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Mathematical modeling and experimental study on solid-liquid
suspension separation in ultrasonic standing wave field

MA Shoudong, WU Liqun, GUO Yajie, ZHUANG Long, WU Hao
(School of Mechanical Engineering, Hangzhou Dianzi University, Hangzhou 310018, Zhejiang, China)

Abstract: A new method of removing waste chips is proposed by focusing on the key factors affecting the processing
quality and efficiency of high energy beams. Firstly, a mathematical model has been established to provide the theoretical
basis for the separation of solid-liquid suspension under ultrasonic standing wave. Secondly, the distribution of sound
field with and without droplet has been simulated. Thirdly, the deformation and movement of droplets are simulated and
tested. It is found that the sound pressure around the droplet is greater than the sound pressure in the droplet, which can
promote the separation of droplets and provide theoretical support for the ultrasonic suspension separation of droplet;
under the interaction of acoustic radiation force, surface tension, adhesion and static pressure, the droplet is deformed, so
that the gas fluid around the droplet is concentrated in the centre to achieve droplet separation, and the droplet just as a
flat ball with a central sag is stably suspended in the acoustic wave node.
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Fig.1 Solid-liquid desorption model
DUB 5F i B S i S < TR 9k B0k, S S A S
AR,
(1) BELRAETTRE:

%ﬂvuw)o (1)

Rl p, WSRO TRRIE . 0 R
SR S RIGTEN B, p, it I
SEILL p HOWETE, WA

P =(l—ﬂ)pG +ﬂpL 2

() fABFITTFES:

2 (pyay+V-M=Vp 3
K Mo PEEEhE, WERORARG), FH:

Ln %t ~uV-(p,u)+V-M=-Vp @)

Bl u & fu B kIS, dia6R02), iR

FERTAE

[(l ﬂ)p6+ﬂpL] +Vp 0 (5)

(3) B RS

2 JE W B B T A e sk AR, R AN
AT FRAR, FAR BB PR Ok BLCHE),  Hos A
u WHERNBRE @ R : u=-V @ . WiFH N
TH T SR 2 % bz T (Laplace) 77 72

V@ =0 (6)

TR TH I8 Bl 2 25 A% AT AR SR  FE 5 X+

P %*’% pLu-u+Ap:O (7)

X Ap RIS IRE M TR EEZE, 5F
5Kk §E 0. PR T BB AT A

Ap= o’Vn+’BIB1pLg(z z)+p,+1 ()

e z BEEE T MRz, SR T EE B A4
PREIERCORAE: B 1(d)Fras, n 2 BHTE E AL SNE
g ¢ SR 5N RN M2 R . R
PRBNBA AR T P AR, R PR 0 2R 1 B0
FE RS e AT 2R I B AR s g
~ <k2d52—(t-VcD)2 >

P\ P )

MRS, R R AR &, B 1(d) R,
s ABFEIRBEE R IS o 8 SCRMEKE a) il
T EBERAR AT, RHEIS T py AR a) FIERARIBR
Frr= (SR T 5K T, RRAETE FE 35 @) NI 7 T
PAMRAE, DUV 25 T V5 AR 8 R W] ARTA NS
7 L YR -

4 =u’+u,’~V-n-2Bo(z—z,)—

dt
P 0P
We <q> _F(a_)> () (10)
.gwgg%% (11)
e Ba—pLga0 (1 €)/(20) » J& E JJFHEE

We=p,ak’®;/(20), NFE¥F A K=ka,, =T
BB T (A) WS RO RN, 5%
filiEAt 4 ROER . xR0, I3k @ &
u, (A, BETTESETTHE6), W Ty, , RN, S5
@ 5 /& 22 W BE 2% (Helmholtz) J7 F2 AR ik 2 11 1 77
S,

VO+K*d=0 (13)
oD
5 =0 (14)

L, AR TR, SR
RICHERAR:

D(r)=2® (r)+2jj o) 6G(” G 4

(15)



5 W

JRAF AR S P BRI I 7 R PR 2 2 T T 583

s G(r,r') 27E H B2 B H 5 52 B8 R (Green)
PR, @ =sin[K (z—h)]exp(—jor) &N 5 E
FEH
12 HEREE

TR0y ~(12) 8Bk T8, #iIR T i %
THI BN ()RS (IZ 80y o ABAEHI AR 250 22 1 ek 2
NZE, FZHVUH Runge-Kutta yEEUENRM, Ifidst
W R SR o IR SR S ke e 1k,
BB S R A, IR HAR AR &A1, R
FER -8 213 90 A o2 ARARALU R 75 BRI A R T3S
JIFIRETAN . R Z Y0 A COMSOL
Multiphysics BEATRAUTHE, 18I a7 %44
K2 fios, HESEIER 1 PR,

dl
AREANA
A
%t
! A
00_, o
on~
i
N R
- p B

2 RIS RIL S AT

Fig.2 Calculation domain and boundary conditions
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Table 1 Calculation parameters
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Fig.3 Test system for droplet suspension separation
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Fig.4 Simulation of total sound pressure field distribution
with (a) and without (b) droplets
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Fig.5 Variations of sound pressure along the longitudinal and
transverse direction of the droplet
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Fig.6 Streamline distributions along longitudinal axis and
transverse direction of the droplet at /=5 ms and 10 ms
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