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Particle Size Measurement in Liquid-solid System
Based on Acoustic Emission Technique

HUANG Chun-yan, CAIl Xiao-shu, ZHOU Wu
(School of Energy and Power Engineering, University of Shanghai for Science and Technology » Shanghai 200093, China)

Abstract: Acoustic emission technique possesses many advantages which are due in part to its
noninvasive and relatively inexpensive. A set of apparatus was built to acquire the acoustic signals
arising from impact of the glass beads dispersed in liquid with the container wall. The power
spectrum of the signal was found to correlate linearly with the mass concentration of the beads,
while the correlation of the power spectrum with the bead size is stronger than that with the bead
concentration. The impact velocity calculated with FLUENT was used to estimate the bead size by
fitting the power spectrum according to the principle of least squares. The fact that the estimated
results are close to the average value over the specified size range shows feasibility of sizing solid
particles dispersed in liquid by analysis of the acoustic signal arising from impact of the particles
with the container wall.
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Fig.1 Schematic of liquid-solid experiment
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Fig.2 Power spectrum estimation under different

concentration of 1% glass bead
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Fig.3 Power spectrum estimation under different

concentration of 3% glass bead
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Fig.4 Relationship of concentration of glass bead

with area of power spectrum estimation
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Fig.5 Theoretical frequency spectrum of three

kinds of glass bead
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Fig.6 Scaled power spectrum estimation under

different particle size and concentration

B 7 50T 17 BBk i S5 5 D) 4% 1
—ARAE NG R B B A TR A — AR, SR HX
RIREERAR TR f D) I kR AR A B 10 pm
HUE L 25 R SR AR 210 pm B g (D) {HHR
Be/IME K 210 o AV Ay S0 J50RE P L 42 A4 5
(B AR AH R i AR B e 2 PR Ok kAR
TEAE, S5-I 3R 1 PR,

1 WERBFNEESHEER
Tab.1 Estimated particle size of glass bead

2 ATE SERAR/pm EEEAESORIAE /pm
1% 283 210
2% 490 450
3% 693 520
10
230 um >

~ 087 7 EWES

] 220 um

S 06T 4

S 747200 um

3 04[ 210um

= 190 um

Co2f !

QD.S 1.0 15 20 25 30 35 40 45 5.0
fx107/Hz

B 7 17 WIEMERSEIE S E eI — LA
Fig.7 Comparison of theoretical and experimental

scaled power spectrum estimation
(1% glass bead)



470 g BOTOR A 2 R

2012 4 5 34 %

SERFET, R Q) RSG5 2O 25 &
) BB A F1 5 1 ] S BB B IR O A B
2 BT HL IX A3 T 3 b S [RRE AR 1 30 388 14 Bk
VR T ZOORDR AR ik A ATV E R R
5 % it

a. A GE P A S A s A e R B R 4R
KA RIS 4 Welch BRI g4l i1
R TR 1) Jo R e EE AT AR B A T T AR R 2R
PRI AR T B AR ORDRE AR X D33 A1 Y
SO SR . 2R W] R A A T X — 2
HICRIIRTORE o % 32 1) 5% 28 A M 42 Y T A 2% ) AR
JEAEARR DL

b, KA S 228k FLUENT #0153 45
ORIl 38 BE TR 13832 A o BRAB ARG RIS A5
DIERGEAGTHI BT HOS SR e/ D — IRk Al 3t 3
TR IPRIAR » HAE SR AN TP BPRAR BN $230T AL
TG FRWNZ I THE AR A B 5 vk
P SE BRI 1 Al AT R A R

S 300k

[ 1] El-Hagrasy A S,Morris H R, D’ Amico F, et al. Near-
infrared spectroscopy and imaging for the monitoring
of powder blend homogeneity[J]. J] Pharm Sci, 2001,
90(9) : 1298 — 1307.

Clegg I M, Everall N J, King B, et al. On-line analysis

using Raman spectroscopy for process control during the

[2]

manufacturing of titanium dioxide [ J]. Appl Spectrosc,

[3]

(4]

L5]

L6]

L7]

(8]

[9]

[10]

[11]

[12]

2001,55(9) ;1138 — 1150.

Boyd ] W R, Varley J, The uses of passive measure-
ment of acoustic emissions from chemical engineering
processes[ J ]. Chemical Engineering Science, 2001, 56
(5):1749 - 1767.

Hou R,Hunt A, Williams R A. Acoustic monitoring of
hydrocyclones[ J]. Powder Technology.2002,124(3)
176 - 187.

Huang J.Ose S, Silva S, et al. Non-invasive monitoring
of powder breakage during pneumatic transportation
using acoustic chemometrics[ J]. Powder Technology,
2003,129(1),130 — 138.

Nordon A, Carella Y, Gachagan A, Littlejohn D, et al.

Factors affecting broadband acoustic emission measur-
ements of a heterogeneous reaction[ J |. Analyst, 2006,
131(2):323 — 330.

EORE, FIEAY, PR . PG5 2 R o i 5 T K
TR BT U 3 B I € [T 1. A6 T2 4. 2007, 58 (6)
1404 — 1410.

SRR o 7 R ST 5 1 22 RUBE 43 At B A 1] A 3% o
MR LD UM B LR 2, 2002.

Akay A, Tokunaga M, Latcha M. A theoretical analysis
of transient sound radiation from a clamped circular
plate[J].J App Mech,1984,51(1) ;41 — 47.

Zener C. The intrinsic inelasticity of large plates[J].

Phys Rev,1941,59(8) :669 — 673.

Carson G. Particle sizing using Hertz-Zener theory and
ultrasonic measurement of impact vibrations [D].

Glasgow : University of Strathclyde, 2008.

W] A 8, 22K AL SR fhit Welch 151
MATLAB {5 Z 0 #r[J]. B 73, 2011,7.101 — 104.





