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Structure optimization and analysis of twin-shaft screw conveyor
based on DEM simulations and experimental validation
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(1. School of Technology, Beijing Forestry University, Beijing 100083, China;
2. College of Science, China Agricultural University, Beijing 100083, China)

Abstract In this study, the process of transporting granular materials by double-shaft screw conveyor was simulated
with discrete element method and compared the results of experiments and simulations of single-shaft screw conveyor.
Based on the accuracy validation of numerical model and parameters with experiments, the quantitive relationship
between shaft distance,screw pitch and mass flow rate (M) was fitted with a binary quadratic polynomial function of
the fit goodness of R? =0.964 6. The results showed that: 1) Rotating directions of two shafts did not affect the M ;2) M
was evidently influenced by shaft distance and screw pitch. M increased with the increasing of shaft distance obviously,
and it decreased after reaching the maximum value under the larger pitch. M increased with the increasing of pitch and
decreased after the maximum value. 3) The behavior of the particles was influenced by the shaft distance and screw
pitch. Tnd the minimum velocities of particles at the central position of the double-shaft decreased linearly as the shaft
distance increased,and the decrease tendency was more obvious with larger screw pitch.
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Fig. 1 Shapes and sizes of cross sections of single-shaft and twin-shaft conveyors
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Table 1 Physical properties parameters and simulation parameters of

screw conveyor numerical simulation

SR AT

Parameter name

Particles

e i
Hopper Screw blade

¥ 8 Materials

Wy APLEE AW

TAH . Poisson’s ratio 0.2 0.393 0.3

BT PI i 4 /GPa Shear modulus 1.04 1.47 79.4
% ¥/ (kg/m*) Density 1180 1 200 7 800
W2 Z$ Coefficient of restitution 0.731 0.731 0. 843
e KR EEE A B Maximum coefficient of static friction 0.32 0.32 0.3

VR gl BE 2 K 8L Coefficient of rolling friction 0.01 0.01 0.01
B[] 4 /s Time step 5X10°°

S EEE / (m/s*) Gravity acceleration 9.81

TE < RO AR K0T B 458 TR ORI VR 3 JEE 4R DR MO i DAL 55 R UK 5 BE T 2 ] ) R AL

Note: Coefficient of restitution, coefficient of static friction and coefficient of rolling friction are the

coefficients for particles to particles and particles to walls, respectively.
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and reversion of two shafts

2.2 HHEEMEEMNERZN

X it 288 B 25 AN [) R S XSl B8 75 A 326 L 1Y) I 2
UL 5 R 0 OC R M e HEAT A3 b 45 R WA 3.
R YT B URLRLAR 9 52 ), )l B AR 49 1 b 3L D
K YAl iE 5 0K AL A2 0 LU (DO AE N B 28 5. X
FR IR AR /NIBER (P<<100 mm) B, X% 1Y i &
e = R R IR NITTRE B NN (R (R N - Y
(P=>100 mm) I, Jit 7 3 3 5 50 0 R 2 fie KA. T
JE RS T B B A6 AN [ BER E ) J A I  R e] R
IR+ i R B 3 O B A AR RO 5 H R R
FE# T 130 mm J5 /88 P=130.160.180 mm M} J&
HLH R Dy 56 Rl gk (K 3) kB, 2 ik R
Xof WER B ) 722 A A T RURR

6 30 R i 26 AL AT 118 A A % R R T AR o
T AR R B 5 R o AT A A A T AR MR K ) R
e » PRI IHG TG ¥ 2 B T AR 0Ll R 5 i % AL 190 o
i AR HEAT X L . AW ST SR A U A o Al AR e A
EAIL A i AR R AR 34 R A EL R A A R BN
E A S T L A P gl o Sl SR i % ML 1 o 26 0K
R i 2 a0 70 44 2ROk 56 TR 47 45 2R RS 0 %
AR5 K G 3 n=100 r/min, 21 P 4351 % 60,
100 mm {55k 05 R 36 %) B A7 A8 R T AR o
A M/AM i i 26, A ik HLAME A
R 6 R B L 50U M/ A SR R AE AT T
Fo (L 4) o A5 v gl vy 0 0 0 G 1Y T 00 58 4
AR I o 100l 0 L BT %) T A ) 1 2 ORI 0K 4% ik

R LM (kes)
Mass flow rate

1 1 1 1 1 ]
4 6 8 10 12 14 16 18 20 22 24
Dd
Plmm ®40 070 A 100 v 130 ¢ 160 4 180
— Wtz O MGkl
Curve fitting Max curve fitting

Dy ol iE 5 BURLRLAR L, PO IR EE BT 4 A,

Dy is shaflt distance divide particle size, P is screw pitch. The
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Fig. 3 Comparisons of shaft distance on the

mass flow rate of the screw conveyor
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Fig.5 The influence of screw pitch on the mass
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Table 2 The statistical results of the mass flow rate by screw pitch and shaft distance
Dy
Py
4 6.75 10 11 13 14 16 17 19 21 23

4 0.177 0.270 0. 347 0. 365 0. 390 0. 398 0.397 0.411 0.492 0.516 0.535
5 0. 255 0.337 0.437 0.461 0.497 0.504 0.497 0.518 0.616 0. 639 0.662
6 0.293 0. 404 0.517 0.534 0.574 0.593 0. 606 0.601 0.722 0.73 0. 765
7 0.333 0.458 0. 589 0.615 0.658 0.673 0.672 0.694 0. 802 0.769 0. 835
8 0.377 0.517 0.656 0. 684 0.733 0. 747 0. 748 0.783 0. 89 0.874 0.901
9 0.412 0.565 0.710 0.737 0.780 0. 807 0. 840 0. 841 0.966 0.917 0. 986
10 0.443 0. 604 0. 757 0. 788 0. 838 0. 866 0. 883 0. 897 0.975 0.978 1.059
11 0. 468 0.613 0.776 0. 822 0. 884 0.910 0.925 0.936 1.010 1. 008 1.077
12 0.498 0.679 0.844 0.876 0.925 0.954 0.971 0.976 1.040 1.054 0.918
13 0. 505 0.724 0.871 0. 894 0. 988 0. 960 1.037 1.077 1.074 1.073 0.934
14 0.512 0.736 0. 868 0.918 0.961 0. 965 0.992 1.001 1.082 0. 966 0. 959
16 0.519 0.707 0.878 0.903 0.951 0.969 0.994 0.963 1.023 1. 006 0.989
18 0. 537 0.722 0. 862 0.902 0.974 0.990 0.993 1.036 1. 060 1. 009 1.011

T« Da Al BE 5 BORORLAR LE » P SR BE 5 BURLRLAR LE

Note: Dy is shaft distance divide particle size, P4 is screw pitch divide particle size.
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Fig. 10 Relationship between the shaft distance and

the minimum axial velocity of the particles
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