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Numerical Simulation and Test of Factors Affecting Sand Collection
Efficiency of Automatic Measuring Wind Erosion Meter

SHI Jihong' LIU Zhentong' MENG Xianzhang' HUANG Dongyan' GUAN Yixin® AO Man’
(1. College of Engineering and Technology, Jilin Agricultural University, Changchun 130118, China
2. Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China)

Abstract; In order to improve the sand collection efficiency of the wind erosion instrument and accurately
grasp the sand movement law, the influence of structural parameters of the wind sand separator inside
wind erosion instrument on the sand collection efficiency was analyzed by using computational fluid
dynamics (CFD) simulation method and combined with the wind tunnel test. The wind-sand separator
model was established in Fluent platform, numerical analysis was carried out based on RNG %k — & model,
and the discrete phase model ( DPM) method was used to calculate the sand collection efficiency and
complete the simulation of the related particle dynamics inside the wind erosion instrument. The wind
erosion meter was improved from wedge shape to cylindrical shape, which optimized the structure of the
wind erosion meter and improved the sand collection efficiency. The effects of the inlet wind speed of
inlet pipe, the particle size of sand particles and structural parameters of wind-sand separator ( length of
the inlet pipe, depth of the exhaust pipe insertion, cone angle of the conical deflector plate, and the
length of the cylinder) on the sand-collecting efficiency were investigated. The simulation results showed
that when the wind speed was 13. 8 m/s, the particle size less than 0. 01 mm was the main particle that
affected the sand collection efficiency. The structural parameters of the wind-sand separator were
subjected to a single-factor test, the level range of the test factors was preferred, and the Box — Behnken
test was carried out to optimize the values of the parameters to obtain the optimal parameter combinations;
the length of the inlet pipe was 12 mm, the depth of the exhaust pipe insertion was 70 mm, the cone angle

of the conical deflector plate was 40°, the length of the cylinder was 160 mm, and the sand-collecting

WS B 2024 -12-09  f& 8] H . 2025 -01 — 13

EEWA . BERHEAH AT HE (2023YFD1500404 )

EEBIN: A4 (1971—) 4, Bl #8232 8 N30 8 + AR 3 M BF 1R R 525 4 1 58, E-mail : 1422069908 @ qq. com
BEESE: RER(1970—) , B S RIEI N, F 2N F AR F 824 TR, E-mail: jlnydx2009@ 163. com



140 & ok L

L

2025 4

efficiency was 77.05% . According to the optimal parameter combination, the wind erosion instrument

model was processed and wind tunnel test was carried out, and the sand collection efficiency was

74.38% , and the error with the simulation results was 3.47% ,

which was better than the common

wedge-shaped wind sand separator with better sand collection effect.

Key words: wind erosion meter; wind sand separator; numerical simulation; parameter optimization;

sand collection efficiency
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Fig. 7 Particle trajectories of wind-sand separator

at different inlet velocities of inlet pipe
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Fig. 12 Structural diagram of wind and sand separator
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Tab.1 One-way test factors and levels
i3S
K HAERK HRENE MESER MRKE/

J& /mm R & /mm e/ (°) mm
1 4 50 30 125
2 8 60 35 140
3 12 70 40 155
4 16 80 45 170
5 20 90 50 185

2.2.2 RELER S50

KRR Z XV HOCR R i E 13 iR, |
13a AT, BESAF KR 12 mm B 42 VD R0CR A
B e R, X oA B D e e A PR E TR
TV AR . AU KB L K B A Y
BT gk K Y A T o e 3RO T L R ) R
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AR ES, AIRE & B A HERIE I O m 4R
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PR IR B KA o 3 R Ry 3 I O HE U A
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Fig. 13 Influence curves of single factor on sand collection efficiency
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Tab.2 Response surface test factors and coding

ISk
G 1 HREK  HRENE HERNEKR  SERRKE/

JE/mm W/ mm Hefh/(°) mm

-1 8 60 35 140

0 12 70 40 155

1 16 80 45 170

3 HREHEER
Tab.3 Trial design and results

95 A B C D Y/ %
1 -1 -1 0 0 69. 58
2 -1 0 0 65. 14
3 -1 1 0 0 65.53
4 1 1 0 0 63.29
5 0 0 -1 -1 58.55
6 0 0 1 -1 50.79
7 0 0 -1 1 60. 82
8 0 0 1 1 68. 06
9 -1 0 0 -1 61.62
10 0 0 -1 55.95
11 -1 0 0 1 69.53
12 1 0 0 1 68.96
13 0 -1 -1 0 65.17
14 0 1 -1 0 59. 69
15 0 -1 0 59.51
16 0 1 1 0 60. 24
17 -1 0 -1 0 67.13
18 1 0 -1 0 62. 68
19 -1 0 1 0 64. 88
20 1 0 1 0 64.01
21 0 -1 0 -1 59.87
22 0 1 0 -1 52.717
23 0 -1 0 1 65.47
24 0 | 0 1 66. 96
25 0 0 0 0 75. 64
26 0 0 0 0 76.79
27 0 0 0 0 75.35
28 0 0 0 0 76.56
29 0 0 0 0 76.38

3.1 RAEEITERESSHN

HIH Design-Expert i 14 X 4 70 205 05 H 56
GORBEAT N AR BV BOR Y 5 & R R K
e MR

Y=76.14 -1.52A -1.36B -0.55C +5.02D +
0.554AB +0.9AC +1.27AD +1.55BC +2. 15BD +
3.75CD -3.54A° —-6.68B” —8.14C* -8.41D’

(10)

H 4 AT, BERL P < 0.000 1, #5750 4 H:

Z, BRI (P =0.4711>0.05) N &, e

PG BER LS, AR R, RE RBR =

0. 995 4, 15 B S B {BL A 5000 (B0 AR G M B o PRI

TR T LA e i Sz e 2% TR 38 5 B VD BRI S RO
PO e LR 2 A 25

x4 EDPWELOPERFTENN
Tab.4 Analysis of variance (ANOVA) of regression

models for sand gathering efficiency

FER  FIHM AmE ¥Horm F P
iR 1312.26 14 93.73 216.16  <0.0001**
A 27.72 1 27.72 63.94  <0.0001"
B 22.03 1 22.03 50. 81 <0.000 1 *
C 3.58 1 3.58 8.24 0.0123"
D 302. 51 1 302. 51 697.62  <0.0001*
AB 1.21 1 1.21 2.79 0.117
AC 3.2 1 3.2 7.39 0.0166"
AD 6.5 1 6.5 15 0.0017*
BC 9. 64 1 9. 64 22.23 0.000 3 **
BD 18. 45 1 18. 45 42.54  <0.0001*
cD 56.25 1 56.25 129.72  <0.0001**
A? 81.42 1 81.42 187.76  <0.000 1 **
B? 289. 25 1 289. 25 667.06  <0.000 1"
c? 429.7 1 429.7 990.94  <0.0001**
D? 458.95 1 458.95 1058.4  <0.0001*
B 6.07 14 0.43

I AU 4.54 10 0.45 1.19 0.4711
afi iR % 1.53 4 0.38

Bt 1318.33 28

Vi ¢ s FOR IR E (P <0.01) , # R B 2% (0.01<P <
0.05),

P A7 4% ,A B .D .BD .CD AD BC V) K i H
TR TR XU SR VD R ) B e B R A 3 (P <
0.01),C.AC B E (P <0.05), HAHWREF
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Fig. 14 Response surface plots of effect of interaction of factors on sand collection efficiency
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Fig. 16  Variation curves of sand collection efficiency

of cylindrical and wedge-shaped sand separator
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