FmFEAR HES1E 1
- 192 - SURFACE TECHNOLOGY 2022 4F 1 A

B8 T2/ EDEM-Fluent 8 &l
BESHSHOHR

BRES' BFER', AEFR KN, KR, TE8S°

M STRIERARZ MW TES8n)=k, 5T 8 114051,
2 UMK IeEREHEHERAT, 15T & 114031)

M E: Be IRERHLEIRY, ks A B EAY KA 3 ST R F ik E e BBy
B MAAERR R, Frik A EDEM-Fluent #8485 A | xbvf 2o 19 4L B 9 48 69 12 gk A ATAE DL,
Frifit FISISE L E A AR R RIS M KRN EE ERX AT AR, EBRAF E0ME (FAEE) ,
ST AR ERFRE Tk E AR A B RAME, FFARER L E 5k, St— TR ERFEET R
Wik BA By B0 HmR B, B8R BB FHRE S £ 5 TR, ERERG FAL% 3716.044, W45 A
o F A5 380.102, HAV-F391k B A EERF 120938 K beif 38 K, MBKS A3 KM d, wBaEis
T ARV, EIRFRE FAAA 103.695, K4 Aty FAEA 13,101, HA) SR 3RF12 0938 K Heik iR,
A, BEEKZGE AMIERMEIRER, BB AT RARTORLT, MAEERFERZEK, A I ER
X, FRAMRREKR, kmik B APk E R MAERFEEIE KT S mm b, BA-FHRERBEK,
HABMT B, 8% 184.65 m/s, A A REFARGELT, fFHRIRFERER, kiR EAKR,
B ETRE N A E G aT aARAE, RGBSR EREAY, BoAkARHR., & BRIiET
EDEM-Fluent #3-&~BLlk v 1 LB AR R AL T4, A TRX 7 AR, R T RH-FHRER B
BESANER R S MAIZ A 0 X R, L P RERERSHEGY R A BE ., MEARIRFEMEK,
BEF ik FARK, TR A AR B o AR R e AR R AR,

XgEE: 4 M ; EDEM-Fluent #484-; AP ¥ik B, b &, FEH5MH; FAE

FESES: TG668 XHiFRIRAE: A XE4HS: 1001-3660(2022)01-0192-10

DOl : 10.16490/j.cnki.issn.1001-3660.2022.01.020

Study on EDEM -Fluent Coupling Simulation of Nozzle
Structure Parametersin Sandblasting Process

ZHOU Da-peng’, MA Xue-dong*, DU Yu-lin*, ZHANG Fan*, CHEN Yan®*, WANG Hai-ling®

Wis BE: 2021-03-15; EITHE: 2021-06-23

Received: 2021-03-15; Revised: 2021-06-23

EE&WA: AR aA/MAFALTE (51775258 ); LT H AXAFRETEMA (20170540458 ); M ELHH MM LK ATHRELZRER
4 (B201703)

Fund: Supported by National Natural Science Foundation of China (51775258); Natural Science Foundation Plan Key Projects of Liaoning
Province (20170540458); Key Laboratory Fund of Ministry of Education for Precision and Special Processing (B201703)

EHEEY: AR (1995—), B, M+, L2HAT@ABEDFHH %,

Biography: ZHOU Da-peng (1995—), Male, Master, Research focus: particle matter dynamics.

BRAEE: BFK (1965—), ¥, i, 34k, T 2MRAFTAABED RN F,

Corresponding author : MA Xue-dong (1965—), Male, Doctor, Professor, Research focus: particle matter dynamics.

Blxxtgs: MM, LA TR, F. H ¥4 EDEM-Fluent #8437k 5 M A S AT R [T]. R @EAR, 2022, 51(1): 192-201.
ZHOU Da-peng, MA Xue-dong, DU Yu-lin, et al. Study on EDEM-Fluent Coupling Simulation of Nozzle Structure Parameters in Sandblasting
Process[J]. Surface Technology, 2022, 51(1): 192-201.



Bk B

JAIKMESE . Wigb T2 EDEM-Fluent A A5 40LE 1 45 44 2 BUW A 5% - 193 -

(1.School of Mechanical Engineering and Automation, University of Science and Technology, Anshan 114051, China;
2.Anshan Changhe Metallurgical Equipment Manufacturing Co. Ltd., Anshan 114031, China)

ABSTRACT: This paper aims to study the influence rule and reason of the contraction angle, throat radius and diffusion angle
of the nozzle on the average sand production speed and total sand production amount during the process of sandblasting. The
EDEM-Fluent coupling model was used to simulate the gas-solid two-phase movement in the sandblasting nozzle, and the
correctness of the model was verified by experiments. The simulation experiment was carried out by setting the orthogonal table
with different structure sizes of nozzles. The analysis of variance method (F test) was used to analyze the variation rule of
average sand production speed and total sand production amount at each factor level. The influence reason of throat radius on
average sand production speed and total sand production amount was further explored by using the control variable method.
From the variance analysis of the average sand production speed, the F value of throat radius to 3716.044 and the F value of
contraction angle to 380.102, the average sand production speed increased rapidly with the increase of throat radius, but
decreased with the increase of contraction angle; From the variance analysis of the total sand production amount, the F' value of
throat radius to 103.695 and the F value of contraction angle to 13.101, the total sand production amount decreased rapidly with
the increase of throat radius, but increased slowly with the increase of contraction angle; When the contraction angle and
diffusion angle were invariable, the negative pressure increased with the increase of throat radius, resulting in the increase of gas
phase flow speed, and then the average sand production speed increased. When the throat radius increased to 8 mm, the average
sand production speed no longer increased and slightly decreased, and its peak value was 184.65 m/s; In the case of the same
sand generation rate, it is concluded that the larger the throat radius, the greater the sand speed, the shorter the residence time of
the sand in the nozzle, and the less the mass of sand to be ejected from the contraction section and the more sparse the
distribution state. It was verified that EDEM-Fluent coupling simulation of gas-solid two-phase flow field in nozzle was feasible
and reasonable. Based on this simulation model, the relationship between average sand production speed and total sand
production amount and different nozzle structural parameters was obtained, among which the throat radius had the most
significant effect on the two. The larger the throat radius, the greater the average sand production speed, the less the total amount
of sand counted at the nozzle outlet per unit time.

KEY WORDS: structure of nozzle; EDEM-Fluent coupling; average sand production speed; total sand production amount;

variance analysis; F test
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Fig.1 Venturi nozzle geometrical structure
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Tab.1 Venturi nozzle geometrical parameters

r/mm  ry/mm  /mm  L/mm  L/mm  a/(°)  p/(°)
20 3~5 110 30 10 30~50 3~4
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Tab.2 Factor level table

Level o/(°) ry/mm pI(°)
1 30 3 3
2 40 4 3.5
3 50 5 4
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Tab.3 Orthogonal experiment scheme

Level a/(°) ry/mm p/(°)
1 30 3 3
2 30 4 4
3 30 5 3.5
4 40 3 3.5
5 40 4 3
6 40 5 4
7 50 3 4
8 50 4 3.5
9 50 5 3
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Tab.4 Material properties

Attribute Poisson ratio Shear modulus/MPa Density/(kg-m™)
Sand 0.4 400 2650
Nozzle 0.3 7x107* 7800
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Tab.5 Material contact coefficient

Contact Coefficient of Coefficient of Coefficient of

model restitution  static friction rolling friction
Sand-Sand 0.44 0.27 0.01
Sand-Nozzle 0.50 0.15 0.01
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Fig.3 Diagram of gas phase pressure changes: a) gas phase pressure nephogram; b) pressure in the direction of nozzle axis
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Tab.6 Simulation result

Average velocity of sand Total of sand

Exp. no. production/(m~s’1) production/(x 1073 kg)
1 92.23 1.555
2 116.06 1.331
3 135.81 1.075
4 85.93 1.729
5 111.69 1.302
6 128.31 1.153
7 77.93 1.884
8 102.97 1.435
9 121.67 1.246
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Tab.7 Aver age sand production speed

Source of variance Square of deviance Freedom Mean square Value of F Significance
Modified model 3115.824 6 519.304 1366.230 0.001
a/(®) 288.953 2 144.477 380.102 0.003
ry/mm 2824.937 2 1412.468 3716.044 0.000
BI(°) 1.934 2 0.967 2.544 0.282
Error 0.760 2 0.380

Sum 108 222.224 9
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Tab.8 Total of sand production
Source of variance Square of deviance Freedom Mean square Value of F Significance
Modified model 5.660x1077 6 9.434x107® 39.754 0.025
al(°) 6.218x10°® 2 3.109x10°® 13.101 0.071
F»/mm 4.922x107" 2 2.461x107 103.695 0.010
BIC) 1.170x10°* 2 5.852x107° 2.466 0.289
Error 4.7464x107° 2
Sum 1.852x107° 9
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Fig.10 Effects of various factors on average sand production
speed
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