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Size Information Extraction of Particles Radiated by the Thin Beam
in Light Extinction Particle Sizing
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Abstract: In order to measure both large and small particles, based on the analysis of the pulse signal of
the spherical particle irradiated by a thin beam, a method for extracting the equivalent particle size
information was proposed. This method combines the amplitude and duration of the pulse signal by the
integral of the pulse signal, which makes the equivalent particle size information extracted from the pulse
signal more accurate. The ideal pulse signal was simulated and experiment was made by using standard
polystyrene latex particles. The results show that the method can effectively extract the particle size
information of large and small particles, which broaden the detection range. In addition, the effect of
flow velocity and noise on the extraction of the particle size was analyzed. When the flow rate is less than
10% , the measurement error is less than 5.4% , and when the noise is less than 1% , the measurement
error is less than 0.5%.
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Fig. 4 Pulse signal of different particles by the thin beam Fig.5 The light shading area of the rod-shaped particle
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Table 1 The integral of the spherical particle under different velocity ( H=15 pm)

S, d/pm 5 15 25 50 100
(@=19.6) (a=176.7) (a=490.9) (a=10963.5) (a=7 854.0)
o/(mes )
1 294.5 2 650. 7 7363.1 29 452. 4 117 809. 7
5 58.9 530. 1 1472.6 5 890. 5 23 561. 9
10 29.5 265. 1 736.3 2 945. 2 11 780. 9
15 19.6 176.7 490. 9 1963.3 7 853. 3
20 14.7 132.5 368. 2 1472.2 5 889. 8
25 11.8 106. 0 294.5 1178.1 4712.4
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Table 2 The coefficient k under different velocity ( H=15 pm)
Velocity v/(m « s ') Coefficient k
1 15. 00
5 3.00
10 1. 50
15 1. 00
20 0.75
25 0. 60
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Table 3 The integral of the spherical particle under different beam width ( v=10 m/s)

S, d/pm 5 15 25 50 100
(a=19.6) (a=176.7) (a=490.9) (a=10963.5) (a=7 854.0)
H/pm
15 29.5 265. 1 736.3 2 945, 2 11 780. 9
20 39.3 353.4 981.7 3927.0 15 708. 0
25 49.1 441. 8 1227.2 4908, 7 19 635.0
30 58.9 530. 1 1472.6 5 890. 5 23 561. 9
35 68.7 618.5 1718.1 6 872. 2 27 488.9
40 78.5 706. 9 1963.5 7 854.0 31 415. 9

x4 H=15pm,v=10 m/s Bt R BRI ERMULE R
Table 4 The simulation result of the rod-shaped particle (H=15 pm,v=10 m/s)

Length //pm Width w /pm Projection area a/pm’  Integral S, Equivalent grain size d,/pm  Solution value d./pm

5 5 25 37.5 5.6 5.6
15 5 75 112.5 9.8 9.8
25 5 125 187.5 12.6 12. 6
50 10 500 750.0 25.2 25.2
100 10 1000 1500.0 35.7 35.7
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Fig. 6 The particle shading area of interval time

4 LI FH R S X 0 O A 1 R I

3D 2 7 I 0 1 2 O T 5 e 1 L 5 D G D3R ol 2 30 9. 5 8 3 S5 B o
AN o B S RN Sl QD W o PR d, K
v X S,
HXn

S04 S 8 4 B DR 96 SR £ 5 B (S S,/ T SR o R e R P
{0 F1E ot TR 75 O B R AR A

o [ vXS,
_di—d|_| T
*‘¢, N !

T2 (1) AT A5, P S K 100,520 .10 %6 R AR AH X 52 22 43 50 2 0. 500, 2. 4196 .4, 6500 5 Ji 3 i/ 124
57010 %0 BLAR A G 15 22 4390 0. 50 26 .2, 60 %6 5. 41 V6. 3 W It 9K 2h %€ B A U 1 I 8l T LR I AE 10 26 LU
PR e P T 0 K 2l A I B T LR I AE 10 LLF

0112003- 6

d,=2X 12

R 2R A1 52U 0 92

X100% (14)

€,




F WL A5 T OB B R Y /N ' SR L A (R B BRI s

() B S P B ) M 7 A0 2 582 i 0 0 P g A4 B0 B ML IR 7 1 A 0 i 45 2 AR A W £ 8 R T E
{H An B U5 5 BB (1 An) SR BEE AR A ST L 4% B0 (14) 1 5 o 2 ] 45 I 75 R X 12
22N
&= | VIFan—1]X100% (15)
2k fE S Bl S 4300 0. 126,00 506 190 Wb, iy X (15) 7T 45 47 42 AH X 1% 22/ 0. 05 26,0 2524
0. 50 0. % FLAEL K o 5 5 U4 ok 1o MR 745 7K - 1 B AIL IR 755 T 45358 22 43 31/ T 0. 05.04,0. 2594 ,0. 50 6. 24 Jk of
HUE Eo 9 10V IRF, 25 5 S BUME A il 46 100 LU, B 2 W 7 1 3 A L 8 e (B 5 SRR A 170 15 22 T W 4 K (B
NI AN AR 9 B R 10 M 7 R AR 1R R B BRI 5 M )N

5 SLIRISUE

KA R 532 nm 12 RARBOGER B PHD 2000 3 5 i 51 5 R A Ak s BRI 28 S1133 455 g2 5t
B E AT 25 pm F1 90 porn T i FL IS SORE AR 0 0T AT S S 58 P RO AR R R0 R4 BRI BR i TS R R
T S TR A5 D VAR A A Bt v S 2 K 80 T 5 3 A ' SR 1 00 Y AR e ) SRR X S B A B R 4 FH A AR
I #2543 Bk vh 45 5 o RIGOL DS1102E $ 57 I 4% Wb 7 SORL Y i ik of 55 38 3k % Jik v £ 45 55 1] B SR A )5
PLE A BB A 2R AR S B4 4R 5 A =X (1D BIR] SR A 48 30k 42

OGRS H 2 50 pm i3 0,33 m/s B 9 A GORE ik b i T QTR 2 1) RS20 25 R 43 9] 7 A
5 BRI R AR (2 ) R 25, 61 pm 193, 87 o, MR 22 20 /N T 3. 44 Y0 H 5. 39 %6, YOl R G
H 2% 50 pm, i3 R 0. 50 m/s B, PG FRGEORE Bk b i JE U B B 1)) RS2 00 285 2R 43 S an 18] 8 R 6 Jir s, I 4 r
PB4 902425, 62 pm FI 93, 88 oy AH X 15 22 43 5 /N T3, 16 %0 Fl 5. 40 %0, 2GR TEBE HA 70 pom, Y 3

ik 100mV i@ Time 50.00us #+168.0.00us

(883 500m V @ Time 100.00us 9132 0us

(a) The impulse of the 25um (b) The impulse of the 90um
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Fig. 7 The impulse of the particlel(v=0.33 m/s, H=50 pm)
£S5 25pmF090 pm FHAIEMLE R (v=0.33 m/s, H=50 pm)
Table 5 The result of the 25 pm and 90 pm particle(v=0.33 m/s, H=50 pm)

Experiment 25 pm 90 pm
times Solution value d./pm Relative error/ % Solution value d./pm Relative error/ %
1 25.48 1.92 94.12 4.58
2 25.45 1. 80 93.45 3.83
3 25. 86 3. 44 94. 85 5.39
4 25.73 2.92 92. 80 3.11
5 25. 64 2.56 93. 46 3. 84
6 25.52 2.08 94.55 5.06
Average value 25.61 2.44 93. 87 4. 30

= 1 00mVE Time 50.00ps 9+50.00pus 25K S /13 Time 100.00us #:200.0us

(a) The impulse of the 25um (b) The impulse of the 90um

M8 EHMBANAN (v=0.50 m/s, H=70pm)
Fig.8 The impulse of the particle(v=0.50 m/s, H=70 pm)
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R 6 25pum 0 90pm FAL A LML R (v=0.50 m/s, H=50 pm)
Table 6 The result of the 25pm and 90pm particle (v=0.50 m/s, H=50 pm)

Experiment 25 pm 90 pm
times Solution value d./pm Relative error/ % Solution value d./pm Relative error/ %
1 25.52 2.08 93.92 4.36
2 25.43 1.72 93.62 4.02
3 25. 68 2.72 94. 32 4. 80
4 25.79 3.16 94. 20 4.67
5 25.70 2.80 92. 38 2.64
6 25.62 2.48 94. 86 5.40
Average value 25.62 2.48 93. 88 4. 31

0. 50 m/ s, WG GEORE ik v I8 CIEEIE B2 1wl ) 0 S0 235 2R 43 0 an 18l 9 Fe 7 Jir s o JHO 2ok 4% 38048 43 1l
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(a) The impulse of the 25pm (b) The impulse of the 90um
B9 ERAHFAH A (v=0.50 m/s, H=70 pm)
Fig. 9 The impulse of the particle(v=0.50 m/s, H=70 pm)
F 7 25pm F 90pm ALK LML R (v=0.50 m/s, H=70 pm)
Table 7 The result of the 25pm and 90pm particle (v=0.50 m/s, H=70 pm)

Experiment 25 pm 90 pm
times Solution value d./pm Relative error/ % Solution value d./pm Relative error/ %
1 25.60 2.40 92.78 3.09
2 25.56 2.24 94. 82 5.36
3 25.66 2.64 94. 96 5.51
4 25.81 3.24 93. 88 4. 31
5 25. 88 3.52 95.03 5.59
6 25.58 2.32 94. 66 5.18
Average value 25. 68 2.73 94. 36 4. 83
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