2025 %9 A Kiz A2 Sep. 2025
FOH R 6B M Port & Waterway Engineering No.9 Serial No. 638

EF CFD-DEM Ky T #{ £5 37
HEREHIME R R

KATRY, R, BRLT HFEE?
(1. P RABEAR I RAFRAZ, 467 100007; 2. THKE BosiLiEsTRER, LR dw 210024)

HWE. Ao LT RkROEFEREPHIESREFA TG, IHEA AT ERKAF (CFD) FAEMFRE D H S
AMECERFFHARR, RENSREFTOBOFRAMALLELENER, LEEZRF EHERANIEER, RAFEALZH YR, K
A B#HATE(DEM) 5 CFD A& &0 7 A XA DR DA R KA R, TR F 8IS RS A WUD 400/700 A 5 #r bt
i A L, KA CFD-DEM i B 48 4 AL 00 AF 70 AR s 3h AA R a9 #vh, 2R AW, A DB M4 40hUs ik o ik 35
¥ 2R EIE K, ABUR AR 8~9 v/min L FMEFLEAEARZ,; REZTHMNGAERER, ANAL AL LI RLLE
AKX B3 mE B R afA L ey ok, JF4 A F BRI R AT iZ A R ATE 15 0E

KW, THREED; HhEiFHE; 5L, KMAHEM; CFD-DEM

HESES. U653.7 XHRPRRRD: A NXEHS ;. 1002-4972(2025) 09-0099- 09

CFD-DEM-based study on influencing factors of dynamic dust generation

in dry bulk stockyards
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Abstract: The port dust pollution originates from both the static dust generation and the dynamic dust
generation. While the significant progress has been made in using computational fluid dynamics (CFD) numerical
simulations to study the static dust generation at ports, research on the dynamic dust generation is still in a
development phase, with limited consideration of factors such as the stacker-reclaimer rotational speed and wind
conditions. Therefore, combining the discrete element method (DEM)with CFD holds great potential for studying the
dust generation at ports. We focus on coal stockpiles at a dry bulk cargo terminal in Jiangsu and the WUD 400/700
coal bucket wheel reclaimer, and use CFD-DEM coupled simulations to study the impact of reclaimer operations on
the dynamic dust generation. The results show that the dust generation increases exponentially with both the
reclaimer speed and the wind speed. It is recommended to operate at 8 =9 r/min rotational speed to balance
economic and environmental benefits. The dust generation first increases and then decreases with changes in wind
direction. It is suggested that the effect of wind direction on dust generation is added as a consideration when
applying traditional empirical formulas for dynamic dust emission, and to appropriately revise the formula on the

basis of measured and experimental data.

Keywords: dry bulk stockyard; dust pollution; dynamic dust generation; numerical simulation; CFD-DEM

KRB, 2024-12-11
EBRN: KR (1998—), $, #Md, B3 TRIF, MER ol ZEEITHERKL SARET T,



- 100 - K iEz L A2

2025 %

B B4 A 25 R B S SBR[ i 4 R Y N T
WK, AR A S N v ] R A T A ) LA
THBENK ZMATFTRMWEZE R, AEIRE
SERRUS RE, WA PRIERRE | A, T RRLR
a3 Eli R A Y R i ES S NS R ARG
FEOCREIEIRTE T B E SRR T OO 1A B O I Il
(R FERIERS, ¥ 11 UKL 15 e AR 46 HOR A R S
A KB AR A IA T IE 55 TR AR ) 2
( computational fluid dynamics, CFD ) $7 AR 75 &% i
AR UHE S BT O ASURL IR & . 43 B R I 1 O 3
FANTR B 5 9 WRRUAS A B S0 4500 1) e i,
BRI | Hedg A & AR 4R 5
PR 7 © U R B, W D 3k
A JE T A S AR, R4 CFD-DEM i
FIRGEARLT T+ RIEN KRR, BT
TR IS SEREY R AR RAAT | T K
SrEsERtt L A N A A S R BTz N
H, AR5 U D S AR Z A SR8

CFD-DEM $ A 78 2 42 i 5% v 09 1 FH J7 1T,
Schulz!"™'#37. CFD-DEM HEAHESL, 7EEL A By
BT LA [ 48 S5k AR B SRS S T g, BADLAIURE
[i1] B 0L 5 AR R AH BLAVE (R F 5% 4 3 7
BRAMIEER L, IERF RS T
D47 Torano S 3@ it {5 ELAALLAF 52 7 2k
PEOLZERE [ XUE R R AT, (R 3k F
CFD BomFazs i B, G 75 i T 3 — i 245 =X
kAL RE R A KUBRAE O, IR 45 R ABURE Y
iz &ML, Roberts 4" i@ CFD-DEM #A 7715,
WFFHLOT AT BB BT A A P B 5, 40 XU 2%
PF AR PN A 53 0 B R R 9 1 A
P A HBURL Y H eh DR S DA 2 = 1 T LD
P, R T X WO AT R, (BT
THA A o 155 e 40058 R ] Lagrange 12538 15 B9 HK
WKL, B R BAEARHATR ARSI IS T, #H
A 1] RS A R T, Yu AT AR R
ISV B R0 328 1 7 A AU I AR %
HRTE I IE T R S5k TAE T, MR DM 3h
BRA F BB, Pk iz sh Pl s —,

SRR LM AR TS A WD A AR i s
WREHEAT U5 5, M T s 1 UR Y R
B A A BE AR, AT I, ¥ 1 sl A A 7E ot
L/ AT I R R L ol LS Ve 1 P e
E, RKEILIOR AZ A B KT Y BR 5 B0X A
TR

AR SC LA S HE T 50 VR VTS DR L 1 M 20 - 4
WORHILRY 5 5, R AR 5 38 2 AR 25
A 0TFB, A Fluent, EDEM 800 M 3} 46 5%
B KT AT AT R A A T O 4 A
R, ARSCRFH CFD-DEM i [E A A 05 1A 40 3
Gy 15 BORL = A (B A2 4 HOE T R 0 — WL X
PRy A TR 35 T S P24

1 WMRIH

VLIRE PITHE 1A i 2 AR R A —
ASCRIERT VI | KRG, BVLUESE VLRI TL
THUGTHS X B3 RS R, DAV IRV VLT B8R
RED S DX 5 LR BE B TR HEVRAE IR R 4, I
1, PRl D O R AR BRI SRS
TEARAE I 2% BRI 1 5k £ 45 4858 7K
VRSP 2R e, A 3 B 2 4 1 ) 3 232
A, RT3 G X HE AT A IR 22 IR I

a) F R PYLHE

b) M AR



% 9

kAZR, F. AT CFD-DEM ¢4 FH HH G H AR LR aH LA - 101 -

BRI R B Bk B LR 2, Hodr, SRR
BREN 6m, RHTERERNO0.6 m, A8
BRY N 150 L 5SS E Y 515040, St E
BAEX N 1T AER N 8 m, JEE N 2 m AR
L (g i R o = S U NI o BTN A e o
R, RSP 1 om AR, S
RS 58, &40 50, 30, 20 m, TEAf
PHBELZE L PEIAE 2. 5% ~3. 0% RT3 235
BAS , R AR T R 15 2 O i XU

XL S

d) e it e
1 ETEXHERRARER

Fig. 1 Research results of pile shape in port area along river
2 ET CFD-DEM REHB&WELERE
2.1 BRI

A B GB/T 14695—2021 B =3} 4 Ukt
HURAANEEA S H) ™, A SCLL WUD 4007700 %
SHVRE AL AL, LA 8 m MR MESE A BT
FER RIS AT EAE R, AR SRR . X
W ARTE, BE 17 USR8, Wk 1,

b) FluentZh A AL 44570 (3h35)

*1 BFHRBRHSHILE

Tab.1 Parameter settings for each group of experiments

R4l Km/(e) K/ (mes™) SR EEH/ (romin )
1 0 8 8
2 0 10 8
3 0 12 8
4 0 14 8
5 0 16 8
6 22.5 16 8
7 45.0 16 8
8 67.5 16 8
9 90. 0 16 8 c) EDEM B Ak Y
10 112.5 16 8
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Tab.2 Dust generation under different rotational speed

S}/ TR A Y REAU R 2 i/ W%

(rmin™") (kgs™) (kg's™) Hi Xt/ %
6 1.93 0.98 49.22
7 2.25 1.86 17.33
8 2.57 2.76 7.39
9 2.89 3.77 30. 45
10 3.21 6.70 108.72
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obtained by two methods
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Tab.3 Dust generation at rotational speed
of 8 r/min under different wind speed

IR/ AR A/ BELPRUEE A e/ 1Rz
(mes™) (kg-s™) (kgs™) 2 X E /%
8 0.61 1.27 108. 20
10 0. 94 1.57 67.02
12 1.38 1.84 33.33
14 1.94 2.18 12.37
16 2.57 2.76 7.39
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Tab.4 Dust generation at rotational speed
of 8 r/min under different wind direction

SR/ Bl A it/ TR A R

(°) (kgs™) (kgs™) A XHE /%
0 2.76 2.57 7.39
22.5 3.01 2.57 17.12
45.0 4.35 2.57 69. 26
67.5 6.35 2.57 147. 08
90.0 7.59 2.57 195.33
112.5 6.20 2.57 141.25
135.0 5.24 2.57 103. 89
157.5 4.52 2.57 75.88
180.0 4.12 2.57 60. 31
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