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Research on the Collision Characteristics of Grinding Balls in a Vertical Stirred Mill Based on DEM-CFD
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Abstract: To investigate the collision characteristics of grinding balls inside the cylinder of a vertical stirred mill during
operation, a laboratory-scale vertical stirred mill was used as the research subject. Based on the Discrete Element Method
(DEM) and Computational Fluid Dynamics (CFD), a DEM-CFD simulation model was developed, taking grinding balls,
slurry, and the agitator as the objects. The collision characteristics of grinding balls and their variation along the axial direction
were systematically investigated based on five aspects, including the number of collisions, normal and tangential collision
energies, and normal and tangential collision forces. The results show that collisions among grinding balls account for 90.5% of
the total number of collisions, which is significantly higher than the number of collisions between grinding balls and the
grinding cylinder. The tangential collision energy among grinding balls is approximately 1.4 times that of the normal collision
energy, while the normal collision force is approximately 6.2 times that of the tangential collision force, indicating that the
grinding effect of the grinding balls is more pronounced in the tangential direction. Grinding balls located between the bottom
and the 3/8 mark of the cylinder exhibit collision characteristics marked by high collision frequency, high collision energy, and
low collision force, which effectively refine the materials. The grinding effect in other areas is relatively small, suitable for
rapid materials grading and allowing materials that meet the particle size conditions to overflow from the cylinder. This research
achievement provides theoretical guidance for optimizing mill design and improving grinding efficiency.
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Fig.1 Structure and working principle of vertical stirred mill
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Fig.3 Simplified 3D model of experimental prototype
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Table 1 3D simplified model size parameters
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Table 2 Discrete Element Model contact parameters
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TEBE 25 8 % 3 gy i A8 v, 3 8 7 BE 1) O R oz
Sy T 3 VAL 15 U FRT R ) R AT Bl iz Bl A
LA L TR U . by AR AL BT A PN R U 4 1Y
iz AL S )52 4 T K 3L A 330 73 DA T e Sl A
b3, AR T A R B A RUSE L A A A
SERGES 250 mm X475 mm CH AR X R B 1Y (8] b
TET 5 465 A DAy BT A P 950 i O R 2 O B AR T 9 2 4
AT o 368 3 A1 2% i B K WL A St AT i 2 AT A P BE T



RILM , %5 AT DEM-CFD #) 5 X #t 3¢ B HLAT B sk st s 4 st 2 [J .7 e BF £ 5 I & ,2026,46(4). 207

5 (B A THT 2 ) F) O AR JeOE S 1k 3, Tz gl 5
O AL 5 A T ) 2 1) IR AR S0 SR e B S L a2 Bl A
AOh L. Herb BOE AR SR E L M S 175 1/ min,
o gz gy X i N SR O gl
B SRJE NI A AT RS ] L BE BT R
O 12 o, FOBCME O OF B BRCEAR Y 3 A, B
W AR 1 957.4 kg/m® , 15 51 5 2 19 i 44
AN E 5 BT

ZEE

BEHIR

#r ik
-

B fEEnyERiksRs

Fig.5 Fluid domain model of slurry inside the cylinder
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Fig.6 Experimental torque
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torque mean values at different speeds

B/ T A/ 15 FARAE /

(r/min) (N + m) (N + m) LR
175 16.22 15.34 5.43
215 18.60 17.33 6.83
260 21.35 20.19 5.43
300 23.37 21.35 8.64
350 26.12 23.43 10.30

3 oL R AU B LA 4 AT

3.1 FESHIW

M 7 2P B AL A T 3 B A UKL A2 AT B
BRI A 9] Rl 18 BF R O B AR TS R AR AN T DR/
TE TAERE R b, AT AR N S 4 L 7= A il 43 A7 2R LT
30 ol A Al A e AR ™ AR T Al R e R AIE 4
JIAEY R . 7R AR ST L K Bl 1 R A A )
PR F8 AR i BR 32 1] F0U) ) 1 A7 0 43, 3 50 ) ilf 48
e Y 1] flf 48 B VA 1) i 48 7 YD 1) il T R 4 TR
B 5 A SBORWEIE S 2 FE B Al 1 A G R
7R

AT R PR AN [ X300 7 A 4 ) 04 A SR A7 AE 25
S X — R FEAZE S TFERRE W, b
T o BE 380, il A 2 Bk A AR AR DRI 7 TR Tk )
BERLE PR BB R AT R 43, 3R] 43 DX, W] 5 4% X
S AT P 3R X A A UK 9 1 FHASOR B2 25 57 DT 2 48 1)
A PN AT S Al 4 A e T B v ) AR A R



208 g LB R S5 A

2026,46(4)

w mR
i AR
Y Y
L2 i ey
|| =
s N \ i T
i 1 i || R TR e
| w | L@g%l B\ maon 1w |

E7 #iEHESH
Fig.7 Collision characteristic parameters
JESBIL oA A8 DX s el 23 2 18T 8 BT 7 s MR A AR ST
VARG ThT g 25 4, 3 ik 170 0 2 38 1 5 18] g XE. 07 1wl 5 7% &
B 5 6 i BB £ MR 30 mm, B FR 30 mm
BEE A0 IR Ir 16 A1 XK. A 8 Rl
SrIX 01 1Y b 3R T W 5 SRR P g i S i 42 fi
IrIX 02~13 B2 6] Jof 2 . 2 SROBE BE P i i A9 42

SIER A0 X 14~16 23 (Al & A B dkas 25,
B SR 16
| N .| LA
[l S . | |
M e M |
TR W D> 12
i BN |
I | |
HEE ———— S — — = |
_______ A e S|
D = 08
=

I "
L - — s o1

8 EEHLAE XX 4

Fig.8 Internal area division of the mill
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Fig.9 Variation regulation of the total number of

collisions with work time
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Fig.10 Variation regulation of the number of collision with time in each zone
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Table 4 Mean number of collisions results of each zone
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Fig.11 Variation regulation of collision energy with time
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Fig.12 Variation regulation of collision energy

with time of each zone
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Table S Mean collision energy results of each zone

AKX 2 0 Bl /] 1 ) Rl /]
01 0.072 7 0.123 5
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04 0.079 1 0.118 2
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06 0.057 7 0.078 1
07 0.037 7 0.042 5
08 0.013 1 0.011 2
09 0.000 2 0.000 2
10 0.000 0 0.000 0
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Fig.13  Variation regulation of average collision energy with zones
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F6 BHORWMENHESER

Table 6 Mean collision force results of each zone
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Fig.16 Variation regulation of average collision force with zones
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