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Tobacco Shreds Conveying Simulation and Pipeline Optimization Based on
Discrete Element Method

LI Guang, CUI Shibin, KOU Lei, CHEN Song, HUANG Liqiang

(1. School of Light Industry Science and Engineering, Tianjin University of Science and Technology, Tianjin 300457, China;
2.Tianjin Cigarette Factory, Shanghai Tobacco Group Co., Ltd., Tianjin 300163, China)

Abstract: [Objective]To improve the accuracy and reliability of the discrete element method in optimizing the design of tobacco shred
conveying elbows, an X-Y-Z three—dimensional irregular breakage model was established. Based on this, a gas—solid coupling method
(CFD-DEM) was employed to optimize the elbow structure design. [Methods]Taking Hongshuangxi (Hard) tobacco shreds from a
cigarette factory as the research object, the key parameters for the breakage model were measured through methods such as the heavy—
ball drop test. With the pipe bending angle, bending radius, and inlet—outlet length ratio as critical experimental factors, and the
pipeline wear condition and the remaining Bond key ratio of tobacco shred particles as experimental indicators, the influence of each
factor on tobacco shred conveying costs was analyzed. [Results]The total pipeline wear decreased with increases in both the bending
angle and bending radius. The degree of pipeline wear for different inlet-outlet length ratios followed the order: 1:1.5 < 1:1 < 1.5:1.
The remaining Bond key ratio of tobacco shred particles increased with the increase of the bending angle; it first decreased and then
increased with the increase of the bending radius; and the degree of tobacco shred breakage for different inlet—outlet length ratios
followed the order: 1: 1.5 < 1:1 < 1.5: 1. The orthogonal experiments revealed that the order of the factors affecting tobacco shred
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quality were: the inlet—outlet length ratio, bending radius, and bending angle. The optimal factor combination for the pipeline was a
bending angle of 150 °, a bending radius of 1 500 mm, and an inlet—outlet length ratio of 1:1.5. Under this condition, the simulated
breakage rate for 10 g of tobacco shred particles during conveying was 1.505%. The verification test of the breakage rate of this
optimal combination yielded an actual breakage rate of 1.333%, with a relative error of 0.172%. Compared with the actual breakage
rate under general operating conditions for elbow conveying, it was reduced by 3.074% approximately, effectively lowering the
cigarette conveying costs. [Conclusion]The optimized elbow structure reduces the breakage of tobacco shreds after pneumatic
conveying. The research findings can provide a theoretical basis for the rational layout of pipelines and the optimized design of elbows.

Key words: tobacco shreds; discrete element method; breakage model; numerical simulation; structural optimization
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Table 1 Tobacco cut length classified into five categories
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Figure 1 Five lengths of tobacco represent Figure 2 Five types of representative tobacco models

1.3 ETSEBSHHFERNNE
AT PR R AR R TR AR A oL e A ISR A9 42 B4R i SO B Rl R M TR Rk R g,
BT E M L™ A B — 8 07 5 3B i S0, 4 B MR 22 0k AR 45 T8 NS 31, il B4 A8 R A It 30
(Y EEARFAE o W7 452 30 7 Ab B % 2 JoT I 80 1) s EL A TR AT 3t 3 PP SR A D0 A, o TR SO X 2 i
SLAHGA " MR B H BRI B Tk B H 2 B HEAL il ok B AR S0 1a s oy Oy AR R R BUBURL Y 12 Bl
R A B 2 T ORI S AT O A A3 0T A DA R 2 ik T ek R T S R 22 SORE AR 5 AR B H B EOT R
HEATIB BRSO R FH 2 T BRPLHEZL (1) 2 22 A Bl iR 5 275 75 SR AU -5 Uk 2 [R] 1) B2 R FH DL SR A
R SRR AR . ABFFER ] CFD-DEM S EHE G 77k JELERR B —his B3 H AR 2R N A 5B AR 8
1.3.1  AABSEFEAEAR  SAHBIRUE DU AR I 27 Rk S At 38 o R 4 il Az 20 09 5 B B it sl AR
SRR R F RS S o
P,
ot

+Vp,u, =0 (1)

ap,u,

ot
X p, AR (kg - m™); u, SRR R 7K 0 AR 5 1] 3R BE 70 8 (m - s71) s e, SR URIAE S R 2 AR B 7 1] Y
I (mes™)s o, AT B %) 7 R BEVER T 5K 5 (Pa) s g, R 0 07 1) BB T (N)s F,, g < P AR ]
AIERI(N).
132 BEARRCFRA ikl R 8 22 1918 SRS 32 T ) 22 520, UKL AR 40 Bl I ] & A= A2 4k, 3R
B S s SR o M 22 UKL A A I M S BOBURL R T 52 1 A B OIS . AR AR e e, AT
T AR 22 UKL Y 32 Bl I AR

+ Vp,uu; = =Vp + Va7, + p,g; + FW (2)

dv

mE:mg-l-Fﬂ-l-zFi/ (3)
9O S+ my) (4)
di v

s m R RORL B (kg) s v S UL B (m - s71) 5 7, SR (AR FH T S00RE 1) 3 (N5 7 S BORE 18] BV 3 (N 5 18 0k
Feah bt (kg m?); 0 4 JH 22 B TRERS £ (rad - s7); n Ry 5 TURERZ S S0 M, DR M0 22 50K ] B8 32 ik 3 RE(N - m)s M, oA
SRS 22 77 H 1 S A (N = m)
133 pARBEARA  SETREIHLBE, 08 22 0K ko R v 5 A8 RE K AR B R - T Sl AR A b i A, 1 ]
Archard BE SRR BB DL 5 61 1 3 LA T AR B BB IR E , B 408 R EE6X107°, Archard /7 2™

h = WZ”d‘ (5)
St BRI ) W RSO 7, A B F1(N) d, o 5009 0 8 o) A A T B ).
1.3.4 ABEMARAREE ML, % FluentH [ Standard k—epsilonii Ji A% Y% I 37 14 7K A
FATTER FHEDEMAER P (1 Bonding B 25 B RIAADUN 22 e R AE  o AABUTT Bk i i M 1 kg s 10 gXHZZAE30 m-s™
R F AP B E L. CFD-DEMSI AT SO S 250 I 2.




-4 - oMok L kK F ¥ R % 57 &
®2 FHEENSH

Table 2 Simulation parameters

48} Material 24 Parameter BUH Value
25 Air % Density/(kg+m™) 1.225
JHAA EE Poisson’ i 0.
W22 50k {E*’L\ e Ol.ii()n s ratio 35
Tob el % ¥ Density/(kg-m™) 585
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P BPEAR i Elastic modulus/Pa 5.75x106
foates JAH HE Poisson’s ratio 033
Alumi . % Density/(kg+m™) 2700
uminum pipe e ’
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Figure 3 API granularity replacement diagram Figure 4 Schematic of the heavy ball drop experiment
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Table 3 Statistical Table of heavy ball drop test results

WAL 5 Height/mm
Number
50 100 150 200 250 300 350
Number of drops 10 10 10 10 10 10 10
b 52 e
e 2 4 5 7 8 10 10

Number of breaks




% 3 1 & RE AT EROMLmEREIE T HEATR -5 -

H1 2% 3 AT 0, AR 220 5 4 300 mm B = AR/ NERER ) T 9 phi e L 10 R S BT Y . FE EDEM ik
1505 ELREADLE % 2 5065 22 B, 326 FH 50~300 mm 6 1 555 B 1) /INBR X R 22 J50RAR 78 22 A 79 g A1 38 3 A4 i A2 43931
HEATHIEEE S 0 1 [ &R s 0 B R R S S BCBUE A A5 R 5 BRI & F R0 s ARG
i, EDEM Hb TR 22 38 ST AE T A7 5 250 mm F1 300 mm A0 UK B %A% 0 Bond B BL 45 1 0 a0 1& 5.
S 22 ORI PRI R 25 SRR B R R 25 Rk 4.

%@“ Mﬁ s

al.3 mm a2.5 mm
N . e
b1.3 mm b2.5 mm "/ b3.13 mm
N ™™™ e SRR i sl
a4.35 mm a5.45 mm
LN 4 N ’(“ N
T TR o e - ~ S
b4.35 mm b5.45 mm
.250 mm 4b 37 Wt R iR b.300 mm A2b 37 it W7 24
No fracture at 250 mm from impact Fracture under impact at300 mm

E5 BHRREEELTEE

Figure 5 Schematic diagram of particle model breakage
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Table 4 Bonding_v1 parameter setting

2% Parameter HUH Value
FAIGRL 42 Single particle radius/mm 0.11
Fh45 2142 Bonding radius/mm 0.16
B % 1] ]I Unit normal stiffness/(N-m™) 4.62x108
PAL7 BT YN Unit shear stiffness/(N+m™) 1.62x108
Ifi %42 18] 77 Critical normal force/Pa 1.2x10°
I 51 18] 77 Critical shear force/Pa 1x10°
Bond 8 £ % 5[] Bond key effective time/s 0.05
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Table 5 Numerical simulation conditions

™ FIATEN) LR TR T TR o
Working condition Bending angle Bending radius Inlet and outlet length ratio Import and export length

1 90 1200 1:1 1750, 1750

2 120 1200 1:1 1750, 1750

3 150 1200 1:1 1750, 1750

4 90 900 1:1 1750, 1750

5 90 1500 1:1 1750, 1 750

6 90 1200 1:1.5 1400, 2 100

7 90 1200 1.5:1 2100, 1 400
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Figure 6 Schematic diagram of the motion state of tobacco particles in condition 1
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.90 ° b.120° .150°
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Figure 7 Maximum wear locations at different pipe bend angles
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Figure 8 Schematic diagram of the total wear amount with time under different factors
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Figure 9 Schematic diagram of the variation of Bond key ratio with time under different factors
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Table 6 Factor and level table for the influence of tobacco shred conveying quality

R SN K Z 7K Factor level
Number Factor 1 2 3
A 25 i1 £f1 £ Bending angle /(°) 90 120 150
B 25 1 2442 Bending radius /mm 900 1200 1500
PRSI .
c FAREH T 1:1 1:15 1.5:1

Pipe inlet and outlet length ratio

KT LTEELNEXRBERRREDNT

Table 7 Orthogonal experimental results and range analysis of tobacco shred conveying through bent pipes

%2 EAIC) A% Blmm SESY % Y(Bond #EWI % 15 X )/%
Experimental group Factor A Factor B Factor C Error Y (Bond key fracture ratio)
1 90 900 1:1 1 4.054
2 90 1200 1:1.5 2 3.574
3 90 1 500 1.5:1 3 4.186
4 120 900 1:1.5 3 2.544
5 120 1200 1.5:1 1 5.192
6 120 1500 1:1 2 2.622
7 150 900 1.5:1 2 3.975
8 150 1200 1:1 3 3.731
9 150 1 500 1:1.5 1 1.505
K1 3.938 3.453 3.070 3.584
K2 3.524 4.166 2.771 3.390
K3 3.469 2.541 4.451 3.487
%2 Range R 0.868 1.395 1.910 0.194
HZ EK K2 C>HEB>HEA
Priority of factors Factor C > Factor B > Factor A
K- High level A3 B3 C2
A4 & Optimal combination A3B3C2

FH 2% 7 TN, B 22 LR T A5 3 A5 A8 A DR 25 1 2 R OC R AR YO A B #F ) DK B HE € il 42 B A il
FAREA. PZ A3 B3 .C21E =KV I 00 22 M R R P 5 /| 06 22 SR By, 43 ) Sk 25 il B A5 il 242 B Rt
B HE C AR KT, B — 2 B 530 BB N, 00 22 SO0 ik 25 48 00 e DUk 45 4 R 25 it B ol 150 ° &5 il A%
1500 mm i R EE A 12 1.5 BYAS4E7, IR 0 22 Uk ECRIER 2R 1.505% .

DI L 25 R e A G 30478 08 2 1 AT 3 R IR S5 I 0 22 I ok T, BSUAD 328 /s 1) IR 22 0 5 2 4
M0 24 SE R R IS FEA T A 36, 75 3 S PR RE R 20 9N 1.34% . 1.29% F11.37% , W AT 245 B M 22 S R SF- 2  1e
WM 1.333% , IR ZE(H<0.5% XA R il 2545 18 1 — o K B8 Y LA A AL 4 R il s 3R 90 ° V35Tl A2
1200 mm  # H F R EE LA 101 A4S TEREA T 3 RMH 22 XU Sk DK, 45 21 SE PR 54 4.43% . 4.40% F14.39% ,
WU 52 P SE R 1 24°R 4.407 % , 15 ELAS B0 T30 1 B3R £ R 4.601% , 1 25 (B <0.5% , BriiE 1 {7 LAY (1) HE R 14
St et A B9 M 22 52 HE RS RO /D 3.074% , A8 AR 2 WA il o X 1E A IR 56 1 &% SRt
T 2500, S w1, A B A C i) PAEE /NT 0.05, M K 2 2% .

RS TERMXREXKBHAESN

Table 8 Analysis of variance for orthogonal experiment in bent pipe conveying

HeI FIr A A ¥J5 B
. F P L
Source Sum of squares Freedom Mean square Significance
A 1.135 2 0.567 20.268 0.048 *
B 2.925 2 1.463 52.232 0.019 *
C 5.474 2 2.737 97.750 0.010 *
1R 2% Error 0.056 2 0.028
S Sum 9.590 8

i FORTE 0.05 /K AR R

Note:* indicates significant correlation at the 0.05 level.
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S5 CFD-DEM BHY (1) 7] FEPE | AR 7% #8541 3%
TR BRI R G T X B IE A RS
ST R G i 2 AR 0BT an s 10, r il
FH B s B AR 1 s $A 8% 1 J7 i, 152 8 3 s 19 H shdn
B, DL 1061, 38 B 1 25 4 Ao 40 22 S0k i 3z gtk
BN 11a, 505 Fid 8 Bk iz gh R an i# 11b i
FFXEH . W25 0 B CFD—DEM A5 74 v 4l 22 50k 52 K
A P32 38 L 45 45 i 38 SRS 5 B SR ik R Gl
BUAM A o #E 30 mes™ KU T X 40T % 26 45 18 R it i
T 5 AR 22 AT ERURE , 20 A6 I B Ay 18.8% , AL LL
B B A A 22 A A TE AT 10 g MR 22 2% 05 1L, 75
S0 BB RN 19.1% , 1R 256 <0.5% , ST 1) X-Y -
Z 377 M) i e A {5 LB 3L

a. L RE PRz ks

The actual motion state of the smoke cloud

y
b 022 R B2 SRS
Smoke simulation motion state

Bl ARNZITEEsh RSttt

Figure 11 Comparison of particle motion states at different moments

241 AT HEBBA BT L R AR L B 5 BT 4 (Revealer Motion Analysis) LA T 1
A 3 B BRI 22 R, 36 Ao A A TS B RT A B UKL )z S I3 A 12a, 7E EDEM S AR B b 2k Hh A
ANWURL S , 837 F10~0.36 HR S 2 WURLEZ S A0 F 12b , 7T LA 200 22 5 987 T8 R flf4ii 22 A 74 TE 1Y

a. PR URLIE B LI b. (i FLIBURLE F L0

Practical particle movement trajectory Simulated particle trajectory

E12 WHEEhEEEITEE

Figure 12 Comparison of particle trajectories
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VLA 22 BRI R L S A RE (O R SR IERRAR. L B3 4]

TR, #H0.1~0.25 s )7 B Ab BAS 2] 6 1 22 i 2

R 53 | 5 78 e BRI B (0 LA , B 344 op

SASIRAS B (0 R (BERE 1,2, 3) 3450 AP 13, B
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() AR £k, b T IR 22 5 5 915 Bl N ™, iE— 25 SR 0 B E13 R 2 B e b

I HERR T Figure 13 Comparison of tobacco particle velocity
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