ISSN 1005 -2763 FLMREFE %465 F7H 2026 % 7 A
CN 43 -1215/TD MINING R & D, Vol.46,No.7 Jul. 2026

£ F DEM-CFD #8 & UM S 2 BNl TR RE R I E R AT 5T

FTRELERER ARG AT AR

(LILBHEE S 2 HUBR TRE2A B, 107" PEFfH 110168;
2.t E THERAGRAR . L7 LH  110027;
AL FETLESHGEEO T WARAR, L7 LHE 110027)

RME AZZ I XERBEHF BN IERETARBEA AT S EOE AN LT ZT A ENERRL RALEESMERA

R T MR BEN RN XM RE, G4, RABHKLEDEM) 5 7 K3) H 5 (CFD) 484 ik i 5 8k 3t 3 ALK

AT AR oI RPHBENRET RO FHE BB ARG TER RE A THRIEG O HME AER, R

GOy T EAER (i NRBALERT R RERE) S = 0 &M AS ORI A B AR 5% A A 3T BT AR AR (G4 Rk IR 3)

BEZREAN ARG Y AENHALERZEHBERERFANGTETXR;RE.RAAIBEIHEHAELSE T m kg

ARARE, FRERRV . EREDBERARATR T ENTAR TR L T LA AR F L LT R, T H B %
b5 At Eé?? BN FHEEANSEMARTENRTARNE AEAEABRHIBLENHARERTIEAK. A FPEnrA AL

E‘uh%};’éﬂ%&i Ehg R AERB TR AR BN AETFRBRERGZESHALT S

KB B ARG E AU B AL s T8 A A AT s AL AL

hESES:TD453 XERARIZAD : A X EHS 1005 -2763(2026)07 —0212 —09

Study on Influencing Factors of Working Performance of Spiral Stirred Mill Based on DEM-CFD Coupling
Yu Wenda', Cui Jiaxuan', Zou Defang', Hu Jinlu®, Lu Shebin®
(1.School of Mechanical Engineering, Shenyang Jianzhu University, Shenyang, Liaoning 110168, China;
2.Northern Heavy Industries Group Co., Ltd., Shenyang, Liaoning 110027, China;
3.Northern Heavy Industry Fuller (Shenyang) Mining Co., Ltd., Shenyang, Liaoning 110027, China)

Abstract: To establish a working performance prediction model for a vertical spiral stirred mill and determine reasonable model
input independent variables, this study systematically investigates the key factors influencing the mill’s working performance
from the grinding mechanism perspective using a univariate analysis method. Firstly. a numerical simulation model of the spiral
stirred mill was established using a coupled discrete element method (DEM) and computational fluid dynamics (CFD)
approach. The dynamic characteristics of the grinding media and slurry during the stirring process were analyzed, and the
reliability of the simulation model was verified. Subsequently, based on the validated numerical simulation model, the influence
laws of process parameters (rotational speed, media filling rate, and slurry mass concentration) and spatial structural
parameters (bottom clearance, side clearance, and helix angle) on the mill’s working performance (collision energy. driving
torque, and energy utilization rate) were systematically analyzed, clarifying the quantitative relationships between each factor
and the grinding performance indicators. Finally, a sensitivity analysis method was employed to investigate the degree of
influence of each factor on the performance indicators. The research results indicate that, under the premise of satis{ying the
grinding effect, optimal design values exist for both the mill’s spatial dimension design and process parameter selection, which
can achieve a balance point between grinding performance and energy utilization rate. Spatial structural parameters exert a
stronger influence degree on the mill’s energy utilization rate, collision energy., and driving torque compared to process
parameters. Among them, the helix angle is the critical parameter affecting the grinding performance of the tower mill and can
serve as the core input variable for the mill's performance prediction model.
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Table 1 Test factors

T g/ WL/ W AT R/

T+ mm mm W/ % /Y% (r/min)
0.56~0.72 35 60 70 60 75
0.67 35 60 70 60 75
0.67 20~35 60 70 60 75
0.67 35 30~60 70 60 75
0.67 35 60 40~80 60 75
0.67 35 60 70 40~70 75
0.67 35 60 70 50 45~90
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Table 2 Drive torque of spiral stirrer at different speeds

R/ {5 HAHL A/ R4/ AHXS 5 2% /
(r/min) (N +m) (N + m) %
10 13.9 13.5 2.88
60 14.7 14.1 4.08
80 15.2 15.8 —3.95
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Fig.3 Distribution of velocity vectors and trajectories of

medium balls moving inside the tower mill
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Fig.4 Distribution of kinetic energy and vector force of medium balls moving inside the tower mill
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Fig.6 Variation curves of grinding performance under

different spatial structure parameters of the tower mill
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Fig.7 Variation curves of grinding performance under

different process parameters of the tower mill
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Table 3  Sensitivity analysis results of multiple

variables on grinding performance

A% I
28 B BRI R/ T A / IR BT /
% J (N + m)
WE g B 3 —0.44~0.62 1.06~1.84 0.05~0.08
AFEEAEE —0.04~1.37 0.16~1.71 0.03~0.06
TR E  —0.76~0.63 0.57~2.05 0.02~0.45
JEE B —0.31~0.51  —0.82~—0.25 —0.21~—0.06
i) st —0.17~1.07 —1.88~—0.46 —0.45~—0.18
B TiE T1 £f) —1.73~3.32  —4.95~14.27  —0.23~0.68
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