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Optical sensor for product oil identification
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Abstract: To improve the existing method to detect the product oil in pipeline sequence transportation,
it is necessary to set a new method for product oil identification and detection based on the characteris-
tics that reflect the quality of oil. This paper researches a optical sensor and a new method for product
oil identification and mixed oil distinguish and calculates the light intensity of the Fresnel reflection oc-
curred at the interface between the product oil and a measuring probe. The product oil and oil mix-
tures are analyzed by using the principle of energy conservation and the inductor model of an electron
cloud . Using the optical sensor, the product oils can be identified exactly, and different oil mixtures
can be distinguished from each other successfully in a relative error less than 0. 02%. The experimen-
tal results provide a theoretical basis for the identification of product oil, which shows that the pro-
posed optical sensor has a great application prospect in analyzing the compositions of oil mixtures and
predicting the mixing and diffusing conditions of oil transported in product pipelines.
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1 Introduction

Recent years, as the lack of petroleum resource,
loss reduction during the oil transportation and
store processing becomes extremely important.
Oil mixing loss takes up a great proportion in to-
tal loss of them. Precision oil identification can,
to great extent, avoid oil mixture accidents, es-
pecially during the product oil sequence trans-
portation. Several testing methods have been
used for monitoring the oil mixture in product
pipeline, such as density measurement, ultra-
sonic measurement, optical measurement, la-
belled atom detection and fluorescence detec-
tion""?. Different kinds of product oil whose
densities are very close cannot be distinguished
by density measurement. Ultrasonic measure-
ment cannot get rid of disturbs from murmurs
caused by gas bubble, pipe scaling, pump work-
ing and other sound source. Because of the low
precision, optical measurement has less applica-
tion in pipeline sequence transportation. The
precision of labeled atom detection is seriously
affected by oil viscosity and dispersion coeffi-
cient, its interpretation accuracy needs to be im-
proved further. Fluorescence detection has a re-
quirement on high sensitivity of testing system,
and has no ability to identify different oil prod-
ucts. These testing methods cannot meet the
need of pipeline sequence transportation. Prod-
uct oil identification should be completed with
the characteristic that reflect the quality of oil.
Refractive index is the material characteristic of
a certain medium, and it can show the interac-
tion between light and medium. Chemical struc-
ture analysis and liquid properties testing can be
processed by refractive index measurement,
which is suitable for complicated mixture prop-

1]

erties analysist®*. The properties of Lights are

shown when lights are scattering. They are

widely used in various measurements”®"!. Tradi-
tional view believes that electric field of the light
plays a major role in interacting between light
and medium. Generally, it is explained that the
vibrator model of electron in the medium is
forced to vibrate by alternating electric field of
the light. Without effect of magnetic field, the
refraction index calculating formula derived from
traditional theory has no sufficient accuracy.
Relevant researches indicated that magnetic field
of the light also play an indispensable role in

light propagation and light refraction"®'.

2  Methods

2.1 Theory

When the light enters a medium from vacuum,
one part of the light is reflected, and the rest en-
ters the medium. In the medium, one part of the
light is scattered, one part is absorbed and the
other is refracted. The part of light refracted is
the only part received in refractive index meas-
urement, while the parts of the light reflected,
scattered and absorbed are no longer be consid-
ered as incident light of refractive index meas-
urement. All the parts of light interact with me-
dium, but the energy of them are independent
from each other. Considered as the incident
light, the refracted part is separated from oth-
ers. The light in the following text stands for
this part of light. Each electron in the medium
molecule forms an electron cloud in a certain
shape corresponding to the range of space it ap-
pears. All the electron clouds can be seen as
conductors those are independent from each oth-
er, because each of the electrons is restricted
within its specific space in the molecule. When
the alternating magnetic field of the light exists
in the electron cloud conductor, an electric cur-

rent is induced by the changing magnetic induc-
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tion of the light. Actually, the induced current
is a statistical result of the electron circular mo-
tion, which is the motion-superposition of the o-
riginal electron movement. The electron cloud
can be seen as a coil, which the light exchanges
energy with, when they interact with each oth-
er. Caused by induced current, energy is stored
in the electron cloud conductor which is consid-
ered as an inductor. This part of energy is trans-
ferred continuously between light and electron
cloud inductor when the light is refracted in the
medium. The energy which the electron cloud

inductor received from the light is:

A% (dBM)ZZ Vv
2602/10<g> dt 2/Ao<g>

where V', is the equivalent volume of the elec-

WE:

Biwsin® wt » (1)

tron cloud inductor; w is the angular speed; ¢ is
time; o =47 X107 H/m, is vacuum permeabili-
ty; (g»is the space average value of the shape
and direction factor of the electron cloud; By, =
By cos wt, is the magnetic induction of the light
in the medium. Compared with electrons, nuclei
contribute little to energy transfer. The effect
caused by nuclei on light refraction can be neg-
lected. So the energy of one molecule interact
with light is approximately the sum of all elec-
The average ex-

tron clouds in the molecule.

change energy density in the medium is;

W, = %Xiz(<g>) 2)

Where p is the molecule density of the mediumjy
is the magnetic susceptibility of medium; B, is
the amplitude of the magnetic induction of the
light in vacuum; z is the number of electrons in
the molecule; 7 stands for electron 7 in the mole-
cule. For most transparent media, the absolute
value of the magnetic susceptibility is much less
than 1. During the process of light refraction,
the law of energy conservation is always being

followed. The velocity of light in the medium is

1/n that of light in vacuum. So the light energy

of unit volume in vacuum should equals to that
of 1/n unit volume in the medium. 7 is the re-
fractive index of the medium. The energy of
light in the medium is composed of the part ener-
gy in the light refracted and all the exchange en-
ergy in the medium:
9(1+X>ZB§E(L>> LB

2 4 2
BQ _ Mo o . (3)
20 n

When there are kinds of molecules in the medi-

um, the refractive index is:

n_1+—(1+x> 2[P2(<g>>]
I+ E[PE(@ )} w

where j stands for molecule j in the medium.

The statement of the electron clouds in the prod-

uct oil is described as:

e (5) ],

where p, is the density of the product oil; D, is

:(OoDov (5)

the material property factor of the product oil.
D, shows the property of all the molecules in the
product oil and has relationship with the shape,
volume and direction of each electron cloud.
Thus, the expression of product oil refractive in-

dex can be written as:
*1—5— 5 po o (6)

and the refractive index of product oil mixture
can be expressed as:

pol Vol D + [002 VoZ
ol Va +‘002 Ve !

1

77,]]:1—0—?‘0,“ ( oV ooV D, ) )

D)
where n,, and p,, are the refractive index and den-
sity of the product oil mixture respectively; pq
and p,, are the densities of two kinds of product
oil; V., and V,, are the volumes of two kinds of
product oil; D, and D,; are the material property
factors of two kinds of product oil.

2.2 Tests and discussions

The optical sensor attains the light intensity of
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fresnel reflection occurred at the interface be-
tween product oil and measuring probe. The ex-
perimental data are the average value of 5 tests.
—10 # diesel, 93 # gasoline and 97 # gasoline
are the samples of the tests. Every two of three
product oil samples are mixed respectively in
volume ratio 1 ¢ 2 and 1 ¢ 4. Twelve mixture
samples are prepared for the experimental tes-

ting. The experimental data of twelve mixture

samples are shown in Tab. 1.

N is the test number of mixture sample; V,
is the volume of —10# diesel;V, is the volume
of 934 gasoline;V,, is the volume of 97 # gaso-
line; o, is the density of the mixture sample; n is
the measurement value of mixture sample refrac-
tive index; n' is the calculated value of mixture
sample refractive index; R, is the error of the

mixture sample refractive index.

Tab.1 Experimental data of mixture samples
N V4(mD Va (mD Ve (mD) om (g/mb) n n R,
1 200 400 0 0.765 8 1.507 8 1.509 3 0.001 5
2 200 0 400 0.768 8 1.521 2 1.522 5 0.001 3
3 0 200 400 0.729 8 1.548 2 1.547 7 —0.000 5
4 200 800 0 0.750 2 1.518 2 1.519 4 0.001 2
5 200 0 800 0.753 6 1.536 4 1.5351 —0.001 3
6 0 200 800 0.730 2 1.551 4 1.550 2 —0.001 2
7 400 200 0 0.804 6 1.485 2 1.484 1 —0.001 1
8 400 0 200 0. 806 2 1.491 6 1.490 7 —0.000 9
9 0 400 200 0.728 4 1.540 2 1.541 1 0.000 9
10 800 200 0 0.820 6 1.473 8 1.474 2 0. 000 4
11 800 0 200 0.821 4 1.477 2 1.478 1 0.000 9
12 0 800 200 0.727 8 1.536 8 1.538 5 0.001 7
17 results of groupl, it can be seen that the refrac-
’ I -1 0#Diesel oil o )
1.6 — i tive index of mixture decreases from 1.518 2 to
5 L5 1.473 8 in turn, when the volume proportion of
= 14 . . :
g -10 # diesel increases from 20% to 80% in -10 #
S 1.3
g 15 diesel and 93 # gasoline mixture. The result a-
S 1
1.1 bove shows that the changes of mixture refrac-
2 3456789101112 tive index can still reflect the differences of prod-
Test . ..
uct oil mixing degree, even though the product
Fig. 1 Graphical representation of the results

Graphical representation of the experimental
results is shown in Fig. 1. Test data are classi-
fied into three groups to be compared and ana-
lyzed. Groupl is composed of testl, test4, test7
and testl0. Group2 is composed of test 2, test5,
test8 and testll. Group3 is composed of test3,

test6, test9 and testl2. From the experimental

oils mixed are similar. The same conclusion also
can be drawn from the experimental results of
group?2 and group3. Comparing the experimental
result of testl with that of test2, the densities of
two mixture samples which —10 # diesel mixes
respectively with 93 # gasoline and 97 # gaso-
line in the proportion of 1 # 2 are very close. The

density difference is only 0. 003 0 g/ml, while



No. 6 ZHUGE Jing-chang.et al. : Optical sensor for product oil identification 1483

the refractive index difference is 0. 013 4. From
the contrast mentioned above, it is revealed that
different product oil mixtures can be identified
by their refractive indexes, even though the den-
sity differences of mixtures are very close. The
same conclusion can be achieved from the com-
pare between test4 and test5, test7 and test8,

testl0 and testll.

3 Conclusions

The optical sensor and a new method for product
oil identification and mixed oil distinguish are
tested. The calculation formula of product oil re-

fractive index derived from the inductor model of
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