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On-line measurement of high concentration slurry fineness
based on Monte Carlo model
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Abstract: In recent years, particle size and concentration measurements have been widely studied at home and abroad. An ultrasonic
attenuation model based on the Monte Carlo method is extended to a high concentration for online measurement of desulphurization
limestone slurry fineness in coal-fired power plants. The attenuation coefficients of the high-concentration Monte Carlo model ( HC-
MCM) are consistent with experimental measurement values. The model matrix constructed by HC-MCM can be used for the inversion of
particle size distribution to reduce the calculation time. The relative deviation between the calculated value by the differential
evolutionary algorithm and the set diameter and distribution width is less than 1%. A transmission and reflection dual-mode ultrasonic
measurement device and software measurement system have been developed. The transmission sensor and ultrasonic probe are made to be
suitable for the fineness measurement of high-concentration slurry, and have completed the 168-hour online measurement experiments
relying on a coal-fired power plant. The results show that the trend and value of the attenuation spectra obtained by the ultrasonic
transmission and reflection methods are basically the same, and the relative deviation between the volume median diameter Dy, and the
measurement results of the laser particle analyzer is less than 8%. Its particle size satisfies the fineness requirements of finished
limestone slurry in coal-fired power plants.

Keywords : high concentration; limestone slurry; Monte Carlo model; ultrasonic measurement; particle size distribution

ARSI , £ RETRA BRI & A TR B2 R dh i
AR AR 2 B R B Y SR R
SC S R )RR AT SR AN B I U
U S URE AT T R RORRL AR S0 A R AR SR BRI A A R S A AR SRR R

0 5l

i3

S H 1. 2023-11-01 Received Date: 2023-11-01
* FEAIH  E R A RFLE R4 (52376162) T H 5T B



%1

SR E A5 BT SR P T i R BE SR A B A L 171

e AR AT A% 18 D/ T 82 1, (EURE A o /)N 2 36 I AL it
B SIS A TRERE . H R AR A TR 3R 25
Wt BOHE LLORAIE , 3L 37 H R o S ML I IS AT 25 AT
T 7 AT VA S e R AR HOR PR RS AR G
6 1R TR IS T A EOR  SEHORE AR RO TR S I xof
TRRMER T R E IS T AIRCR ST AT M T

TERURDRE A2 IR B2 25 2 50 A 20 1 T B,
LT I AR A O A SO R B R Y
ZEERE ST, T LA I 2 AN 35 B 1 X G 5 AR Y 1 B A
B G DK B 2 K 2 1) UKL 5 () i 75 1 e AT
SRAYHLTTYLRE ST, Al DL PR S B 42 fioh 7 2k oA I
R PV AR AL AR B T [ 2 3] [ N Ah 2 T
ST BN, Silva S50 X iR vk ik A 7K 7L ok TR A R
137 BB MSEEAT ST, AT T BA DU R AE 1 UKL R A2
G3AT . Abda %5 22 4508 7 R DR B 50 4
Y PE SR PREAR 73 A7 AR B2 | I T8 W e S A Y0 bk
G AN, A T R T AR AL SRR A T i R
TR 28 Z5 PSS MUY CERDRIR A M6 Toad R 45 52 Br A
L FH H TR DN 2 AIE S8 AR R 35020 | X6 T e i R T ] 79 A
T URDRE A 7 2 7 VA A B ST E— 2D SR

I T P ok AR 0 5 30 oy e PR VR A A MR
TR P R, R AR I TR R SOR R AR
i O IE [ AR MR SRR R S B0 P el 1 A
JEE T S AR B A AR 4, S T R AR 0 A R B
T i 7 1k ORL I & B A 32 22 43 O BT 2E . L ECAH
( epstein-carhart-allegra-hawley ) S X3 B BLHR S 455 54 1R
AAHBER Horh ECAH BOALOGE F T B URL A =1
P A AR I 2% SRR 5 7 I A9 AH ELAE T s T 12
TRt R 32 O T R U0 o ) R P O B B
i SR IS T 75 2 179 220 i T A 1R 8 0 e Y e
U A AR R Ry 15% |, 5 RIASE R fo kB 1R 2R i
IS5 SR R R AT 5 B Ol R RE S, st mT 0L, 3
AR BT i R ORI AR AL O I AR v 2 B A
FE | O IO A0 FVRSURL AR A FH XS 75 0 08 1) 52 0 38
ik — T .

ARG SRR BB G 7 vk 5 7 BN B T
3 FH T ORDAE AR 0 i ) P AR A, 5 A SRR A
AR IR A 2 e v R U P o (LA DL AN S B Y
T8 R R 52 R B AR (high concentration Monte Carlo
model, HC-MCM ) 75 i #¢ B2 5 b (038 R . AR A1 K
A1 =7K 23 HUR I IS S I | 96 TR AR R A A iz 8 5
IERTERHER P . 53 A, F5 R T S R S S 12 ) LA
OB BT TT A AR R 8, A R TR L )
2 ZRGE AR RO S U 5 I T S S s i | e it
2247 34K (differential evolution, DE ) % %518 Uk KL 12
O3, SRR EL T R R B A IR A SR AR R AR M

1 R FFRE

SERER W JE —Fh LI R Ge it BEe oy Bl 0 $0fE
i, WK FC R TR R R T ORL R AR T S Y B e A
TSI R R SRR 22 % ( Monte Carlo model, MCM) ,
R SEARUR e A S 75 D R 7R S 0T B K
fRAbBE, W 1 PR B E AR R 2SR L
RS (T) G (R) ZIRIMIE S, d hikiicds 5is  H
N ETNHFEE L N 0 K (n=1,2,3, ) BEPLEUH S
P B AR, AT AR A W B R AR
SF 38 3 GE RIS AR U 85, BV AT AU AE — i Rk
A2 AR R R 75 T 3 N [ 79 A A R v 8 R AT
FEIT IR0 P R AR A

[ I ® /’ Q"' dA
o VR S N =N
i g @ i

KA Reds Q@ Bl neat

KL A PR R P i ek i 12

Fig. 1 Propagation of phonons in two-phase system
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Fig. 2 Flowchart of the algorithm for Monte Carlo model
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Table 1 Physical parameters of water and limestone

particle
W% e Hfy K AR
B p kg/m’ 997 2715
JE 4 I ¢ m/s 1 496.7 5 260
BTYIRGEE 7 Pa-s 9.03x107* -
By YR i N/m? - 3.0x10"
FHARE T W/(m-K) 0. 595 68.2
LU A c, J/(kg-K) 4178.5 829
LT E « Np/m 2.2x107" 0.080 6
PR R AL B K™ 2.57x107*  4.8x107°
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Fig.3 Variation of attenuation with particle size and frequency
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Fig. 4 Variation of ultrasonic attenuation with concentration
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Fig.5 Coefficient matrix and attenuation spectra of HC-MCM
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Table 2 Numerical analysis results of HC-MCM and
DE algorithm
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concentration attenuation spectra (%)
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Fig. 6 Ultrasonic attenuation spectra of slurries with

different volume concentrations
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Table 4 Calculation results of particle size distribution

of limestone slurry
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Fig. 11 The variation of slurry size distribution Dy 5, with time
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