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Abstract. The investigation of the process of carburetion in combustion engines is an actual scientific and practi-
cal task. The results of the experimental investigations of the fuel jet flow formed by the nozzle through two
section series arranged are shown in the presented article. Front speed and fuel mass speed between optical
sections in fuel flow were determined by registered optical density of fuel flow for different pressures. The proce-
dure of the determination of speed abilities of the fuel flow gives the preconditions for creating the bench for the
determination of fuel sprayers in the work process of manufacturing with the aim of their division into the groups
of one-type parameters. Such approach assumes the usage of manufacturing standard that is the sprayer and the

fuel pump with the best ability of injection.
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1. Introduction

At presentl the world2 propulsion3 engineering
uses the best achievements in science and techniques
that allow one to improve economic indexes and eco-
logical safety of the engine.

Specific character of fuel burning in the diesel
cylinder with great heterogeneity of the fuel-air mix-
ture by proportion and temperature, high values of
pressure and temperature predetermines fuel crack-
ing and free carbon evolution as soot with slow de-
layed burning on the line of broadening parallel to
the burning process. That doesn’t allow one to use
the heat brought with fuel with the most efficiency.
Investigations show that the losses of effective use of
fuel in the cycle amount to 1-2% due to the imper-
fection of the heat input (connected with the soot for-
mation) and 8% due to the heat input impertinence
(connected with the final rate of fuel drop).

During the process of fuel injection into the com-
bustion chamber with the usage of the volumetric
method of carburetion the fuel distribution by holes in
a sprayer plays an important part. The sprayer usually
has 4 and more holes. In the work process of manufac-
turing holes one can make the divergences of calcu-
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lated parameters: diameter, angles of arrangement and
holes surface condition. Such divergences result in the
change of the process of carburetion -fuel burning in
the combustion chamber (high soot evolution, burning
imperfection, etc). Parameter describing the effective
section of outlet holes is my, the determination of which
is brought to the measurement of the pressure drop
and average fuel consumption [1].

2. Mathematical model of the research of speed abi-
lity of fuel dispersion

Successful solution into the problems of decreas-
ing fuel consumption, combustion efficiency, ecological
compatibility, error-free performance of combustion
engines requires developing a modem procedure of the
analysis of the operating cycles efficiency based on fun-
damental laws of thermodynamics and special investi-
gations of the intercylinder processes regularities.

According to Lambert-Ber law the relative in-
tensity of the light radiation having passed through
the medium is equal to

1(r)

J(t) = 7 =exp{-onL}, 1)

o

here o is the optical factor of the fuel flow; n is the
particles concentration in the volume of the fuel flow
pierced with the light radiation; L is the flow thick-
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ness in the corresponding section.
Intensity and concentration of the fuel flow in
section are equal to

N(@)

g(n)= r (2)
n(t)z@. 3)

correspondently, here N(z) is the quantity of particles
in the flow volume pierced with the light radiation V;
n(t) is the particles concentration in this volume. The
output signal U(t) of the photo sensor is equal to

U(t)y=S5I(t), 4
here § is the photo sensor sensitivity. Then

v _ Sl

AR =J(t) = exp{—%} = exp{- Qg(t)}, (5)

here Q is the constant of the measurement unit
conversion.

Mass of the pulsed dispersed flow M having
passed through the section of the flow for the time 7,
is equal to

tp
M = [g(t)dt, (6)
0

here ¢, is the time from the beginning up to the end of
the pulsed dispersed flow injection.

If the sections are at the close distance from each
other then one can take the equality of the fuel mass
having passed through the section, for the time of the
flow development.

M, =M,. (7
Then

lj lix1

[LnUy(t)dt = [LnUy(t)dr . (8)
[0 0]

According to this procedure the relative mass of
the fuel flow having passed through the chosen opti-
cal section is calculated, masses are compared, nor-
malized and the time of the delay of the fuel mass
transport from the first up to the second section is
determined [2].

3. Time-of-flight test bench for the determination of
speed ability of atomized fuel

Developed at Altai State University test bench
allows one to measure the optical density of fuel flow
developing through two sections series arranged. In

every section there is the source of optical radiation -
light-emitting diode. Passing through the flow the light
intensity changes according to the flow density and
further it is registered with the photodiode. A signal
from the photodiode intensifies, is converted into the
digital form and is handled with the computer.

The scheme of the bench is shown in Fig 1. On
the fuel bench Mirkez there is the pump of high pres-
sure 2. The fuel proceeds under the pressure over
pipeline 3 onto nozzle 5, placed on support 4. The
sprayer of nozzle generates dispersed fuel flow 6 de-
veloping through sections 7 and 8. Section includes
the ring in which there are a light radiator and a photo
sensor arranged opposite each other. From the photo
sensor, the electric signal proceeds onto digital oscil-
lograph 11 (C9-8) and further in a digital form onto
computer 12. The dynamics of the pressure change is
registered with strain sensor 9, the signal from which
is processed with special strain-gauge amplifier 10 and
is supplied onto oscillograph input 11 [3].

Fig 1. Scheme of the test bench for the determination of the
fuel flow speed abilities

In Fig 2 the change of the optical density of the
fuel flow is shown in sections at the distance of 5 cm
and 10.3 cm from the sprayer point with 5 holes of
0,25 mm placed onto the nozzle FD-22.

The time is indicated by abscissa axis in msec, by
coordinate axis the relative optical density is indicated
in gradation of ACP. The time of the flow develop-
ment in the first section is 3 msec, in the second one is
about 4 msec [4].
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Fig 2. Change of the optical density of the fuel flow in
section at the distance of 5 and 10,3 cm as a function of the
sprayer point
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In Fig 3 the pressure of fuel is shown before the
nozzle and up of the pin of a sprayer point. Experi-
ments were carried out under atmospheric conditions
(injection into the open space) with the rotation fre-
quency of the fuel pump shaft of 500 min! and the
fuel consumption of 92 mm?/cycle.
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Fig 3. Change of the pressure of fuel before the nozzle and
up of the pin of sprayer point

4. Analysis of speed ability of fuel dispersion

Having integrated the relative optical density by
time according to the method of trapezoids we get
the relative flow mass having passed through the cho-
sen section Fig 4.
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Fig 4. Time of the fuel mass delay between the sections

Knowing the delay time and the distance between
the sections we get the bar chart of the mass distribu-
tion by the speed in the pulsed flow of the sprayed
fuel (Fig 5).

30
o 25
g 20
©
= 15
10
5 |
0+
[ ] [ [ _ () [ [} [ [ [ [}
— (] [xn] -1 Lo [iw) I [xn) () IE
Speed, m/s

Fig 5. Fuel mass distribution by the speed in the chosen
sections

Having determined the speed of the fuel move-
ment it is possible to forecast the location of the main
area of the fuel flow at the characteristic moment of
the fuel ignition and burning that determines the pro-
cess of burning and cracking.

In Fig 5 the speed of particles is shown in a band
of measuring section which has a complicated char-
acter of distribution. The majority of particles being
at the head of fuel flow having met the resistance of
fixed medium has the speed of 10-20 m/s. The par-
ticles of fuel being at the end of flow can have high
speeds, but their mass is less than at the head. The
greater mass of particles at the head of fuel testifies
the fuel concentration in this band. The increasing
pressure of injection extra dispersion of fuel allows
“to smooth” the bar chart of mass distribution, to re-
duce the concentration of particles at the head. Splash
of speed at 100 m/s can be determined by flow pulsa-
tion.

During the determination of fuel flow speed 5
series of injections were investigated. The results of
the investigations are shown in Fig 6. The amount of
time from the beginning of injection up to the change
of the relative optical density in every channel up to
0,25 units was determined for each of 5 injections.
The digitization frequency of the signal from the photo
sensor was 200 kHz. Knowing the distance between
the sections we examined the speed of flow for each
of 5 injections. 5 injections were investigated for gy-
ration of fuel pump 500, 650, 750, 850 min'! and the
calculation of middle speed was made which com-
posed 35,3; 79,8; 88,0; 90,6 m/s correspondingly. The
nonlinear growth of fuel flow speed in accordance with
the increase of gyration of fuel pump is seen in Fig It
is explained (as the authors consider) by the nonlin-
ear character of increasing fuel pressure before the
nozzle and the speed of fuel expiration from the hole
in accordance with the growth of fuel pump gyration

[5]-

During the experiment the frequency of camshaft
gyration of a fuel pump increased and as a result the
speed of volumetric injection and pressure before the
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Fig 6. Change of the dependence of middle front speed of the
fuel flow from the frequency of camshaft gyration
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nozzle increased too. In Fig 7 the experimentally ob-
tained dependence of fuel pressure before the nozzle
from the frequency of camshaft gyration is shown.

While increasing the frequency of camshaft gy-
ration from 500 till 850 min'! the maximal fuel pres-
sure before the nozzle grew from 39,6 till 54,8 MPa
(by 38 %) at the expense of ascending volumetric
speed of fuel displacement by the plunger and lower-
ing of leakages.

The experiments were made at the angle of 28°,
fuel grade — diesel, fuel toughless at 293° K from 3,5
up to 6,0 mm?/s.

Analyzing Fig 8 of particles distribution by speed
obtained during the experiment it was has revealed
that by the increase of gyration frequency with the
growth of fuel pressure before the nozzle the change

~
N

of particles speed of the fuel flow in dependence of
mass is seen.

The pressure of fuel before the nozzle increased
so as the amount of fuel mass, setting with high speeds
(e.g. near 26 % of fuel mass sets with the speed more
than 50 m/s, and by the frequency of camshaft gyra-
tion 850 min™! already 52 %).

5. Conclusions

The distribution of fuel mass by the speed will
depend on the parameters of fuel expiration from the
hole, the distance up to measuring sections proper-
ties of a fluid etc while observing the regime param-
eters the influence of constructive factors of the
sprayer (divergence from the standard in work pro-
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Fig 7. The dependence of middle pressure of fuel before the nozzle of the fuel flow from the frequency of camshaft gyration
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Fig 8. The distribution of fuel mass by the speed by the frequency of camshaft gyration:
a) 500 min’'; b) 650 min!; ¢) 750 min’'; d) 850 min’!
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cess of manufacturing) can be determined. The pro-
cedure of the determination of speed abilities of the
fuel flow gives the preconditions for creating the bench
for the determination of fuel sprayers in work pro-
cess of manufacturing with the aim of their division
into the groups of one-type parameters. Such ap-
proach assumes the usage of manufacturing standard
that is the sprayer and the fuel pump with the best
ability of injection.

The experimental bench allows to investigate the
process of fuel dispersion, the speed of mass and the
change of pressure in a pipeline before the nozzle in
areal time process and during different speeds of fuel
pump gyration. In conclusion it is possible to note that
optical methods of the determination of the process
of fuel dispersion made for different types of spray-
ers can be used in a work process of manufacturing
that allows to improve the quality of produced mate-
rials rejecting unqualitative sprayers.

Investigating relative optical density by every
sprayer hole at the same cycle the correlation of fuel
mass distribution by the holes can be determined.

Having investigated the process of dispersion by
the increasing frequency of a fuel pump shows the
increase of front speed and the development of fuel
flow and allows to make the conclusion about the sta-
bility or the instability of the operation of the nozzle
on these or those turnovers.

The further task of investigation concerns the
process of working out standard criteria of optical
abilities of fuel jets.
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