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Study on mathematical model of confined transportation
of coal auger and simulation

ZHANG Qiang'** \NIE Guo-giang', LI Shou-ju’

(1. College of Mechanical Engineering , Liaoning Technical University, Fuxin 123000, China; 2. State Key Laboratory of Structural Analysis for Industrial
Equipment , Dalian University of Technology , Dalian 116023 , China;3. China National Coal Mining Equipment Co. ,Lid. ,Beijing 100011, China)
Abstract ; Through the analysis of the motion and the stress of coal particles of the coal auger,the mathematical model
of the confined transportation of the coal auger was established by using CFD software. The influence law of the pres-
sure difference ,medium rheological parameters,and geometrical structure parameters on the conveying efficiency was
studied. The results indicate that the differential pressure between entry and exit determines the driving mode of coal
particles ; the conveying efficiency raises with the increase of the differential pressure between entry and exit ;the differ-
ential pressure between entry and exit raises with the increase of the ratio between the pitch and the internal classic,
and the torque decreases with the increase of the ratio between the pitch and the internal classic.
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Fig. 1  The force in coal particles
HAEHLBE R K X B M, al AN B~=p, P
IRk o3 ) Py R4 0 P, AR B 3 5y

Sncos «

60
AP n IR R AL
[ R EE S5 N

2 BEREShHRIEN HE R B E ST

2.1 EAXREE

(1) JRETEBEE 8 1 N R R A 2642 3, Z8% N
TSR LR s (2) MBS B EERE S (8] 1 5 1)
I 1 R L RE 5 (3) M AR 2E e
JECTED | P00 T ) o 55 2 e ik 5 (4) BB 8 i 6 o R
HOR e R AT IR AN
2.2 HFIRBVEST

R T T TR SCR , 4 RS R B IT AR b
RGUE 2 R, R EARAL BRFF B AR AL A B
BIEARAE BT R @p, 0, Fl @, T

(1 —utan «)

S IREE e RS R

S
——,tan ¢, = —— tan ¢, =
D, ¢ D, ¢ D,

XA, D, D, R D, 735000 F e K EAS IRAT AR AN
MR AR,

tan ¢, =

D,
h D,
)T(_, .
P T r S
:1\2; f L

K2 SRR R A bR R T
Fig. 2 Screw conveyor geometry and axes systems
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Fig. 3 Simulation results of monitoring pressures
along screw conveyor change with time
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Fig. 4 Pressure dissipations along screw conveyor
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Fig. 5 Relative axial velocity profile across the screw channel width
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Fig. 6 Relative tangential velocity profile across the screw channel width
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Table 1 Material viscosity model parameters

of numerical simulation
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s3 0.011 2330
0.024 2520
s4 0.023 660
S5 0.023 1 660
S6 0.023 2330

P 9 AT AT X6k N [) A O A I AR A A S
B, SR S 0% BL AR A B A 0 1T 2 ) 3 g 1
T s AN 8 Bt A T A A R S0, R B E Y 1T T
ZAAC A1 5, 58 1 A SRROR R 100% ~
110% , 55 2 A3 i B % 7 09 HE + 2030 130% ~

0 160 260 360 460 560 660
P/kPa
B9 ARG A S HEH R 216 R
Fig. 9 Relations between discharge efficiency and inlet
pressure for various rheological behaviors

140% , LIS T S1 ko] s bt i 1 e 22 28 T
4 RGP AP S Tk KB 3 B AR 1 B
BERNT 105% 55 2 BOSCRA T105% ~135% , 553
BOCRRT 135% . AR RKBINECR 53 O R
ZIR I REMER R, HAE 2 Beh s, R
B S HOR KT 135% W) Bl 25 2F H 11 22 1R 388 i i
SRPGEIE I, BUA P O 22 5 N Sk S BUR R
SRR (o

O A o P A A5 TR 3 5 ) BB AN [R) K5 S5 B
AR % A=A Ak B BR R e R =8 2 B 5 1) et Al
JITRYIE TG, 8 H O S A 5 A 59 U e AR
NSRRI AE it T A b 2 T e P HE R0
HHEHB/NT 100% , 763430 B 6 30 % 5 s 7 )

R VEES ST 5
3.4 SEREHIE LGS HT SR e X L AR R Sk By
=200

B E AILRCR IR T 32 2 WA 0 AR R D
i TR ZE I sgma b 8 5 EEEE S HCn IR S
FE LR R A (LT SRR 40 D i BUCA ¢
R T T R TE R 1% ML A AR S O ik AR Y B
M), SR FHANIRI R SR BE S FNfai 42 D 57 IR e ik R 46
B 7 B {5 LR SR AR [ (R a2F 1R 1 e 22 | IR
R RSUPEA B AR S8, (7 BAE R AR WY L IR e 1%
PLARI R R 5 e i a6 LB 5 AR N AR 9 FR A S/D
AX(KE10),

AN[EE R 22 (50,100, 150 F1 200 kPa) &5 44
T, ek HUSCR MR B 5 RN 2 L S/D 1Y
A, N 11 BoR . AT LAE ORI R 2
TR S/D B, 4 S/D KT 0.8 A,
B S/D HEIHREA TG A T8 EH, AT
FETE S R 25 | AT 230 B P A A A R MR e i a6 AL
AR PRCF SR AT R [ HE O i B i AR
PR e i 6 LI PRI, M i 2 ML ISE s s BSLAef
S/D KT 0.8,



HF [

55 ULl R T 26 B0 i L 235

120}
100 - /%

c\cgo_/‘___.’—*—ﬁ—.m
® ol e

—e— 50 kPa
40 F —— 100 kPa
20l —=— 150 kPa
r ——200 kPa
05 06 07 08 09 10 1.1 12 13

S/D

K10 2OR5 S/D HHm K H
Fig. 10  Relation between efficiency and S/D
1407 ——50kPa
120 —=-100 kPa
——150 kPa
_1oor ——200 kPa
g 80f
z 60t
& 40t
20F
0 L L 1 L L L L ]
05 06 07 08 09 10 IL.1 12 13
S/D
Bl 11 HIAES S/D IR
Fig. 11 Relation between torque and S/D

WS AILAEAS TR O 25 F LA B IR R S
kRN Z e S/D 7S Ak B A, i 11 Py
TN o AR 25 R T i sk AILHL AR 4 Bl S/ D 3
A, 24 S/D BIEA T 0.8 ~0.9 BT i, AN [H]
I T 22 BB 4 ML R AR A e s i s
JFES 2 XoF LR 11 52 T AN AR

4 & it

(1) 3853 43 B B2 e B SR M MILARE 0K 1 52 ) M is
F553 0T, S MR TR SR AR AL 8 B A B AR | IR 5
FEHENLIE TR 25 A B AR S L S5 S8
X ERCR A R M A

(2) HE 2 e ERURE B B Bl 5 =X ik 2%
SR E 1 25 B IR0 s 43k 0 R 2554 30 kPa
i, SR e MR A ) 3 s TR R R 2 AR

4k 1 253K 3] 500 kPa B 8 32 B9 sh 1
HEH TR 2E 5 Y3k TR 2558 200 kPa, S IEABAT jig
Heia g A iz gl

(3) AS[AIHE M 1 2 7 Hin 26 803 Bl R B 5 P A%
Z LI 3G 0, FH 6 B B8 B S P AR 2 b o ik
8 S/D KT 0.8 B BEE S/D S ANHEEAS FEHE
AT,

SE Lk

(1] ZRWes, MREIE ) fP AU, BEIE S SR I ALY 3k 142 3 S 800 5T
[J]. L7 TR R R =254 ,2009,28 (12) :985-989.

(9]

[11]

[12]

Li Xiaohuo,Lin Qiyue, Zhong Conghai. Study on motion parameters
of coal auger bits[ J]. Journal of Liaoning Technical University( Nat-
ural Science) ,2009,28(12) :985-989.
A SRR A . IR B SR LR AT B0 45 4 S Al i3
THI]. BERFLEHAR ,2006,34(8) 811,
Li Jianping, Zhang Yongzhong, Du Changlong. Auger drill shearer
optimization of structural parameters[ J]. Coal Science and Technolo-
2y,2006,34(8) :8-11.
Zhang Qiang,Mao Jun,Ding Fei. Optimization design of drilling string
by screw coal miner based on ant colony algorithm[ J ]. Journal of Coal
Science & Engineering( China) ,2008 ,14(4) :686—688.
ZREER, SRARSC, T N, A BRI AN SR A LA S LA B IR B 9
T, BT RS B 2E 4R ,2011,21(3) :198-202.
Li Xiaohuo, Guo Jiwen, Wang Li, et al. Vibration frequency analysis
of spiral conveying mechanism for coal auger[J]. Journal of Hei-
longjiang Institute of Science and Technology,2011,21(3) 198 -
202.
ZEIEH . R T N AR AR A M R M ML — U 8 3 e AR 114
ZRAABAT[T]. B2 ,2011,36(2) :346-351.
Li Xiaohuo. Parameter optimization of lowest secondary crushing rate
for coal auger based on artificial fish school algorithm[ J]. Journal of
China Coal Society,2011,36(2) :346-351.
ZREER ML T 2. BT GAAA B3 AU E B SR I B %
MBS HOOIAL[ ], P41, 2010,35(3) :498-502.
Li Xiaohuo, Lin Qiyue, He Yang. Parameter optimization of spiral
conveyor for coal auger based on GAAA algorithm [ J]. Journal of
China Coal Society,2010,35(3) :498-502.
AR AT BRBERRIENLE KB = WP [T]. TPl
2008(2) :16-18.
Song Xiangkun,Du Changlong. Kinematic study of coal auger bit[J].
Colliery Mechanical & Electrical Technology,2008(2) :16-18.
WA, SR LT SBR[ )] BHE YA, 2008 (7) 132~
36.
Xu Yuwei. The choice of design parameters for screw conveyor[ J].
Science & Technology,2008(7) :32-36.
XA R T, R AR S, A% BRUE Bt SR S ATL R BT 4 BOR £
BT[], LA, 2006 (11) :24-26.
Liu Wei, Du Changlong, Song Xiangkun, et al. Coal auger fuzzy opti-
mum design of spiral drill [ J]. Mining & Processing Equipment,
2006(11) :24-26.
R, SRENLIZ S S B P R[] R
224%,2009,34(9) :1268-1270.
Li Xiaohuo,Gao Jian. Effect of kinematics parameters of shearer on
Lump coal production[ J]. Journal of China Coal Society,2009,34
(9) :1268-1270.
Zhang Qiang, Tian Dafeng, Liu Chang. Multi-optimization design of
drilling string by screw coal miner based on ant colony algorithm
[A].CSMO-2009[ C]. Dalian,2009 :782~786.
ik R, AR AR RV BE A AT R RS (D],
RRHENFT S R R ,2009,31(5) :1877-1878.
Zhang Qiang, Tian Dafeng. Research on the drilling string loses the
steady condition of the screw coal miner[J]. World Sci-Tech R &
D,2009,31(5) :1877-1878.





