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Multi-objection Optimization Orthogonal Test of Y-type Screen Filter

YU Liming' CAO Dongliang' LI Jiulin' LI Na' HAN Dong® SHAO Shegang’
(1. Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China
2. Center of Engineering and Construction Service, Ministry of Agriculture and Rural Affairs, Beijing 100081, China
3. Research Institute of Highway Science, Ministry of Transportation, Beijing 100088, China)

Abstract: In order to improve the hydraulic performance and anti-clogging performance of Y-type screen
filter, taking the angle between outlet and cylinder, the inlet reduction ratio, the height of guide vane
and the center angle of guide vane as experimental factors, the filtration process inside the filter was
studied by the method of CFD —DEM coupling and physical test. Through the range analysis of a series of
numerical simulation orthogonal test results, the sensitivity of various factors to water head loss, area
proportion of medium speed flow area, relative standard deviation of particle distribution and interception
rate was explored. The results showed that the medium and high speed flow areas were concentrated on
the exit side, and the exit cross-sectional area was positively correlated with it when the angle between the
outlet and the cylinder was small, and the larger the corresponding medium-speed flow area was, the
better the hydraulic performance was. The concentration of particles through the region corresponds to the
medium-speed flow area, and the increase of the inlet reduction ratio made the more uniform particle
distribution, the better the anti-clogging performance can be. The combination of structural optimization
parameters was as follows: the angle between outlet and cylinder was 35°, the inlet reduction ratio was
22/26, the height of guide vane was 10 mm, and the center angle of guide vane was 90°. Among them,
the included angle had the most significant influence on the comprehensive index, which was the key
parameter of structural design. Compared with that before improvement, the head loss was reduced by

36. 6% , the relative standard deviation was reduced by 43.26% , the interception rate was increased by
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3. 93 percentage points, and the area proportion of medium-speed flow area was increased by 15.77

percentage points, which showed the effectiveness of the optimization scheme. The research results can

provide some reference for the optimal design of screen filter.

Key words: screen filter; CFD — DEM coupling; numerical simulation; orthogonal test; structure
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Fig.1 Schematics of Y-type screen filter structure
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Tab.1 Factors and levels of orthogonal test

SES
K KA/ ARG BRAR REAE
(°) It Df/(°) J/mm
1 45 18/26 30 10
2 55 20/26 60 15
3 35 22/26 90 20
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Tab.2 Grid number of original model and orthogonal test

ik 5 - /%
XX]

s3] TR FE2 ORI R4
1 329112 0.34 0.32 0.11 0.45
2 329588 0.22 0.22 2.53 1.04
3 329746 0.35 0.29 0.91 0.55
4 334260  0.68 0.47 0.82 0.39
5 333846 0.54 0.68 0.41 0.61
6 340776 0.62 0.43 0.32 0.21
7 335404 0.89 0.51 112 0.37
8 334462 0.42 0.19 0.33 0.22
9 334814  0.53 0.38 0.51 0.49

JFE 327648 0.57 0.23 0.88 1.24
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Tab.3 Physical parameters
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Tab.4 Contact parameters
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Fig.2  Schematic of clear water test device
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under clear water condition
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Tab.5 Range analysis of head loss

HKEFE  a/(°) R B/(°) H/mm H,/m
1 45 18/26 30 10 0. 458
2 45 20/26 60 15 0.422
3 45 22/26 90 20 0. 396
4 55 18/26 60 20 0.615
5 55 20/26 90 10 0. 580
6 55 22/26 30 15 0. 560
7 35 18/26 90 15 0.331
8 35 20/26 30 20 0.294
9 35 22/26 60 10 0.268
K, 1.276 1. 404 1.312 1.306
K 1.755 1.296 1. 305 1.313
K, 0. 893 1.224 1.307 1. 305
k, 0. 425 0. 468 0. 437 0.435
k, 0.585 0.432 0. 435 0. 438
k, 0.298 0. 408 0. 436 0.435
M2 R 0. 862 0. 180 0. 007 0. 008
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Fig.6  Cloud maps of network flow distribution in orthogonal test
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Maximum and minimum overflow of

filter screen in orthogonal test
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Tab.6 Range analysis of area proportion of

medium speed flow area

HEFES  a/(°) R B8/(°)  H/mm /%
1 45 18/26 30 10 20. 30
2 45 20/26 60 15 20. 68
3 45 22/26 90 20 18.97
4 55 18/26 60 20 20. 40
5 55 20/26 90 10 19. 09
6 55 22/26 30 15 17.94
7 35 18/26 90 15 29. 66
8 35 20/26 30 20 28. 47
9 35 22/26 60 10 34.01
K, 59.95  70.36  66.71  73.40
K, 57.43  68.24  75.09  68.28
K, 92.14  70.92  67.72  67.84
k, 19.98  23.45  22.24  24.47
k, 19.14 22,75  25.03  22.76
ks 30.71 23.64  22.57  22.6l
W2 R 16.73 0. 89 2.79 1. 86
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Fig.9 Distributions of particles passing through points in orthogonal test
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Tab.7 Range analysis of relative standard deviation

of particle passing point distribution

KRFS  o/(°) R B/(°) H/mm S,
1 45 18/26 30 10 86. 11
2 45 20/26 60 15 56. 95
3 45 22/26 90 20 45.67
4 55 18/26 60 20 105. 64
5 55 20/26 90 10 62. 49
6 55 22/26 30 15 58.20
7 35 18/26 90 15 74.59
8 35 20/26 30 20 46.08
9 35 22/26 60 10 41.61
K, 188.73  266.34  190.39  190.21

K, 226.33 165.52 204.2 189. 74

K, 162.28  145.48  182.75  197.39

k, 62.91 88.78 63. 46 63. 40

k, 75. 44 55.17 68.07 63.25

ky 54.09 48.49 60. 92 65. 80

W% R 21.35 40.29 7.15 2.55

2.2.2  FORIEIEIRE

UL R S U8 45 1) 45 SR 3 Ay 300 ok R 42 48 T e A7
Bl ARG I B 3 PR 2 000 AN KL A% 430 hy
200,300,400 wm, 38 ¥ 1 i 53 (60 42 4 300 pm Al
400 pm (1 URLBE £ A, Bl A8 A% URE 43 A7 7 8 R 1Y
A KA BB DF 9 E R G5 . IEYEE A B T
MORLAR/INTF 2o B RS B 0 UKL, DT 2 8 2R .
i Matlab 3155 5 5K 58 o 38 99 (1 200 pm UKL EL, 28
Jo A A B DA BORL 2015 2R 1, IR R IE
RIS L R AT 22 40 BT, A AR SR 8 R

IR 3 $2AK 200 wm PR KR 238 51 493 4, 3K
R 221 i 4 £ 172 A4S & R R
M) E K B AMK K A B/ H S0 RO ST
B IS, AR R KA, A D4/ R

RS EBERESW

Tab.8 Range analysis of interception rate

RIFS  a/(0) R B/(°)  H/mm /%
1 45 18/26 30 10 71.77
2 45 20/26 60 15 71.33
3 45 22/26 90 20 74. 88
4 55 18/26 60 20 69. 53
5 55 20/26 90 10 74. 00
6 55 22/26 30 15 74.23
7 35 18/26 90 15 72.98
8 35 20/26 30 20 72.10
9 35 22/26 60 10 74.28
K, 217.98 214.28 218. 10 220. 05
K, 217.76 217.43 215.14 218. 54
K, 219. 36 223.39 221. 86 216.51
ky 72. 66 71.43 72.70 73.35
k, 72.59 72.48 71.71 72. 85
ks 73.12 74. 46 73.95 72.17

2% R 1. 60 9.11 6.72 3.54
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Tab.9 Range analysis of test results by comprehensive scoring method

HEFS  o/(°) R Bg/(°)  H/mm H/m /% s, 1./% H;, ' S, I gy
1 45 18/26 30 10 0.458  20.30  86.11  71.77  0.45  0.15 0.3l 0.42 1.33
2 45 20/26 60 15 0.422  20.68 56.95 71.33  0.56  0.17  0.76  0.34 1.83
3 45 22/26 90 20 0.396 18.97  45.67 7488  0.63  0.06  0.94 .00 2.63
4 55 18/26 60 20 0.615  20.40 105.64 69.53  0.00  0.13  0.00  0.00  0.13
5 55 20/26 90 10 0.580  19.09  62.49 7400 0.10  0.07  0.67  0.84 1.68
6 55 22/26 30 15 0.560  17.94 58.20 7423 0.16  0.00  0.74  0.88 1.78
7 35 18/26 90 15 0.331  29.66  74.59  72.98  0.82  0.73  0.48  0.64  2.67
8 35 20/26 30 20 0.294  28.47 46.08 72.10  0.93  0.66  0.93  0.48 3.00
9 35 22/26 60 10 0.268 3401  41.61 7428  1.00 1.00 .00 0.8 3.8
K, 579 413 611 6.90

K, 3.59  6.51 5.85 6.28

Ky 9.56 830 698 576

W= R 5.97 4.17 1.13 1.14
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Fig. 11

Fig. 10 Comparison of network flow between original Comparison of particle distribution

model and optimization scheme between original model and optimization scheme
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Tab.10 Corresponding location coordinates of maximum and minimum overflows

N T KA i A AR AR/ /N I A AR AR 5N e KAk Ui d A AR AR/ e /Nad U H A AR AR/
75 (mm,mm) (mm,mm) 75 (mm, mm) (mm,mm)
J5 T ( +10.34,16) (£37.23,4) 6 ( £10.34,8) (£37.23,4)

1 (+6.21,24) ( +39.30,40) 7 ( +10.34,16) (£37.23,4)

2 ( +10.34,16) (+37.23,4) 8 ( +10.34,16) (£37.23,4)

3 ( £10.34,16) (+37.23,4) 9 ( £10.34,16) (+£33.10,4)

4 (+6.21,16) ( +24.82,10) A ( £10.34,16) (£37.23,4)

5 (+10.34,8) (+37.23,4)
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