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A study has been made of the features of electric current transformation by an anisotropic electrically
conductive medium characterized by different types of conductivity (p- and n-types) in selected crystallographic
directions under ohmic contact conditions. It has been established that in the case of an external sinusoidal electric
current flowing through a device based on a rectangular plate of the abovementioned anisotropic material, electric
current vortices occur in its bulk. Based on the analysis of the function m(K, @) (case |m| > 1), which determines
the transformation coefficient of the device, a conclusion is made about the energy interaction between the bulk of
the anisotropic plate and the external medium. Studies have shown that the use of anisotropic electrically conductive
bipolar material leads to a significantly higher (m> 1) or lower (m < —1) value of the transformation coefficient m
than in the case of unipolar anisotropic electrically conductive materials. The phenomenon of electro-ohmic
transformation is caused by the appearance of electric field vortices which are characterized by turbulent flow
represented by the expression rot f = tw, where o is a circular frequency of vortex rotation, and signs «+» and
«» denote the direction of its rotation and are determined by the value of the anisotropy coefficient K=o11/022.
Such electric vortices with a turbulent flow are an efficient mechanism of pumping energy between the external
medium and, in our case, the anisotropic plate of the device. It should be noted that in some cases there is an
anomalous value of the abovementioned coefficient. The application of the considered method of electric current
transformation with the help of the proposed devices, which are based on a plate made of anisotropic electrically
conductive material, significantly expands the field of alternative electricity and other related fields of science and
technology.
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Introduction

In [1], for the first time, the possibility of the
transformation effect in anisotropic electrically
conductive unipolar media has been shown. In this case,
the device called anisotropic electroohmic transformer is
a rectangular plate of length a, height b and width ¢, made
of anisotropic single-crystal or layered -electrically
conductive materials, characterized by linear volt-ampere
characteristics. The selected crystallographic axes of
anisotropic material 1 and 2, having the values of electrical
conductivity 11 and o2, which are unipolar in sign, are
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located in the plane of lateral faces a xb of the plate, one
of them being oriented at an angle «. On the end faces 5 x
¢ and the upper and lower face a x ¢ of this plate are the
input and output electrical wires, respectively.

In the case of sinusoidal alternating electric current
flowing through the end contacts 4 and 5 of the electric
current Jin, the electric current Jout flows through the output
contacts 6, 7, and the transformation coefficient m of such
a device (Fig. 1) is represented by the following
expression

Jout/Jin=m=p-f (1)
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where p is transformation coefficient of plate material,
f=a/bis its form factor.
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1 — Plate of anisotropic electrically conductive material;
2 — electrical insulating layers;3 —electrically conductive
layers; 4, 5 —input electrical wires; 6, 7 — output electrical
wires.

Fig. 1. Schematic of anisotropic transformer design.

In so doing, the optimal value of slope angle o is found
from the relationship

a= arctg\/E (2)

where K =011/02 is anisotropy coefficient of plate
material.

0E14
ox *

is satisfied, an vortex electric current arises in the

Since in the case under study the condition

0E,,
oy

bulk of this anisotropic plate, which is characterized by a
laminar flow [2].

The studies have shown that in the case under study
the value of transformation coefficient does not exceed 1
(m < 1) both for 0<K<1 and 1<K<oo. In the case of K=1,
n=0.

The method of transformation considered in [1, 3] is
significantly different from the existing ones and has a
number of relevant advantages and disadvantages.

01,€08%a — 0,,5In%a
0o |(011 + 032) sina cos a
0

G

which is characterized by the presence of both
longitudinal (o) and transverse (o ; ) components

®)
(6)

In so doing, the transformation coefficient m; of the
device based on the above rectangular plate is given by

oy = 0y(01,c05%a — 0y,5in° Q)

0| = gy(011 + 055) sina cosa
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I. Presentation of the main material and
analysis of the results

To improve the transformation rates, we move from
anisotropic electrically conductive unipolar media to
anisotropic electrically conductive medium characterized
by different types of conductivity (p- and n-types) in the
1-st and 2-nd selected crystallographic directions (Fig. 2),
while the contact between all layers is ohmic [4].

Y

o
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Fig. 2. Orientation of OX, OY and OZ crystallographic

axes and location of electric field vectors El, Ez, and

induction vectors Dy, D,

The electrical conductivity tensor of such a single-
crystal or artificial anisotropic medium is given by.

011 0 0 o, 0 0
6— = 0y 0 —0y; 0 =0 _Up 0 (3)
0 0 0-33 0 0 O'n

Creation from this material of a rectangular plate with
dimensions axbxc (a=c>>bh) whose main
crystallographic axes OX and OY are arranged in the plane
of its lateral surface a xb, and one of these axes is located

at an angle « to the edge a (0 <a<90°) (Fig. 2), allows
us to represent tensor & as follows [5]:

(041 + 053)sinacosa 0
0415in’a — oy,c08%a 0 (4
0 033
0] _ (o11+0z3)sinacosa
1=— = ()

a| 011C0S%2a—0,,sin%a
Numerical estimates show that under a = ¢ >> b the
boundary conditions on the end b xc and lateral a xb faces
can be ignored [2].
Investigation of function

(K+1)tga

ml(Kt a) = K-tg2a

(8)
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Fig. 3. Dependence of the transformation coefficient m on the angle « at fixed anisotropy coefficients of electrically
conductive material K=0,75; 10; 50; 100.

for extremum (Om/da =0, 9?m/da? < 0)
demonstrates that function extremum points are absent.

This allows one to vary the value of the coefficient m
of this device in a wide range by selecting the appropriate
angle a. This possibility is shown in Fig. 3 for four
anisotropic electrically conductive bipolar materials with
anisotropy coefficients 0.75, 10, 50 and 100. From this
plot it follows that there is always the possibility of
selecting the angle o for a given m with the required value
and sign.

For the angle a=45"the expression (7) acquires the
following form

0q11+0 K+1
m = 117022 _ (9)

011~ 022 K-1

Analysis of these functions shows that the value of
coefficient [m| > 1 allows making a conclusion on the
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energy interaction between the bulk of anisotropic plate 1
and the external medium [6]. Thus, the use of anisotropic
electrically conductive bipolar material leads to a much
higher value of transformation coefficient m than in the
case of unipolar anisotropic electrically conductive
materials (Fig. 4.).

The explanation of this phenomenon can be presented
using the concepts of vortex electrodynamics. If an
external electric current of a sinusoidal shape is passed
through the plate, then electric current vortices appear in
its bulk, which are characterized by a turbulent flow. [7,
8] In our case, similarly to [9, 10], the change in the nature
of a vortex with a laminar flow to a turbulent one is due to
the reorientation of the directions of the corresponding
components of the electric current and field vectors. In this
case, the longitudinal component of the electric current
and field vector is located parallel to the crystallographic
direction of the second selected crystallographic axis. In
so doing, the direction of the electric current is parallel to

m
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a) Dependence of the transformation coefficient m on the anisotropy value at 0<K<1 and the angle =45
b) Dependence of the transformation coefficient m on the anisotropy value at 1<K<oo and the angle a=45".
Fig. 4. Dependence of the transformation coefficient m on the value of anisotropy to electrically conductive
material at a=45"
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the direction of the electric field.

The flow of input electric current through the end
contacts Jon causes an electric current Jout to appear at the
output contacts.

In this case, the vortex of electric current according to
[11, 12] is as follows:

rotfz —w, a0 <K <1, (10)

rotf=w, a0 <K < oo (11)
where w = F (074, 05,,a, b, ¢, @) is the circular frequency
of rotation of the electric vortex, the signs «+» and «—»
denote the direction of its rotation.

Such electric vortices are an efficient mechanism of
pumping energy between the external medium and, in our
case, the bulk of the anisotropic electrically conductive
alternating bipolar plate.

The presented mechanism of energy interaction has a
good outlook for modern science and technology.

Il. Possible applications of the proposed
method of energy transformation

In the general case, the choice of a specific design of
the anisotropic device is determined by both the purpose
and functional features, and the conditions of its operation.

In all possible designs of this device the basis is a
rectangular plate 1 of anisotropic material which in the
selected crystallographic axes Ox and Oy is characterized
by p- and n- types of conductivity, respectively. When
using artificial anisotropic electrically conductive
material, it will be an alternating layered structure based
on the layers of electrically conductive material 1 with
thickness 71 and electrically conductive material 2 with
thickness z,. The method of calculating this structure and
its optimization is similar to the method described in [13].

Selecting the appropriate value of the anisotropy
coefficient of layers 1 and 2 of this plate, as well as its
geometrical dimensions makes it possible to create the
required instruments and devices with respective
parameters. We need to consider the designs of specific
devices based on the above mentioned anisotropic plates.

2.1. Anisotropic electroohmic generator (AEG)

In this case, the converter is AEG which is based on a
rectangular anisotropic plate characterized by the positive
value of transformation coefficient m (/<K<®) and the
orientation of crystallographic axis o11 at certain selected
angle a.

The schematic design of such a generator is
represented in Fig. 5, consisting of: plate 1; electrical
insulating layer 2 and electrically conductive layer 3; input
electrical wires 4, 5 connected to external source of
electric energy created by the master generator; output
electrical wires 6, 7 to which the external load is
connected, with resistance Z.

When some power P(t) = P, sin( w4 t) is supplied in the
form of a master generator to the AEG input, electric
vortices with turbulent flow appear in the bulk of plate 1,
which then interact with the external medium. This leads
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to origination of energy flows directed from this medium
to the bulk of the plate which is converted into electrical.
This leads to the appearance on the output electrical wires
6, 7 of some electrical power Po,: which is represented as
follows:

_ . (K+D)tga
Pour = Posin(ws to) Z—7"m, (12)
> 1 2 3 4 5 6
1 1 —
7 5’1) il
, ="
: =1
(s} Az
a

R
1 — Plate of anisotropic electrically conductive material;
2 —electrical insulating layers; 3 — electrically conductive
layers; 4, 5 input  electrical  wires;
6, 7 — output electrical wires.

Fig. 5. Schematic of the anisotropic electroohmic
generator design.

Thus, right-hand rotation of electric vortices with
turbulent flow determines the possibility of operation of
the plate in the mode of electricity generation. Where w:
is the frequency of the electric vortex which is determined
by the master generator.

The efficiency #1 in this case is as follows:

1

= e (43

N1

where P, /P,are powers released in the bulk of both the
plate and the external load of resistance Z, respectively.

Maximum value of electrical power Pmax. Which can
be generated by AEG is determined as follows:

Bnax. = (s-M- AT)/(Pl/PZ)v (14)

where M =a -b -c -d is the weight of the plate; d is the
density of its material; s is specific heat of material; Tp is
ambient temperature; Tmax IS boundary operating
temperature of plate 1 material.

Numerical estimates show that the efficiency value of
the proposed device is within 0.5+0.99

It should be noted that under certain conditions the
AEG under study can also actively function in the mode
of thermal power generation.

2.2. Anisotropic electroohmic heater (AEH)

A feature of this heater in comparison with the
generator is the increased values of the internal resistance
of'the plate. The schematic design of such AEH (Fig. 6) is
similar to the design of the above AEG with the difference
that the resistance R=0.
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1 — Plate of anisotropic electrically conductive material;
2 — electrical insulating layers;3 — electrically conductive
layers; 4, 5 —input electrical wires; 6, 7 — output electrical
wires.

Fig. 6. Schematic of the anisotropic electroohmic heater
design.

2.3. Anisotropic electroohmic cooler (AEC)
Unlike AEG and AEH, the design of AEC consists of
anisotropic rectangular plate 1 and electrical wires 4, 5
(Fig. 7). The anisotropy of electrical conductivity of the
materials of plate 1 is selected with the coefficient 0<K<1.

a

1 — Plate of anisotropic electrically conductive material;
4, 5 —input electrical wires; 6, 7 — output electrical wires.
Fig. 7. Schematic of the anisotropic electroohmic cooler.

In this case, the application to the contacts 4, 5 of the
generator power leads to the occurrence in its volume of
turbulent vortices of electric current with left-hand
rotation. This results in decreasing the internal energy of
the anisotropic plate, which ultimately causes the
corresponding decrease in the temperature T of the plate.

With a positive half-cycle of power supplied to the
input of such a device, part of its internal energy is
absorbed by the external medium through one of the
lateral faces (a x b), with a negative half-cycle - through
the opposite lateral face (a x b).

In this case, cooling capacity Q is determined as
follows [14]:

(K+1))tga
ut K-tg2a

Q=W, , (15)
and temperature difference AT between the external
medium and the anisotropic device, which is achieved by
the adiabatic isolation of the faces of the plate,
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AT = (Q — quos) /(s * M), (16)

where q,; are losses due to cooling of electrically

conductive and metal layers on the upper and lower faces
of the converter, s is heat capacity, M is its weight.

The efficiency ¢ of the analysed cooling process is
represented by the classical expression:

9= (Tl - Tz)/T1

where T is ambient temperature, T is anisotropic plate
temperature which is achieved on cooling.

It should be noted that as materials for the plate it is
possible to use both semiconductors with a narrow energy
gap, semiconductors of p- and n- type conductivity,
semimetals and metals of appropriate conductivity.

The results of the studies show the prospects for using
this device as highly efficient cooling elements. This
method allows for efficient utilization and accumulation
of thermal energy released by specific objects, various
instruments and devices, pumping it into the external
medium.

Conclusions

For the first time, an original physical model is
proposed for energy interaction between vortex electric
field of a plate made of anisotropic electrically conductive
material characterized by different types of conductivity
in the selected crystallographic axes and the external
medium. The analysis of this model shows that in the
range 0<K<1 the transformation coefficient m is
characterized by the negative value, and in the range
1<K<o - by the positive value. In the former case, there
is a cooling effect, in the latter — the mode of electric
energy generation and heat release.

The use of single-crystal and artificially anisotropic
electrically  conductive  materials  with  different
conductivity types in the selected crystallographic axes
makes it possible to obtain the value of module m > 1
which is caused by the action of electric field vortices with
a turbulent flow in the bulk of the anisotropic plate.

Promising areas of practical application of such
devices in the form of generators of electricity, heat and
cold are determined, calculated expressions are obtained
for their efficiency, which is in the range » = 0,5 + 0,98,
and the cooling temperature of this device when using
appropriate materials with the necessary temperature
dependence of their Kinetic coefficients can reach the
temperature of liquid helium.

The proposed model will promote the emergence of
new scientific and technical lines in the field of electricity
and all areas related to it.

Ashcheulov A.A. — D.Sc (Tech), Prof.;
Derevianchuk M.Ya. — Postgraduate;
Lavreniuk D.O.— Engineer.
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[TpoBeneHo  AOCHDKEHHS  OCOONMBOCTEH  INEPETBOPEHHS  EJIEKTPUYHOTO  CTPyMy  AHI30TPOITHUM
EJIEKTPOTIPOBITHUM CEPENIOBHUILEM SIKE XapaKTepH3YEThCsI PI3HUMHU THUIIAMH MPOBITHOCTI (P- Ta N- THITH) Y BUOpaHUX
KpucTasiorpadiuHUX HamnpsMKax B yMOBaX OMIYHOIO KOHTAKTy. YCTAHOBJICHO, IO Y BHIAIKY NPOTIKaHHS
30BHIIIHBOTO €JIEKTPUYHOTO CTPYMY CHHYCOTNaabHOT (POPMHU Yepes3 MPUCTPIl B OCHOBI SIKOTO € IPSIMOKYTHA [IACTHHA
i3 3ragyBaHOTO BHIIE aHI30TPOITHOTO MaTepiaiy, B il 00’€Mi BHHHKAIOTh BUXOPH €JEKTPUIHOTO CTpyMy. Ha ocHOBI
ananizy ¢ynkuii m(K, «) (Bumagox |m| > 1), mo Bu3Hauae KoeillieHT MEPETBOPEHHS MNPHMCTPOIO, 3POOJIEHO
BHUCHOBOK MpPO EHEPreTHYHY B3aEMOMI0 MDK 00’€MOM aHI30TPONMHOI IUIACTHHM 1 30BHIIIHIM CEPEIOBHUILEM.
[IpoBeneHi OCTIIKEHHS TTOKA3aJH, [0 BUKOPUCTAHHS aHI30TPOITHOTO EIIEKTPOIPOBITHOTO OIMOJIIPHOTO MaTepiary
MPU3BOAUTH 70 3HAYHO BHIOT (M>1) abo Hik4oi (M< —1) BemmuuHu Koe(illieHTa MEPETBOPESHHS M HDK Y BUMAIKY
VHIITOJAPHUX aHI30TPOMTHUX EIEKTPOMPOBINHUX MartepianiB. Jlo (eHOMEeHy eNeKTPOOMIYHOTO TEPETBOPEHHS BeEIe
M0sIBa BUXOPIB €JIEKTPUYHOTO MOJIS, SKI XapaKTepU3yIOThCsl TypOYJIEHTHOO TEUi€l0, 110 IPE/ICTABISIOTHCS BUPa30M
rot] = tw, ne w — KpyroBa 4actota OOCpTaHHS BHXOpY, a 3HAKH «+» Ta «—» — MO3HAYalOTh HANPSAMOK HOro
o0epTaHHS Ta BU3HAYAIOTHCS BENUYUHOIO KoedimieHta anizorpomii K=o011/02;. Taki enekTpuyHi BUXOpH 3
TypOyJIEHTHUM XapaKTepoM Tedii € eheKTUBHUM MEXaHi3MOM, 110 TIepeKavdye eHEeprilo MK 30BHIIIHIM CepeIOBHIIEM
1 B HamIOMYy BHWIIQJKY, aHI3OTPONHOK IUIACTHHOIO mpHCTpoto. Ciixg BIiOMITHTH, IO B OKPEMHX BHITaIKax
CIIOCTEPIraeThCsl aHOMAJbHE 3HAYCHHS 3raJyBaHOro KoedimieHTa. 3acTOCYBaHHS PO3TISHYTOTO METOMIY
HIePETBOPEHHS eEKTPUYHOTO CTPYMY 3a JOIIOMOTOIO 3alIPOIIOHOBAHMX IIPUCTPOIB, B OCHOBI pOOOTH SKHX € IIACTHHA
BUTOTOBJICHA 3 aHI30TPOIIHOTO ENEeKTPOIPOBIIHOTO MaTepiany, 3HayHO pO3IIMPIOE Taly3l aJIbTEpHATHBHOI
€IIEKTPOCHEPTCTUKHY Ta IHIIUX OB’ A3aHUX 3 HUM 00JIaCTeH HAYKU Ta TEXHIKH.

KnrouoBi cioBa: aHI30TPONHE CEpEeNOBHIIA; CICKTPONPOBIOHICTE; MEPETBOPCHHS; CIEKTPUYHHHA CTPYM;
KoeQiIiEHT KOPUCHOT JIiT; HArPiB; OXOJIO/PKEHHS; TCHEpaIlis.
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