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Table 1 Node number on circular cylinder and total cell number
in three cases
gL B b1 Rk RS EL
1 100 64 625
2 150 88 869
3 180 118 423
2 HEER
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Table 2 Drag and lift coefficients and strouhal number for a
cylinder at Re =200

Cp Cr St

A

max min max min
A 1501 1399 0746  -0.747  0.205

G.X. Wu and Z.Z Hu"® 1384 1322 0586 -0.546  0.190
18]

Farrane et al.! 1.360(average) 1.420(peak-peak) 0.196
Braza et al.l"”! 1.320(average) 1.550(peak-peak)  0.200
Roshko(experiment)[zo] 0.190
Williamson(experiment)[21] 0.198
Lecointe and Piquet™! 1500 1420 0.700  -0.700  0.230
Chen et.al.®! 1370 1290 0720  -0.720  0.200

B.N Rajani et al.**! 1380 1294 0610 -0.610 0.196
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Table 3 Computational results of three cases

Cp CL St
S48
time-average max min X107
1 0.223 0.003 -0.002 1.083
2 0.222 0.002 -0.002 1.067
3 0.222 0.002 -0.002 1.054
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Table 4 Influence of time step on calculation

Cp Ct St
At
time-average max min x107
0.2 0.222 0.002 -0.003 1.053
0.1 0.222 0.002 -0.002 1.067
0.05 0.221 0.002 -0.002 1.067
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Table 5 Pressure coefficients of front stagnation and back
stagnation and drag coefficients

Re Cpo Cpp Cp

0.1 27.29 -15.95 68.42

0.5 5.44 -3.27 13.70
1 2.72 -1.65 6.82
2 1.41 -0.80 3.38
3 1.00 -0.55 231
4 0.80 -0.44 1.81
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Fig.4 Velocity distributions in radial and tangential direction of flow without closed vortex
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Fig.6 Temporal variations of Cp and C; on time at different Reynolds numbers

K 7 XA Re T Cp IS FREIZAE FFT A He s
BT R NAE St HEI AT HI7E Re=100 X, Wsh A
JAMAYER S, H St KZH 0.011. Re=120 F1 140 i, H
RIS e RILAE R, (B3R — 585 T E
SHAT, BRI St RAE S 54 0.010 A1 0.009. Re 254
KE] 160 B, WERATEE AR, Ak LT —
AN A, AR B A L& N, JLOE R AN AR
FHXET Re=140 INABA T BRI Bbiy, R LE] %2

B AT AN B 1 AR D0, T2 th 2 i
RO SN T

[ R iA7 T A6 32 vP BT 52 BEL 7 7R IS RS- 24 4 R I 2 4y
EAWE 8. 1F Re<200 HIJuMHIMN, A AET _EIBH ) &R
Kbt Re (RXINTIIR/N . 5HARE P I BIALSSR K Cp
FEFR SN TFUA TR 1 P B B R 88 n s e PR oy
PERLA R A AT Ge i il A X — I 4. Xt [
/SR = AP R (S L~ (P T3 iy e R % S e



5113 PSR RO REHL AT 4T — 4 Sl SR 33

BRIAE DR ET IR, dibee SE 16 2R AR AT (R 35 A4 TR i
DAL, PRI FR e o A v o [ EA T (R MR ) o

MMWWW‘W‘L_ Re200
WM&MMM—— Rel80
WMWWM-A Rel60

=
Rel40
Rel120
. Rel00
1 1 L1l IIII 1 1 L1l IIII 1 1 L1l
1x10° 0.01 0.1

St
VE: StRTCHHESSREG M AT RBEHE (LA (K
B 7 TEEHEHT St

Fig.7 Dimensionless frequency at different Reynolds numbers

— 160

150

140
130 &

120

E: CoFIIREG YA ESM, ° Re Nl WEHL

B8 Cp. wH RetyZEAk
Fig.8 Variation of Cp and y at different Reynolds numbers

3 & i

ARSI 0 B A AR BB PR AT DA T A R T A
Re<200 (UL IS IR IR TE, 4331 LL T 4518

1) X RS IR RAER Y RS R R A TR
PR B DX PR N DU 8 2 v S5O P AN I v 5
AR

2) AR LR L AT RS8R I S DL T F
2 5 BRI AR SE U ) A [ IS, B T
T, KA 1 ERAENET AR s AR
FAVELE R/ I TR RO Rt HH I s eI 1R B VR AR AT X T
PSR MG LN T 20— ARG XX TR AL
W B RS 3R T Pk

3) B OB AL 1 A A T 1 32 T A B T T
T, AT AL R ETAEAN R 5 v B R T B R 5K

(RII R 2, B AL FP A [ A EA BT 52 2 PR U A4 B
TR/, HIFBA B i 2> B i gin . AEHAEY 5T
VAR RITCENIFR N T 0.05. ASTHIWTFEEE Rk
NNETIZZNFL T, TTREREAE, A BT R A DT R
e 28 A8 TR I A BRI R i S

(& £ x #

(11 HEH], Bk, HEK, & b E 2R AEYRS A B hE

PRI PPN (D). Aok TFE2E4R, 2008, 24(12): 291
—296.
Cui Ming, Zhao Lixin, Tian Yishui, et al. Analysis and
evaluation on energy utilization of main crop straw resources
in China[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2008, 24(12): 291
—296. (in Chinese with English abstract)

2] ROz, FEERK, BIF5m, 5. FE 4D R A IR
HREAZI. R, 2009, 40(1): 91—99
Wu Chuanzhi, Zhou Zhaoqiu, Yin Xiuli, et al. Current status
of biomass energy devel development in China[J]. Transactions
of the Chinese Society for Agricultural Machinery, 2009, 40(1):
91—99. (in Chinese with English abstract)

31 #ELE, HIM, xIm B, &5 o EARAEYRSAT o &
AHIURD]. AL TRE4R, 2002, 18(3): 87—91.
Han Lujia, Yan Qiaojuan, Liu Xiangyang et al. Straw
resources and their utilization in China[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2002, 18(3): 87—91. (in Chinese with English
abstract).

[4] EAR, bk, HEAK, 25 FEEYFRE R RIR
SFEAIIHTI]. A TREAAR, 2007, 23(9): 276—282.
Wang Jiuchen, Dai Lin, Tian Yishui, et al. Analysis of the
development status and trends of biomass energy industry in
China[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2007, 23(9): 276
— 282. (in Chinese with English abstract)

[51 @eosith, FEOK, diEd &% LW mm i s gort n T

AP R TSR], Al TR, 2010, 9(26): 280
—285.
Yao Zonglu, Tian Yishui, Meng Haibo, et al. Design and
study on production line and equipment of biomass solid
fuel[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2010, 9(26): 280—
285. (in Chinese with English abstract)

[6] KBS, BMIE, M4, & RIEMRFAEER LT

MZEERAT]. R TR, 2006, 22(34T 1): 107—
109.
Zhang Xiaowen, Zhao Gaibin, Yang Renquan, et al.
Comprehensive utilization of agricultural straws in recycle
economy[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2006, 22(Supp.1):
107—109. (in Chinese with English abstract)

(71 WA, wEZz SRR GE R S R A AT NG AR

PIRFSE[T]. R sMRb R 2224k AARBLEIR, 2011, 35(2):
127—130.
Shi Junyou, Tang Yunyun. Study on preparation of rice straw
particleboard using modified corn starch adhesive[J]. Journal
of Nanjing Forestry University: Natural Science Edition,
2011, 35(2): 127—130. (in Chinese with English abstract)



34 NV TRE A 2012 4F

[8] k. Tk E RAEMALFAR = AL KR ) 3 DA R A Sl 5T [16] Wu G X, Hu Z Z. Numerical simulation of viscous flow

[D]. FI&t: EEmiaklloksE, 2010. around unrestrained cylinders[J]. Journal of Fluids and
Zhang Yan. The Researches on Development Motivation and Structures, 2006, 22: 371 —390.
Model of STRAWBOARD INDUSTRIALIZATION in [17] BE. e Bk, XB RS il REURN — 2 35 A E 3
China[D]. Nanjing: Nanjing Forestry University, 2010. (in BUEBRUD]. b Blsgim ks, 2007.
Chinese with English abstract) Gu Gang. Numerical Simulation of Two-Dimensional Flow
91 @EF. FEFFIEMINH AL S E VPN [D). bl BiEar Around Single and Double Cylinders and Three-Dimensional
KA, 2010. Oscillation of Heave Plates[D]. Shanghai: Shanghai Jiao
Gao xiang. The Evaluation of Social Benefit of Straw Particle Tong University, 2007. (in Chinese with English abstract)
Panel Project[D]. Shanghai: Shanghai Jiao Tong University, [18] Farrant T, Tan M, Price W G. A cell boundary element
2010. (in Chinese with English abstract) method applied to laminar vortex-shedding from arrays of
[10] Kapur P C, Panda D. Analysis of single-particle breakage by cylinders in various arrangements[J]. Journal of Fluids and
impact grindin[J]. Mineral Processing, 1997, 49(3/4): 224— Structures, 2000, 14(3): 375—402.
235, [19] Braza M, Chassaing P, Ha Minh H. Numerical study and
[11] Lutz Vogel, Wolfgang Peukert. From single particle impact physical analysis of the pressure and velocity fields in the
behaviour to modeling of impact mills[J]. Chemical near wake of a circular cylinder[J]. Journal of Fluid Mechanics,
Engineering Science, 2005, 60(8): 5165—5174. 1986, 165: 79—130.
[12] Wolfgang Peukert. Material properties in fine grinding[J]. [20] Roshko A. On the development of turbulent wakes from
Minera Processing, 2004, 74(S1): S4—S16. vortex streets[R]. NACA Report, 1191, 1954.
[13] XIZRTF, 2L, RS, 25 GLS MHmHiLER 5T [21] Williamson C H K. Vortex dynamics in the cylinder wake[J].
SO BEHLERRF DI, FE5CE TS0 (RPN, Annual Review of Fluid Mechanics, 1996, 28: 477 —539.

[22] Lecointe Y and Piquet J. On the use of several compact methods
for the study of unsteady incompressible viscous flow around a
circular cylinder. Computer and Fluids, 1984, 12(4): 255—280.

[23] Chen Y H, Yang S C, Yang J Y. Implicit weighted essentially
non-oscillatory schemes for the incompressible Navier-Stokes
equations[J]. International Journal on Numerical Methods in
Fluids, 1999, 31(4): 747—765.

[24] Rajani B N, Kandasamy A and Sekhar Majumdar. Numerical
simulation of laminar flow past a circular cylinder[J].
Applied Mathematical Modeling, 2009, 33(3): 1228 —1247.

[25] WuMH, Wen CY, Yen R H, Weng et al. Experimental and
numerical study of the separation angle for flow around a
circular cylinder at low Reynolds number[J]. Journal of Fluid
Mechanics, 2004, 515: 233 —260.

1997, 21(5): 428—431.
Liu Dongsheng, Li Fengsheng, Song Hongchang, et al. Study
of grinding mechanism for GLS mill with wet grinding and
dry grinding[J]. Journal of Nanjing University of Science and
Technology: Natural Science, 1997, 21(5): 428 —431. (in
Chinese with English abstract)

[14] ik, mlIEP M B AR S SR B [D]. o 1L
R, 2008.
Wu Hao. Study on the Micro Comminuting Technology and

Experiment on the Oiliness Material[D]. Wuxi: Jiangnan
University, 2008. (in Chinese with English abstract)

[15] Williamson C H K. Advances in our understanding of vortex
dynamics in bluff body wake[J]. Journal of Wind Engineering
and Industrial Aerodynamics, 1997(69/71): 3—32.

Numerical simulation of flow around circular cylinder in pin pulverizer

Huang Peng, Li Shuangyue™, Diao Xiong
(School of Manufacturing Science and Engineering, Southwest University of Science and Technology, Mianyang 621010, China)

Abstract: In order to investigate the aerodynamic performance of circular cylinders in a pin pulverizer, the
computational fluid dynamics method was applied in the study of flow past a circular cylinder nail in a 2D model. The
problem of flow around a circular cylinder in uniform inflow was used to verify the correctness of the computational
model. The independence of mesh and time step were also investigated. The results showed that flows could be
classified into three flow regimes when Reynolds numbers varied within 200. In the stable separating regime, the max
length of closed wakes was approximately equaled to the diameter of the cylinder, and the wakes would vanish as the
increasing of Reynolds number. In the unstable vortex shedding regime, periodical vortices shedding occurred at low
Reynolds numbers. Lift force and drag force on the cylinder were small. As Reynolds number grew, the dimensionless
frequency increased and different frequency components appeared. The dimensionless frequency was one order of
magnitude smaller than that of the flow around a cylinder in uniform inflow. It lays the foundation of the research on the
problem of flow around cylinders at high Reynolds numbers.
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