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Studies have shown the presence of sulfur fractions in
gasoil: total sulfur — 485 ppm (under the maximum allowed
under GOST 52050-2006). In addition, the presence of gasoil
of methyl — (0.237 ppm) and ethylmerkaptans (0.167 ppm)
was revealed.

The Yurubchen gasoil also contained a small amount of
1-octadekanethiol. It was found during the analysis of sulfuric
acid fraction extract through chromatography-mass
spectrometry (GC/MS) (H,SO,, 93 % extraction, diluting the
extract with water, re-extraction diethyl ether). Organic
sulfides were not present in the extract.

The corrosiveness of the Yurubchen oil light fractions
results from the content of hydrogen sulfide, mercaptans,
and elemental sulfur.

The initial presence of thiols (merkaptans) in the
petroleum is usually low. In the Yurubchen oil, there was
only ethylmerkaptan at a concentration of 0.136 ppm (GOST
50802 «Petroleum. Method for determination hydrogen
sulfide, methyl and ethylmercaptansy).

Oil containing thiols is characterized by a high content
of thiol and total sulfur in gasoline fractions with relatively

low content of the total sulfur in the original oil. For the
Yurubchen oil, the following ratio could be observed: the
total oil sulfur — 0.196 %, total gasoline (naphtha) sulfur —
0.0345 % (GOST R 519472002 «Petroleum and petroleum
products. Sulfur identification by the method for energy-
dispersive X-ray fluorescence spectrometry»).

Hydrogen sulfide, mercaptans and elemental sulfur
formed the Yurubchen oil gasoil as secondary decomposition
products of organic sulfur compounds under thermal impact
in the process of distillation.

Hydrogen sulfide is released under oil heating up to 120 °C
and higher; the amount of hydrogen sulfide increases with
elemental sulfur, for example, as shown in the following reaction:

RH+S —RSH
2RSH —RSR+H,S

Based on the aforementioned research in conclusion we
imply a possibility of additional methods for treatment
(removal of elemental sulfur, demercaptanisation
(sweetening), alkaline extraction of hydrogen sulfide), in order
to adjust the fraction quality indices in accordance with the
requirements of GOST R 52050-2006.
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RESEARCH THE INFLUENCE FINISHING CANAL SHAPE TO FLOW MEDIA
FOR ABRASIVE FLOW MACHINING PROCESS*

Visual research flow media nature as with abrasive tool put in to practice. To establish facts the influence degree
finishing canal shape and form losses for flow character. The guidelines for processing environment leveling developed.
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cross-sectional shaped.

The analysis of constructional features of aircraft’s details
has revealed the presence wide nomenclature of
passageways with cross sections of various shapes and the
presence of different local resistances like blades, form losses,
etc. 28 standard elements with different geometrical shape of
cross sections, which can be found in aircraft, were
discovered.

The main purpose of visual research was the fixing the
process of abrasive media flowing in channel’s different
configuration and its flowing of different local resistances,
and the fixing of pressure media’s measurement Input , and
output P, sample.

The device was for the visual studies (fig. 1). It consists
of'the body 7, in which the groove set specimens-simulators
2, caps 3 and two adapters 4 and 5.

For the experiments the media was used with this
composition: Silicon rubber (GOST 14680-74) — 48 %,
PTFE-4 — 2 %,; black silicon carbide 53 C (grain size =
250 microns) — 50 %. Visually, the media of this composition

has a dark gray color. On its surface, placed in a device,
rectangular mesh size 15 x 15 mm and a depth of 2 mm, which
is filled with white fused 25A with grain size =250 microns,
applied by the bursting pattern. White mesh has a good
contrast with the surface of media, which provides a clear
picture. The Scheme of application (fig. 2) simulates a chain
of abrasive grains. Filming was carried out with a speed of
48 frames per second at high contrast, negative film.

Based on studies of the flow on the waveform, film,
photographs and scratches at the window 6 of Plexiglas
identified characteristics of media, evaluated and the degree
of deformation grid on, and direct observation of the flow.
Figure 3 shows the flow patterns and schemes of the media
in the tested channels. The arrows indicate the direction of
flow, a dark color — the stagnant zone.

Each sample has a definite influence on the flow, the
value of which can be expressed by the coefficient of local
resistance &

&, =&, T1/Re,

* The work within the federal purpose program “Scientific, scientific-pedagogical cadres Innovative Russia”.
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where F,Cg — coefficient of configuration geometry flow;
y, — dimensionless velocity gradient; Re — the Reynolds
number.
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Fig. 1. Fixture for visual research off abrasive flow machining:
a — casing with model; b — fixture diagram
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Fig. 2. The grid on the surface environment,
modeling the chain of abrasive grains
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For the case of AFM y, = 0.01...0.1 and Re << 1. It can
take & =~ &cg. Consequently, the coefficient &Cg characterizing
the flow pressure loss in passing through this channel will
determine the amount of local losses flux in AFM, i. e.

Studies show that the greatest pressure loss experienced
in the flow cone channels (Ne 5...7). The coefficient Zj,cg takes
values 0f20.0...23.5.

Toothing with 12 triangular channels (Ne 28) creates a
pressure differential 5.2. For channels with different blades
(Ne 17...26) &Cg varies from 1.8 t0 2.1.

When processing channels with a small inlet (Ne 3, 4)
pressure loss is reduced more than twice, but the magnitude
of'the coefficient &Cg —8.4...10.0 remains significant. If the inlet
channels with a small inlet is rounding or chamfer (Ne 8, 9), the
value F,Cg reducedto 3.4...3.7.

For channels with local resistance (Ne 10...15) the value has
avalue of 1.4...3.0 depending on the type of resistance. For the
three parallel channels (Ne 16) the pressure drop was 2.3.

These values &cg can be used to assess the influence of
the channel cross section shape and type of local resistance
to the pressure drop of the working environment at AFM.
The value &Cg in this case is relative, because it does not take
into account the pressure loss along the length of the sensor
7 to the sample and from sample to the sensor 8 (fig. 1).

Figures Ne 4...12 show photographs illustrating the
content of the film process medium flow through some of the
samples. The direction of flow from left to right.

Sample number 1 (fig. 4) is a local narrowing the channel
from the direct gap of half-cylinder. At the initial moment the
flow in the center of the channel environment without
encountering obstacles, begins the process of shear flow in
a half-cylinder. Thus there is a deformation of the grid —
elongation of the axis of flow and contraction in the transverse
direction. In those places where the environment rests on
the front side surface of the sample, the flow of environment
is not present.

At this point in the environment the profile of media is
changing and two zones with different conditions of
deformation are formed. In the zone of shear flow observed
steady shear flow. The character of variation of the grid shows
a gradient flow, which can be described by the hydrodynamic
theory. Stress of elastic chain can be described by the Kargin—
Slonimsky—Rouse models [1].

In the second zone there is compression of the chain.
The magnitude of compression depends on the elastic
properties of the chain. Thus, in the medium two zones with
different conditions of deformation are forming. In the first
zone tensile stress is observed, in the second zone —
compression stress.

When reaching a certain critical value, there is a shift
environment in zone 1 on the medium in zone 2. Clearly the
boundary between zones 3 is visible. At this point flow profile
finally formed and in zone 1 tensile stress drops into the
shear flow 4. This transition is clearly apparent in the
oscillogram.

Then all of a large part of the media is fond of Zone 2 in
the flow when the piston moving in the working cylinder.
However, just before the obstacle in zone 2 of stagnation
zone is formed. In the sample stagnation zone is not formed,
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Fig. 3. Scheme of the flow media in the channels of Designs

Fig. 4. The process of flow in the sample number 1
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contact the media is carried out over the entire surface of the
sample. The use of leveling devices is not required.

At the end of the medium the sample the effect of elastic
recovery of the jet is observed, which is indicating
accumulated in the flow of elastic deformations. This effect
is described in detail previously [2]. Especially this effect is
clearly manifested at the expiration of the channels of small
dimensions, such as in samples number 3, 4 and 5.

If within the medium in conical ducts with variable cross-
section flow pattern different. Consider the flow in a diffuser
- sample number 6 (fig. 5) and in effuser — sample number 7
(fig. 6). Uneven treatment due to the nature of shear flow
environment in the conical channel.

When the medium flow in the diffuser noticeable decrease
in the rate of the conical part and a smooth restructuring of the
flow profile. The normal stresses accumulate, and the tangent
decrease. The pressure in the conical part increases and the
flow rate and velocity gradient decreases. In steady the
maximum flow pressure on the wall of the channel observed in
the cross section with a minimum size, ie on the exit edge of
the channel. If such a motion is possible to provide a uniform
flow of the processing and removal of metal within a specified
allowance in the cylindrical part of the channel.

At the entrance flow in a conical part effuser channel in
the initial moment of time there is separation of high-flow
environment of the tunnel wall. This phenomenon is a
relatively short period of time 0.2...1.1 seconds.

At the same time, in the medium relaxation of accumulated
stress occurs and the effect of elastic recovery of the jet
begins to manifest itself, i. e. increase in its size and the
gradual filling of the total volume of processed feed.

Instant transition from anguish to the free flow jet is for
transition edge. At this point, the value of relaxation of elastic
strain accumulated in the medium during the flow in the
cylindrical part, is maximal. At the edge of the transition,
there is a maximum pressure of the flow on the wall of
processed feed.

The uniformity of treatment in the conical channel
equalization without using special devices to make difficult,
since the change in flow profile is directly processed
channels. In the special case of flow can be identified based
AFM unidirectional diffuser.

In flying apparatus there are details of structural elements,
which can be attributed to local resistance. In these studies,
these are examples of resistance number 10 ... number 15.

Channel flow with the lateral wall (fig. 7), characterized
by displacement of the medium flow 4 from the central axis of
the channel. In this case the inlet there are not two, but three
dead zone 2. Two are inlet channel and one is front wall.
Behind the observed flow separation from the wall of the
treated feed. Because of the effect of elastic recovery is
gradually filling the entire volume of the test channel,
including and beyond the partition. After completing this
section of the channel environment it appears dead space.
The bulk of the flow slides along the border of this zone.
Processed only the surface of walls, which is parallel to the
main stream.

Another form of local resistance, which appears in the
details of flying apparatus, is a rectangular resistance at the
inlet and outlet channels (fig. 8).

Peculiarity of the flow in this sample is to divide the flow
into two parts. Forming two zones of dilation 1 and three
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Fig. 6 Process flow of the sample number 7 (effuser)
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compression zone 2. Two of these zones are located on the
side of the entrance to the processed feed, and another — on
the front surface of the rectangular resistance. After the start
of shear flow formed two zones within 4 to form the output of
the channel bands of elastic recovery 5.

Details of the flying apparatus are characterized by the
presence of several parallel arranged relative to each other
channels, with identical geometric characteristics. Figure 9
shows that the flow profile is formed at the entrance to the
channels. On the flat front edges of the channels formed
stagnant zones. Expendable Pressure-flow characteristics in
the channels are almost identical.

Various blades are the basic structural elements of aircraft
and rackets parts. In the studies presented samples of blades
number 17 ... number 26.

The flow in straight rectangular channel with a sloping
shoulder blade with a straight forward basis (sample number

=
L8

17) is shown in Figure 10. Blade breaks straight rectangular
channel into two parts with variable cross-section shape. In
this case, in the channels among modes of deformation are
different. In having a smaller area of the inlet the expanding part
of the channel observed deformation zone 1 elongation medium.

In having a greater cross section of the inlet of a shrinking
part of the channel in the central part of the observed
elongation zone, which is to the walls of the channel is
replaced by a zone of compression. Stagnant zone 2 observed
on the surfaces perpendicular to the main direction of
deformation of the medium.

After adjustment profile in the zones of tensile strain —
compression of the deformation of 4 shear flow environment
with the subsequent effect of elastic recovery 5. The main
processing occurs in sections with a smaller area.

Another flow pattern is observed in AFM’s environment
inclined channel with sloping shoulders. Flow of the medium

r.

Fig. 9. The process flow in the sample number 16 (parallel channels)
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in an inclined channel with a sloping shoulder blade with a
straight forward reason — sample number 19 (fig. 11). Since
the investigated channel has an angle of inclination relative
to the central axis of the working cylinder, and changing the
direction of flow.

Restructuring flow profile environment is at the entrance to
the processed feed. There two dead zone 2 and two zones of
dilation 1 are forming. After reaching a critical value in zones 1
strain is replaced by a shear flow in two parts, the channel also
implemented a process of shear flow in zones 4 with subsequent
elastic restoration of the environment in zone 5.

Flow separation with a sharp front edge is not observed.
The entire surface of the channel is processing except for a
direct cause shoulder at the entrance to the channel. The
size of the stagnation zone 2 during the entire process of
processing does not change.

In a separate group of flying apparatus parts are structural
elements that have a large channel L length and small cross-

section S with ratio L/S >> 1. When flow through a small
cross section (fig. 12) in the channel has created a complex
grains, preventing the flow shear.

The piston operating cylinder could not provide the
necessary amount of shear stress and there was jamming
Abrasives. For AFM such channels must use the abrasive
medium special formulations with reduced viscosity.

According to the research design elements on the
processing conditions can be divided into five groups.

The first group includes channels with constant cross
section (Ne 1.. 4, 8, 9, 28), which does not affect the flow.
They have small values of the coefficient of the configuration
flow E,Cg. Chamfer at the entrance to the channel (Ne 8)
provides a smooth entry into the media channel, reducing
the coefficient & Since the channel with beveled (Ne 8)
€, e =34 less than in this channel (Ne 9) with a facet at the
output icg = 3.7. For such channels adjustment stress-strain
state of flux carried by a special technique.

Fig. 11. The process flow in the sample number 19

]

Fig. 12. The process ﬂow in the sample number 23
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The second group of cone channels, the loss of pressure
medium in which the maximum. For the uniform treatment of
such channels is recommended to change the flow regime of
the cone to ring slit (N 5...7) or to apply a one-way AFM (Ne 6).

In the third group, consisting of a channel with the local
resistance, AFM’s still rough surface, perpendicular to the
flow (Ne 10...15). For processing to change the direction of
flow through the leveling devices.

For a uniform treatment of channels with blades, which
are the fourth group (Ne 16...26), it is necessary to ensure an
even flow environment in each of the channels, by forming
the flow profile at the entrance of these channels.

In the fifth group included micro, requiring the use of
working environments with low effective viscosity and low
dispersion of abrasive filler (Ne27).

In analyzing the motion of individual abrasive grains in a
flow is established that they move along the current lines. In
steady flow the distance between neighboring grains is not
changed. This confirms the supposition about the formation
of elastic chains in the flow [1]. Established that the grain, into
contact with the treated surface, the flow performs rotational
motion. Studies education media vortices near walls or in the
flow with the flow in the channel was not observed.

Research has identified the nature of the flow in channels of
different media configurations and taken into account in
calculating the roughness of the surface finish and performance
of AFM on the previously developed technique [3].
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EXPERIMENTAL DETERMINATION FACTOR TO VISCOSITY, ELASTICITY
AND PLASTICITY MEDIA FOR ABRASIVE FLOW MACHINING PROCESS*

Numerical values of factors of viscosity, elasticity and plasticity of a media are established. Experimental
dependences of viscosity and elasticity of environment on degree of its filling and granularity of abrasive grains are

revealed.

Keywords: abrasive flow machining, rheological characteristics, viscoelastic media, flowable abrasive particles,

shear rate.

The one of the new types of such processing is abrasion-
extrusion processing (AFM), which is consist in removing
the layer of material from the surface of the treated channel
at extruding under pressure through it, working environment,
consisting of a viscosity and elasticity foundation, filled of
solid working elements (most often — abrasive or diamond
grains).

AFM is difficult process. In its implementation there are
a number of physical phenomena that influence for quality
and productivity of processing. For the introduction of
abrasive extrusion processing in the production of specific
details must be made a sufficiently large volume of
experimental studies, related with determining the optimum
composition of the working environment and modes of its
extrude, caused by physical-mechanical and geometrical
characteristics of processed channels. Such researching

needs a lot of costs, which constituting up to 60 % of the
total cost of implementing this technology in production.

The main parameters of technological process of abrasive
extrusion processing is the volume of the working
environment, pressure of the hydraulic system installation
in burst and the host operating cylinder of installations for
AFM, value (dispersion) and percentage (concentration) of
abrasive grains in the working environment, its physical and
mechanical characteristics, and also the number of processing
cycles. The geometric characteristics of the processed feed
have great influence on the quality and productivity of the
process — its radius and length, area and perimeter of the
cross-sectional and also initial physical and chemical
properties of the surface layer.

Cutting ability of the working environment as abrasive
tools depends of flow’s conditions in the processed channel

* The work within the federal purpose program “Scientific, scientific-pedagogical cadres Innovative Russia”.

99



