

[ viscous resistance coefficient
[ inertial resistance coefficient
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~
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Fig. 10 Comparison of optimized flow resistance coefficient

values with theoretical values
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