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Fig.2 The average particles number in monodisperse particle system different concentrations
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Table 1 Physical parameters of lubricating oil

Parameter Value Method
ISO viscosity classification 460 ISO 3448
Kinematic viscosity (40°C)/cSt 460 ASTM D445
Kinematic viscosity (100°C)/cSt 31 ASTM D445
Density (40°C)/(kgem ™) 896
Viscosity index 95 ISO 2909
Refractive index 1.47 Abbe refractometer
Flash point/°C 260 ISO 2592
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Fig.4 Lube oil infrared absorption spectroscopy
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Fig.6 Spectral scanning results of lubricating oil droplets under different concentration gradients
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Table 2 Total variance explanation

o Variance contribution Accumulated variance
Component Characteristic root o
rate/ % contribution rate/ %

1 5.26 87.59 87.59
2 0.35 5.83 93.42
3 0.25 4.11 97.53
4 0.11 1.84 99.36
5 0.038 0.66 100

ST 2% i R R B R PR 1 AN, 3R 2 R 1A T Y B 25 il R R Ak 87.59 % L i — b
TSN 7 ACEE T3k 93.77 00 o e 32 MUAR R B9 B BRI AT AR O e AR AR I B 1] 8 R TN IR AR O
By AR T, i A R 400 nm AR D A A T2 s, BRIV R AR ARG I I i AT A KA
i+%20
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Table 3 The causes of light scintillation and the influencing factors of scintillation frequency

Light scintillation causes Frequency influence

Temperature and pressure lead to fluctuations in
the density of the medium, causing optical
inhomogeneity of the medium

The whole frequency, and influence of media
i density fluctuation frequency is drastic

Media level
The high—frequency influence, gas velocity 1s

Medium velocit » .
Y positive correlated with the frequency

The low—frequency, it is related to the beam

Random enter of particles in light . .
diameter and gas velocity

Particles level o
The low—frequency, and it is lower than the

Discontinuities of particle concentration . o
frequency of the random enter of particles in light

The whole frequency, it is related to the
turbulence intensity of the medium

Turbulence effect, the dual effect of gas velocity and
particles due to turbulent movement of the medium

The interaction between
particles and media

DA 930 3% T % 1) R AR Ji U 2 - 3k B DR BORE A R 37 A B AIL ER AR R o B R R, A AT 52 Wi /D 1
BORDOEINFRUR o B3 09 S BEAE T 1k UKL R AL A3 B R0 I AN 0 A o S 1 LR AR X DB TR
PR T A I 45 SR S I, e MR T — RS AR B G TN R S B A L BRI T I R R X T R A S T
ZEW LA BTN R 4

AT 22 4 THLT Y35 5 He O i 5 T F 4535, WPl 9 Jr 7 0t BF DA R 431 3 g S Hi, 4 0 45 SR e 3 30 01 %

x4 HAHAERFZWTIR
Table 4 Operating conditions of light scintillation frequency experiment
Particle D;,=1pm
C,/(mg:m °) (p=900 kg/m’) 20
v/(mes ) 2
D/mm 2
L/mm 400

0112001-8



ARG , 45 Tl IR M 0 5 Wk 2 A R A T 1 T Y

fo=1 MHz, RFERF 0] R 2 s 38 1 K8 3 3% 2% (Low Pass Filter, LPF) #1738 I Ab B, R AN [R] DA J 4 2R X6t
DB ST O RS AT I . R 10 &R T R W] TN R A3 AT (06 D) 33, 151 11 S TN R A0 36 X6 B 48 3%y 22 1 52
Mol o T BEVE R BY SR, XT3E 506 T F8AE AT TN BRSO B OF R S X Ot T R i AT pR L A 4 (Fast
Fourier Transform, FFT) Ji [ 45 22 4 2 (1) Fl B, 107 A2 — Ff— vk R 22 B (][] B 09053 ) %o 50 40 &5 1 1 i L I
TR, XCTRIE VAT FET J5 01 X6 N R 2R A8 0 A 19 S o 1% T o0 SE 58 R T B4 B L 4
it 538 B LPF J5 0] 23 85 ok 42 N 3 G INIRE 5 -

1524}
1521} |

1.518

Transmitted Light Intensity/V
n
I

1.512
1.509
1506 . . .
0 0.5 1.0 1.5 2.0
T/s

M9 BEILHIRATHLLERSS

Fig.9 Transmitted light intensity signal under stable experimental conditions
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Fig. 10 Transmitted light intensity signals at different flicker frequencies
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Fig.11 Transmitted light intensity signals at different flicker frequencies
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Fig.12 Experimental instrument
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Fig.13  Oil mist droplet size frequency distribution in experiment
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Table 5 Experimental results of concentration calibration using scintillation and transmission methods

Calibration Scintillation Transmission
. Intensity  Intensity  Variance . Scintillation  I/I,/ . Transmission
concentration/ concentration/ concentration/
B 1,/ V* I/V D(I) B error/ % % B error/ %
(mg+m°) (mg-m™) (mg+m°)
4.8 1.5148  0.000 322 4.5 6.3 0.05 0.6 88.4
5.2 1.5132  0.000 334 5.4 3.8 0.16 1.7 67.9
6.7 1.5008 0.000 387 7.1 6.0 0.99 10.3 54.1
8.9 1.5148  0.000 425 8.2 7.9 0.05 0.6 93.8
9.4 1.4999  0.000498 9.3 1.1 1.05 11.0 16.5
10.5 1.5025  0.000 708 9.6 8.6 0.87 9.1 13.0
12.9 1.5102  0.001 101 12.7 1.6 0.36 3.8 70.9
13.7 1.4 854 0.000 921 13.0 5.1 2.03 21.2 54.6
15.8 1.4985  0.001 006 14.5 8.2 1.14 11.9 24.4
17.9 1.4 895  0.001 253 18.9 5.6 1.75 18.3 2.1
19.6 1.4802  0.001472 20.6 5.4 2.39 24.9 26.9
20.8 1.4785  0.001456 20.5 1.4 2.51 26.1 25.4
22.9 1.4799  0.001 603 24.8 8.3 2.41 25.1 9.5
23.6 1.4 811  0.001 700 21.5 8.9 2.33 24.2 2.6
24.8 1.4811  0.001 536 25.9 4.4 2.33 24.2 2.3
26.8 1.5 156 1.4785 0.001 876 27.6 3.0 2.51 26.1 2.7
28.4 1.4765  0.001 988 25.7 9.5 2.65 27.5 3.2
29.3 1.4705  0.002 242 31.2 3.4 3.07 31.8 8.5
31.1 1.4 698 0.002 211 32.2 3.5 3.12 32.3 3.8
33.5 1.4 685  0.002 245 31.2 6.9 3.21 33.2 0.9
35.6 1.4625  0.002 592 39.1 9.8 3.63 37.5 5.4
37.9 1.4601  0.002 653 37.1 2.1 3.80 39.2 3.6
39.6 1.4585  0.002 787 42.5 7.3 3.91 40.4 2.0
40.5 1.4 545  0.003 035 39.5 2.5 4.20 43.3 6.9
41.8 1.4501  0.003 211 39.5 5.5 4.52 46.5 11.2
42.9 1.4526  0.003 003 45.6 6.3 4.34 44.7 4.1
43.6 1.4511  0.003 313 46.5 6.7 4.44 45.8 4.9
45.9 1.4498  0.002 952 43.5 5.2 4.54 46.7 1.7
47.2 1.4 485  0.003 304 45.1 4.4 4.63 47.6 0.9
49.5 1.4 398  0.003 465 52.3 5.7 5.26 54.0 9.0
50.2 1.4385 0.003411 54.1 7.8 5.36 54.9 9.4

*Light intensity used voltage signal after A/D conversion
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Oil Mist Concentration On-line Measurement by Optical
Scintillation Method

LIN Guangyao, HU Fei, JI Zhongli, LIU Zhen
(Beijing Key Laboratory of Process Fluid Filtration and Separation, College of Mechanical and Transportation
Engineering, China University of Petroleum, Beijing 102249, China)

Abstract: In order to evaluate the efficiency and performance of the natural gas compressor outlet oil
separator, a concentration detection method of micro—nano-scale oil mist droplets based on the light
scintillation theory was proposed for the low—concentration lubricating oil mist downstream of the
compressor outlet oil mist separator under the condition of 0~50 mg+m * low concentration oil mist
concentration. Based on the particle phylolayer model, Lambert-Beer law and Poisson distribution, the
theoretical model uses the total scattering theory to derive the particle concentration calculation model
under the long—optical path parallel uniform beam by segmenting the measuring volume in the beam field
and taking the transmittance of each monolayer measuring volume as the statistical random variable of
Poisson distribution, and explains the causes and influencing factors of the optical scintillation method.

For compressor lubricants in the natural gas industry, ISO viscosity grade 460 lubricants were
selected, and spectral scanning and Principal Component Analysis (PCA) determined that the 400 nm
wavelength beam had the best detection sensitivity and positive correlation in the visible light band. At the
same time, the infrared spectrum and three—dimensional fluorescence spectrum of lubricating oil show that
the infrared band has a strong absorption effect in hydrocarbon gas medium, and the fluorescence effect of
lubricating oil in the ultraviolet band will aggravate the stray light in the optical path and affect the test
accuracy. For the flicker frequency in the optical scintillation method, the selection of the flicker frequency
is determined by the spectral change measurement, and the selection of the flicker frequency affects the
detection accuracy by affecting the fitting variance of the scintillation signal, and the flicker frequency is
determined according to the size of the measuring body, particle diameter and particle velocity.

The results show that in the range of 0~50 mg-m * oil mist concentration, there is an obvious linear
relationship between oil mist concentration and flicker signal variance under the appropriate flickering
frequency by optical scintillation method, and the linear correlation coefficient R*=0.989. In the calibration
test results, the linear correlation coefficient R*=0.989, and the test error is less than 10%. However, the
error of the long—path light transmission method detection calibration results gradually decreases with the
concentration, and the linear correlation coefficient R°=0.956. Compared with the long—path optical
transmission method, the error of the optical flicker method is lower than that of the optical transmission
method at very low concentration, and with the increase of the calibration concentration, the test error of
the optical transmission method gradually decreases and is comparable to that of the optical flicker method.
The above analysis shows that the optical flicker theory can realize the real-time online detection of oil mist
concentration at low concentration, and the method is not affected by optical window pollution, and the
optical structure is simple, which is expected to be used for real-time online monitoring of compressor
outlet under high pressure in the future.

Key words: Optical scintillation; Lubricating oil mist; Particle concentration measurement; Scintillation
frequency; Optimal detection wavelength
OCIS Codes: 010.1100; 120.4630; 120.5820
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