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Ultrasonic attenuation analysis of suspended mass solution
and inversion of solid phase concentration

Dong Zhaocheng ,Zheng Huifeng, Tang Jiaxuan
(College of Metrology and Measurement Engineering, China Jiliang University, Hangzhou 310000, China)

Abstract : Based on the McClements model for the analysis of acoustic propagation in two-phase flow of suspended masses, the effects of
solid phase concentration, particle size and ultrasonic frequency on the acoustic attenuation coefficient in suspended mass solutions are
investigated by numerical simulation. Among them, the 0. 5th power of ultrasonic frequency and the solid phase concentration have the
positive correlation with the attenuation coefficient, respectively. The solid phase particle size and the attenuation coefficient have a
negative correlation with the first order. The relative error between the inverse model and the McClements model is less than 2% . An
experimental system is established to measure the attenuation coefficient and concentration of the suspension solution, and experiments
are implemented to measure the solid-phase concentration under the conditions of particle size r=75 pm and ultrasonic frequency of
700 kHz and 1.1 MHz, respectively. Experimental results show that the maximum relative error between the concentration values
deduced from the inverse model and the actual set concentration is 11.2% (700 kHz) and 9.6% (1.1 MHz). The inverse model
constructed in this article can provide some theoretical reference for the study of suspension concentration measurement equipment.
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Table 1 Physical parameters of continuous phase
and discrete phase (25°C)

LT 24 HELAR(K) B (Si0,)
W/ (kgom™) 1.255 5640.0
A/ (mes™") 1 496.7 2 500.0
g/ (J-kg - K™") 1.004.0 829.0
DIVIHGE/ (kg/ (sxm) ) 18.2x1076 9.03x10™*
SHMEH/(W-m™'-K™) 2.48x1072 68.2
Pk R /K 3.47x107° 9.6x107°
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FUPEC AR MR B ) R i g AE . L AR 0 B4y
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Fig. 1 Effect of r on a( f=1.5 MHz)
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Table 2 a=ar’ fitting results and evaluation

WIE/%  HireR%L a b SSE RMSE
0. 06 3.566x107° 9.786x107'%  2.868x107°
0.12 7.131x107° 3.907x107"  5.730x107°
0.18 a=ar" 1.070x10™* -1 8.772x107" 8.586x107°
0.24 1.426x107 1.556x107"* 1. 144x107®
0.30 1.782x107* 2.427x107"  1.428x107®
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Table 3 a=af "+c fitting results and evaluation

W,

; HiF3 b ¢ SSE RMSE

0.06 4,765x107™ 0.014 30 7.952x107"  9.008x107®

0.12 9.511x10™* 0.028 56 3.170x107?  1.799x1077
a:afb -3 12 7

0.18 1.426x1073 0.5 0.04280 7.107x10™2 2.693x10
+c

0.24 1.901x107 0.057 03 2.708x107"* 1.662x107®

0.30 2.376x107 0.07121 6.081x107* 2.491x107®
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Table 4 a=ae+b fitting results and evaluation

A HARREL e b SSE RMSE

500 kHz 286.0 0.000 1517 2.203x1077 6.009%107°
700 kHz 337.3 0.000 176 0 2.962x1077 6.968x107°
900 kHz 381.6 0.000 196 9 3.710x1077 7.798x107°

a=ap+b

1.1 MHz 381.6 0.000 2157 4.449x1077 8.540x107>
1.3 MHz 457.5 0.0002328 5.183x1077 9.218x107°
1.5 MHz 490.9 0.000248 6 5.912x1077 9.845x107°

FH 3% 4 W] 0,SSE #1 RMSE 24235 T 0, A%
TARH U B b 3 I [ AH v P 5 Dol 28 A A8 A%

AR o SEWURIH L o BURDRLAR r LA 7R B
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Table 5 Regression results of the coefficients to

be determined

fiE R EL mYEE
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b 3.219x107*
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d 0.037 6
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Table 6 Inverse model error (6% )

AR/ um 0. 06% 0. 09% 0. 12% 0. 15% 0. 18% 0.21% 0.24% 0.27% 0.30%
75 1.245 1.003 0.972 0. 873 1.268 1. 065 1.373 0. 879 0. 801
150 0.943 1.521 1.075 1. 341 0.798 1. 652 1.354 1.461 1. 002

2 6 ml A1, 2 (5) BY S A R A AR X 52 25 24/ T
2% , 3% JE LAWY Sz B AY ARG FE A
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K1 MHz ANAE  [E AR BE R 0. 2% , B R AL A — A9 1k
SR+ 15% —~15% , HABYITE S BARFF AL | AT B A
L, HZ g Rk 7,

R7 WESEIREERIE R0 (HEXHRE 8% )
Table 7 Effect of deviation of physical parameters on the

model (relative error 8% )

TEAEEYITES S MAE+15% BAE-15%
W 23.423 -21.127

JaBUe 15.386 -12.981
LR 0.572 -0. 381
YD 0.326 -0. 456
SRR 0. 042 -0. 091

E A S 0. 345 -0. 643
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Fig.9 The experimental system
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Table 8 Experimental results and inversion errors

700 kHz 1.1 MHz

/%

« a, @' /% 8,/ % a o, ©'/% 0,/%
0.02 0.204 0. 205 0.019 5.0 0.311 0.317 0.019 5.0
0. 06 0.515 0.511 0. 055 8.3 0. 645 0. 651 0. 058 3.3
0.10 0.910 0.912 0.093 7.0 1. 105 1.114 0. 094 6.0
0.14 1.278 1.289 0. 139 0.7 1. 499 1. 506 0. 135 3.5
0.18 1. 656 1. 641 0. 190 5.6 2.013 2.034 0.170 5.5
0.22 1. 805 1.819 0. 205 6.8 2.353 2.385 0.209 5.0
0.26 2.009 2. 195 0.231 11.2 2.691 2.748 0. 245 5.7
0.30 2.517 2.593 0.268 10.7 3.038 3.185 0.271 9.6
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