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Optimal Design of Intake Air Duct in Pendulum Mill Based on Coupled Simulation Technology
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(1.College of Mechanical and Electrical Engineering, Guilin University of Electronic Technology , Guilin, Guangxi 541004, China;
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Abstract: In order to solve the problems of high energy consumption, material accumulation in the air duct, and local wear in
the swing mill, an analysis was conducted on the existing structures of the intake air duct, including volute and air duct blades.
Based on fluid dynamics, multiphase flow, and discrete element coupling simulation technology, numerical simulations were
conducted on the internal wind and particle fields of a pendulum mill. Response surface simulation tests were conducted on the
volute shape, the blades angle of air duct, and the blades number of air duct. The results show that optimizing the volute shape
is beneficial for reducing pressure loss and equipment energy consumption. Reasonable selection of blade angle and number is
beneficial for reducing the uneven coefficient of air flow velocity in the air duct and regulating the flow field. Based on multi-
objective optimization of pressure loss and non-uniformity coefficient, the optimal solution for the air duct structure was
determined as volute shape of 2, blades numbers of 18, and blade angle of 55°. The collection efficiency of finished particles in
the optimized scheme is as high as 95.3% , which is 13.5% higher than that of the original scheme. The simulation results are
consistent with the field test data, which can provide a guidance for the structural optimization design of the pendulum mill.
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structure of pendulum mill
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Fig.2 Blade wear and material accumulation
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Table 1 Results of simulation test
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2 394.7 412.6 635.2 21.27 0.31

3 413.7 434.6 699.7 22.24 0.23
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Table 2 Test design and simulation results statistics

REHE A/ B/ C AP /Pa R
1 45 16 2 395.1 0.33
2 55 16 2 408.4 0.23
3 45 20 2 411.1 0.27
4 55 20 2 498.9 0.16
5 45 18 1 646.4 0.42
6 55 18 1 701.9 0.22
7 45 18 3 472.8 0.24
8 55 18 3 524.7 0.11
9 50 16 1 682.9 0.41
10 50 20 1 689.7 0.35
11 50 16 3 454.4 0.21
12 50 20 3 456.1 0.20
13 50 18 2 412.6 0.31
14 50 18 2 427.4 0.29
15 50 18 2 380.9 0.31
16 50 18 2 403.3 0.28
17 50 18 2 395.3 0.33




216 g LR L5 A 2025,45(4)

3.2 HREM R3 HAESW
W EAF Design-Expert 13 XT38 45 B #4750 Table 3  Analysis of variance
THo3 AT [6) B o A ok ik [l 00 R R A 7 A 6, 75 ) i% ab R
i R ¥y FE P ¥y FH Py

Nopsin =] A o A i A
WGE i H B AP FIAREI 5 8R4 [l iR 22 961 40.36  <C0.000 1* 0.011 6  18.55  0.000 4*
TFRESY 3 A . A 5443 957 0.0175"  0.0351 5592  0.000 1*

B 1650 290 0.1323 00045 7190 0.0315*

AP = 403.91 + 26.09A + 14. 36B101. 62C +
18.62AB—0.887 5AC—1.26 BC+20.06A* 44.37B* +
162.51C*

R=0.304 0—0.066 3A —0.023 8B —0.08C —
0.005 0AB+0.017 5AC +0.012 5BC —0.052A% —
0.007 0B*—0.004 5C*

FE R E) R BT 220 B W3k 3, e rp R 03
2 Ok o AL 53 56 1 LA R EE L R B R T
0.05, F B Z AL AL G R LR R AF A8 BERLAY P /D
T 0,05, 15 WY G50 45 S W] HE P L B 5 SE R A AR AL
G ALA T . R 3 AT X R ) R P e E
SISk - s R N a1 AN - O
Fr ff BE I e 2k BN A I 3 S e (P <<0.05) . 1
TR F R DL R il 3 i 5 2 TR0 34 A ) T B o 8
HLN S B TR S0 . W IRGE A 2849 22 850
F e EIC A4 R 280 Ay i 5 2 AL i R R R L B
BN B EZKN R (P<0.05), H ] A, gk 2e
W £ B DA R B I A 2R TR A A ) T R
IR ST R

C 82 619 145.2 <€0.000 1* 0.051 2 81.55 <C0.000 1*

AB 1 387 2.44 0.1623  0.0001 0.159  0.7017
AC 3.15  0.0055 0.9428  0.001 2 1.950  0.205 2
BC 6.35 0.011 2 0.918 8 0.000 6 0.995 0.351 6
A? 1694 2.98 0.1281  0.0114 1813  0.003 8"
B? 80.25 0.1411  0.7184  0.0002 0.329  0.584 4
C2 111200 195.44 <C0.000 1* 0.000 1  0.136  0.723 4

RPN 917.76 2.99 0.1590 0.0010 252 0.196 5

T FRon RS bR A 53 50 (P<<0.05)

25 DS 28 X A58 1 e SO T AN P 7 PR . IR ST AR
RUANAR B, B W £ B 55 0 5 g B XU
FRE A3 0, 2 i 5 A B 55° M Bl 20
i, A5 Ik B B K fH 498.86 Pa, 4 M H i A A8
b Bt 25 P A A (88 i SR R e 1 R, XU HE
FEB AR A WG I, 2 ok F A B S 5508, He 4 ik 3 B
KAH 701.94 Pa, 40t F ff JBEASAR B, Bl 5 v R BiE
(3G AR T8 58 1 B, XU HE O e 4 A AN B 3
it g S 20 AR, RS B i K AE 689.7 Pa,
L7 HafR mT LA Y i 5 2 R A0 52 A oA
B CRHWSE 2 F13 Jr et KB B REK. [
B 38 2 3G A R RN R B A R T R
e 1 2 AL 19 SR B )P L BRI R .

(a) HARESHHEE

(b) WRER G A

(c) WREBEHFHE

7 & E SR X E 5 B9 0 R T £

Fig.7 Response surface curves of each factors to pressure loss
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Fig.8 Response surface curves of each factors to non-uniformity coefficient
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Fig.9 Cloud images of wind velocity track
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Fig.10 Cloud images of particle velocity track
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Table 4 Cumulative collection efficiency of finished particles

kL R/ mm Ak IR/ 0% PEALBERL/ %
0.200 0.00 0.00
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5.000 22.69 27.89
10.000 39.16 48.35
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75.000 89.36 93.30
200.000 100.00 100.00
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