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Research on full-wavelength ultrasonic attenuation model of
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Abstract: With the development of industrial process precision, fluid-solid particle two-phase flow systems have been widely used in the
chemical industry, energy, and other fields. According to the different mediums in the continuous phase, the fluid-solid two-phase flow
can be divided into gas-solid and liquid-solid two-phase flow, in which the accurate measurement of particle size and concentration
characteristic parameters are very important for process control and efficiency optimization. To address the problem that the classical
ultrasonic attenuation model is difficult to adapt to different medium types and cannot cover the full wavelength range, this article
analyzes the advantages and disadvantages of the classical theoretical model based on the numerical simulation method of thermal viscous
acoustic physical field. The coupled superposition method of the McClements model and the BLBL model are adopted to achieve the
comprehensive characterization of different attenuation mechanisms. An ultrasonic attenuation McBL model suitable for low-concentration
fluid-solid two-phase flow in the full wavelength region is formulated. Combined with the particle swarm optimization algorithm, the
simultaneous inversion of particle size and concentration is achieved. The simulated attenuation coefficient is taken as the inversion input
to preliminarily verify the applicability of the model. Compared with the particle parameters of the simulation model, the simulation
results show that the errors of the average particle size and concentration obtained by inversion are both within +15%. In addition, an

ultrasonic attenuation experimental device is set up to measure the ultrasonic attenuation coefficient of the fluid-solid particle two-phase
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flow employing a dual-frequency transmission method, and the McBL model combined with particle swarm optimization algorithm is used

to invert the experimental attenuation coefficient. Compared with the measurement results of the laser particle size analyzer, the

experimental results show that the average particle size error of the particles is within £10%. This further verifies that the McBL model

combined with the particle swarm optimization algorithm has high accuracy in the inversion of characteristic parameters in the full

wavelength region of fluid-solid two-phase flow. This research is of great significance for the online precise measurement of characteristic

parameters of flu-solid two-phase flow.

Keywords : fluid-solid two-phase flow; ultrasonic attenuation method; particle size; particle concentration; parameter inversion

0 35l

T

Rt Tl AR = i B 0 A2 22 fE FORS a4k, 5 1] 1R ok
HPRIAB T S R4 T RRVR  PAOR S5 Sl ) J 25 H 43 0Y
o TEIHHSEIE I Hp AR A A B X T T AR RCR A
PUN S et e ST BBTTBUR - L9 G & AR CE U ivavA
TR AREHETH LI sh M AR B A50CR | 14 RE R (IR
ERH ) IR TS Y WAL RE TR FH SR, i B
AR PTG R G T RRY Y A REAR S A TR B BB
AN RE 35 R R e RO RN 4 L, 3 BB B3 b N AR R
S R R T AE , DT B T 30 0 iR B SR N Bk
Tl Rf , A B 4 9080 I 3 P AR < I B A PR 7 vl g [ A
PR FIRE X TR AL R YERE , G035 B2 AL HL it
RO Pl AL R RJZ 56 18 DA B R K 4 45 iy AT

TRIRERE HREA MBS ¢ R Ak PR S5 U 181 R 37 v )
RARRE LK RL B HOK , I e R, BB A s 1
MEFARI HEE, H T PRSAE S 500 8 ARG B
RN 1) - SN S 37 S | Pt Sl |V (0=
PUVAR R R T U I A U AR R R R N e
B ARRANE JCTERE S 4 GE T 2R A A A 5
IR R AR AT I

R TR R N R A% O A T LR R S TR Y
AHEAE R, 008 5030 0 8 7 T B e B 3l Ok
A5 5K A KRN r<d20 AR K K NE
B AR IR X Rk, e i R g
ST IR PEATHI L FIIS AR R, 1951 4 James 54 42 Al
IR 75 P AE B ARG B R OV, 8 FAE R KX,
SEE T 7 R ENS R 0 R T /NSO A9 R
1989 4F Riebel 2"l F A 75 % Y6 i 24 43 A AR K % X
MRS B T AL S B R0 BLBL AR BRIt
AN RS A A e T e B K DX 75 R el A S BR IS
1953 4F Epstein 251V 1 YR 58 448 % 18 T HIE 0 Rl M 5 Uk
TR o U S5 M) 7 D 1 PR 25, o7 1 ARk B 2L
PRI AR . 1972 4F Allegra %517V AR 7 4 2
F [ ARRL, Gk ECAH AR (HZ B RUSR g 2 2%, 7
FE R A A 2 T 78 UL XI5 TG f B 1% O, BRI T AR

BB FH o 1992 4E McClements! ™ Z00& 1 BT 525 6 RPN
Rl JEE BE R JEL S ABE A X%F ECAH 80 3 47 (87 4k , 1 fL A
T AR T RACR LN SRR TR K 7E
o VA B LR R P XA T A 22 8 K, 1988 4F Harker
SR SRS AU R PR RGN, B X 4 e
B E T KK XS AR, 1997 4 Evans
ARV APEERE BT RR T R A AR AR Y |l AN (S
FHF AR K DX AR, 8 33— 20 55 T AR e [
4 Hemar 512" 2 J8 T A JTU AR B (1 B ORI A I 1] #7
A EAER S T — B X I K DX R v R Lk
TP FE Y RN Core-Shell B/ 2002 4F Hipp
2B T BN ECAH AR 4 SR BRYE: , 454 Core-Shell £
T TR T 3 FH T v vl S PP R 7 4 P S DR R ] L
JF ECAH BRI S Z% SRR R ME, 2021 4F Wang %>
454 McClements #5570 il BLBL #5578 2% & T #h Bk Rk
SEREUE AL, B S T A K XY MCBL AR {H 245
R 25 S~ TR P AR S EA T T I

I AR Ay ) R A AR AR I T B 3
Tl (ELAAF ST K 22 o R T B YU B R R Rh 2, oM T
A S I A O A 4 T K X ) P R R TR L
VER B B e R R

2015 4F Su 452 I FH LT ) 75 2 1« 7 - 254 B
AW R E AR 2 mm KR K — % A R R AT 0
LA, BRASAS [A) UKL 7R B2 BOF A9 48 7 28 08 R 8
2018 AFEAR—H7 42 %7K v 0. 5~ 2 mm REAR B R
SR« P G548 i P - R R A St A7 0 B, IR ST e
PRI FERHLE, 2022 4F Fan 25177 F < B 25 4y — 75 55
E3  SERIARTEE 0. 2~ 1 mm 8925, -0 59061 75 AH i
FRE R AT BB, I 58 R A P AR TR R
X HER R IE IRAE RS2, DA S TR I X R R
FATR BB BRI TE 7 e B vh e i, 488 )
PSR BRI HLZ WSRO, A% R AR
SRR, ZEAR R R 0K T Rl 64 75 B2 407 20 e I R
U, AEUME DL 3E T B /N IURL (4 7 A% 1 R BIE T
2020 AFHE A ARG 7 2 W EL Y, A 2SR -V
PRI, 8 T RIEK X 4~ 12 wm FEHERK P K X 200 ~
500 pum A [ SR 24 42 30 A0 T LATASE Y IE B T ROk e
WA R A XAl A, SR, H RSOk P



55 5 1 SR

B VAL AT AT R URE 2 i PR P I B 5 105

) B 7 0 ORGSR U B BIE AN BR T AR O Bk = 4
P X AR ORL (4 07 5AIFIE

FET RGBSR TR 07 005 TR e b 22
SRS ) I L, 4 R T 3 T O A A I 4
RGP I AT McBL BHIE AL, F407 20 56 31k 7 A 1 1
UL PR AR A o B T A o S e, g — 2P AR
MeBL FE YA i [E A Ui JORE A A A B2 S i b B A R
g

1 HERYUHR

1.1 {FEYIERIERE

BRI o A P v AR T 3 1 G R R
ORGP 75 27 37 T i | 3 R R < 1 R L [ 45
il TR 25 RO R A D ORGP, A LA
T R S 3 ORGP P 2 337 e 6 M A
T A A 3 5 L RE AL FR R P 458 2 ARG 2 | R 5 T
B JUIR 0 75 A 1 o v RGP 280 FH AR N 2%
FERE TR 0 B ARG )Z  BERR R PR B 8, AR
JES,, = (1) FiR, %75 FRAR L2 S B0 75 I e
U, 2 FRORG P 75 2 A B RS B A DGR IR 3R

5, = [n.
fp

(1)
5, = |—
mfpC,
Hor kR FIRE R p REE,C,

JE T HUAREE  m SRS RS
1.2 JUa#EE g ST

FE N7 I T R 7 AR A 7 Ak 4R AR R LA TR 4
B 1R, BELEE LA 50 mm, & 5HESL HAR o, FlE

AR Sk AR @, ¥4 10 mm, KA X A 58 8 L, %N
14 mm, KJ¥ L, %K 50.002 mm, L, }5E3EVCI 2R R,
K FHFTHETE A BRI A3 A5 B R A b B B8 R . 1) 7€ LH
T X 5, R A A BT Pl 5 2 ) ) FH B AL AR i il B
T AT A O H 0 5 3 ) 3 0K B LB i R JC B
L U e P SR MR U A A U A A2 L S
R LR

1 i B L

Simulated geometric model

Fig. 1

1.3 {FHRERMEL S

1) NS E

F T PAR S o 8] 9 P L2 57, 7R T 1R 2 v, A
5 [E PASORL A4 75 BEL B0 48 by e 30T, S B8P W A T Ak ) e
SRR 5055 5 AR SR R, U5 T A ) 7 BEL AT 22
SRR, CE A A AL P REAAE O B . X AP B
J3E 1% 2 S B, R T AR AT W ) 7 S D 2R R /N T
AP

N THE IR BE S AF R B 0 BORS BE s or 18 -
S A I TR A R A A 7 OB — T T, AR R
WA ) i S Dl P T A 28 AR AR ok JEE T 00 T A S0
AN EIRIEL ; 55— J7 0, AT R e AR R % SR
HWEAR T AR B, AR QR AIEZE 2R AT 5 1 Y [ B 42 v
TR,

TE 20 R FH K - S8 A RE FIK — SR 20 10 R [
PIARTR , BT B BT BES BN 1 BT

*x1 TREOMESH
Table 1 Physical parameters of the medium

WS K =R ZEALRE RN

%/ (kgm™) 997.0 1.25 2 500.0 1053.0

FRAEHHE/ (m-s™") 1 496.7 344.3 5 640.0 2330.0

BJIKEE/ (Pa-s) 9.03x107* 18. 1x107° — —

YR/ (N-m ™) — — 2.78%10" 1.27x10°

SHMAEF/ (Wem™-K") 0.5952 2.59x1072 68.2 0.115 1
SERHIAZ/ (T-kg™ -K™") 4178.5 1 004 829 1193.2
FRI K (dB-s”-m™") 1.91x107" 1.48x107"° 7.0x1074 8.69x107"
P BRB/(KT) 2.57x107* 3.66x107° 9.6x107° 2.64x107*
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Fig.2  Local mesh division of fluid-solid two-phase flow
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Table 3 Simulation inversion results

WERL fHEMC SR ORUARAEN R MREEARXT

B/pm /% Z/pm  RE/% BE/% TR22/%
20 0.04 22.441  12.203 0. 046 14. 848
40 0.10 41.929 4.823 0. 109 5.615

160 0.10  153.294  -4.191 0. 100 -3.378
240 0.10  229.536  —4.360 0.118 13.700
320 0.10  314.905  -1.592 0. 105 1.205
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Fig.9 Diagram of experimental device
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Fig. 10 Scanning electron microscope image of the S1 sample
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Fig. 11 Particle size distribution of the S1 sample
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Fig. 12 Scanning electron microscope image of the P1 sample
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Fig. 13 Particle size distribution of the P1 sample
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Table 4 Inversion results of experimental measurement

o 2 MHz #k 5 MHz #43k T —
N T T e
T Z/um /(%) FE/(%)

2/ um
(dBem™) (dBem™y

S1 3.364 9 8.0153 0.879 0.822 -6.462 0.028 6
S2 1.388 9 1.957 8 4.150 4.285 3.241 0.0337
P1 0.690 5 0.501 2 8.100 7.776 -4.003 0.1216
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