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Abstract This paper investigates the mathematical model of circumfluent drag torque of pin pulverizers using computational fluid
dynamics (CFD) method, orthogonal test method, and dimensional analysis. The drag torque of pins at two circles was studied based
on validation of the computational model. The key structural parameters and operating parameters of the pin pulverizer were
considered in the orthogonal test. The orthogonal test data were non—dimensionalized, and the dimensionless parameters’ polynomials
were used to fit the data, by which the mathematical model of drag torque of the pin pulverizer was established. The computational
results show that errors between the predicted value and CFD calculations of the drag torque of pins at two circles under two different
conditions were 9.832%, 28.914% and 10.321%, 5.442%, showing this model could satisfy engineering precision.
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Fig. 1 Two-dimensional model and parameters

of pin pulverizer
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Table 1 Levels of orthogonal test factors
KFE o Lm 0/(°) v/ (mes!) @/ (remin”) @)/(remin™)
1 0.015 0.785 7.304 1000 1000
2 0.020 0.571 8.764 2000 2000
3 0.025 0.449 10.225 3000 3000
4 0.030 0.370 11.686 3500 3500
5 0.035 0.314 14.607 4000 4000
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Table 2 Comparison of key vortex shedding parameters of
the forces acting on an isolated cylinder at Re=29440

I FH R BN E C) T FEE T RE G
A 0.946 0.737
SCHR[11] 1.150 0.499
SCHk[12] — 0.577
SCHR[13] — 0.596
SCHk[14] 1.142 0.842
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Table 3 Orthogonal test schemes and computational results
G5 L/ m 0/(°) v/ (m-s™) / (r~min™") wy/ (remin™") =H M,/ (N-m) M/ (N-m)
1 1 1 1 1 1 1 0.253 0.779
2 1 2 2 2 2 2 1.444 3.503
3 1 3 3 3 3 3 1.991 3.524
4 1 4 4 4 4 4 2.824 4.910
5 1 5 5 5 5 5 3.516 5.120
6 2 1 2 3 4 5 1.329 5.061
7 2 2 3 4 5 1 2.005 6.475
8 2 3 4 5 1 2 3.066 2.065
9 2 4 5 1 2 3 0.827 2.981
10 2 5 1 2 3 4 0.878 2.563
11 3 1 3 5 2 4 2.030 3.145
12 3 2 4 1 3 5 0.487 5.071
13 3 3 5 2 4 1 1.428 6.328
14 3 4 1 3 5 2 1.468 5.873
15 3 5 2 4 1 3 2.057 2.038
16 4 1 4 2 5 3 0.879 7.839
17 4 2 5 3 1 4 2.078 1.930
18 4 3 1 4 2 5 1.918 3.466
19 4 4 2 5 3 1 2.498 5.389
20 4 5 3 1 4 2 0.437 5.525
21 5 1 5 4 3 2 1.929 6.493
22 5 2 1 5 4 3 2.067 8.073
23 5 3 2 1 5 4 0.432 8.770
24 5 4 3 2 1 5 1.178 2.157
25 5 5 4 3 2 1 1.956 4.459
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Table 4 Dimensionless parameters

a2 I/D Dawfv Daw»lv 0 ovD/u M/pv’D? M/ pr’ P
1 1.500 0.143 0.143 0.785 5000 38.714 119.201
2 1.500 0.239 0.239 0.571 6000 153.471 372.305
3 1.500 0.307 0.307 0.449 7000 155.456 275.152
4 1.500 0.314 0.314 0.370 8000 168.810 293.504
5 1.500 0.287 0.287 0.314 10000 134.521 195.890
6 2.000 0.358 0.418 0.785 6000 141.249 537.893
7 2.000 0.358 0.410 0.571 7000 156.550 505.565
8 2.000 0.358 0.090 0.449 8000 183.276 123.439
9 2.000 0.072 0.143 0.370 10000 31.641 114.052
10 2.000 0.287 0.430 0.314 5000 134.350 392.185
11 2.500 0.410 0.205 0.785 7000 158.502 245.560
12 2.500 0.090 0.269 0.571 8000 29.111 303.128
13 2.500 0.143 0.251 0.449 10000 54.635 242.108
14 2.500 0.430 0.573 0.370 5000 224.630 898.674
15 2.500 0.418 0.119 0.314 6000 218.622 216.602
16 3.000 0.179 0.358 0.785 8000 52.544 468.590
17 3.000 0.215 0.072 0.571 10000 79.504 73.841
18 3.000 0.502 0.287 0.449 5000 293.488 530.360
19 3.000 0.478 0.358 0.370 6000 265.492 572.753
20 3.000 0.102 0.358 0.314 7000 34.121 431.389
21 3.500 0.251 0.215 0.785 10000 73.803 248.420
22 3.500 0.573 0.502 0.571 5000 316.288 1235.314
23 3.500 0.119 0.478 0.449 6000 45914 932.092
24 3.500 0.205 0.102 0.370 7000 91.978 168.418
25 3.500 0.269 0.179 0.314 8000 116.923 266.544
XA R TR AT R, T NS E oD/ i)
YRR 2 S LA B IUELZA 0 O, SOR NS 25 0 B A3 P el
ETARGEIE L) S OIS AL Sy
2 M__ 782[3 199 +3. 275[l j - 1.835(Lj - 0.489[Lj L
iz pv’D D D
g LY LY Do, Do,
gpé e BT 1.835(5') +3.275(l§j :||:0 018 +3. 221[ j+4 189( j +
- —— 25T , . )
2570( “’j 0.286( : ) -2, 189[ @ H[l 612+
o 2.356(02) j 6305(0‘" j +0. 094(0‘” j a 544(9‘" j .
TS 4 2 I I Eom
5 637(0 ji|[3 518+5.0760-2.1576° = 3.73760° - 2.11260" +
K2 AR 2E B IO R NS R 2 BT 22 e pvD
, o ' 0.0606 ]{1 774+ 1. 220( j] (5)
Fig. 2 Errors varying with numbers of terms of polynomials v
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Table 5 Comparison of results between model prediction and CFD calculation

TH /D Dwlv Dwlv 0 pvD [ MDA Mupr* Dl M pr* D> TG Moo D> T
1 2000 0262 0262 0.628 6845.870 128.408 276.327 115.795 356.223
2 2750 0.131 0284 0524 8215.044 46.599 344.898 51.408 363.667
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