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Simulation and evaluation method of dynamic wetting characteristics of dust
suppression droplets on coal surface
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aster and Prevention, Ministry of Education, Liaoning Technical University, Huludao 125105, China)

Abstract: Spraying dust suppression liquid on the coal surface is a common dust suppression method for coal-related in-
dustrial enterprises, and the wetting process of dust suppression droplets impacting the coal surface is of great significance
to the dust suppression effect. In order to study the dynamic wetting process of dust suppression droplets on the coal sur-
face and further evaluate the wetting performance of droplets, the index of dynamic wettability during droplets impacting
on the coal surface is proposed. The dynamic wetting process of droplets on the coal surface is investigated based on CLS-
VOF numerical simulation method. The wetting performance in the process is evaluated by using the dimensionless wet-

ting length and the dimensionless wetting area, and the theoretical expressions of the maximum dimensionless wetting
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length and the maximum dimensionless wetting area are derived. At the same time, they are compared with the wettability
evaluation ability of surface tension. The results show that the CLSVOF method can better simulate the impact and dy-
namic wetting process of droplets on the coal surface, and can be used to evaluate the dynamic wetting ability of different
droplets on the coal surface under different conditions. The droplet drops on the coal surface, and first spreads as a disk.
When the maximum spreading is reached, there is a velocity difference between the edge and the center of the disk droplet.
When the velocity difference is small, the droplet retracts and coalesces into a sphere. When the velocity difference is
large, the droplet breaks and forms many tiny droplets. And the larger the droplet size is, the earlier the breakage behavior
appears and the more obvious the phenomenon is. Once the droplet breaks on the coal surface, the dimensionless wetting
length and the dimensionless wetting area do not maintain the consistent trend, and the evaluation ability of the dimension-
less wetting area is better. When the droplet size is the same, the larger the We number of droplet impacting the coal sur-
face, the better the wetting ability. Increasing the droplet size at the same velocity has less effect on its wetting ability.
Compared with surface tension, the dimensionless wetting length and dimensionless wetting area have better ability to

evaluate wettability of droplets, which reflects the potential application value in the evaluation and optimization wetting

agents.

Key words: droplet impact; dynamic wetting; dimensionless wetting parameters; wettability evaluation; CLSVOF

SRR SR T M T B8 4 e R T B A {11
Bfa N EZ N e E L SEE | RAH I ST
PRI ESR, A E B IR — BRSO . AR
M 7K A 2 R ARy 2R 0 i .
HPEE BRI AR AT T 8 A BT, ok
O3S AA RG] KR 155 AR RHE
Jr5 W T b S B S AR A AN . ngs
WA PHE T AR TR RS 2 5400 22 70045 41 43+ 1 DL i
MEER, W5 T EARKEMEF . YAN %0
NaAlg-g-poly H I AFLILF] OP-10 1B JFC-S B
PGV, S I PR . TIN )
F AR A R S T A BT R AU 2 7). i
PEAG A A SR R B e mi ok g | A flh
DURERTR], B4 LTS BEHRESE. EHH
Fmm ik S PER IR IR RE i, A N R B
AR R 2 (0 b, 2 22 URRAIR™ 76 ) P42 fik
FAVEA I 2 TR 0 R B IS, K TR0 R M T Y A R
FE R R AL — A fk . Bzl f /N T 90° R bR =i
R, T A A R T Q0K BRI IE LD 2l TR
ik FE PEAN- S 2 0 IR BE 1 B, Ky A2 35 S A 2
TR T b, R AT 2 4 0 A 25 VT P T T A ST T
TR S50 32 Bk AR BE 40 AT L A 35 &) i B 255
TR EA 3~5 WM S ERYE. METHEN LTS
£, 2 A R 2B R ) U IS T I A T,
I A0 AR W AR T A B A0 TR TS,
i B85 SR R, B 2 T A R R L,
HAEE S R XA AR B i, SR, LA
SRR VA P 2 Y Xt I B4 i) Y B O LA B S A R
B 3O TR TR S, Wik 2 A g

TR 1) o VR R I O 0 Y Y 1 e ) R S s
W S R T T (R, A, TR AT 2R W
R, TFE B RPN FR bR A R

AR R R I AR R 2 PR L R
TRIRAEEL G Horh A o R A SR
FRICEESE 4 dE B0, JR B TR AR KR A A X IR T 1Y)
A B, AR TR S I AR . H AT, xR R
R A 5% 09 7 i 2 A B AL RS Gk
VOF, Level set, CLSVOF 42 1] FH oK 8 5 i i 2 i
AR BUE R . g s e T W R
SR ) A R, R VOF J 3 5 9 22 Y
T BRI A 2R A P ) G R 2 SR A R BT T A0 H
MURAMATSU 25 ] Level set 77 224 #1250 A
AT PR 235 3 Ak, IS T IE Db I 53 A XL 43T 11
HKEMG ., RRIEER A CLSVOF J5 2% B
fait o V- TR RS ) I BRI AT T R AL, HR T
7 o R R U B xR o R Y e R K AR T3S
Ry R E A0, MENG 29—k & # CLSVOF
T35, IR SR i 5 AL T B v e Tk T AR
(AT TR ZE BRI shin i, Bt izl CLSVOF
Tr BUEARL T [ H 5 )2 [ B R S A kK AR
b TR a) L, X L BB RS S . BRI 23 Hir R0 S5 5
4515 CLSVOF Jr ik Re g 108 ik 2N iz o
BUifi . SR I W o AR E B S
¥, RURURHEUS IR F B AR ST T i i o A [
MR T S LA AR BAEH . B, X
FEREE T S AR AR R () S IR A 5 18 nR R I

B AT T A AR VR T T R R 1 B A A R
HERIE S5, IR S AR RE VAL vk . A



55 4 3]

TR A A A IR XA T S AT AR AU T vk 1933

CLSVOF J5 B HULR I A 5 2% 1 ) Ve 2k A, %) L
BE T — 438 b5 0 B A0 K 5 28 TG B AN T
WA, 0T T 2 AT R AR 22 5. Rl HE S
T K TG 22 49 5 A R T s 40T 3 T R A P
Fik. wJa, HRMK S IR AETEALRE 2T

IR, BRE T S AR AR PR AR I AR T A BE PG
S RBJVASE

1 RiEEEEE RPN ESH

T A T 2 ) LA AR AR P, S B JRER i ) I
AR A TT AR o AnlE 1 BT 7R, AR fi i i S sk
AR, VR T R 2 T, 2 T 7R IR AT (xoz ~F-THT)
BHRJE, B HE SO R Dy R TR, IR
AR AR RER AT (xoz V- TT) 521 &1, THE M0
AL S R, 5 O SO S,

D,
| D, |
— D
A
\$ S
. z
o,
B 1 VT o 28 1 sh AT Ve A P AR R S8

Fig.1 Characteristic parameters in dynamic wetting process of

droplets impacting the coal surface
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Table 1 Parameters setting of numerical simulation

ZH0 Kt
z=JEJ1/Pa 101 325
W (kg + m ) 998.200
WIMERE/(Pa - 5) 1.003x107
WO S/(N - m ™) 0.072
WA /um 30, 50. 80
SR (kg - mD) 1.225
2SS FhE/(Pa - 5) 1.789x107°
AL/ 60
JREF T LA S B /nm 24,300
LS T RELAE 2 4 0.500
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Fig.2 Change curves of dimensionless wetting parameters under

different mesh numbers
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droplets wetting the coal surface
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