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Abstract

In new technological applications, it is important to use vortex distributions in the area for obtaining large velocity fields. This paper, it was calculated the distribution
of the velocity field and distribution of stream function for ideal incompressible fluid, induced by a different system of the finite number of vortex threads: 1) circular vortex
lines in a finite cylinder, positioned on its inner, 2) spiral vortex threads, positioned on the inner surface of the finite cylinder or cone, and 3) linear vortex lines in the plane
channel, positioned on its boundary.

An original method was used to calculate the components of the velocity vectors. Such kind of procedure allows calculating the velocity fields inside the domain
depending on the arrangement, the intensity, and the radii of vortex lines. In this paper, we have developed a mathematical model for the process in the element of
Hurricane Energy Transformer. This element is a central figure in the so-called RKA (ReaktionsKraftAnlage) used on the cars’ roofs.

Introduction In 2004 A.Bertasius, A.Buikis, and P.Verzbovicius

formulated a patent [5] of apparatus and methods for heat

The effective use of vortex energy in the production of generation. Later A.Buikis and H.Kalis have constructed a
strong velocity fields by the different devices is one of the mathematical model of this heat generator [6-8].

modern areas of applications, developed during the last years,
an example is the RKA (ReaktionsKraftAnlage) used on the
cars’ roofs for substations reducing the air's drag [1,2] (Figure
1), in the area for obtaining large velocity fields [3,4].

In this model, the viscous electrically conducting
incompressible liquid is located between two infinite coaxial
cylinders (rings). The electromagnetic force drives magneto-
hydrodynamic flow between the cylinders.

In 2009 designed a similar generator to [9] and created a
mathematical model for the generator [10,11]. In the internal
cylinder parallel to the axis are placed metal conductors-
electrodes of the forms of bars. For those conductors, the
alternating current is connected. The water is a weakly
electrically conducting liquid (electrolyte). This is the
mathematical model of one device for electrical energy produced
by alternating current in the production of heat energy.

The distribution of electromagnetic fields, forces, 2D
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system of the alternating electric current or external magnetic
field in a conducting cylinder has been calculated using finite
difference methods. An original method was used to calculate
the mean values of electromagnetic forces.

The second interesting way in the vortexes exploitation in
devices was collaboration with inventor J. Schatz in Germany
[12,13]. In new technological applications, it is important to
use vortex distributions for obtaining large values of velocity.
The effective use of vortex energy in the production of strong
velocity fields by different devices is one of the modern areas of
applications, developed during the last decade. Such processes
are ecologically clean; there is no environmental pollution.
Although, on the other hand, the aspect of energy is very
important: the transformation process should be organized in
such a way that vortex energy is effectively transformed into
heat or mechanical energy. In our previous papers [6,7,14,15]
we have mathematically modeled the process how transforming
the alternating electrical current into heat energy.

The practical aim of this investigation is to try to understand
the process in the element of Hurricane Energy Transformer.
This element is a central figure in the so-called RKA (German:
ReaktionsKraft Anlage, English: Reaction Force Device) used
on the cars’ roof for substation reducing the airs’ drag. This is
all that's done at the practical level in mathematical modeling.

However, several practical and theoretical questions are left
unanswered. Devices sometimes have worked with effectiveness
higher than 100 Important is that in such a system there are
strong vortices and electromagnetic fields or high velocities.
For example, in [5,9] the alternating electro currency with
voltage 380 V is about 1 ampere on 1 cm. Theoretically, the
answer may be that we have a contradiction in the macro and
micro processes in such devices [16].

Following Kim [17], we require a new paradigm beyond
materialism including the information field on the theory of
Physical vacuum. It is easy to call such science pseudoscience,
but within its framework, it is possible to portray scalar waves
[18,19]. In recent years, there have been several other new
approaches: space-time as energy [19]. We should discuss these
approaches with an open mind, without a simple rejection.

The goal of this paper is to develop mathematical models
for new types of ecologically clean and energetically effective
devices [12,20-23].

Such a type of device firstly was developed by I. Rechenberg
[1]. Now the continuator of the work is one of the authors
J. Schatz. The devices of such type can be considered as the
energy source of the new generation. The practical aim of this
investigation is to try to understand the process in the element
of Hurricane Energy Transformer [12]. This element is the
central figure in so so-called RKA (ReaktionsKraftAnlage) used
on the cars’ roof for substation reducing the air’s drag.

This work presents three mathematical models of such
devices. It is

1. a finite cylinder with a finite number of circular vortex
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lines positioned on its inner surface with a fixed distance
between each other,

2. a finite cylinder or cone with a finite number of spiral
vortex threads positioned on its inner surface,

3. a plane channel with a finite number of linear vortex
lines positioned on its boundary.

It is well known that the vortex theory began from the
Decart papers. First of all, it investigated the behavior of
the discrete N linear vortex lines with an equal intensity T,
which are in the vertices of the regular rectangle (authors are
Helmholc, Kelvin, Kirhof, see [24-26]). The investigation of
contemporary is written in the books [27,28]:

Completely are investigated linear vortex lines, vortex
sheets, vortex wakes, vortexes of Karman, but difficulties cause
the curves of vortex lines. In new technological applications,
it is important to use vortex distributions for obtaining large
values of velocity.

The mathematical model
Let the cylindrical domain (conus)
Q) (O)={(r2.9):0<r<a-2,0<z<Z,0<p<22(M +1)} (0<eZ <a)
contain ideal incompressible fluid,

where g, Z the maximal radius and length of the cylinder, M
is the number of circulation periods.

If € = 0; then we have the circular cylinder with the radius

Consider the situation when the N discrete circular vortex
lines

Li :{(r,z),r:al.,z:zi},0<zi <Z,0<al. <a,}i=1,N,

with intensity T i(mT) and radii a(m) are placed in the
cylinder.

The vortex creates in the ideal compressible liquid the
radial v, and axial v, components of the velocity field, which
rises to the liquid motion.

Similar can be considered N discrete spiral vortex threads

S;={(r,z,p)r=a—et,z=bt,p=1t+id},i=1,N,

with parameters

2 _ 7 2"Z< < + =
o N’T ,N_go_Zﬂ'(M 1),b=ar,t€[0,27M].

Here < is the rise of the vortex threads, the spiral vortex
with Z=27, a=1, N=6, M=1, 1=1, €=0;1.

In the Figure 2, we can see the circular vortex lines.
The spiral vortexes create in the ideal compressible liquid

097
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Figure 2: The surface of the cylinder with circular vortex lines.

the radial v, axial v,, and azimuthal v components of the
velocity field.

The linear vortex lines create in the plane domain-channel
Qx,y = {(x’y) ‘XE [O’L]’y € [052]72 € (_OO’OO)}
the v,,v, components of the velocity field.

The main aim of this work is to analyze the diversity of
connection schemes of vortex curves that influence the
maximal value of velocity.

Calculation of the velocity field for the spiral
vortexes

The vector potential A is determined from the equations of
vortex motion of ideal incompressible fluid [12,20,22,25,26]

divv=0,rotv=20Q,
in the following form:
A =-Q,

where v = rotA and v,Q the vectors of velocity and vortex
fields are, A is the Laplace operator.

Applying the Biot-Savar law [25,26] we receive the
following form of the vector potential created by the vortex
thread W, (W;= S,or W,=L)):

dl
R(OP),

r.
A(P)l' = ﬁJ’Wl

where dl is an element of the curves, P=P(x,y,z) is the fixed point
in the liquid, Q=Q(¢&,n,¢) is the changeable point in the integral

R©OP); = iz + (=& +(r-m)P).
From cylindrical coordinates x=rcose, y=rsing,

for the spiral vortexes S;:

&= a,(t)cos(t +i8).1, = ay(t)sin(t +i8).¢ = bt (b= ar),

https://www.mathematicsgroup.us/journals/annals-of-mathematics-and-physics 8

te[0,27M] (a.(t)=a—et)

and we have the following components of the vector potential:

T de T odn
X, 4;zSiRl.’

ysi B 4 Sl Rl ’
T. d¢
=_1lfs 25
157 e ISi R’
where R; =R(QP); (Figure 3).
Therefore

dE = (—ay(1)sin(t +i8) — ¢ cos(t +i8))dt, dn = (au(t)cos(t +id) —esin(t +i8))dt, d = bdt,

R = \/rz +ay(t)? — 2a,(t)rcos(@p—t —i8) + (z - br)>
and
_ L 2 2 (@ (D) sin(t +i6) + e cos(t +i5))dt

A .=—
xi 470 R, ’

L oxMm (ay(t)cos(t +i0) —esin(t +io))dt
i:HJO

R. ’

Vs
i

_Lb 2am dr
zi 470 R

The vector components of the velocity field (radial, axial,
azimuthal) induced by the spiral vortex curves are in the form

oy oA
vl 0z rop’
S WPV i
i por @i r dp
04 . 04 . (1)
e B2
oL oz or’

where

. I, (a,(0)sin(y (1)) — € cos(y (1)))dt
Ar,l' = Ax,i cos(p) + Ay,i sin(p) = ﬁj& ™ 7 R

Figure 3: Spiral vortices on the cone with € — 0.1, Z=2mn .
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22 (@(0)cos(y (1)) + e sin(y (1)

R. ’
i

- : - z
A¢7=i = _Ax,i sin(g) + A cos((p) j

(y =p—t-i0)
are the radial and azimuthal components of vector potentials.

Then from the partial derivatives

OR; _r—ay()cos(y(t) OR; ;—pr OR; _a()rsin(y (1)
o R. "0z R, op R. ’
l 1 l
follows
_ 27M 1
Vit 3[(z bt)(ay(t)cos(y (1)) + e sin(y (1)) — bay (1) sin(y (1)d,
(2)
Uy 27m 1 .
V. =ﬁj & E[a*(t)(a*(t)—rCOS(«//(t)))—ersm(w(t))]dt
1
(3)
2zM 1
Voi o 3[b<r a (1) cos(y (1)) — (z = bt)(ay (1) sin(y (1)) +¢ cos(y (1)) Jdt.
9 T

For € = 0 and for the symmetrical properties respect

to z=z/2 follows that for the all components of velocity

vl.(r,Z/Z—Z,go): vi(r,Z/2+z,(p).

If r=0, then
2
T 22 a, ()% dt
v, ;0.2)=51 6" 5 315 (4)
(a, ()" +(z=b1)" )"

or
g%dg

B l"l.f a
vZ,i(O’ Z) - Vla-ZﬂMgWa

Where

_ 2 1223 _ 52 __zE
R(q)= al+b1q+c1q ,al—b zo,bl——Zb 200¢ =€ +b N O—a—7.

Therefore, from [24]:

T. d2a2 —2alb1 - dza —2a]b1 -

— i
Vz,i(o’z) derd (R(a,) d.R(a)
1 2 1
fcl)R(a2)+c1 a,+by /2 (5)
\/—c fcl)R(a)+cla+b1 /2
Where
ay=a-27eM, d, = 4p? 3,d G 2_py,
If =0, then
Z-
v, (0.2)= - =], (6)

2Z \/a +22 \/a2+(Z 2)2

https://www.mathematicsgroup.us/journals/annals-of-mathematics-and-physics 8

and the maximal value of velocity is

.M
b 0.212) = %

2a\1+(Z 1 2a))?

by z=Z/2.

The minimal value we have in the form

M
vz 0.0 =y, 0.2) == (8)

2a\1+(Z / a)?

By z=0 and z=Z

The averaged value of the axial component of the velocity
field in the axes of the cylinder (r=0) is

Vavi = 7[() Vs (0,z)dz. (9)

The average value =0, r=0is

FiM 2
v .= . (10)
Wi 2a 1+\/1+(Z/a)2

From I. Rechenberg [1] (=0) in the middle point of finite
vortex spool (z=Z/2) with the length Z the axial component of
one vortex thread is

l"l. ) 7
Vinax = ) ctg(B) sm(arctan(B)) (11)

where

B is the rise of vortex thread angles (p=arctan(z)) and D = 2a
is the diameter of the vortex spool.

For the minimal value of velocity ( in the points z=0 und
z=7) [1]:

Vinin = oy Dctg(ﬂ)sm(arctan(—)) (12)

We have equal values of v, from (11) and from (7) using

Y y=
\H+y2

The average value (10) for =0 is in the following form

DM
7

sin(arctan(y)) = %, ctg(p)= 1

T.
v = e ) ()

where a = sin(arctan(%)) .

In the formulas parameters M and Z are depending:

Z
M=—— 7=t .
o= an(p)
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Therefore from (4) (13) for the velocity components (vr,vz,vw)
and the azimuthal component of the vector potential A

induced by N discrete vortex are

N N P
Vr iélvr’l‘:vz zl z l’ zv(p’l: lzl ¢’ (14)

Integrals are with the trapezoid formulas calculated.

If the intensity T, of N - the spiral vortex S, is equal T, then
from (6) - (12) follows:

I'NM 1
v, (0,2/2)=-2 1
: J14(Z/ Dy? (15)
I'NM 1
v,(0,0)=v,(0,2)=———F————, (16)
- : D vz a)?
Viax = %ctg(ﬂ) sin(arctan(%)), (17)
Vonin 2”}; ctg(f) sm(arctan(%)) (18)

where N - the number of vortex threads, H=Z- and the height
of the vortex spool (in building synonym of the length) are.

For the averaged value of velocity, (¢=0) we have the
formula

L _Inm 2 19)
av > 19
D1 z/a)?
or
I'N
20
Vav = ﬂDaa/H+l cig(p), (20)

where « = sin(arctan(ﬁ)).
a

If the averaged value v, is known, then it can be calculated
from (19) also the dimensionless length = Z in the following
form “

25
s2-1

where

0 =TNctg(B)/ (mDvgy,).
. m2 0
An example, if '=6.0319(—), 8=10"(C), D =0.25(m),
s

N=1,v4,= 30(%% then 5 = 1.452 and y = 2.62, z=0.3275(m).

The corresponding formulas (15, 17); (16,18), and (19, 20)
are identical, but from (15),(16), and (19) follows, that the

velocity depending on the parameter M+N is, where M = iD
T

From (15, 16) and (19) we can find the corresponding

https://www.mathematicsgroup.us/journals/annals-of-mathematics-and-physics 8

multiplicators by INM  calculating (Table 1):
D

R = ! R, = 1

Jle@ip? % iv@ia?

and

2
57 1+ \14(Z/a)?
Calculation of the velocity field for the circular vortex lines
For the circular vortex lines:
E= a;cosa,n =a; sine,{ = zl.,dcf =-aq; sinada,
dn= a; cosada,dd =0

and from axially-symmetric condition follows that by ¢ = 0
isA ;=A,,=0and

A .=4

vi = Api T AT

where

_2r cosada

O .
\/(z z)2+a +r2—2al.rcosa

The integral 1, is equal [25]

;z/z (1-2sin20)dt

1= L[(
\/((z z)2+(r+a)2)\/l kzsm \/ﬁi

kK (k) ~ E(k )

where

t=(a—n)/2,ki=2JE/cl.,

=,[(al. -i—r)2 +(Z_Zi)2’
/2 dt

Vi-k smzt

is the total elliptical integral of the first kind,
B = 11 - 2 sin2de

is the total elliptical integral of the second kind.

K(k)=o

Therefore the azimuthal component of vector potential A,
induced by a circular vortex line L, with intensity I, and radius
a,is

Table 1: Multiplicators of the velocity for vortexes by g =14.

a
N  R,(0) R,(Z/2) R,(2) R, R, R, R,

1 094 0.71 026 069 082 058 074
2 174 1.59 062 146 164 116 147
3 237 2.58 109 227 246 174 221
4 285 3.56 172 309 328 232 294
5 320 4.44 252 385 470 291 368
6 347 5.16 347 455 492 348 441
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4 ):iﬁ[&_k K (k) —2 Bk
A A

The vectorial components of the velocity field (the radial
and axial components) induced by the vortex line L, are

0A. 10
- i _
Vr’i __E’VZ,I' —75(}’141) (21)
or
z—2z. al.2+r2+(z—z.)2

r.
O B L)

2 e —K(k)],  (22)

(ai - r)2 +(z— Zi)2

Y af=r’~(z-z)
v_(r2) =L [K(k)+ 5 5 E(k)] (23)
’ 2me; (@;,—r)"+(z-z,)
If r = 0 then
00l @
v_.(0,2)= .
Z, 2 (a12+(z_zl)2)15 (24)
. . r /
This component of vectors has the maximal value v, ; = i

by z=z, a;=a.
By z=z+Z/2 we have

Ui a? T

Vv_ .= < —_
o2 721ad? 47214 0247204

this is the value of the component of velocity induced by a
spiral vortex (e=0).

If z=7/2, a;=a then from (24) follows

L 1
L0212 =L (25)
Da+qz/2-z )/a) )3
For the averaged value of the velocity we have
T. 4 (Z-z. )/a z./a
Vav,i =317( : (26)

).
N+ (@Z -2/ a? \/1+(z /a)?
If z, = Z/2, then

r.
v .=-L !

WD 1121 D)?
The summary velocity field (v,,v,) and the vector potential
Ao induced by N discrete vortex lines we obtained in the form
(14). The hydrodynamic stream function y = y(r,z) for velocity
components

10 10
p al;/, vy = ;l from (21) is y(r,z)= rAw(r,z).

Vr
The amount of flow through the cross-section [z=z ,0<r<a,]
is

an2
Q(aO, ZO) = IOOIO ”vZ (r, ZO)rdr do= ZﬂaOA(p(aO, ZO) = 2m//(a0,zo).

https://www.mathematicsgroup.us/journals/annals-of-mathematics-and-physics 8

The total amount of flow through cross cylindrical domain

[0<z<Z,0<r<a, lis

Z V4
o (aO) =10 Q(ao,z)dz =27x{j l//(ao,z)dz.
For the circular vortex line, ifz;/a=0.2i,i=1,N,N <6, we
can calculate the following multiplicators by the factor %:

Ry(2)= §1(1+((Z/2—zl.)/a)2)_1'5
=

for (25),
_a N (Z-z;)/a z;/a )
= ez -z a)? \/1+(z / a)>

for (26).
An example, if Z/a = 1.4 then we can the multiplicators
R,((0), R,(Z/2),R(Z),R, for the circular vortex lines and
R,R, R, for the spiral vortexes, by the factor % in the form
R*NR,*N R *N calculated (Table 1).

In the following calculations we use the dimensionless form
scaling all the lengths to r, = a (the inlet radius of the tube),
r
0
27rr0

the axial v, and radial v, velocity to v, = ,» the azimuthal

r
components of vector potential A¢ to AO = 2& , the stream
T
function y to y, =A r, and the total amount of flow Q to Q=

OOD

Here T’ is dimensional scaling of vortex intensity l"l.,i =1,N.
The flow field induced by linear vortex lines in a channel

Unlike our previous papers [20,21] here we additionally
consider the chain of linear vortex lines in the plane channel.

For symmetry-conditions,
channel y < [0,1].

6 )y | | we consider half the plane

In the plane, y=0 we have the slip conditions v =v,=0 for the
velocity vectors of viscous incompressible liquid.

The flow in the channel is given by a fixed amount of flow

through a cross-section of the half-channel 0= j(l)vx |x:0 dy.

If L=oo, then v, :u(y),vy = 0 we have the Puaseil flow u =
Q(3y-1.5y*) - the solution of Navier-Stokes equation in the

channel Q.

The wall y=0 of the channel is placed in a linear chain of
vortexes with the axis transfer of the (x,y) plane. The one
linear vortex line in the point (x,,y,)) creates the following
components of velocity:

e V=0

2 R2

Fkx X
y 2 R2 ’

(27)

Vx
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where R2 = (x—xk)2 +(y—yk)2.

In the center of this point-wise vortex, the velocity field
is infinite therefore we consider the vortex line with the finite
cross-section

the circle with radius a. In this case the expressions (27) are
valid when R2a. but for R<a we have

r
k (x=x,). (28)

T
vx:_—kz(y_yk)’vy: 2
2ra 2ra

Some numerical results and discussion
The flow in the channel

We consider the channel with finite length L = 2.5, Puaseil
flow with Q=3 and three wise of the chain of vortexes:

1) the main chain with coordinates and radius of the linear
vortex

x, =0.2+(k-1)04,y, =2a,k=1,2,3,4,5,6,a=0.05, (29)

rotate clockwise with the intensity I',

2) the second chain with coordinates and radius of the
linear vortex

X, =04+(k=1)0.4,y, =2a/,k=1,2,3,4,5,a/=0025,  (30)

rotate opposite clockwise with the intensity I',,

3) the thread chain with coordinates and radius of the linear
vortex

=0.3+(k=1)04,y, =2a+a;,k=1,2,3,4,5,a=0.05,4, =0.025,

*k K

(31)

rotate opposite clockwise with the intensity I',.

For the pointwise vortexes line (29) outside the channel (y,
= -0.025) I', = -6 we have the following results: mV = 5.9895,
mX = 1.00, mY = 0.

For the Karman chain [25] of vortexes (preliminary vortexes

line and (30) (v, =-0.05T,=6) we have mV = 3.9790, mX =
0.20, mY=o.

In the following Table 2 can see the amount (@, maximal
value of velocity u,(mv) with the coordinates (mX,mY) depending
on the vortex intensity I', ', T,

The circular vortexes lines
The basis for the calculations of N circular vortex lines

Ll-,izl,_N are N< 6 chosen, which are arranged in the axial
direction at the points with the following dimensionless

coordinates (z; =0.2i,7; = a;),i = I,N.

The dimensionless radius of the circular vortex lines g, is

https://www.mathematicsgroup.us/journals/annals-of-mathematics-and-physics 8

Table 2: The dependence of flow velocity on the intensity of the vortexes.

r, r, r, Q mV mX my
0 0 0 3.00 4.500 0.00 1.00
-6 3 3 3.97 18.19 2.20 0.15
-6 4 4 3.46 22.90 0.30 0.10
-6 3 0 4.62 18.36 0.20 0.15
-6 2 2 4.49 18.63 2.20 0.15
-6 1 1 5.00 19.08 2.20 0.15
-6 1 0 5.22 19.14 0.20 0.15
-6 0 1 5.30 19.47 2.20 0.15
-6 0 0 5.52 19.86 1.00 0.15

considered in three forms (the sequence a = [a, a,, a,, a,, a,,
ag,1):

1. the constant sequence( radius of the cylinder) a, =
(1,1,1,1,1,1],

2. the monotonous increasing
[.75,.80,.85,.90,.95,1.0],

sequence a. =

in

3. the monotonous
[1.0,.95,.90,.85,.75],

decreasing sequence a, =

d
The results of numerical experiments for dimensionless
values v,v,y,Q, was obtained of different dimensionless

intensity of vortex lines

- I.
I —afeqne4n.q- — = =
Ti— > . +6;43;42:1;0.5, and / Z/ro 2,a0 0.7.

The summary intensity of absolute values is equal to 6.

The velocity field is calculated on the uniform grid (nxn,)
by the steps h=h,=0.1 in the r,z directions.

The numerical results show that the velocity field induced
by circular vortex lines is concentrated inside the cylinder. The
results depend on the arrangement and the radius of vortex
lines a,.

Typical results of calculations are the dimensionless velocity
field and the distribution of stream function in the cylinder.
We can see the velocity formation depends on the arrangement
of vortice lines with coordinates zj=[z,z,,z,,2,,z,,Z,], and of the
radii a,.

If ;>0 then all vortices move in the positive direction of

Oz axis (v,>0), but the radii of vortex lines to stay a different
way (for v <0 the radius is decreasing and for v >0 the radius
is increasing).

We obtain the dimensionless values of

V. € [vr.min’v”-m”x]’ VZmaxsVmax-9y

for zj = [0.2,0.4,0.6,0.8,1.0,1.2] and for different radius of
vortex lines g, and sequence of intensity gj=[g,,9,,9,,9,,9,,9,] the

following results:
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1. The radii are constant a_= [1,1,1,1,1,1]

1.1 The intensity of the one vortex line L is [, =6, N =1:

3
VYE(-5.9,5.9), Vzmax = 18-857 | = 3'251

v,= 0if z=z, = 0.6 and v,>0 if 2>z, therefore the radius of the
vortex increased [26];

1.2 The intensity of the one vortex line L is f3 =-6,N=1
(in the opposite direction):

v,e(-5.9,5.9), vz, = -18.85, y, . = - 3.25,

the vortex moves in the negative direction of the Oz axes
(v,<0),v,=0if z=z, = 0.6 and v, > 0 if z<z,, therefore the radius
of the vortex also increases [26];

13 The intensity of the two vortex lines L,L are

r,=30T,=3,N=2:

3 4

v,e(-5.7,5.7), VZ,,,, = 18.57, y,... = 3.17,

the vortexes move in the positive direction of Oz axes
(v,>0),v, =0 if z:(z3+24)/2:0.7 and vr(ao,zg) = -2.46, vr(ao,ZA) =
4.37, therefore the radius of the first vortex lines L, decreased,
but for the second vortex lines L, increased and the first vortex
can be move through the second vortex [26];

1.4 The intensity of the two vortex lines L,L, are

F3=—3,F4=3,N=2:

v,&(-2.9,0.64), v,e(-3.0,3.0), ye(-0.32,0.32),

v,=0if z= 0.7 and v(a,z)=-1.72, vz(ao,z4) = 2.76, therefore

the first vortex moves to the negative direction, but the second
to the positive direction of Oz axes and the radii of the vortexes
decreased (this case is in [26] considered);

1.5 The intensity of the two vortex lines L,L, are

r,=3T

3 =-3,N=2:

4
v,e(-0.64,2.9), v,e(-3.0,3.0), ye (-0.32,0.32),

v,=0if z = 0.7 and vz(ao,zs):1.72, vz(ao,zé) = -2.76, the first

vortex moves to the positive direction, but the second to the
negative direction of Oz axes and the radius of the vortexes
increases [26];

1.6 The intensity of the three vortex lines L,L L, are

F1=2,F3=2,F5=2,N=3:

ve(-4.1,41), vz, =16.34, vy, = 2.63,

v,= 0 if z=z, = 0.6 and v/(a,z)=15.92, v(a,z,)=16.16,
v(a,z)=15.92, v(a,,z,)=-3.8, v(a,,z,)= 1.6, the vortexes move
in the positive direction of Oz axis and the radius of the first
vortex decreased, but of the third vortex increased;

1.7 The intensity of the three vortex lines L,L,L, are

https://www.mathematicsgroup.us/journals/annals-of-mathematics-and-physics 8

1:1 :—2.,1:3 :2,1:5 =-2,N=3:

v,e(-1.6,1.6), vz . = -5.83, y,.. = -0.74,
v,= o if z=z=0.6, z=0., z=11 and v/[(a,z)=-5.67,

v(a,z,)=-2.42, v(a,z)=-3.56, v(a,z)=-0.77, v(d,z)=0.77,

the vortexes move in the negative direction of Oz axis and the
radius of the first vortex decreased, but of the third vortex
increased;

1.8 The intensity of the three vortex lines L,L L are

=21,=-2T.=2,N=3:

r

1 3 5

v,e(-1.6,1.6),v,, . =-5.83,y, = 0.74,

v, = o if 2=2,=0.6, and v/[(a,z,)=5.67, vz(ao,zz):1.97,
vz(ao,zs):5.67, v(a,,z,)=0.77, vr(ao,zs):-0.77, the vortexes move

in the positive direction of Oz axis and the radius of the first
vortex increased, but of the third vortex decreased;

1.9 The intensity of the three vortex lines L,L,L, are

=20,=2T.=2,N=3:

r

1 3 5

v,e(-4.9,2.6), v,e(-1.75,11.1), ye(-0.10,1.45),

v,= o if z= 0.9 and v(a,z)=-0.64, v(a,z)=8.28,

v,(a,z,)=10.89, v(a,z)=-3.17, v(a,z,)=-3.95, v(a,z)= 0.77,

the two vortexes L, L, move in the positive direction, but the
first in the negative direction of Oz axis and the radii of the two
vortexes L,,L, are decreased, but of the third vortex increased;

110 The intensity of the three vortex lines L,L L, are
=20 =-2,N=3:

r,=2T

1 3 5

v,e(-2.6,4.9), v,e(-1.75,11.1), ye(-0.10,1.45),
v,= 0 if z = 0.3 and v/(a,z)= 10.89, vz(ao,zg):8.28,

v(a,,z,)=-0.64,v(a,z)=-0.77,v(a,z,)= 3.95,v,(a,,z)= 3.17, the
two vortexes L,,L, move in the positive direction, but the vortex
L, in the negative direction of Oz axis and the radii of the two
vortexes L, L are increased, but of the third vortex L, decreased;

111 The intensity of the three vortex lines L,L L, are

I,==20,=-2T.=2,N=3:

1 3 5

v,e(-4.9,2.6), v,e(-11.1,1.75), ye(-1.45,0.10),

v,= 0 if z = 0.3 and v[(a,z)= -10.89, vz(ao,zs):-8.28,
VZ(GO,ZS):O.64, Vr(aoyzl):0-77) Vr(aoyz3):_3-95) vr(aoyzs): _3-177
the two vortexes L,L, move in the negative direction, but the

third in the positive direction of Oz axis and the radii of the two
vortexes L, L are decreased, but of the first vortex increased.

2. The radii are increasing a,

2.1 The non-uniform distribution of intensity gj =
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[2,2,1,.5,.5,0], N=5:

v,e(-12.7,7.4), V, 10 = 2115, v, = 4.6, Q, = 28.34,

v,= 0 if z = 0.3, the radius of the first vortex decreased, but
increased the radii of the last four vortexes ;

2.2 The distribution of intensity gj = [2,2,2,0,0,0], N=3:
v,e(-13.3,10.02), v, =22.23,y, = 4.8,Q, =28.69,

v = 0 if z = 0.3, the radius of the first vortex decreased, but
increased the radii of the last vortex ;

2.3 The distribution of intensity gj = [0,0,3,3,0,0], N=2:
v,e(-10.2,9.4), v, = 2114, v, = 4.64, Q, = 29.20,

v,= 0 if z = 0.7, the radius of the first vortex decreased, but
increased the radii of the last vortex ;

2.4 The intensity of the first vortex lines gj = [6,0,0,0,0,0],
N=1:

v,e(-19.2)19.2), v, . = 2513,y . = 6.47, Q, = 27.10,
v,= 0 if z= 0.2, the radius of the vortex increased;

2.5 The intensity of second vortex lines gj = [0,6,0,0,0,0],
N=1:

v,e(-15.0,15.0), v, = 23.56,y, . =5.69,Q, = 29.28,

v, = 0 if z = 0.4, the radius of the vortex increased;

2.6 The intensity of third vortex lines gj=[0,0,6,0,0,0], N=1:
v,e(-11.8,11.8),v, =22.18,y,  =5.1, Q, = 29.69,

v,= 0 if z= 0.3, the radius of the vortex increased;

2.7 The intensity of fourth vortex lines gj = [0,0,0,6,0,0],
N=1:

v,e(-9.6,9.6),v,, . =20.94, vy, = 4.66,Q,=28.72,

v,= 0 if z= 0.3, Hence, the radius of the vortex increased.
3. The uniform distribution of intensity gj = [1,1,1,1,1,1]
3.1 Radii of vortex lines are constant (the sequence a_:
v,e(-4.5,4.5), Vv, =16.21, y = 3.14, Q, = 25.12,

v,= 0if z= 0.7, the radii of the first three vortexes decreased,
but of the last three vortexes increased ;

3.2 Radii of vortex lines are a, :
V,&(-8.4,4.9), V, 0 = 17-98, v, = 3.52, Q, = 27.36,

v,= 0 if z = 0.8 the radii of the first three vortexes decreased
but of the last two vortexes increased;

3.3 Radii of vortex lines are a:

v,€(-4.9,8.4), V, 0 = 17.98, v, = 3.52, Q, = 27.36,
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v, = 0 if z = 0.5 the radii of the first two vortexes decreased
but increased the radii of the last four vortexes.

4. The distribution of intensity gj = [2,2,.5,.5,.5,.5]
4.1 Radii of vortex lines are a,
v,e(-12.3,6.9), V, ., = 2019, = 4y Q, = 27.77,

v,= 0 if z = 0.3, the radius of the first vortex decreased but
increased the radii of the last five vortexes;

4.2 Radii of vortex lines are a,
v,€(-5.7,5.6), V, 10 = 17:30, W, = 3.4, Q, = 26.0.1,

v,= 0 if z = 0.4, the radius of the first vortex decreased but
increased the radii of the last four vortexes.

5. The distribution of intensity gj = [.5,.5,.5,.5,.5,2,2]
5.1 Radii of vortex lines are a,:
v,e(-5.6,5.8),v,, . =17.30,y, = 3.4,Q,=26.0.1,

v,= 0 if z = 1.0, the radii of the first four vortexes decreased
but increased the radius of the last vortex;

5.2 Radii of vortex lines are a:
v,e(-6.8,12.3),v,  =20.19, vy, = 4.4, Q =27.7.7,

v,= 0 if z = 1.1, the radii of the first five vortexes decreased,
but those of the last vortex increased.

6. The distribution of intensity gj = [.5,.5,2,2,.5,.5]
6.1 Radii vortex lines are a, :
v,e(-7.4,6.6),v, . =19.47, vy, . = 4.0, Q, = 28.28,

v,= 0 if z = 0.7 the radii of the first two vortexes decreased
but increased the radii of the last four vortexes;

6.2 Radii of vortex lines are a,:

v,e(-6.6,7.4), v, ... = 19.47, .., = 4.0, Q, = 28.28,

v = 0 if z = 0.7 the radii of the first two vortexes decreased
but increased the radii of the last four vortexes.

6.3 The spiral vortexes in the cylinder (e=0)

We consider N<6 spiral vortexes S;,i =1,N , which started
from the points (a,0,i27/N) at the cylinder.

The dimensionless radius of the cylinder a is equal to 1.

All results of the numerical experiments are for the
dimensionless values A (a,,2,0),v,(0,2),Q(2),Q, and parametern
I=Z/a =0.5;1;1.5;2;3, a, = 0.7 obtained.

The summary intensity of absolute values is equal to 6.

The azimuthal components of the vector potential are in
the uniform grid (N,xN ) by the steps h,= I/ N,, h = 27/N (N =
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N, = 30) in the r,¢ direction calculed.

The component Aw(z,q)):(r:ao) using the trapezoid formula
is calculated. Figures show typical results of calculations:
the dimensionless velocity field and the distribution of the
azimuthal component of the velocity (r=qa,) in the cylinder.

The velocity formation depends on the length / of the
cylinder.

The maximum of the azimuthal components of vector

potentials A__ is depending of the intensity parameter & =I';-

We obtain the dimensionless values of v, .0 A .Q,
and for different sequence of intensity gj=[g,,9,,9,,9,,9.,9,] the
following results:

1. The length is | =1.5,

(V, o = 15.08, Q. = 24.98, Q, = 33.20)

1.  The uniform distribution of the intensity
gj=01,1,1,1,1,1], N=6: A =5.68,

the distribution A is uniform in the ¢ direction;

2. The distribution of the intensity is gj = [2,2,1,.5,.5,0], N
=5:

A, = 5.68, the distribution of A is nonuniform in the ¢

‘max

direction;

3. The distribution of the intensity is gj = [2,2,2,.0,0,0], N
= 3:

A, = 5.75, the values of A oscillate in the ¢ direction;
4. The distribution of the intensity is gj = [2,1,1,1,1,0], N = 5:

A, = 6.14, the distribution of A is nonuniform in the ¢

‘max

direction; (the maximal value 6.14 is in the point (0.75,4.2);

5. The distribution of the intensity is gj = [1.5,1.5,1.5,1.5,0,0],
N = 4:

max

direction;

A, = 5.68, the values of A weakly oscillate in the ¢

6. The distribution of the intensity is gj = [3,3,0,0,0,0], N
=2

A = 5.83, the distribution of A, is nonuniform in the ¢

max

direction with 3 maximums;

7. The distribution of the intensity is gj = [6,0,0,0,0,0], N
=1:

A = 8.54, the distribution of A, is nonuniform in the ¢

‘max

direction with one maximum,;

8. The distribution of the intensity is gj = [6,0,0,0,0,0], N =
1, b=0;

A, =840,v, —~=1885 Q. = 3695 Q = 2454 the
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distribution A, is uniform in the ¢ direction (this is the velocity
field induced by the circular vortex line (z; = 0)).

2. Different lengths 1

1. The distribution of the intensity is gj = [6,0,0,0,0,0], N =
1, 1=1.

Amax =8.42,V =18.29,Q =36.25, Qr =16.28;

z.max max

2. The distribution of the intensity is gj = (2,2,1,.5,.5,0], N
=5,1=3:

A, =511,V  =10.46,Q, . =16.36,Q, = 43.03;

3. The distribution of the intensity is gj = [2,2,1,.5,.5,0], N
=5,1=2:

A, =6.0386,v, . =13.3285,Q,, = 21.4252, Q, = 37.6009,

If N, .N,=M=50,thenA = 6.0386,v
21.4252, Q, = 37.6017;

z.max = 13'3286’ Qmax =

1. The distribution of the intensity is gj = [2,2,1,.5,.5,0],
N=5,1=1:

A, .. =735V,,,=16.86,Q,  =29.39,Q,=26.65,

5. The distribution of the intensity is gj = [2,2,1,.5,.5,0], N
=5,1=5:

A =81,v, =1829,Q  =3425,0Q, =16.28,
6.4 The spiral vortexes in the cones (e#0)

In this case, we have some results for the behavior of spiral
vortexes.

1. If

[=6.0319(m2 /5),N =1, =100(C)(z = tg(f) = 0.1763), a=0.125(m), Z €[0.1,1.0](m),

then from the formulas (14, 18) can be the values
MV (€ =0); V(e =0.001); V3(e =0.002); ¥, (e =—0.002)(m/5)
calculated (Table 3).

For V, and V, theradiiby Z=1 decreased from a=0.125(m)

with 0.080(m) and 0.034(m), but for V, the radius increased
with 0.216(m) .

2. If a=0.25(m), then similar to the formulas (9, 20)
can be the values M;V,(¢=0); V,(¢=0.004); V,(c=0.008);
V,(¢=-0.008)(m/s) calculated (Table 4).

For v, and v, the radii by z=1 decreased from a=0.25(m)
with 0.16(m) and 0.07(m), but for v, the radius increased with
0.43(m).

Conclusion

1. Velocity fields of ideal compressible fluid influenced by a
curved vortex field in a finite cylinder, finite cone, and
channel are investigated.
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Table 3: The velocity V, by a =0.125.

< =

‘< m< N<

0.2 0.3 0.4 0.7 0.8 0.9
072 144 217 289 361 433 506 578 650 722
163 241 290 320 340 354 365 373 379 385
155 246 297 327 348 362 373 382 388 394
167 251 303 335 356 371 382 391 398 404
149 233 279 307 326 339 349 357 363 368

Table 4: The velocity V, by a =0.25.

=< =

“< h\< N<

0.2 0.3

036 072 1.08 144 180 217 253 289 325 3.61

419 764 102 121 135 145 154 16.0 16.6 17.0

427 786 106 126 140 152 16.0 16.7 173 178

434 810 11.0 131 146 159 168 176 182 187

406 723 954 112 124 134 141 147 152 156

2. Numerical results show that the maximum axial velocity
and the total amount of flow depend on the connection
method of producers of vortex energy.

3. The maximal velocity is developed in the case of non-
uniform distribution of vortex intensity and smaller
radius of vortex lines.

4. The maximal value of the velocity induced by the spiral
vortexes is in the middle of the cylinder.

5. The behavior of vortex lines in the ideal incompressible
flow depends on the number and the orientation of the
vortex.

6. The realization of circular vortices inside the pipe at
the surface accelerates the flow speed inside the pipe
if they rotate clockwise the flow depends on the values
of parameters Re,I, A 3nd the inflow mode in the pipe.

7. The calculations are related to specific applications of
vortices in energy [21,23,26,25.
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