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ABSTRACT
We consider the flow at the inlet to the suction square hole with sharp edges, which is located in an
infinite space. The purpose of this study is to construct a mathematical model of flow separation at the
entrance to square suction canal with sharp edges, located in infinite space, by using square vortex
frameworks. As a part of ideology of the method of discrete vortices in the non-stationary quasiaxisymmetric formulation, we constructed the mathematical model of separated flow at the inlet to the
square aspirating pipe and its software-algorithmic implementation. We have determined the velocity
field at the entrance to suction channel and a line of flow separation. Determine the velocity field in
typical cross-sections of the suction channel, dimensions of the efficient absorption, compression ratio of
the jet. Were received analytical formulas for calculating separation surfaces current. Profiling the
entrance opening of the suction hole detected on the outlines separation surface will improve the acoustic
and aerodynamic properties of the exhaust systems. The obtained results can be useful for designing of
local exhaust ventilation of reduced energy consumption.
Keywords: Flows Near of Suction Holes, Separated Flows, The Method of Discrete Vortices
(Averkova et al., 2010; 2013b; 2013d) solved problems
of separated flows at the entrance to circular tube with
sharp edges (Averkova et al., 2013a), near-suction bells
(Logachev et al., 2010.), at the entrance to the slit and
round suction ports with screens (Averkova et al., 2014).
For constructing discrete model were used infinitely thin
straight and circular vortexes, the use of which does not
allow to solve spatial problems. The purpose of this
study is to construct a mathematical model of flow
separation at the entrance to square suction canal with
sharp edges, located in infinite space, by using square
vortex frameworks.

1. INTRODUCTION
For trapping pollutants apply local ventilation
devices of different forms (Logachev et al., 2013).
Round suction holes fairly well studied. Is interesting to
study square suction holes considering flow separation.
Until now, this has not been done.
Separated flows at the inlet to the suction channels
were considered in two-dimensional formulation: Plane
and axisymmetric (Schinzinger and Laura, 2012;
Averkova et al., 2012). Using the methods of complex
variable theory is only possible for flat separated flows
in multiply connected domains. The method of singular
integral equations (Ginevsky and Zhelannikov, 2009;
Marshall and Shuiqing, 2014) and in particular the
method of discrete vortices allow you to extend the class
of solved problems. By using the discrete vortex method

2. MATERIALS AND METHODS
The problem consists in the definition of velocity
field in the spectrum of action of a square semi-infinite
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branch pipe (Fig. 1a), at a predetermined rate of
absorption in the cross section, which is considerably
remote from the entrance to the pipe. Throughout the
aspirating section of ABCD the rate of absorption
assumed to be constant and equal ν0. Disruption of the
flow occurs from the sharp edge of EFMN. Condition of
impermeability is executed on the pipe walls.
A discrete model is constructed as follows (Fig.
1b). The walls of the tube are discretized on square
vortex frameworks (attached vortices) and calculated
points, where the boundary conditions satisfy of
impenetrability for normal velocity component. These
points are located on the tube wall in the middle of
between the vortex frameworks. The aspirating
section is also divided into square vortex frameworks
in the center of each contains calculated point where
the normal component of the velocity is equal to the
rate of absorption.
The influence of the vortex segment AB with a
constant rate W of turbulent layer at a point M (x, y, z) is
determined by the following formula:

v=

W
AB × AM
×
×
4π AB 2 × AM 2 - ( AB × AM ) 2

 AB × BM AB × AM 
× +


BM
AM 


where, ν the rate at the point of M (x, y, z), A(a1, a2, a3)
and B(b1, b2, b3)-tops of segment:
AB = {b1 - a1 , b2 - a2 , b3 - a3} ,
AM = { x - a1 , y - a2 , z - a3 } ,

AB × AM = (b1 - a1 )( x - a1 ) + (b2 - a2 )( y - a2 ) +
+(b3 - a3 )( z - a3 ),
AB × AM = (b1 - a1 )( x - b1 ) + (b2 - a2 )( y - b2 ) +
+(b3 - a3 )( z - b3 ),
i
j
AB × AM = b1 - a1 b2 - a2
x - a1 y - a2

k
b3 - a3 .
z - a3

Fig. 1. The square branch pipe in an infinite space: (a) The flow scheme; (b) discrete model, (c) free square vortex frameworks, that
are completely filled the area of flow inside the pipe
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For determining magnitude of velocity along a single
direction –n{n1, n2, n3}of is necessary to find the velocity
components {v1, v2, v3} using the formula (1) and then
calculate the required speed:

point is calculated by adding together of all vortex
frameworks Equation 2:
N

vnp = ∑ G pkW k

vn = v1n1 + v2 n2 + v3 n3

where, vnp = 0 -speed in the p-th test point (which is
located in the center of the p-th frame) on the surface
of the pipe or vnp = v0 in the active section. By
changing the in an expression (2) number from 1 to N,
we obtain a system of linear algebraic equations to
determine the unknown intensities of vortex
frameworks W1, W2,…WN. After solving the system of
equations, the velocity at any point inside the area
defined by the same formula (2), wherein instead of
the p-th coordinate point of the calculated coordinates
of this point are substituted.
At the time of t = 1. ∆t there occurs a disruption of
the first free vortex framework from sharp edge of tube.
Its position is determined from the formula Equation 3:

Let us introduce notations: r1, r2, r3, r4, - radius of the
vectors of the vertices of the quadrilateral. The impact on
any point of the vortex quadrangular frame with constant
intensity W is defined by the formula:

 (ri +1 - ri ) × ri 
W 4 
∑
4π i =1  r - r 2 r 2 - ( (r - r ) × r
i
i +1
i
i
 i +1 i
 (r - r ) × r
(r - r ) × ri  
i +1

×  - i +1 i
+ i +1 i


ri +1
ri

 
v ( x) =

)

2

Here is assumed: r5 = r1.
Let us introduce function of influence on any point x
(x1, x2, x3) of k-th frameworks of unit quadrangular
vortex intensity as follows Equation 1:

(ri k+1 - rik ) × rik 
1 4 
∑
4π i =1  r k - r k 2 r k 2 - ( (r k - r k ) × r k ) 2
i
i +1
i
i
 i +1 i
 (r k - r k )× r k (r k - r k )× r k  
i +1
i

× - i +1 ik
+ i +1 ik


r
r
i +1
i

 

(1)

where, ri k = { A1ki - x1 , A2ki - x2 , A3ki - x3} ,

i-is

x ' = x + vx × ∆t , y ' = y + v y × ∆t , z ' = z + vz × ∆t

Aik ( A1ki , A2ki , A3ki )

(3)

where, (x, y, z) the coordinates of its previous position,
(νx, νy, νz) -components of velocity vector find at this
point using the formulas (1) and (2) at
n ={1,0,0}, n ={0,1,0}, n ={0,0,1} respectively. The intensity
of this free vortex framework is equal to intensity of
framework lying on a sharp edge of the pipe and over
time does not change.
At this moment it is necessary to re-determine the
intensity of attached vortex framework based on
descended from sharp edge of a free vortex frame. The
system of Equation 2 at this moment of time is converted
to the following form Equation 4:

G( x, k ) =

vertex of k-th of a quadrilateral framework.
Induced by framework W(k) intensity of rate ν at x
along the direction is calculated using the scalar
multiplication:
vn ( x) = ( G ( x, k ) × n )W (k )

N

∑G

W k = vnp - G p1γ1 ,

pk

p = 1,2,…N

(4)

k =1

Further we denote, G pk = ( G ( x p , k ) × n ) , where xp-p-th

G p1 -Influence function on the p-th test point of first
free vortex framework of intensity γ1. The next moment
of time t = 2. ∆t occurs descent of the second free vortex
framework, the first-is shifting along direction of the
flow. Positions of its vertices are defined by the formulas
(3) and expression Equation 5:

test point. Test points are located in the middle between
of square vortex frameworks on the surface of pipe or in
the center of vortex frameworks, located in the active
section of pipe (Fig. 1b). Note that W intensity remains
unchanged at all points of a square vortex framework.
Let us consider the initial time. At this moment of
time there are only attached vortex frameworks (lying
on the boundary of area). Intensity of these vortices xp
is unknown. Normal component of the velocity at the
Science Publications

(2)

k =1

N

vn ( x) = ∑ G kW k + G 1γ 1

(5)

k =1

511

AJES

Olga A. Averkova et al. / American Journal of Environmental Sciences 10 (5): 509-515, 2014

Unidentified circulation of attached vortex
frameworks are determined by solving the transformed
(4) of the following system equations:
N

∑G
k =1

2

W k = vnp − ∑ G pτγ τ ,

active section of pipe is located in the middle that
discretized by a set of 100 square frameworks; surface of
tube was consisted of 100 square attached vortex
frameworks (without framework of covering active
section); radius of discreteness is h = 0.00495 m: time
step is ∆t = 0.01s.
A velocity profile at the inlet of tube indicates that
speed is minimal on the tube axis and then speed slightly
increases to the walls (Fig. 2).
Tangential discontinuity of the velocity occurs at a
distance of 0.6÷0.7 a, that is a sharp change in the
magnitude and direction of the velocity. Near the walls is
observed vortex flow. The flow lines pulsate in process
of time (Fig. 3). Value of width of effective suction in
axial section passing through the centers of the pipe on
opposite sides of the tube inlet, averaged in time, is equal
B 0.82a. Upon entering the pipe, stream is compressed to
0.66a. This occurs at a distance from the entrance to 0.8a
pipe. For the flow lines in the coordinate system
illustrated in Fig. 4 has a calculation formula Equation 8:

p = 1,2,K N

pk

τ =1

Accordingly, the expression (5) is also converted into
the form:
N

2

k =1

τ =1

vn ( x) = ∑ G kW k + ∑ G τγ τ

Thus, a new free vortex framework will go down into
a flow at each moment of time. Location in space of
vertices of “old” free frameworks will be determined by
the formulas (3). In the time of t = m. ∆t the system for
determining the unknown intensities of attached vortex
frameworks will have a form Equation 6:
N

∑G
k =1

m

W k = v p − ∑ G pτ γ τ ,

pk

p = 1,2,K N

(6)

x = 1.72( y − 1) 2 − 2.88( y − 1) + 0.82 + 0.76ln( y − 0.66)

τ =1

And the rate of speed at a given time in an interior
point x along a predetermined direction n is
determined by adding to this point all attached and
free frameworks Equation 7:
N

m

k =1

τ =1

vn ( x) = ∑ G kW k + ∑ G τ γ τ

Here are shown streamlines in a flatness passing
through the axis of suction and through the middle of
opposite sides. OX axis is directed along axis of the
suction, the axis OY, OZ-through the middles of the
opposite sides. All dimensions are related to half-side a
square. It is clear that If a formula (8) change y to z we
obtain flow lines in the plane of XOZ.
Detachable part of flow in the right side of coordinate
system XYZ (Fig. 4) can be determined from the
following Equation 9:

(7)

where, Gk-influence function on point x of k-th vortex
framework; Wk- its circulation, Gτ-influence function on
point x of vortex framework, descended from a sharp
edge at time of t. At a next moment of time occurs
converging of new vortices, old ones are shifting in
direction of flow, determined the unknown circulation of
flow and until it reaches the predetermined target. At
achievement a vortex framework of the active section of
tube, it is removed from our consideration (Fig. 1c).
Influence of vortices framework falling in sphere with
center at a given point and with radius of discreteness h,
is not considered. Radius of discreteness h typically is in
the range of 0.88-0.99 from the distance between
adjacent vortex characteristics.

( z ≤ y ∩ z ≥ − y) ∪ ( z ≥ y ∩ z ≤ − y) ⇒
x = 1.72( z − 1)2 − 2.88( z − 1) + 0.82 + 0.76ln( z − 0.66);

( z ≥ y ∩ z ≥ − y) ∪ ( z ≤ y ∩ z ≤ − y) ⇒

(9)

x = 1.72( y − 1) 2 − 2.88( y − 1) + 0.82 + 0.76ln( y − 0.66).

4. DISCUSSION
Comparison of the values of axial velocity of air
(Fig. 5) shows that the square intake port has less
range than a round one. Along the ordinate axis was
postponed magnitude of the velocity, divided by the
rate of absorption ν 0. Along the abscissa axis was
postponed value of the distance from the entrance to
the tube divided by the radius of the tube α.

3. RESULTS
The calculations were carried out at the entrance to
the square tube size of 0.2×0.2 m; length of pipe is 1 m;
Science Publications
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Fig. 2. The velocity profile at the entrance to square suction channel in the flatness passing through the middle of the opposite sides

Fig. 3. The flow lines in the section of XOY (XOZ)

Fig. 4. Flow lines, built by the formula (8)
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Fig. 5. Change of axial velocity with increasing distance from the entrance of the suction channel

The dash-dot line- this are calculations made by the formula
of (Minko et al., 2010) for a round pipe

1
v / v0 = 1.1 1
1 + 0.655 / (x / a)2


Let us note that in these formulas (9) it was assumed
that a compressed section has a square shape.
This form have a little disturb on approaching to the
corners of the cross section. Sectional Square of suction is
0.699α2, which is 4% more than if you consider it a square
with an area equal to 0.672α2. The effective square of
absorption in the submerged section at a distance of 0.8α
from the entrance of the pipe is 0.50675α2. If we
calculate local drag coefficient by the formula of Borda
(Averkova et al., 2013c; Idelchik, 2008):


.



Circles-are results of experiment of (Wabeke, 2010;
Logachev and Logachev, 2014) for a round pipe.
For a square tube a-is a half side of the square, or the
same that radius of a circle inscribed in it. In this case the
comparison occurs in the same locations. In case of equal
speed ν0 in the suction, we have an excessive magnitude
of the velocity (curve 1) for a square tube. However, this
comparison is incorrect, since the flow in the given pipe
is higher than in a circle one, by an amount, where а-side
of the square. Therefore, speed value that was found for
the square pipe should be referred to (4 / π)v0 . In this
case, the volumetric flow rates of intake air will be the
same for round and square tubes. Curve 2 in Fig. 2
shows, that the value of the axial velocity at the entrance
of pipe into a square is lower than a circular one, i.e., it
has a less range of square suction hole. Note that
sometimes it is claimed about a big range of square
suction pipe, but that comparison is performed at various
points. Distance is measured in the hydraulic radius from
the suction inlet; hole area, referred to the perimeter. For
circular hole this value is a/2; for a square a/4. In a point
lying close to hole rate of speed is naturally higher.
Science Publications
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 a2  
1 
ζ =  1-  =  1 = 0.95
 S   0.507 

For practice this ratio is considered to be equal to 1.

5. CONCLUSION
As a part of ideology of the method of discrete
vortices in the non-stationary quasi-axisymmetric
formulation, we constructed the mathematical model of
separated flow at the inlet to the square aspirating pipe
and its software-algorithmic implementation. We have
determined the velocity field at the entrance to suction
channel and a line of flow separation. The obtained
results can be useful for designing of local exhaust
ventilation of reduced energy consumption.
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Limitations of this study is that not considered
viscosity of air at flow separation from of sharp edges of
the suction duct.
Prospects for future research are to develop methods
to increase the range of the suction hole that can be
achieved, for example, by screening local ventilation
supply air flow. This will give opportunity contamination
capture with minimal energy consumption.
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