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Research on online measurement technology for particle pollutants in fuel
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Abstract: To address the difficulty of online monitoring caused by the diverse types and wide size distribution of

contaminants in fuel system anti-contamination tests, this study proposes an online measurement method for con-

taminant mass concentration in fuel based on spectral extinction. The method establishes a theoretical relationship

between the measured spectral extinction value In(Io/I) and particle mass concentration using the Lambert - Beer

law, followed by experimental calibration to obtain a linear model between spectral intensity and mass concentra-

tion. The calibration was then validated, and the proposed method was further applied to industrial field tests,

where its performance was compared with that of the membrane gravimetric method. The results show that the rela-

tive measurement error of the spectral extinction method does not exceed 4 5% during calibration, and its relative

error remains within 10% in industrial field applications. The proposed method enables accurate online measure-

ment of contaminant mass concentration in fuel and provides an effective technical approach for fuel contamination

evaluate.
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Fig. 1 Schematic diagram of the structure of the
spectral extinction method detection device
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Fig. 2 Measuring device calibration platform
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Table 1 Pollutant concentration and ratio

B E/ Fe,0,-1/ Fe,0,-2 Fe,0, hiigan FaE Ul
mg-L'  mg /mg /mg /mg Hi/mg
7 0.07 1.35 0.07 0.40 0.20
9 0.10 1.74 0.10 0.51 0.26

11 0.12 2.14 0.12 0.63 0.32
13 0.14 2.51 0.14 0.74 0.37
15 0.16 2.89 0.16 0.86 0.43
30 0.32 5.78 0.32 1.71 0.85
50 0. 54 9. 64 0.54 2.86 1.42
80 0.86 15.42  0.86 4.57 2.27
100 1.07 19. 28 1.07 5.71 2.84
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Fig.3 Measurement system calibration and testing process
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Fig.4 Typical spectral curves and extinction curves
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Fig.5 Extinction method calibration results
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Table 2 Extinction method verification results

ML /mg- L

SRR IE Hiat
/mg:L7t 2 3 vy B
8 762 7.82 811 7.85  —1.86
18 18,31 18.48 1795 1837 2.0
75 73.36 72,91 7368 73.32 —2.24
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Fig. 6 Fuel pollutant concentration online
detection test platform



2 A R P ORE TS G ) 7E 2 Sk BRI S 5

1 30 4 K 50 2 5 T ) B — VR U5 e
Y1, 8K J5 TR R R TR R TS e RN BE TS
SR A R AT DLgE T — Be B ) P A4 S 24900 4 4
F L DA/ I iR 22 o T B A M AR L A R
SR BE AT 3R G 1O 2 85 6 I 4 SR 0 s,
ST S HGEBGA L N R T 00 i S 50 2k 3
N EERE 7 R o o @ Ta] B P SR R A 3R
1 Hz, RAE A 1Yk, ml DL 5 S AR A il 20 5 Bl 5
SR A A1 258 18 ORI SR AR B i, 15 % © i ] B (R
FES 3 50 Hz, 5 25 52 Sk 50 WK 7 Y08 i, Hovk
JEE A ) B o L D R S AR I e B S TS
W AE DL R, S ey DU X A, B i R
A ANEY R e B AT 0 T AR R ) PN G
LR, HEAT 25K 734, 30 FE A R 7E Sl v B
A5 Ak T 0 TR U0 TR A R B R i I

%3 REESHK

Table 3 Sampling parameters
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Fig.7 Effect of sampling frequency and statistical

average number on measurement results
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Fig.8 Online measurement results of fuel

pollutants by spectral extinction method
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Table 4 Results comparison and error analysis

DR E DI
PREE PR % -
HURE 5 /mg-1.7! IR RS X 1% 22
/mg-17* /%
1 10. 75 11.55 7.42
2 12.42 11.70 —5.78
3 11.78 11.53 —2.13
4 10. 84 11.32 4.47
S 10. 36 11.15 7.63
6 8.81 9. 26 5.16
7 10. 24 9.85 —3.82
8 9.11 9.33 2.45
9 9.04 9.23 2.14
3% ®
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