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MATHEMATICAL MODEL OF A CIRCULAR LATTICE OF PROFILES
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The articles presents results of a profound comprehensive analysis of dynamics of ventilation performance in dead
mine workings as well as the urgency of development of fans for local ventilation with the increased aerodynamic
loading and adaptability. A way of adaptation of the conformal transformations method is proposed, using the
hydrodynamic analogy principle for calculation of mine radial fans aerodynamics, the impeller blades profiles are
presented in the form of segments of logarithmic spirals in a circular lattice. The aim of the work is to construct
a mathematical model of aerodynamics of a circular grid of profiles with drain-sources for a purposeful search
for ways of increasing the aerodynamic loading and adaptability of mine radial fans. The construction of a math-
ematical model is based on the principle of hydrodynamic analogy, method of conformal transformations, theory
of residues and mathematical theory of singular equations. On basis of the principle of hydrodynamic analogs, the
position of critical points of profiles of circular grating and the angle of flow exit from it is determined. A math-
ematical model is constructed in the form of a system of equations that establish the dependence of aerodynamic
loading of shaft radial fan, angle of outflow from its impeller and position of effective critical point of blade profile
on the energy characteristics of the source-drain. An original patented technical solution for construction of impel-
ler blades of shaft radial fan is suggested with realization in it of energy flow control method which uses a part of
the main fan flow as a source-drain. High potential is shown of the proposed energy flow control method in the
inter-blade channels of impeller to increase the operational efficiency, aerodynamic loading and adaptability of
mine radial fans
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ver the last few years significant problems

have arisen in the mine ventilation
industry due to lacking efficiency of coal mines
ventilation.

Technical parameters of local ventilation
fans (LVF) do not fully comply with modern
requirements for ventilation of blind workings.
Increasing load on to stopping face, increasing
growth of the length of the blind workings
require to use fans with greater aerodynamic
loading and adaptability.

The use of profiles with active control
over their flow during the design of mine
centrifugal fans allows significantly to
increase the pressure, developed by them,
being very important for gas-sucking fans
and local ventilation fans (LVF) which are
characterized with high aerodynamic loading
[2; 3; 8; 10].

From the practical point of view the
most interest is given to circular gratings
of piecewise-smooth profiles in which the
structural elements of the circular grating
itself are used as a source of control jets and
the control flow, entering them, is a part of the
main flow or the flow of a high-pressure spiral
chamber. Such devices are simple in design;

they ensure reliability and maintainability of
fans, increase of their aerodynamic loading,
economy and, as a result, potentially wide
area for their application [4; 6].

In the theoretical study from the
aerodynamic point of view, it is more
interesting to study the phenomenon of control
flow jetting through the air drainage. In order
to build a mathematical model it is necessary
to take into account not only the physical
process of influencing on the main flow of
drainage of the control flow jet but also the
complex processes occurring in the boundary
layer, the influence of these processes onto
the nature of the main stream, flowing around
the profile, change in velocities but the
main is the amount of additional circulation
caused by it and, as a result, the growth of
the aerodynamic loading of circular grating of
piecewise- smooth profiles [1; 9; 12].

Takinginto account that the mathematical
model, embracing all these phenomena, is a
very complex and inconvenient one, the aim
of this article is to determine the cause-effect
relationship of changes in the aerodynamic
loading of a circular lattice of piecewise-
smooth profiles, i.e., change of circulation
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around profiles, associated solely with the
effect onto the main flow of the control flow
jet, namely, power characteristics of the
source.

The construction of the above mentioned
mathematical model is conditioned by the
necessity in a simple explanation of reasons for
changes in the aerodynamic characteristics of
circular gratings with adaptive vortex sources
and establishment of position dependence
of the rear critical point (RCP) on the
parameters of the control flow jet [1; 5; 11].

Y

The study of this phenomenon makes
it possible to assess qualitatively and
quantitatively the possibilities of the method
of improving aerodynamic characteristics, to
construct the basic principles and algorithms
for designing turbomachines based on them
with active methods for controlling of their
aerodynamic characteristics.

In figure a model is schematically
presented of a circular grating of piecewise-
smooth profiles of arbitrary shape with a
source of a control flow jet.

Circles of radius 7/, 21, on which a circular grating of piecewise-smooth profiles with airdrainage is shown, r /

o ~x A N~A ~o~

TEea0 TS JAAGOATA /, 21, TAETOTAND TOTA0ARATA 8804TAAY OAZA0BA BONT+TT-3624680 TOTOSEAE
AT AoTéare,r

A circle of radius 7, >1 with an input
channel of an adaptive vortex source defined
by coordinates 6/,.6/, is streamlined by a flow.
Physically it means that there is air drainage
inside of the circle and a source of the same
intensity is located in infinity. A part of the
air from the main stream, flowing around the
circle, enters it through the above channel.
Taking into account that from the point 6/, the
inflow moves in the direction opposite to the
main flow, there is a critical point on the circle
guided by a coordinate 6. in which the velocity

of the main stream is 0. Thus, there are three
critical points on the circle, i.e. points on the
profile of the circular grating in which the rate
of the main flow is O: front critical point 6 ,
rear critical point 67, critical point due to the
presence of drainage of the vortex source 6/ .

In addition, at points determining the
width of the input channel of the drainage of
the adaptive vortex source 6/.6, and at the
beginning of coordinates where the drainage
is placed the velocity has infinite value. Thus,
accounting the method of Chaplygin S.A. the
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characteristics and theory of residues, we
obtain the equation for the velocity of flow
around a circle in the following form:

dp, Loy (=", =), — )
ql e p
d}" \/(V _e:e 1)(r _ele 2)

where 104 -6; —07; P, —complex potential
in the plane of radius 7, >1’

r, =1,¢""—complex coordinates of points
in the region S ;

r,=t/ 0N C|rcles of radius /..

Assumlng for calculation S|mpI|C|ty r=1

the equation (1) is transformed in the follow-
ing form:
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Taking into account the properties of
the complex variable functions the above
expressions are transformed in the form:
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After corresponding transformations,
taking into account (3.3), we obtain:
dP, ~1(84-0,50}-0.50/+0,256/,+0,256,+6/)

— =—4qe

dr,
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The resulting equation allows to calculate
the velocity at any point of the circle of the
regionS: that is, to determine the value of the
flow circulation.

The velocity modulus according to
equation (3.4) is determined by the formula:

0/-6; 0/ -0/

0,
Sin Sin Sin—+
2

V1= 4g — ®

2
9./ _J J _
Sin <L Sin
2 2

The angle of the vector velocity in relation
to the X-axis absciss, which determines the
position of effective rear critical point (RCP)
and characterizes the flow regime around the
circle of a unit radius reflecting the flow in a
circular grating of piecewise-smooth profiles
is expressed by:

6’ =0/ —0,50] —0,507 +0,2507, +0,2567, +6’

- N nJ T
If: 0" =0 > 6)
Taking into account that the obtained
formulas allow to calculate the magnitude and
direction of the velocity at any point of the
circle of the unit radius of the region s, after
corresponding transformations, we obtain
equations for calculating the position of the
effective rear critical point on the circle of the
unit radius in the region S, :

J J J J J J
64:63—6K+60:63+A6K, @)

where 6] = 0,56 + 0,507, — the angle deter-
mining the position of the middle of the input
channel of the vortex source;

Ae = e e — angle of dlsplacement
of the rear geometrlc critical point, i.e.,
angle between the effective (aerodynamic and
geometric rear critical points of a piecewise-
smooth profile with an adaptive vortex source).

Since, according to Zhukovsky-Chap-
lygin-Kutt hypothesis the position of the
rear critical point, i.e., the point of the air
flows cape from the profile, determines the
amount of circulation around the profile and
consequently the aerodynamic loading of the
circular gratings of the profiles the magnitude
of the displacement angle ¢’ determines the
value of circulation growth and consequently
the aerodynamic loading of the circular lattice
of the profiles.

Thus, using the simplest transformations
the formula was obtained allowing to
explain the physical process of changing the
circulation around the profile and as a result
the changes in the aerodynamic loading of
the circular gratings of the profiles under the
influence onto the main air drainage of the
control flow jet.
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Conclusions.

1. The parameters of the jet drainage of
the control flow affect the position of their
RCPs of circular gratings of piecewise -smooth
profiles.

2. The aerodynamic characteristics and
adaptability of fans created on the basis of
circular gratings of piecewise-smooth profiles
with drains of the control flow depend on
their parameters.

3. The purposeful management of
the parameters of the jet drainage of the
control flow in blades of the fans impellers
contributes to the increase of their functional
and economic efficiency.

4. With the given intensity of the jet drain
of the control flow, a decrease in the width
of the outlet channel, resulting in the velocity
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