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(57) ABSTRACT

The invention discloses a method and modified aerodynamic
apparatuses: fluid pushers-off and fluid motion-sensors,
making enable efficient implementation and use of a con-
trollable enhanced jet-effect, either the waving jet-effect, the
Coanda jet-effect, the lift-effect, the effect of thrust, the
Venturi effect, and/or the de Laval jet-effect, all are control-
lable using the Peltier effect and/or the Seebeck effect. The
modified aerodynamic apparatuses are geometrically shaped
and supplied with built-in thermoelectric devices, wherein
the presence of the thermoelectric devices provides for new
functional properties of the modified aerodynamic appara-
tuses. The method solves the problem of effective control of
the operation of modified aerodynamic apparatuses such as
airfoil wings of a flying vehicle, convergent-divergent
nozzles, loudspeakers, and detectors of acoustic waves, all
of a highly-efficient functionality.
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APPARATUSES BASED ON JET-EFFECT
AND THERMOELECTRIC EFFECT

FIELD OF THE INVENTION

[0001] The invention relates generally to the use of a
jet-effect in combination with a thermoelectric effect des-
tined for controlling both the jet-effect and the laminarity of
a headway moving fluid flow, and, more particularly, to a
method for designing an aerodynamic apparatus controlla-
bly pulling-in and pushing-off a portion of fluid; the appa-
ratus comprises a matrix of thermoelectric elements which
are controllable to trigger origination of desired temperature
differences and, thereby, to suppress the concomitant turbu-
lence in the accelerated fluid portion.

BACKGROUND OF THE INVENTION

[0002] The following issued patents and publications pro-
vide potentially relevant background material, and are all
incorporated by reference in their entirety:

[0003] GB2546834 by Abramov, further indicated by A01,

[0004] US 20190280561 by Abramov, further indicated by
A2,

[0005] AU 2018204546 by Abramov, further indicated by
A03,

[0006] the paper “Thermoelectric Materials: Principles,

Structure, Properties, and Applications” by T. M. Tritt
[book: “Encyclopedia of Materials: Science and Technol-
ogy (Second Edition)” Ersevier-2002, Pages 1-11] further
indicated by D1;

[0007] the paper “Thermoelectric Materials: Principles,
Structure, Properties, and Applications” by 1. Terasaki
[“Reference Module in Materials Science and Material
Engineering” Ersever-2016], further indicated by D2;

[0008] the paper “Thermo-Electric Cooler: Peltier Device
Characteristics” by Jeethendra Kumar P. K. and Ajeya
Padmaleeth, Kamalleeth Instrumentation & Service Unit,
Tata Nagar, Bengaluru-560092, Karnataka, India, further
indicated by D3;

[0009] US20090272417 Al by Jurgen Schulz-Harder, fur-
ther indicated by D4,

[0010] NASAEP-89, 1971, p. 68, further indicated by D3,
[0011] NASA TN-1384, 1947, further indicated by D6,
[0012] U.S. Pat. No. 6,981,366 by Sharpe, further indi-

cated by D7,

[0013] US 2008/0061559 Al by Hirshberg, further indi-
cated by D8,

[0014] U.S. Pat. No. 8,268,030 by Abramov, further indi-
cated by D9,

[0015] U.S. Pat. No. 8,221,514 by Abramov, further indi-
cated by D10,

[0016] U.S. Pat. No. 8,601,787 by Bulman, further indi-
cated by D11,

[0017] Patent FR577087 Pile électrique” by Karpen, fur-
ther indicated by D12;

[0018] Bernd Heinrich, “Thermoregulation in Endother-
mic Insects”—Science, New Series, Vol. 185, No. 4153.
(Aug. 30, 1974), pp. 747-756, further indicated by D13;

[0019] Jose Eduardo Bicudo, “Control and Regulatory
Mechanisms Associated with Thermogenesis in Flying
Insects and Birds”—DOI: 10.1007/s10540-005-2883-8,
further indicated by D14; and

[0020] Ono, M.; Okada, L; Sasaki, M. (1987), “Heat
production by balling in the Japanese honeybee, Apis
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cerana jJaponica as a defensive behavior against the
hornet, Vespa simillima xanthoptera (Hymenoptera: Ves-
pidae)”, Cellular and Molecular Life Sciences, 43 (9):
1031-1034, doi: 10.10071BF01952231, further indicated
by D15;

Preamble and Terminology

[0021] The prior art applications AO1, A02, and A03
disclose a nozzle with a through-hole tunnel having a
specific shape, in general, configured as either converging,
or divergent, or convergent-divergent, or two-stage convet-
gent-divergent, optimized such that, when the nozzle is
exposed to laminar flow of a certain fluid moving with a
certain velocity, the fluid flow becomes accelerated and
remains laminar as moving within and along the through-
hole tunnel. As well, when the fluid flows around a body, an
airfoil corpus of the body plays the role of such a nozzle
while a boundary layer originated around the corpus is
interpreted as a flow portion moving through an imaginary
tunnel optimized to have the mentioned specific shape. In
this relation, the introduced term “actually-airfoil” applied
to the corpus should be understood as characterizing such a
geometrical configuration of the corpus having a smooth
curvature and optionally having a fluid-repellent (for
instance, hydrophobic) surface that provides for the fluid
flow remaining laminar when moving around as well as
downstream behind the corpus.
[0022] In THE BACKGROUND OF THE INVENTION, a portion of
descriptions of the prior art applications, which comprises
aspects introducing to the claims of the present patent
application, is repeated and amended. In particular, the
inventor points out again to the feature that:
[0023] a portion of a molecular fluid moving within a
through-hole tunnel,
[0024] a portion of a molecular fluid flowing around a
body, for instance, an airfoil wing, and
[0025] an elastic wave in a molecular fluid as a kind of
motion of a portion of the molecular fluid around
another portion of the molecular fluid,
all are accompanied by changes in thermodynamic param-
eters of portions of the molecular fluid, i.e., in other words,
each of them comprises a fluid stream subjected to the
jet-effect at least one of headway-accelerating and waving.
[0026] For the purposes of the present patent application,
the introduced term “molecular fluid” should be understood
as a fluid substance composed of randomly moving and
interacting molecules, according to the kinetic theory of
matter. In this relation:
[0027] symbols a, b should be understood as the van der
Waals parameters;
[0028] symbol y should be understood as the effective
adiabatic compressibility parameter of the fluid, which
(the v) is defined such that, for a hypothetically ideal
gas, it becomes equal to adiabatic compressibility-
constant j, in turn, specified as equal to 1+2/n, where n
is the number of degrees of freedom per molecule of the
hypothetical ideal gas wherein n depends on a configu-
ration of the hypothetical ideal gas molecules; for
instance, for air having dominantly bi-atomic mol-
ecules, n=5, and j=7/5 that is a good approximation for
the generalized adiabatic compressibility parameter vy;
[0029] the terms “partial pressure-a P,”, “partial pres-
sure-b P,”, and “partial pressure-c P_”, description of
which is in A01, A02, and AO3 and is not narrated
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herein for brevity, should be understood as character-
izing fluid state subjected to different kinds of action;
wherein: (a) a partial deep-stagnation pressure-a dP,, is
characterized by varying da in the van der Waals
parameter a; (b) a partial stagnation pressure-b 8P, is
interrelated with a change of a moving portion’s vol-
ume V and, thereby, of the compression ratio r defined
as V/(V-b), while retaining the same inter-molecular
forces defined by van der Waals parameter a; and (¢) a
partial pressure-c 0P, associated with the Coanda-
effect, is a measure of the cumulative aligning-impact
of the fluid molecules on the imaginary boundaries of
a fluid portion moving in the imaginary boundary layer
adjacent to stationary walls of a body; and
[0030] the symbol a,, should be understood as the van
der Waals parameter of attraction between, on the one
hand, molecules of a solid wall, and, on the other hand,
molecules of adjacent fluid.
[0031] The well-known and widely-used jet-effect pro-
vides for the effect of gas extension and thereby accelera-
tion. Accelerated flow is widely applied to push-off some
kinds of vehicles having jet-engines usually supplied by
either converging or convergent-divergent nozzles, to which
the term “jet-nozzle” is also applied to emphasize the
jet-effect importance.
[0032] In D7, numerous modifications of the jet-effect
implementation are overviewed.
[0033] In D8, the author points out that the jet-effect is
accompanied by decreasing static pressure and temperature,
and suggests applying the phenomenon as a trigger for
vapor-to-water condensation.
[0034] In D9 and D10, the author points out that a long
cascade of streamlined nozzles provides a convergence of a
wider front of fluid flow, and provides for an adaptation of
the jet-effect use for big-scale devices.
[0035] In the present patent application, a diversity of
embodiments, in which additional degrees of freedom
allowing to control thermodynamic parameters of moving
fluid are utilized to solve aerodynamic problems of control-
ling the moving fluid, is disclosed. The diversity includes:

[0036] an improved acoustic device,

[0037] an actually-airfoil convergent-divergent jet-
nozzle,

[0038] an actually-airfoil wing similar to a wing of a

warm-blooded bird,
[0039] a jet-nozzle applied to boost a sound, and
[0040] a levitating capsule.
[0041] In relation to the molecular fluid, to analyze the
equation of the molecular fluid motion, for the purposes of
the present patent application, the term “jet-effect” is used in
a wide sense as the effect of fluid flow portion convective
acceleration at the expense of fluid portion heat. In particu-
lar, the jet-effect occurs when the fluid portion moves
adjacent to configured walls and is subjected to the walls
accelerating action, as seemingly “negative drag”. For
example, the fluid is gas and the walls are configured to form
a converging or convergent-divergent nozzle. In particular,
the term “jet-effect” is applied to the well-known and
widely-used effect of convective acceleration of a wind-
portion, which is flowing over a convex upper-side surface
of an airplane wing and is thereby being subjected to the
varying of flow front cross-section in an imaginary conver-
gent-divergent nozzle. Another example is a case, wherein
the fluid is water and the configured walls have a hydro-
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phobic surface. Thus, the term “jet-effect”, used here in a
wide sense, assumes that the process of fluid extension may
be insignificant or latent.

[0042] The jet-effect is the nature of the well-known
Coanda-effect, defined as a tendency of a fluid jetstream to
be attracted to and aligned with a nearby airfoil surface, i.e.
to be specifically accelerated at the expense of the fluid
warmth. For the purposes of the present patent application,
to emphasize the jet-effect nature of the Coanda-effect, the
term “Coanda-jet-effect” is also applied as equivalent to the
commonly known term “Coanda-effect”. As the Coanda-
effect assumes a laminar flow, looking ahead, the term
“airfoil” will be specified as “actually-airfoil” in contrast to
“seemingly-airfoil”.

[0043] For the purposes of the present patent application,
further terms are specified as follows:

[0044] the term “imaginary wall”, applied to a flowing
fluid’s streamlines, should be understood as a material
(but not virtual) wall, formed by the fluid’s matter,
forcedly-bordering a portion of the flowing fluid. I.e.
the material but optionally invisible by the human eye
and thereby imaginary wall acts on adjoining fluid
portions, enforcing the fluid portions to move along the
streamlines, i.e. in alignment with the imaginary wall.
When flowing plasma is subjected to an action of a
magnetic field, “imaginary walls” are formed by the
magnetic field’s force-lines defining the streamlines of
the flowing plasma;

[0045] the term “fluid pusher-oft” should be understood
in a broad sense as a device interacting with a portion
of the ambient fluid, gaseous or liquid, to cause pulling-
in and/or pushing-off the fluid portion resulting in
motion of the fluid portion relative to the device corpus;

[0046] the term *“fluid motion-sensor” should be under-
stood in a broad sense as a device interacting with a
portion of the ambient fluid, gaseous or liquid, to detect
motions of the fluid portion relative to the device
corpus;

[0047] the term “velocity of a flying body” should be
understood as the body motion velocity relative to a
stationary fluid; and vice-versa, the term “flow veloc-
ity” should be understood as the fluid flow velocity
relative to the considered body submerged in the fluid
stream. These two terms are interrelated according to
Galilean relativity;

[0048] the term “M-velocity” should be understood as
the fluid velocity measured in Mach numbers or veloc-
ity normalized to the temperature-dependent velocity
of sound in the fluid;

[0049] the term “specific M-velocity” is as introduced
and specified in detail in AQ1, A02, and A03 to separate
the terms “low M-velocities”, associated with M-ve-
locities lower than the specific M-velocity indicated by
M., and “high M-velocities”, associated with M-ve-
locities higher than the specific M-velocity M..
Namely, the value of specific M-velocity is quantified
via the effective adiabatic compressibility parameter of
the fluid y as M.=V(y-1)/y; for air as a diatomic
molecular gas, the generalized adiabatic compressibil-
ity parameter y equals y=7/5=14, and M.=
V(y-1)y=0.5345 Mach; and
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[0050] the well-known terms “low-subsonic”, “high-
subsonic”, “transonic”, “supersonic”, and “hypersonic”
are used to specify the flow velocity ranges as the
following:

[0051] (a) the low-subsonic velocity range is defined
as the M-velocity range comprising M-velocities
lower than 0.3 Mach;

[0052] (b) the high-subsonic velocity range is defined
as the M-velocity range comprising M-velocities
higher than 0.3 Mach and lower than 0.8 Mach;

[0053] (c) the transonic velocity range is defined as
the M-velocity range comprising M-velocities higher
than 0.8 Mach and lower than 1.2 Mach;

[0054] (d) the supersonic velocity range is defined as
the M-velocity range comprising M-velocities higher
than 1 Mach and lower than 5 Mach; and

[0055] (e) the hypersonic velocity range is defined as
the M-velocity range comprising M-velocities higher
than 5 Mach.

[0056] the well-known terms “audible sound” and
“ultrasound” are used to specify frequency ranges of
acoustic waves as follows:

[0057] (a) the audible frequency range is defined as
including frequencies from 20 Hertz to 20 kHertz;
and

[0058] (b) the ultrasound frequencies are defined as

frequencies higher than 20 kHertz.

[0059] Referring to the defined term “molecular fluid”, the
earlier defined term “flow velocity” is further specified as a
measure of the molecular fluid’s molecules motion in a
prevalent direction in addition to the random Brownian
motion. For instance, the air is considered as a molecular
fluid, and the wind is considered as a natural process,
bringing fresh portions of air, storing at least both: the heat
energy of molecules Brownian random motion and the
kinetic energy of the wind motion. Normally, in nature,
when the wind is of 10 m/sec, the proportion is such that
99.96% is the heat energy [i.e. warmth] and only 0.04% is
the kinetic energy of the wind motion as a whole. A
phenomenon of a transformation of warmth into a hurricane
power is well-known; however, the warmth of ambient
natural air remains largely unused in the world industry.
Possession of a technology to control the transformation of
the surrounding air and/or water warmth into a directional
motion of the fluid could provide a renewable cycle, com-
prising:

[0060] transformation of the flowing fluid heat-power
into acquired kinetic-power of an arisen jetstream (and/
or into acquired wave power of an arisen wave);

[0061] conversion of the jetstream kinetic-power into
useful electric power; and

[0062] consumption of the electric power, in the final
analysis, inevitably dissipating back into the warmth of
the surrounding matter.

[0063] There is, therefore, a need in the art for a method
and apparatus to provide a proper optimal design of a
system, implementing a controllable jet-effect appropriate
for use in industry.

Venturi Effect

[0064] Reference is now made to prior art FIG. 1. FIG.
15 is a schematic illustration of an airfoil-shaped conver-
gent-divergent nozzle 102, pipe-section in a sagittal plane.
The shape can be described as comprising an inlet part 103
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constricting into a narrow throat 104, further followed by a
divergent outlet part 105. When a fluid 106 flows slowly
through convergent-divergent nozzle 102, a jet-effect is
observed in an adiabatic process, i.e. velocity increases in
narrow throat 104 at the expense of the static pressure in
fluid 106. Speedometers 1071, 1072, 1073, and barometers
1081, 1082, 1083 illustrate the interrelated behavior of the
velocity and static pressure. This jet-effect is known also as
the Venturi effect. Thus, the Venturi acceleration effect is
observed in the case of a slow and converging flow, and the
Venturi retarding effect is observed in the case of slow and
divergent flow.

[0065] The inventor points out and emphasizes that the
phenomenon of the Venturi effect is the self-acceleration and
self-retarding of an airflow portion, i.e. is the airflow veloc-
ity self-oscillation, at the expense of the air portion’s
warmth. Le., in other words, the Venturi effect of the airflow
velocity self-oscillation (as well as the Coanda-jet-effect)
has the jet-effect nature.

[0066] When observing a freely falling water jetstream,
one explains a conic constriction of the water jetstream by
the Venturi effect, where the accelerated jetstream becomes
accompanied by a decrease of the cross-sectional area.

De Laval Effect

[0067] Reference is now made to prior art FIGS. 1c and
1d. FIG. 1¢ shows schematically pipe 100 referred to the de
Laval nozzle that, in principle, is similar to pipe 102 shown
in FIG. 15, but now the incoming fluid-flow 101 is suffi-
ciently fast such that fluid 101 becomes substantially com-
pressible-expandable. In this case, in an adiabatic process,
the de Laval effect is observed. This is the effect of the
extension of fluid 101 in the divergent outlet part 142
resulting in a further decrease of the static pressure and
temperature and a correlated increase of the flow velocity.
[0068] FIG. 1d illustrates schematically graphics of dis-
tributions of the fluid-flow 101°s (FIG. 1¢) three mutually-
scaled parameters: headway velocity 150, static pressure
160, and temperature 170, each along the length of nozzle
100. A standard rocket convergent-divergent jet-nozzle 100
can be modeled as a cylinder 140 that leads to a constriction
141, known as the “throat”, which leads into a widening
“exhaust bell” 142 open at the end. The location of the
narrowest cross-section of the throat is called the “critical
condition” point 180. High speed and therefore compress-
ible-expandable hot fluid 101 flows through throat 141,
where the velocity picks up as a jump 151 and the pressure
and temperature suddenly fall, 161 and 171, correspond-
ingly. Hot fluid 101 exits throat 141 and enters the widening
exhaust bell 142. It expands rapidly, and this expansion
drives the velocity up 152, while the pressure and tempera-
ture continue to fall, 162 and 172 correspondingly. This
jet-effect phenomenon of fluid 101 extra-acceleration at the
expense of the fluid 101 heat energy, defined by the static
pressure, absolute temperature, and mass density, is applied
to jet-engines, particularly, to accelerate a rocket. A sharp
slope of the static pressure, observed in throat 141, results in
pressure waves, called Mach waves. An undesired influence
of the Mach waves in the de Laval nozzle is described, in
particular, in D11—U.S. Pat. No. 8,601,787 “Rocket nozzles
for unconventional vehicles” by Bulman.

[0069] In AO1, A02, and A03, the enhanced implementa-
tions of jet-effects: the Venturi effect, the de Laval jet-effect,
and the de Laval retarding-effect, are suggested, wherein the
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essence of the improvement is in stationary geometrical
configurations of a Venturi pipe and a de Laval jet-nozzle,
correspondingly, such that the stationary geometrical con-
figurations are passively adapted to certainly-given velocity
and thermodynamic parameters of an incoming fluid flow to
provide for laminar flow. Namely, the prior art improved
passively adapted stationary geometrical configuration of a
de Laval jet-nozzle is such that the varying cross-sectional
area characterized by a passively adapted cross-sectional
area profile function Ay(x) given by an equation expressed
as:

Eq. (1.8

1 A

A, (y-1Y2( 2+ 9(M %) \EF-D

Ao(x)=—( [
M(x) y+1

v
7

where A. is the minimal cross-sectional area of a narrow
throat, y is an adiabatic compressibility parameter of the
fluid flow, and M(x) is a gradually-smoothed monotonic
function of x representing a profile of an M-velocity of the
fluid flow moving within and through the nozzle. In par-
ticular, to accelerate a certain gas flow characterized by a
specific gas constant R, entering the open inlet of the
improved passively adapted stationary geometrical configu-
ration of a de Laval jet-nozzle with an initial velocity u,, and
temperature T,,, and to result in the enhanced de Laval
jet-effect, the stationary geometrical configuration of the de
Laval jet-nozzle must have the ratio A, /A. of the cross-
sectional area of the open inlet to the minimal cross-
sectional area of a narrow throat strictly quantified as

Al Eq. (1.b
A L 5 TTRT 2+ 44,/ (RT;,) 2D & (1)
A 7 " y+1 '

However, the prior art stationary geometrical configuration
remains not optimized for arbitrary velocity and thermody-
namic parameters of the incoming fluid flow that makes the
prior art solution not universal for practical use in industry.
For the purposes of the present patent application:

[0070] the term “de Laval effect” should be understood
in a wide sense as comprising both: the de Laval
jet-effect, defined as an effect of flow extra-accelera-
tion, and the de Laval retarding-effect, defined as an
effect of flow extra-slowing; thus, the de Laval jet-
effect is a particular case of the de Laval effect; also,

[0071] the term “de Laval-like jet-effect” should be
understood in a wider sense including a case when an
enhanced jet-effect occurs in an open space imaginarily
bordered by the flow streamlines, wherein the imagi-
nary borders constitute a convergent-divergent shape,
i.e. similar to a de Laval nozzle.

The Phenomenon of Convective Self-Acceleration

[0072] FIG. 1f'is a prior art schematic drawing of a body
1/:0 blown by an initially laminar airflow having portion 1/:2
enveloping body 1£.0. It is assumed that the velocity of the
airflow motion is much lower than 0.5 Mach, for instance,
1 m/sec. For simplicity and without loss of reasoning,
consider a case when the body 1f.0 corpus has at least
partially airfoil shape providing for that ambient-adjoining
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sub-portions 1£.5 and 1f.6 of airflow portion 1f2 remain
laminar at least upstream afore a frontal plane, crossing the
body 1/.0 corpus. Here:

[0073] such a frontal plane is marked with the dotted
line having numeral 1f.1;

[0074] dashed lines 1/3 and 1f.4 are imaginary stream-
lines bordering airflow portion 12 as a whole and
being sufficiently far from body 1£.0 that allows ignot-
ing the airflow streamlines minor curving when bor-
dering ambient-adjoining sub-portions 1£5 and 11.6;
and

[0075] arrow 1£.7 symbolizes a portion of downstream
airflow, not obligatorily laminar.

[0076] When flowing around body 1/.0, ambient-adjoining
sub-portions 1.5 and 1/:6 of airflow portion 172 become
subjected to reshaping and can be considered as moving
through an imaginary tunnel, which is characterized by
varying cross-sectional area. According to the mass conser-
vation law, called also the equation of continuity:
Apu=Const, where p is the mass density of flux; u is the flux
velocity, and A is the flux cross-sectional area, the ambient-
adjoining sub-portions: 1/:5 and 1/.6, both move faster than
vet to be reshaped airflow portion 1f22 because the air mass
density changes are minor at low airflow velocities and the
sub-portions have the cumulative cross-sectional area
smaller than the cross-sectional area of yet to be reshaped
airflow portion 1£2. Therefore, the cumulative kinetic
energy of ambient-adjoining sub-portions: 1f5 and 1£.6,
together, is higher than the kinetic energy of oncoming
airflow portion 12 yet to be subjected to the reshaping.
[0077] One of the key questions about the origin of
flowing fluid portion acceleration is the following. At the
expense of what kind of energy, the sub-portions became
accelerated, if the case is adiabatic? The answer to the
question is the self-acceleration occurs at the expense of the
internal heat energy of the flowing fluid portion itself,
wherein the initial velocity of the flowing fluid portion plays
a role of a “trigger-catalyst” defining the intensity of the
self-acceleration, namely, a higher velocity results in a
greater self-acceleration. The answer shows that the phe-
nomenon of convective self-acceleration is inevitable for
fluid flowing around a body with relatively low velocities in
an adiabatic process, i.e. upon conditions usually provided
in the actual practice.

[0078] The inventor points out and emphasizes that a
portion of the flowing fluid can play the role of a body
subjected to blowing by another portion of the flowing
fluid—this situation occurs, for instance, in acoustic waves.

Airfoil Wing (Definition of Attack Angle)

[0079] FIG. 1g comprises five parts: Case (A), Case (B),
Graph (C), Graph (D), and Scheme (E).

[0080] FIG. 1g Case (A) is a prior art schematic drawing
of a classic airfoil profile of an airplane wing 10.A oriented
horizontally in a sagittal plane. The wing profile is recog-
nizable by a rounded leading edge, a convex profile contour,
having smoothly curved, elongated sides: more convex and
lesser convex, and a sharp trailing end.

[0081] To move the wing 10.A with the velocity u,
through a real fluid (for instance, air), an engine “ENGINE-A”,
which is not shown here, consumes power to overcome a
certain resistance of the ambient fluid. The certain resistance
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(sometimes, called a drag in a wide sense) against the
headway motion is defined as the cumulative resistance
including:
[0082] drag in the direct sense against a cross-sectional
area; the drag is determined by the wing’s cross-
sectional area and shape;

[0083] skin-friction determined by the chemical com-
position of the air and shell of the wing and manifested
as the fluid viscosity and stickiness between the fluid
and the wing 10.A; and

[0084] the additional resistance, determined by turbu-
lence (as the turbulent portions draw other portions of
the fluid thereby further increasing the drag and inter-
air friction).

Again, the consumed power (for instance, the energy of
burned fuel) goes to overcome the certain drag in the wide
sense.

[0085] A horizontal oncoming airstream 10.0 runs on the
rounded leading edge and flows around wing 10.A, thereby
being divided into two dominantly-laminarly moving por-
tions: upper-side air portion B, 10.1 forming an upper-side
air flux 10.3 (called also an upper-side boundary layer) and
lower-side air portion B, 10.2 forming a lower-side air flux
10.4 (called also a lower-side boundary layer), both going
off from the sharp trailing end.

[0086] For the purposes of the present patent application,
the introduced terms “upper-side” and “lower-side” applied
to an object should be understood as indicating the location
of the object: adjacently above an upper side and adjacently
under a lower side, correspondingly.

[0087] The axis 10.C of wing 10.A is codirectional with a
so-called chord of the wing, which (the chord of the wing),
sometimes, is defined relatively arbitrary, based on a side-
view profile of the wing. Since a wing can have a twist, a
chord line of the whole wing may not be definable, so an
alternate reference line is simply defined. Often, the chord
line of the so-called “root of the wing” is chosen as the
reference line. Another choice is to use a horizontal line on
the fuselage as the reference line (and also as the longitu-
dinal axis) 10.H. Axis 10.C of wing 10.A and the axis 10.H
constitute an angle of the wing asymmetry 13. To define “an
angle of attack”, some authors use a so-called “zero lift axis”
where, by the specific definition, “a zero angle of attack”
corresponds to zero coeflicient of lift. In contrast, for the
purposes of the present patent application, taking into
account the dual nature of lift-force 10.F: by impact and by
the Coanda-effect, an “attack angle” or “angle of attack”
should be understood as an angle between the horizontal
direction of oncoming airstream 10.0 and the longitudinal
axis 10.H, while the chord of the wing 10.C is conditionally
defined as separating the upper-side and lower-side fluxes.
In other words, the attack angle is defined relative to the zero
attack angle that, in turn, is specified by a manifestation such
that the zero attack angle provides for minimized impact by
the oncoming flow and, thereby, for the lift-force 10.F
generation due to the Coanda-jet-effect only or at least
dominantly. The more convex upper side provides a slippery
surface, and the lesser convex lower side, exposed to
oncoming air strearn 10.0 with the attack angle (zero or
non-zero positive) and so subjected to friction and impact by
lower air flux 10.4, has thereby more frictional-dragging
surface. Thereby, the shown profile of wing 10.A oriented
horizontally is defined as a profile of wing exposed to the
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oncoming wind 10.0 at the zero attack angle and subjected
to the minimum drag and a certain lift originated due to the
Conada-effect.

Lift-Force Mechanism

[0088] The well-known lift-effect of an airplane wing
10.A arises due to the non-symmetrical profile of wing 10.A
when the upper side is more convex determining the angle
of the wing asymmetry 13. Firstly, a lift-force 10.F is defined
by the attack angle, which redirects the flowing wind.
Secondly, when the attack angle is equal to zero, wing 10.A,
having an ideally streamlined contour, provides that the
sliding upper-side air flux 10.3 and the impacting lower-side
air flux 104, both subjected to the Coanda-jet-effect opera-
tion, meet behind wing 10.A. Sliding upper-side air flux 10.3
and impacting lower-side air flux 10.4, flowing around wing
10.A, incur changes in their cross-sectional areas and are
accelerated convectively according to the mass conservation
law. Considering relatively low velocities, the varying cross-
sectional areas result in that the sliding upper-side air flux
10.3 runs faster than the impacting lower-side flux 10.4.
According to Bernoulli’s principle, this results in less so-
called static pressure on wing 10.A from sliding upper-side
flux 10.3 than the static pressure from the impacting lower-
side flux 10.4. If upper-side flux 10.3 and lower-side flux
104 flow around wing 10.A laminarly, the difference
between the static pressures is defined as AP,=C,pu,*/2,
where AP, is the static pressure difference defining the
lift-force 10.F, C, is the coefficient of lift depending on wing
10.A’s non-symmetrical profile shape and orientation, p is
the mass density of the air, and u, is the velocity of the
ambient airflow relative to wing 10.A.

[0089] FIG. 1g Graph (C)illustrates the dependence of the
coeflicient oflift C, for the classic airplane wing 10.A on the
attack angle, wherein the marked range 10.L of the coefli-
cient of lift C; corresponds to the attack angles close to zero.
In practice, “the zero attack angle” has a tolerance d¢ of
several degrees (for instance, it is well-known for an air-
plane pilot that, when Boing 777 is flying strictly horizon-
tally, the orientation of fuselage is at a positive d¢]. In this
case, the lift-force is substantial and the drag is minimal.
[0090] Thus, quintessentially, a frequently cited explana-
tion of a mechanism of the lift-force origination is that the
static pressure in a shaped boundary layer above the upper
side of the wing 10.A is lower than the static pressure in a
shaped boundary layer under the lower side of the wing
10.A. In addition, for the purpose of the present patent
application, to introduce to claimed method and devices, a
more detailed explanation of the mechanism of the lift-force
origination is expounded hereinafter in the sub-paragraph
“Boundary-Layer”. In particular, it will be emphasized that
the two portions of air: B, 10.1 and B, 10.2 (which originally
being portions of the oncoming airstream 10.0 characterized
by the ambient static pressure), when becoming portions of
the upper-side and lower-side shaped boundary layers 10.3
and 10.4, both are subjected to just-sudden changes in the
static pressures: APy, and APg,, correspondingly, and the
coeflicient of 1ift C; is determined by the interrelated wing’s
shape and suddenness of pressure changes. A wing, having
an elaborated airfoil profile, provides for an unbroken,
gradual variation of the airflow static pressure along the
profile’s smoothly curved contour that, when flying with a
certain velocity, results in an unbroken distribution of the
airflow velocities along the profile’s smoothly curved con-
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tour, i.e. satisfies a condition preventing an origination of
turbulences. Consider an air portion flowing around wing
10.A, referring to the Clapeyron-Mendeleev law concerning
a so-called hypothetical ideal gas state: P=pR,T/u, where P
is the gas static pressure, p is the gas mass density, T is the
absolute temperature of the gas, 1 is the gas molar mass, and
R, is the universal gas constant. One could apply rough and
mote exact explanations for changes in the gas state param-
eters of the air portion flowing around wing 10.A.

[0091] Roughly, for the sake of estimation of a relatively
slow wind tendency only, considering the flowing air as
substantially incompressible gas, Gay-Lussac’s law for an
isochoric process interrelates the static pressure P and abso-
lute temperature T by the equation AP/P=AT/T, i.e. the
reducing static pressure is accompanied by the decreasing
absolute temperature.

[0092] More exactly, for the wind at low speeds as well as
at higher speeds running, in general, at a non-zero attack
angle, the air (being compressible-extendable as an ideal or
van der Walls gas), when flowing around wing 10.A, is
subjected to an adiabatic process rather than to an isochoric
process. An adiabatic process in gas is described by the
condition P/p*=Const or P/TY0"D=Const or the equivalent
thermodynamic differential equations interrelating changes
in absolute temperature T, mass density, and static pressure
P of gas as follows:

dp 1aP Eq. (l.1a)
p yP
ar _y-ldP Eq. (1.1b)
T y P

Boundary-Layer

[0093] In general, when a portion of air flows nearby a
solid surface, attraction forces between the air molecules
differ from the attraction forces between, on the one hand,
molecules of the air and, on the other hand, molecules of the
solid surface. Normally, the effect of stiction of the flowing
air to the solid surface is observed.

[0094] FIG. 1g Graph (D) s a prior art schematic drawing
extracted from D5 showing a flow velocity profile u(z) 1G.0
in height within a flat boundary layer nearby a solid surface
1G.1, when the ambient velocity u, 1G.32 above the dashed
line 1G.2 is in the low-subsonic velocity range. The dashed
line 1G.2 indicates an imaginary boundary between the flat
boundary layer characterized by the effective thickness d
1G.3 and an outer ambient portion of the flow moving
substantially free. The velocity profile u(z) 1G.0 is shown as
a function of the x-component (projection to the axis X) of
velocity-dependent on Z-coordinate, where the axis Z shows
the distance from the solid surface 1G.1. It is well-known
that, normally, solid surface 1G.1 is sticky for a real flow (in
particular, airflow) such that an airflow portion adjacent to
the solid surface 1G.1 moves slower than a portion moving
farther from the solid surface 1G.1. The stickiness, in
particular, says that the effective thickness & 1G.3 of the flat
boundary layer is specified as a thickness, for simulation of
which a spatial temperature distribution and heat exchange
between the flow and the solid surface 1G.1 should be taken
into account. The ambient velocity u, 1G.32 above the
dashed line 1G.2 is much higher than the velocity u(z<<d)
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1G.31 near the solid surface 1G.1, wherein there are
extremely low velocities u(z<<d) in close proximity above
the solid surface 1G.1. Moreover, normally, the condition
1u(0)—0 of the zero velocity at the zero height above the
solid surface 1G.1 is satisfied for much higher ambient
velocities, including the supersonic velocity range. The
velocity profile u(z) 1G.0 and the effective thickness 6 1G.3,
both are velocity-dependent: the higher the ambient velocity
u, 1G.32, the thinner the boundary layer. In frames of the
aerodynamics, one estimates the thickness & 1G.3 of a
boundary layer, dependent on both a so-called “character-
istic size” L. and the so-called Reynolds Number Re, as, for
example, approximation by Prandtl: §=0.37xL.,Re, where
L. has the sense of a chord of an airfoil wing 10.A. As well,
the thickness 8 1G.3 of the boundary layer can be specified
experimentally for a kind of body corpus. Looking ahead, it
will be pointed out that, if the temperature of the solid
surface is maintained forcibly; on the one hand, a tiny
portion of airflow moving adjacent to the solid surface can
be heated or cooled by the solid surface and get the tem-
perature of the solid surface and, on the other hand, a big
portion of the airflow moving farther from the solid surface
is capable of removing or, vice-versa, reverting an increased
or, vice-versa, a reduced portion of the heat, correspond-
ingly, thereby, providing for the two useful tendencies: on
the one hand, the faster airflow the faster heat removing
and/or reverting, and, on the other hand, the tiny portion
always tends to have the temperature of the solid surface.

[0095] According to the Bernoulli theorem, the distributed
velocity u(z) is interrelated with the distributed static pres-
sure Pg(z) and mass density p(z) of the air within the flat
boundary layers as follows:

Eq. (1.1c)

Pz~ p0) 2

Py2) P0) _u0? u?
2

A common convention is that u(0) is extremely low and for
low velocities the assumption p(z)=const is a good approxi-
mation, so the equation Eq. (1.1¢) can be rewritten as

- 2 Fa. (1.1d)
APp(z) » —Pog

where AP,(z) is a change in static pressure within the flat
boundary layer and p, is the mass density of the ambient
airflow. Thus, the effective change APy in the static pressure
of the flat boundary layer due to the effect of stiction relative
to the ambient static pressure is positive because the veloci-
ties u(z) within the flat boundary layer are lower than the
ambient velocity u,. When considering convexly curved
surfaces of wing 10.A, in addition to the effect of stiction,
the Coanda-effect is observed. The Coanda-effect makes the
boundary layers shaped; in other words, the motion of
airflow within the shaped boundary layers is accompanied
by changes in the cross-sectional area of the airflow. I.e. the
air portions, B, 10.1 and B, 10.2, both become subjected to
acceleration interrelated with the cross-sectional area con-
vergence Pu, and divergence due to the Venturi effect. The
partial static pressures, indicated by AP ;, and AP .., origi-
nated due to the convective accelerations of the Coanda-
effect plus the Venturi effect and contributed to the resulting
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changes AP, and AP, of the static pressures of the shaped
boundary layers, are interrelated with the resulting effective
velocities, indicated by u; and u,, of the upper-side and
lower-side shaped boundary layers, correspondingly. The
resulting changes AP, and AP, of the static pressures of
the shaped boundary layers are specified as:

APy AP+ AP 5, Fq. (1.1¢)
AP EP+ AP 5, Eq. (1.1)
and, according to the Bernoulli theorem:
M% - uf Eq. (L.1g)
APgi = po 3
2ok Eg. (L.1h)
APy~ pp———2

wherein, again, the symbol of approximate equality, “~”, is
used as the mass density is approximated by the constant p,,.
Thereby. the resulting static pressure difference (APg, -
AP,) is approximated by:

Wi -l Eq. (11D
(AP —APpy) ~ po 7

As the curvature of the upper side is more convex than the
curvature of the lower side of the wing 10.A, then, for the
relatively low ambient velocity u,, the condition (APg, -
AP,)<0 is satisfied, wherein:
[0096] the resulting changes APy, and AP, of the static
pressures, both are positive, if the contribution of the

effective change AP, is dominant relative to AP 5, and
AP gy
[0097]

pressures, both are negative, if the contributions AP ,

the resulting changes AP, and AP, of the static

and AP ,, are dominant and the effective change AP, is
minor; and
[0098] the resulting change AP, is negative and the
resulting change AP, is positive, if the condition |
AP 51|>AP5I>1 AP 5| is satisfied.
[0099] For the sake of concretization and without loss of
generality, consider the case when APz <0 and AP,,>0.
When, on the one hand, the portion B, 10.1 becoming the
upper-side shaped boundary layer 10.3 is subjected to a
sudden decrease in the resulting static pressure APy, it
pulls-in both an upper-side portion 10.5 of the ambient air
and the wing 10.A into the upper-side boundary layer 10.3,
and, on the other hand, the portion B, 10.2 becoming the
lower-side shaped boundary layer 10.4 is subjected to a
sudden increase in the resulting static pressure AP,, it
pushes-off both a lower-side portion 10.6 of the ambient air
and the wing 10.A away from the lower-side shaped bound-
ary layer 10.4. The resulting action on wing 10.A in unison
is manifested as the lift effect characterized by the lift-force
F; 10.F. In the assumption that the air portions B, 10.1 and
B, 10.2 suddenly become the shaped boundary layers 10.3
and 10.4, correspondingly, wherein the shaped boundary
layers are extremely thin, completely laminar, and ideally
aligned with the wing sides’ curvatures, as the pulling-in and
pushing-off act to both the wing 10.A and ambient air in the
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same extent, i.e. not more than a half the difference (AP, -
APj,) contributes to the lift, the lift-force F; 10.F acting on
the wing 10.A is limited by the value

[~Y2x (AP, ~AP) Ixd yins

where Ay 1s the area of a projection of wing 10.A on a
horizontal plane. The actual value of the lift-force F; 10.F is
determined by the suddenness of the transformation of the
air portions B; 10.1 and B, 10.2 into the upper-side and
lower-side thin boundary layers 10.3 and 10.4, correspond-
ingly. The suddenness is specified by the suddenness factor
C,. Namely, as the interaction between, on the one hand, the
wing 10.A and. on the other hand, the refreshed and sud-
denly compressed or decompressed air portions within the
shaped boundary layers 10.3 and 10.4 is relevant for the lift
force F; 10.F origination, then, in the case when the rela-
tively thin shaped boundary layers 10.3 and 10.4 (the
thickness of which is velocity-dependent) are strictly-
aligned to the relatively big airfoil surfaces of the wing 10.A,
the velocity-dependent suddenness factor Cg tends to 1
(Cs—>1), and, the slower-refreshed and so thicker the bound-
ary layers 10.3 and 10.4 and the weaker the alignment, the
smaller the velocity-dependent suddenness factor Ci.
Assuming an airfoil corpus moving with the velocity u,,
which remains lower than a critical velocity u. such when
the lift-force F; 10.F is yet upward-directed, a simplified
approximation for the velocity-dependent suddenness factor
Cs is given by the expression:

Eq. (L))

where M is M-velocity specified as the velocity measured in
Mach numbers and M. is the specific M-velocity specified as
equal to V{y-1)/y, where v is the adiabatic compressibility
parameter of the air (again, y=7/5 is a good approximation
for the air composed of diatomic molecules dominantly).
Taking into account the suddenness factor Cg, the lift-force
F; 10.F is specified as:

Fi=[-Y2Cs(APp ~APg)) %Ay

[0100] The expression in the squired brackets in the right
part of the equation Eq. (1.1k) has the physical sense of the
effective pressure difference AP, providing the lift-force F,
10.F, i.e.

Fr=APxdpne

Eq. (1.1K).

Eq. (111,

wherein the effective pressure difference AP, is commonly
written in the form:

3 Eq. (1.1m)
AP = Cp ><p07

where C; is a so-called coefficient of lift that depends on the
wing geometry and Reynolds Number. (For instance, for the
classic asymmetric wing 10.A exposed to airflow at the zero
attack angle, when the associated Reynolds Number is in the
range between 5x10° and 10x10°, the value 0.52 is an
acceptable approximation of the coefficient of lift C;.)
Comparing the equations Eq. (1.11), Eq. (1.1k), and Eq.
(1.1m), the lift coeflicient C; is interrelated with the sud-
denness factor C; as follows:
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1 =il Eq. (L.lp)

wherein the geometry-dependence is performed by the val-
ues of the boundary layers velocities u; and u,, which, also
depend on the suddenness factor Cg.

[0101] FIG. 1g Case (B) is a prior art schematic drawing
of a geometrically symmetric airfoil profile of an airplane
wing 10.B, symmetric relative to a horizontal plane when
oriented horizontally in a sagittal plane. Comparison
between the classic asymmetric airfoil profile of the airplane
wing 10.A and geometrically symmetric airfoil profile of the
airplane wing 10.B is further analyzed to clarify a contri-
bution to the lift-force 10.F generated due to the Coanda-
effect.

[0102] To move the wing 10.B with the mentioned certain
relatively-low velocity u,, an engine “ENGINE-B”, which is
not shown here, consumes a certain power to overcome the
mentioned certain resistance of the ambient fluid. The two
wing configurations: 10.A and 10.B, characterized by equal
cross-sectional areas and chord, are subjected to the same
resistance against the headway motion. So, to move the
wings 10.A and 10.B with the same velocity u,, the engines:
“ENGINE-A” and “ENGINE-B”, correspondingly, consume the
same power, burning the same amount of fuel. However,
while the wing 10.B is not subjected to a lift-force, wing
10.A is subjected to the lift-force, seemingly, given free of
charge. Actually, the lift-force 10.F acting on wing 10.A is
given due to the Coanda-effect at the expense of the heat
energy of the ambient fluid, and so, from the point of view
of the burned fuel, the lift-force 10.F is given free of charge
indeed. Note that the phrase “given free of charge” does not
mean “given from nothing”. It is the well-known principle
of commonly used airplanes. So (for the sake of simplicity,
considering the zero attack angle), a very heavy airplane
flies using a relatively economical engine providing for a
headway motion and thereby triggering the Coanda-jet-
effect originating the lift-force 10.F working at the expense
of the heat energy of the ambient fluid.

Airfoil Wing is not a Perpetuum Mobile

[0103] Meanwhile, on the one hand, the above-expounded
analysis, made from the point of view of the Energy Con-
servation Law, says that the term “given free of charge” does
not mean “given from nothing” and so proves that the airfoil
wing 10.A is not a Perpetuum Mobile of the first kind; on the
other hand, it remains the frequently asked question if the
airfoil wing 10.A is a Perpetuum Mobile of the second kind
contravening to the Second Law of Thermodynamics
because the heat energy of the ambient fluid becomes
transformed into the useful lift-force without any additional
contribution of energy as soon as we compare the wings
10.A of Case (A) and 10.B of Case (B).

[0104] For this matter, the applicant points out that:

[0105] 1. The case of a wing, moving in a fluid, is the
same as the case of moving fluid, flowing around the
wing, according to Galilean relativity; and

[0106] 2. Any portion of the moving fluid cannot be
considered as an isolated system, at least because the
moving portion of fluid inherently contacts with both:
an adjacent upstream portion and an adjacent down-

Jun. 2, 2022

stream portion of the ambient fluid, i.e. it is not an

isolated system by definition.
Hence, the Second Law of Thermodynamics is not appli-
cable to the moving portion of the fluid flowing around the
wing, because the moving portion of the fluid is an open
system from the point of view of the thermodynamics by
definition, and so, the wing 10.A of Case (A) cannot be
defined as the Perpetuum Mobile of the second kind as well.
[0107] When the attack angle is zero, an aircraft consumes
power for headway forwarding against the frictional-drag-
ging only, and the lift-force F; 10.F working for the keeping
a height of flight (i.e. for the upward motion against the
gravity) is originated at the expense of the ambient warmth
due to the Coanda-jet-effect; the use of this phenomenon is
one of the primary features of claimed embodiments of the
present patent application;

Broken Boundary Layer

[0108] FIG. 1g Scheme (E) is a prior art schematic draw-
ing extracted from D6 showing a widening boundary layer
1G.40 bordered, on the one side, by a seemingly-airfoil solid
surface 1G.41 of a wing and, on the other side, by a
streamline 1G.42. Portions of streamlines within the bound-
ary layer 1G.40 are indicated by a set of arrows 1G.43. The
dashed line 1G.44 divides the boundary layer 1G.40
between two portions: upstream, where the boundary layer
is yet laminar, and downstream, where the turbulent vortex
1G 45 takes place. The separation point 1G.46 is the point on
the upper side, where the boundary layer is completely
separated from the surface, reducing lift drastically. This is
known as stalling. There are broken or jumping all: the
headway velocity, the static pressure, the absolute tempera-
ture, and the mass density nearby the separation point 1G.46.
[0109] Two prior art methods of boundary layer control
are: first, Prandtl developed mechanisms to suck the bound-
ary layer along the upper side of wings, thus maintaining the
laminar flow and preventing separation and, second, others
studied ways of blowing air into the boundary layer near the
leading edge, to energize the boundary layer and prevent
separation. One of the difficulties to implement the con-
trolled sucking portions from and/or blowing portions into
the boundary layer is that the boundary layer structure
depends on the airflow velocity.

Further Features of Airfoil Wing

[0110] The inventor points out that:

[0111] To control lift-force of an airfoil wing, one uses
wings supplied with moving flaps that, as well as a
non-zero attack angle, undesirably boosts turbulence
and drag;

[0112] A well-known phenomenon of upper-side flux
10.3 adiabatic cooling at low-subsonic velocities is
observed. Natural air is humid, and the local cooling,
accompanied by the pressure reduction, acts, in pat-
ticular, as a water condensation trigger. If the wind
flows around a wing with an M-velocity equal to or
higher than the Mach number (i.e. the speed of sound),
a well-known phenomenon of shock sound-wave emis-
sion takes place. This shock sound-wave is not caused
by wing vibration, but arises when a myriad of acoustic
waves become in-phase superposed thereby forming
the resonance resulting in the shock sound-wave; more-
over, it becomes evident that the shock sound-wave is



US 2022/0173299 Al

originated at the expense of the internal heat energy of
air and so is accompanied by the air temperature shock
decrease, provoking the process of vapor condensation
into water-aerosols;

[0113] One could note that the effect of considerable
amounts of water-vapor condensation into water-aero-
sols and sublimate into micro-flakes-of-snow, which
are observed behind the high-speed aircraft’s wings,
occurs at flow speeds substantially lower than the Mach
number, i.e. it is not triggered by the mentioned phe-
nomenon of shock sound-wave emission. In contrast to
the prediction of the extra-decrease of static pressure
and temperature at transonic and supersonic velocities
only, on the one hand, an explanation of this phenom-
enon and, on the other hand, the phenomenon that
air-fluxes flowing nearby around a body, when the body
flies in air-environment with transonic, supersonic,
and/or hypersonic velocities become warmer and extra-
warmed, both are is expounded, for example, in A01,
A02, and A03;

[0114] When flying with transonic and supersonic
velocities, the warmed and extra-warmed portion of
flow moving above a wing, having the classic airfoil
profile 10.A oriented horizontally, results in a negative
lift-force and so a non-zero attack angle undesirably
boosting a drag is required to fly horizontally; and

[0115] It is also well-known that, when flying with
transonic and supersonic velocities, a wing, having the
classic airfoil profile 10.A oriented horizontally but
knocked-over to have a convexity on the lower side of
the wing, results in a positive lift-force.

Had one possessed a technique to control the flow velocity
and static pressure within the boundary layer without inertia
and without moving parts, it would become possible to
suppress the undesired concomitant turbulence and, thereby,
to improve the functionality of the wing substantially. The
present patent application proposes a method for providing
the laminarity within a boundary layer resulting in an
increased lift-force and proposes solutions to overcome the
problematic occurrence of turbulence and negative lift-
force.

Point of Sail

[0116] The term “point of sail” is used to describe a sailing
boat orientation relative to a prevalent direction of the
ambient wind.

[0117] Prior art FIG. 1/ is a schematic illustration of points
of sail. A sailboat exposed to ambient headwind 18.0 in
positions and orientations: 18.1, 18.3, 18.5, 18.6, 18.7, 18.9,
18.11, and 18.12 relative to the prevalent direction of
ambient headwind 18.0 is shown schematically. The posi-
tions and orientations of the sailboat, i.e. the points of sail,
are classified by groups, indicated by symbols “A”, “B”,
“C”, “D”, and “E”. Group “A” is the so-called “in irons”
(into the wind) or “no-go zone”, group “B” is so-called
“close-hauled”, group “C” is so-called “beam reach”, group
“D” is so-called “broad reach”, and group “E” is so-called
“running”.

[0118] The sailboat is a well-known example, showing
that a passive sail, playing a role of a trivial nozzle, enables
to move the sailboat at least partially in the upstream
direction against ambient headwind 18.0, for instance along
a zigzag path. In other words, the passive sail exposed to
ambient headwind 18.0 produces “a net jet-thrust™ against
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the ambient headwind 18.0. In simple words, in fact, the
ambient headwind 18.0 sucks the passive sail but not pushes
off it. Shaded sector 18.2 corresponds to the “no-go zone”,
where the single passive sail, being in position and orien-
tation 18.12 belonging to point of sail group “A”, does not
provide a net jet-thrust in the upstream direction against the
ambient headwind 18.0.

[0119] Point of sail “B”, called also “B”-point of sail,
having the sailboat position and orientation 18.1, is shown
also in enlarged view 18. Streamlines 18.13 show a wind-
ward wind flow aligned with the concave side of sail;
streamlines 18.14 show a leeward wind flow subjected to the
Coanda-effect and so moving along a curved trajectory
adjoining the convex side of the elastic sail, self-adapted to
pressures of the wind flows; a multiplicity of arrows 18.15
indicate “lift-forces”, in this case, directed horizontally,
caused by the difference between static pressures at the
concave and convex sides of sail; and arrow 18.16 indicates
a portion of wind accelerated convectively, i.e. at the
expense of the internal heat energy of wind. The convec-
tively accelerated wind portion 18.16 acts on the sailboat by
reactive force 18.17 according to Newton’s Third Law.
Reactive force 18.17 is vectored in the upstream direction.
While lift-forces 18.15 become compensated dominantly by
a stabilizing reaction of the sailboat’s keel, which is not
shown here, the reactive force 18.17 defines the sailboat
headway motion primarily. The effect of net jet-thrust
against the ambient wind is a kind of jet-effect; i.e. it is the
effect of convective acceleration of a wind portion flowing
along a curved trajectory adjoining the convex side of
passive sail in point of sail “B” due to the Coanda-jet-effect,
and in turn, the accelerated wind portion causes the net
jet-thrust, according to Newton’s Third Law. To move
against the wind, the sail, characterized by the point of sail
“B” and orientation 18.1, must extract from the air the
internal heat power, associated with the arisen reactive force
18.17, higher than the mechanical power of the oncoming
headwind 18.0 blowing the sail downstream away. In this
case, one observes that the drag in the wide sense, deter-
mined by the cumulative resistance of the sailboat to the
oncoming airflow due to: the sailboat non-zero frontal
cross-sectional area plus the effect of so-called skin-friction
and plus the effect of turbulence, is weaker than the seem-
ingly “negative drag”, determined by the jet-thrust.

[0120] The inventor takes note that, when tracing after a
wind portion relative to a system of coordinates linked with
the wind portion yet to be accelerated due to the Coanda-
jet-effect operation, one interprets the mentioned wind por-
tion local acceleration as a peculiar shock-like wave propa-
gating downstream, backward relative to the headway
motion of the sailboat.

[0121] For the purposes of the present patent application,
the introduced term “peculiar shock-like wave” or “peculiar
wave” should be understood as a fluid reaction originated by
a fluid portion local acceleration in a prevalent direction, in
contrast to the term “forced wave” that should be understood
as fluid oscillation originated and determined by an action of
an external periodically-alternating force.

[0122] In view of the foregoing description referring to
prior art FIG. 1/, it will be evident to a person skilled in the
art that two sailboats, both being positioned in “B”-point of
sail, wherein one of the sailboats has the position and
orientation 18.1 and the other sailboat has the position and
orientation 18.11, when consolidated together and thereby
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aggregated as a whole, provide a condition for a resultant net
jet-thrust applied to the aggregation, directed straight against
the ambient headwind 18.0. In this case, the ambient head-
wind 18.0 just sucks the passive pair of sailboats.

[0123] The inventor points out and emphasizes that the
phenomenon of net jet-thrust of sail in point of sail “B”
occurs due to the self-acceleration of an airflow portion at
the expense of the air portion’s warmth. I.e., in other words,
the net jet-thrust of sail in point of sail “B” occurs due to the
Coanda-jet-effect.

[0124] In spite of the fact that the effect of net jet-thrust
against the ambient wind is widely used in cruising on the
water, the effect remains unused in the world industry.
[0125] There is, therefore, a need in the art for a method
and apparatus to provide proper analysis and optimal design
of a system, implementing the kind of jet-effect providing
the net thrust in the upstream direction, for a controllable use
in industry.

Flying Bird

[0126] For the purposes of the present patent application,
the inventor points out to a flying bird, to take note that the
jet-effect is not so exotic, to emphasize the jet-effect poten-
tial efliciency, and to make clear that the Coanda-jet-effect is
one of the primary and quintessential aspects of the present
patent application. The inventor points out that a flying bird
makes waving motions rather than rowing or pushing-off
motions by its wings. The waving can be interpreted as a
booster of the Coanda-jet-effect as well as a source of forced
elastic waves. The inventor points out to a flying bird, the
wings waving of which is not so frequent but-nevertheless is
enviably efficient. In particular for a pigeon, while the wings
waving velocity relative to the bird body is between 1 and
2 m/sec only, the bird flying-acceleration in a horizontal
direction up to seemingly-paradoxical high velocities,
higher than 10 m/sec (actually, higher than 30 m/sec and
even 40 m/sec), becomes reachable;—it confirms that the
primary mechanism of the flying-acceleration is at least not
the pushing-off in the direct sense.

[0127] For comparison, a flying relatively large bird, for
instance, a golden eagle, and a running cheetah, both over-
come the air drag and support the upward and downward
mobility (wherein the cheetah’s vertical mobility is defined
by a ground relief and small jumps of the cheetah’s center
of mass only). For simplicity of the comparison, ignore the
sidelong (leftward and rightward) mobility. The flying
golden-eagle, “pushing-off” gaseous air (take note, the
“pushing-oft” is not intensively-frequent), overcomes the air
drag and supports the upward and downward mobility much
easier and moves in the horizontal direction much faster,
than the running cheetah pushing-off a stationary surface,
wherein pushing-off substantially more intensive-frequently
providing for a velocity of paws relative to cheetah’s body
being equal to the velocity of a cheetah. At first glance, this
fact looks like a confusingly-paradoxical mystery. However,
it becomes easily-explainable, if not to ignore the triggered
Coanda-jet-effect as for the lift-force as well as for the
forward motion acceleration (analogously as the net jet-
thrust in the aforementioned example with the sailboat in
“B”-point of sail described with the reference to FIG. 1i). Le.
it becomes easily-explainable if the wing of a bird is
interpreted as a sail oriented horizontally as “B”-point of sail
to provide an upward-and-forward jet-thrust as seemingly
“negative drag”. As further examples:
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[0128] aflying snowy owl is extremely noiseless, i.e. it
has an actually-airfoil wing and body as a whole to
provide for the suppression of turbulences, and

[0129] a bird-swift is capable of non-stop flying for a
long time, measured in months and years, wherein the
bird-swift, flying under its own power and wherein
not-frequently waving, is capable of reaching a hori-
zontal velocity of 47 m/sec (169 km/h).

[0130] In spite of the fact, that the efliciency of net
jet-thrust of the flying bird is attractively high, the phenom-
enon remains unused in the world industry.

[0131] Furthermore, the style of a flock of cranes flying is
well-known. The style combines the waving of wings when
the flying is accelerating and the wings gliding when the
flying is stabilized. This style prompts that:

[0132] on the one hand, there are no turbulent vortices
behind the gliding wings of the flying cranes, i.e. the
wings of a crane are actually-airfoil, and so the previ-
ous gliding crane does not hinder but even helps the
next gliding crane in a lift and jet-thrust; and

[0133] on the other hand, there is an interference of
omnidirectional waves generated by the waving wings
of the cranes of the flock, thus, it is self-suggested the
assumption that the flying cranes use constructive inter-
ference thereby helping each other in the waving-itself.

In spite of the fact that the cranes apply the cascaded
multi-stage repeating and thereby reinforcing the Coanda-
jet-effect for originating both: the lift-force and the net
jet-thrust, over a long time, this technique remains unused in
the world industry.

[0134] There is, therefore, a need in the art for a method
and apparatus to provide proper analysis and optimal design
of a system implementing the repeatedly reinforced Coanda-
jet-effect of laminar moving fluid as well as the repeatedly
reinforced constructive interference of waves in the fluid,
both providing the scalable and controllable use of the
acquired power in the industry.

[0135] The inventor also points out the capability of
taking-off, for example, a pigeon, having a mass of 0.3 kG
and span of wings of 0.5 m, when waving with the wings
waving velocity relative to the bird body of between 1 and
2 m/sec only, can rise dominantly-vertically faster than 2
meters per second. The “pushing-off” from the gaseous air
more efficiently than the pushing-off from a hypothetical
“fixed ladder” already looks like a confusingly-paradoxical
mystery. Moreover, the inventor points out that:

[0136] to raise the mass of the pigeon, the lift-force F,
of wings must be greater than 3N, i.e. F,>3N;

[0137] the lift-force of wings F; is interrelated with the
wings area A, ;s given approximately as 0.08 m? and
a difference in static and/or stagnation pressures AP; in
the air portions under and above the wings by the
expression F,=A . - xAP,;

[0138] taking into account a classic specification of the
AP;, the equation for the lift-force is: F;=0.5%A ;v 6%
C,xpxu,?, where p is the air mass density given as
p~1.2 kG/m>, u,, is the velocity of an air portion
relative to the wings, and C, is the coeflicient of lift,
which at most can reach the value 1.75 in the extremal
case of airflow impacting a classic wing 10.A at the
attack angle of 16° as illustrated in FIG. 1g Graph (C)
and a value between 2.0 and 3.0 when it becomes a
coeflicient of drag in the extremal case of airflow
striking a hemispherical concave surface (the value
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1.75 is used for the coeflicient of drag of a parachute).
So, to reach the value for F, of 3N, a pigeon must
accelerate an air portion up to the velocity u,=
V2 /(A vesXCrxp) estimated as at least 5 m/sec; it
is much higher than the reachable velocity of the wings
waving,
It looks like a mystery if not to take into account the
thermoregulation of the warm-blooded bird providing for
that the fuzz at the lower side of the bird’s wing keeps air
warmer than the air kept in the fuzz at the wing’s upper side
(because both dominant warming muscles: pectoralis and
supracoracoideus, are located lower than the bird’s wings)
and that the frequent waving results in the origination of air
boundary layers around the wings, wherein the fuzz also
smooths surges in pressure gradients.
[0139] As the mechanism of the taking-off effect of warm-
blooded birds is directly related to claims of the present
patent application, a detailed explanation of the mechanism
is expounded hereinafter in the sub-paragraph “Taking-off
Of A Warm-blooded Bird”.

Taking-Off of a Warm-Blooded Bird

[0140] When considering a wing of a bird, for the sake of
simplicity and without loss of reasonability, reference is
made again to the schematic profile of classic wing 10.A
(FIG. 1g).
[0141] The thermodynamic equation Eq. (1.1b), when
applied to the boundary layers around a wing of a bird, in
particular, says that, in contrast to a “cold-blooded” wing of
an airplane acting on the convergent-divergently shaped
boundary layers by “passive” heating and cooling due to
either: the effect of skin-friction, and/or the Coanda-effect,
and/or the Venturi effect; the warm-blooded wing of bird
causes active heating of the convergent-divergently shaped
boundary layers in addition to the mentioned “passive”
heating and cooling. In particular, as the wing’s lower side
is warmer than the wing’s upper side, while the upper-side
shaped boundary layer is subjected to the “passive” warming
and cooling dominantly, the lower-side shaped boundary
layer is kept heated by the warmed fuzz. This means that the
lower portion of the airflow is subjected to forced sudden
warming AT, resulting in additional forced sudden com-
pression AP.. The additional forced sudden compression
AP, is added to the mentioned difference APy, thereby,
increasing the difference |APz,—APz,| and, in turn, increas-
ing the lift-force F; . To estimate, how much the added forced
sudden compression AP, can contribute to the effect of
taking-off of a pigeon, consider:
[0142] the normal ambient air conditions: T~300K,
P=100,000 Pa, and y=7/5;
[0143] the wings of the pigeon having a chord of 16 cm
and a total span of 50 cm; i.e. A,po=0.08 m%;
[0144] the effective velocity uy, of wings waving is
given by 2 m/sec that corresponds to about 5 swayings
per second; i.e. the suddenness factor is C;=0.01, and
[0145] an exemplary value of the additional to ambient
temperature difference: AT, of (=9 C), is taken for the
estimation, noting that AT, is interrelated with the
suddenly originated effective additional static pressure
difference AP according to the equation Eq. (1.1b).
So, the ratio |ATI/T=0.03, the ratio IAPI/P=0.03x(7/5)/(2/
5)=0.1, the contribution to the suddenly originated addi-
tional static pressure difference is |AP|~0.1x10° Pa, and the
contribution to the lift-force is specified as
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AF=Yax Cox A X AP Eq. (1.10)

and estimated as approximately 4N; it is sufficient to lift the
mass 0.3 kG of the pigeon in the vertical direction with the
acceleration of up to 3.3 m/sec’. Thereby, the estimation
shows that the forced sudden warming AT, plays a decisive
role in the taking-off of the pigeon.

[0146] Now, to estimate the efliciency of the temperature
regulation of a warm-blooded wing to contribute to the effect
of thrust, further consider as follows:

[0147] the frontal cross-sectional area of a pigeon
including both the relatively thin wings and approxi-
mately elliptical body is A,,~0.0025 m?;

[0148] the overall surface area of the pigeon including
two sides of wings and the approximately elliptical
body is A,,~0.45 m%;

[0149] considering the warm-blooded bird capability of
thermoregulation, an exemplary value of the additional
temperature difference AT, between the “head” and
rear part of the bird’s body and wings is taken as (=5
C); i.e. the temperature is distributed such that the head
of the bird is colder than the bird’s rear part of the body;
and

[0150] the value of the forced sudden compression
AP, caused by the additional temperature difference
ATz, estimated using the interrelation Eq. (1.1b) is:

APpy = (;Tz)x(;)xms ~ —6,000 Pa.

So, the contribution to the thrust AF ; specified as

AF 7YX Cox AppX AP 1] Eq. (1.1p)

is estimated as 1.5 N. The contribution to the thrust of 1.5 N
is sufficient to accelerate the mass of the pigeon in the
horizontal direction with the acceleration of up to 5 m/sec”
and to overcome a velocity-dependent drag in the air when
moving with the headway velocity u,, of at least 33 m/sec
that follows from the interrelation derived from the well-
known equation for drag and skin-friction, namely

U={IAF 71/[0.500(C /A pr+C A o)1} 2, where:

[0151] C.is the skin-friction coeflicient, normally, given as
about 0.045 for an airfoil wing that can be interpreted as
the worst-case approximation for the body and wings of
the pigeon,

[0152] C, is the drag coeflicient, normally. given as about
0.5 for a frontal convexly-rounded configuration of an
airfoil body that, again, can be interpreted as the worst-
case approximation for the body and wings of the pigeon.

The estimation of u,233 nvsec was done assuming the

minimal value of the suddenness factor C; estimated for

waving wings, although the suddenness factor Cs is higher
when the bird moves with a higher velocity.

Flying Insects

[0153] FIG. 1j is an illustration of a honeybee 1J.0 as an
exemplary insect capable of flying. In contrast to the bird’s
wings, the insect’s wings are neither profiled nor warm-
blooded. It is a well-known frequently asked question in
relation to the possibility of insects flying. One pays atten-
tion that the size of the insect’s wings 1].1 and the velocity
of the insect’s wings motion are far from sufficient for active
lifting the mass of the insects. However, this becomes
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explainable if to take into account that, on the one hand, the
insect’s wings function as a ventilator blowing the insect’s
hairy corpus and, on the other hand, the phenomenon of
in-flight and pre-flight thermoregulation of the insect’s cor-
pus, as described, in particular, in D13 and D14. For
instance, Japanese honeybee is capable of increasing their
body temperature above 46° C., as described in D15.
[0154] In particular, consider the honeybee 1J.0 having an
ellipsoidal-like hairy corpus having a mass of 0.1 g, length
1]1.3 of 15 mm, cross-sectional diameter 1J.2 of 5 mm, and
cross-sectional area in a frontal plane of about 20 mm?. The
honeybee 1J.0, having a pair of blade-like wings 11.4, each
of which is 10 mm in length 1J.1 and up to 2.5 mm in width
such that the area A .- of a pair of wings is at most of 25
mnr®, is capable of waving in rate up to 250 blows per
second, corresponding to the effective velocity uy of the
blade-like wings of approximately 2.5 m/sec, mystery-pro-
viding a much higher flying velocity u, up to 18 m/sec (65
km/h). Moreover, to provide the lifi-force F; pere~0.001IN
for taking-off, the blade-like wings, seemingly, must blow
the honeybee’s body with the velocity u, (i.e. must move
with the velocity ug) defined as v2F, jysecr/ (0C A pnes)
and estimated as at least 6 m/sec; it is confusingly higher
than the reachable effective velocity uj of the wings waving.
[0155] The insects use their neither profiled nor warm-
blooded wings as blades to blow their hairy corpus which
(the corpus), in turn, plays the role of a thermoregulated
wing proving the lift-force. Thus, when referring to equation
Eq. (1.10), the area A ;s has the sense of an area A ¢z
of the insect’s corpus projection on a horizontal plane. For
the considered case, the area Aoz is estimated as 75 mm?
and the effective velocity u; of the blade-like wings of
approximately 2.5 m/sec determines the suddenness factor
C; of approximately 0.013. Considering the exemplary hon-
eybee and referring to the equation Eq. (1.10), but now using
the value A,ezer=75 mm? and taking into account the
capability of pre-flight thermoregulation, the lift-force is
specified as:

AFp nseer™/xCoxd pyse e} AP pysecr! Eq. (1.19)

[0156] It can be derived from the equation Eq. (1.1q) that,
to provide the lift-force F; ;5 ep0~0.00IN for taking-off
using the actual blade-like wings waving with the effective
velocity of 2.5 m/sec, the insect must provide the static
pressure difference APz, of approximately 2 kPa due
to the temperature difference of about 1.7° C.; this and much
bigger temperature differences correspond to the capability
of the honeybee’s thermoregulation.

[0157] It follows from the foregoing sub-paragraphs “Fly-
ing Bird” and “Flyving Insects” that there is a need in the art
for a method and apparatus to provide a design of a system
implementing an increased lift-force allowing for control-
lable use of the increased lift-force in the industry.

[0158] The use of the controllable temperature difference
between boundary layers to contribute to the lift-force is
suggested in the present patent application.

[0159] FIG. 1k is a prior art schematic illustration of a
wind turbine 17.1 built-in into cylinder 17.2 having real
sidewalls and open butt-ends. A widened description of FIG.
1k may be referred to AUO3, which (the widened descrip-
tion) is not narrated herein for brevity. Instead, the inventor
points out that the sub-portion 17.41 of the fluid stream
enters cylinder 17.2 with a certain headway-motion velocity,
indicated by u,;, which is lower than the headway-motion
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velocity of sub-portion 17.42, indicated by u,,, which flows
outside cylinder 17.2. The reason for the negative difference
(u,,-u,,) is explained by the drag of blades of wind turbine
17.1, namely, as the blades are subjected to impact of flow
17.41, the blades retard the flow 17.41 by the same drag
according to the Newton’s Third Law of motion. In such an
application, the effect of flow retarding is undesired. There
is, therefore, a need in the art for a method and apparatus to
provide a design of an improved wind turbine where the
undesired effect of flow retarding would be reduced and the
desired effect of producing electric power would be boosted.

Sound as Complicated Movement in Molecular Fluid

[0160] In physics, an acoustic (elastic) wave is an oscil-
lation accompanied by a transfer of energy that travels
through a medium (for instance, the ambient fluid). Waves
consist of oscillations or vibrations of particles (molecules),
around almost fixed locations.

[0161] A forcedly accelerated membrane is a trivial aero-
dynamic device—a fluid pusher-off, capable of originating
an elastic wave propagating in the ambient fluid. Wave
motion transfers energy from one point to another, displac-
ing particles of the transmission medium with little or no
associated mass transport. From the point of view of the
energy consumption by a source of the acoustic wave, the
energy transmission is given free of charge; it is given at the
expense of the heat energy of the ambient fluid as a result of
the triggered waving jet-effect as described in A02 and A03.
The wave-front propagates in accordance with the Huygens-
Fresnel principle saying that every point, which a wave-
front disturbance reaches, becomes a source of a secondary
spherical wave, wherein the interference superposition of
these secondary waves determines the form of the wave at
any subsequent time.

[0162] In physics, sound (acoustic wave) in a fluid is
interpreted as an oscillating change of the fluid’s thermo-
dynamic parameters, namely, the oscillating change of the
static pressure P, mass density p, and absolute temperature
T, wherein the thermodynamic parameters are interrelated
according to the van der Waals law of fluid state in an
adiabatic process. Wherein, the oscillating changes in the
fluid’s thermodynamic parameters are such to result in
triggering of the jet-effect manifested as fluid motion in the
form of the propagating acoustic wave.

[0163] For the sake of concretization and without loss of
generality, consider:

[0164]

[0165] the sound propagating in the air as a particular
case of the acoustic wave propagating in the fluid.

[0166] The associated with sound oscillating changes of
the fluid’s thermodynamic parameters along an axis x col-
linear with the direction of the sound propagation is
expressed as:

the air as a particular case of the fluid, and

§P = AP x g ilwr—xx) Eq. (1.22)
8p = Apx e @) Eq. (1.2b)
5T = AT x o~ i) Eq. (1.2¢)
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where:

[0167] &P, dp, OT are the oscillating changes of the
static pressure, the mass density, and the absolute
temperature, correspondingly;

[0168] AP, Ap, AT are amplitudes of the oscillating
change of the static pressure, the mass density, and the
absolute temperature, correspondingly;

[0169] w is the cyclic frequency of the oscillating
change;
[0170] « is the wavenumber interrelated with the cyclic

frequency w of the acoustic wave as k=w/u,, where u,

is the phase velocity of the sound propagation in the

fluid.
Taking into account the interrelations between the thermo-
dynamic parameters in an adiabatic process described here-
inabove in the sub-paragraph “Lift-Force Mechanism” refer-
ring to FIG. 1g Graph (C) by the equations Egs. (1.1a) and
(1.1b), the equations Egs. (1.2a), (1.2b), and (1.2c) describ-
ing the oscillating changes of the fluid’s thermodynamic
parameters associated with the sound are rewritten as a
system of equivalent equations as follows:

6P AP . ) Eq. (1.3a)
< X exp[—i{wt — kx)]

g, 1 AP

w2 Xexp[-i(wr - kx)] Eq. (1.3b)
PP

éT -1AP

= Y- ar x expl—i(ewr — £x)] Eq. (L.3¢)
T y P

A human-hearer perceives the oscillating changes of the air
static pressure as sound loudness; the air static pressure,
absolute temperature, and mass density are measured by the
so-called “SPL” (sound pressure level), “STL” (sound tem-
perature level), and “SDL” (sound density level), corre-
spondingly; and the sound loudness is measured also by
“SIL” (sound intensity level) or “SWL” sound power level.
[0171] The SPL is measured in decibels (dB). It is equal to
20xlog,,, of the ratio of the route mean square (RMS) of
sound pressure to the reference of sound pressure that (the
reference sound pressure) in the air is 2x10™° N/m? or
0.0002 Pa, in turn, corresponding to the reference acoustic
wave power (the loudness as power) estimated approxi-
mately as 107" W. The characteristic SPL of speakers is
defined for the distance of 1 m from the speaker. Normally,
a range of the characteristic SPL for a speaker is between 0
to 80 dB that corresponds to changes in the static pressure
in the range from 0.0002 Pa to 2 Pa and changes in the
acoustic wave power in the range from 107 W to 10™* W.
Using the equation Eq. (1.3c), the reference sound tempera-
ture in the air is estimated as 5.4x107'°K and the range of
temperature changes for the speaker is estimated from
5.4x107°K to 5.4x10~°K.

[0172] Sound (acoustic wave) is considered as a compli-
cated movement of a molecular fluid, wherein the compli-
cated movement is composed of:

[0173] The Brownian motion of the air molecules with
the Brownian velocity, indicated by ug,.,,;0,» Which
interrelates with the velocity of sound v, as Ug, ...
1an=VBXU 5 U345 misec and ug,,,,,.,=~500
m/sec.

[0174] The oscillating motion of molecules with so-
called “particle velocity”, the amplitude of which is

13
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indicated by u,,,,.;. and interrelated with the sound
loudness; normally, in the air,
[0175] near an oscillating membrane which is a
source of the sound, the particle velocity amplitude
U,,.rzic2 19 predetermined by the velocity of the oscil-
lating membrane and is between 0.1 m/sec and 10
m/sec, while

[0176] far from the oscillating membrane, where the
sound front becomes substantially widened, the par-
ticle velocity amplitude u,, ;.. i very low: between
5%107® m/sec and 5x10~ m/sec;

[0177] wherein the particle velocity relates to the mass
of the oscillating air as a whole; note that, considering

a local slow flow moving with the particle velocity, a

widening of a frontal cross-sectional area is accompa-

nied by a decreasing in the amplitude of the particle
velocity, according to the equation of continuity;
[0178] The specific conveying motion that is interre-
lated with the cascaded oscillating motion of particles
moving with the “particle velocity” that [the “particle
velocity”], in turn, is interrelated with the acoustic
wave amplitude manifested as the sound loudness. The
specific conveying motion is a kind of movement,
which (in contrast to the oscillating motion of the air as

a whole) is interpreted as a directional motion of a tiny

portion of fluid mass that [the tiny portion of mass]

determines the air mass density oscillating change only.

The specific conveying motion can be interpreted as

composed of two complementary alternating move-

ments of positive and negative changes of air mass
density, wherein both alternating movements are in the
same direction (that is the direction of sound propaga-
tion) and, when in open space, with the M-velocity of
1 Mach. The so-called Umov-vector is a measure of the
specific conveying motion of the tiny portion of the
fluid mass. The SPL, characterizing the sound loud-
ness, is interrelated with the so-called: “SVL” (sound
particle velocity level). Thus, the oscillating (positive
and negative) change in mass density along the direc-
tion of the wave propagation (again, which is interre-
lated with the sound loudness) is considered as the
directional motion of the tiny mass, wherein the motion
is with the mass density change conveying velocity

U.onvey that is the same as the velocity of sound vy,

i.e., when propagating in open space, M-velocity of 1

Mach; and

[0179] The concomitant turbulent motion, as dis-lami-
narity of the mentioned oscillating and conveying com-
ponents of the complicated movement of air, depends
on both the shape of a horn and the acoustic wave
amplitude (sound loudness);

[0180] wherein,

[0181] in contrast to acoustic waves in open space
where the turbulent component of fluid motion,
inherently-accompanying the acoustic waves, causes
the inevitable dissipation of the propagating acoustic
waves manifested as a decrease of sound loudness,

[0182] the turbulent component of fluid motion within a
horn is pre-determined by restricted degrees of free-
dom, so, the horn, if elaborated, can provide for
reduced concomitant turbulence accompanied by
increased intensity of sound. In other words, the elabo-
rated horn plays the role of a fluid pusher-off capable of
transforming the kinetic power of the concomitant
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turbulence into the wave power accompanied by

increased both the particle velocity amplitude u,,,,;.;.

and the conveying velocity u,,,,, .-
For the purposes of the present patent application, the term
“heat energy in a broad sense” should be understood as the
cumulative kinetic energy of both the Brownian motion of
the air molecules and the concomitant turbulent motion.
[0183] When a sound is originated by an oscillating mem-
brane of a classic source of acoustic waves rated by a power
supplier, the net-efliciency, defined for the classic source of
acoustic waves as the ratio of the power of sound to the
supplied power, normally, is between 0.1% and 2%. The
mentioned originated concomitant turbulence, originated
due to sudden jumping changes of thermodynamic param-
eters and velocity of adjacent fluid portions, especially, near
the edges of the moving membrane, is the dominant reason
for:

[0184] such a low net-efficiency of sound launching
and, vice-versa, detection (the introduced term “sound
detection” should be understood as registration and/or
recording the electric voltage and/or current induced in
the electrical circuit due to sound impact); and

[0185] that, when the sound is propagating in open
space, the sound loudness measured in SPL is further
decreasing exponentially with the propagation path
increase; wherein the exponential decrease in SPL is
stronger for the sound of higher frequencies.

Le., in other words, 98% to 99.9% of the power consumed
by a classic source of acoustic waves goes for the kinetic
power of the undesired turbulent motion of the ambient
fluid.

[0186] One way to reduce the undesired concomitant
turbulence accompanying the originated sound is to reduce
the ratio of the amplitude of motion to the area of an
oscillating membrane and, thereby, to reduce a contribution
of the sudden jumping changes of thermodynamic param-
eters and velocity of adjacent fluid portions to the concomi-
tant turbulence. For example, it is the commonly used
piezo-effect manifested as small deformations of a piezo
plate originating an ultrasound. However, taking into
account that the power of sound is proportional to squared
both amplitude and frequency of oscillation, the way can
provide for the audible sound of unpractically ultra-low
power and has a practical sense to launch and detect the
ultrasound only.

[0187] There is, therefore, a need in the art for a method
and apparatus to provide an improved design of a source and
detector of acoustic waves; wherein, in particular, a net-
efficiency would be increased by suppression of originated
concomitant turbulence in the ambient fluid.

Hom as Sound-Booster

[0188] To reduce the kinetic power of the concomitant
turbulence and thereby to increase the net-efficiency of
sound launching, one uses an elaborated nozzle as an
aerodynamic apparatus capable of transforming the kinetic
energy, in general, of fluid particles, and, in particular, of the
concomitant turbulence into the wave power of the sound.
[0189] FIG. 1n, a prior art illustration of horns playing the
role of a sound booster, is divided into three schematic
drawings: case (A), case (B), and case (C) as follows:
[0190] Case (A), illustrating a megaphone-A 1n.A com-
prising a movable membrane 1n.Al, capable of a
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controlled oscillating motion originating a sound, and
an exponentially-divergent horn 172.A2 having an outlet
area 1n.AA;

[0191] Case (B), illustrating a megaphone-B 12.B com-
prising a movable membrane 11.B1, capable of a
controlled oscillating motion originating a sound, and a
triple-folded exponentially-divergent horn formed by
three cascaded sequentially scaled parts: 12.B2, 1».B3,
and 17.B4. The triple-folded exponentially-divergent
horn as a whole has an outlet area 1#.BA which is the
same as the outlet area 1rz.AA; in another view, mega-
phone-B 1x.B differs from megaphone-A 1r.A by the
triple-folded cumulative length of the exponentially-
divergent nozzle. It is found that, while megaphone-A
1n.A increases the intensity of the originated sound on
10 dB, the megaphone-B 17.B increases the intensity of
the originated sound on 20 dB; and

[0192] Case (C), illustrating a gramophone 1».C sup-
plied by an exponentially-divergent nozzle 1x.C1 play-
ing the role of the acoustic waveguide. Diameter D,
172.C2 of sound-outlet of the exponentially-divergent
nozzle 12.C1 is greater than the diameter D,, of a
narrow sound-inlet throat 1#.C3 by the factor F, that is
much greater than 1, in some implementation, the
factor F, is equal to 60. The factor F, equal to 60
corresponds to the area-variation ratio of the sound
frontal-outlet cross-sectional area to the sound frontal-
inlet cross-sectional area of 3,600. The exponentially-
divergent nozzle 11.C1 is destined to solve the problem
to widen the frontal cross-sectional area of sound rather
than to contribute, in general, to the heat in a broad
sense, and, in particular, to the concomitant turbulence
of fluid. When a sound is established, in addition to the
mentioned complicated movement of fluid, a portion of
air, that takes a place within the exponentially-diver-
gent nozzle 1».Cl, is subjected to forward-and-back-
ward oscillating longitudinal motion accompanied by
substantial deformations and accelerations of the air
portion. If to ignore the de Laval jet-effect, it is
expected that the area-variation ratio of 3,600 is accom-
panied by the air velocity inverse ratio of the same
order of value. When considering the fluid motion
component moving with the conveying velocity u,,,,..,,
a change in cross-sectional area of longitudinally-
moving change in fluid mass density triggers the de
Laval jet-effect, as soon as the velocity u_,,,,, . mea-

sured in Mach numbers is higher than the specific

M-velocity, and, when considering the fluid motion

component moving with the particle velocity u,,,,... a

local change in the cross-sectional area of forward-and-

backward oscillating longitudinally moving fluid trig-
gers the local Venturi effect. In any case for an elabo-
rated horn, the jet-effect of a transformation of both:

[0193] the fluid heat energy, and
[0194] the energy of the concomitant turbulence,
[0195] into the energy of the fluid oscillating motion is

manifested as sound boosting.

On the one hand, the advantage of the use of an elaborated
horn as a sound booster self-suggests finding an optimal
geometrical configuration of the elaborated horn, and, on the
other hand, a disadvantage of the use of any horn as a sound
booster is that a source of acoustic waves supplied by such
a horn occupies an increased space.
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[0196] The inventor points out that the set of equations
Egs. (1.3a), (1.3b), and (1.3c), described hereinabove in the
subparagraph “Sound as Complicated Movement in
Molecular Fluid”, in fact, says that a sound can be generated
by a forced inertialess varying of the temperature of a
portion of the ambient fluid, and, as a result, the static
pressure and mass density of the fluid portion will become
varied as a derivation according to the interrelations Egs.
(1.3a), (1.3b), and (1.3c¢). Le., in other words, the mentioned
subparagraph says that, hypothetically, it is possible to
manipulate the temperature of a portion of fluid such that to
result in triggering of the jet-effect manifested as the fluid
motion in the form of the propagating acoustic wave. Had
one possessed a technique to change the temperature of the
ambient fluid portion without inertia and without moving
parts, it would become possible to create sound with no
creation of the undesired concomitant turbulence and,
thereby, to increase the efficiency of a source of sound
substantially. On the other hand, had one possessed a tech-
nique to detect the temperature changes of the ambient fluid
portion without inertia and without moving parts, it would
become possible to avoid undesired concomitant turbulence
and so to increase the efficiency of a sound detector sub-
stantially.

There is, therefore, a need in the art for a method and
apparatus to provide an improved design of a compact
source and detector of acoustic waves; wherein, in particu-
lar, a net-efficiency would be increased by suppression of
originated concomitant turbulence in the ambient fluid.

External Far as Sound Booster

[0197] FIG. 1L comprises a schematic drawing of a sec-
tional profile of a human ear in a sagittal plane. External ear
1L.0 of human comprises a pinna and ear canal. The pinna,
destined to be exposed to an incoming sound, comprises a
funnel characterized by an outer-inlet cross-section 1L..1 and
the ear canal, destined for conveying the sound to eardrum
1L.6, comprises an ear canal inlet cross-section 1L..2 such
that the pinna funnel outer-inlet cross-sectional area is
greater than the ear canal inlet cross-sectional area by the
factor F |, of, approximately, 5.5. The ear canal is a tunnel for
sound, further characterized by:

[0198] an after-inlet widened cross-section 1L.3, the
cross-sectional area of that is greater than the cross-
sectional area of the ear canal inlet cross-section 1L..2
by the factor F,, of at least 1.1,

[0199] a narrow throat cross-section 1L.4, the cross-
sectional area of that is smaller than the cross-sectional
area of the ear canal after-inlet widened cross-section
1L.3 by the factor F;, of, approximately, 3; moreover,
the cross-sectional area of the ear canal inlet cross-
section 1L.2 is greater than the cross-sectional area of
the narrow throat cross-section 1L.4 by the factor F,,
of approximately 2.7; and

[0200] a wide outlet cross-section 11.5 adjacent the
eardrum 1L.6, the cross-sectional area of that [1L.5 or
11..6] is greater than the cross-sectional area of the ear
canal narrow throat cross-section 1L.4 by the factor F,
of, approximately, 5.5.

[0201] The inventor points out the primary set of condi-
tions satisfied for the shape of external ear 11..1 as follows:

[0202] the factor F|,=~5.5 is much greater than the ratio
of 1 Mach to the specific M-velocity, i.e. F,,>1/M.,
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[0203] F,,>1,

[0204] F,>F,,,
[0205] F,>1, and
[0206] F.>1/M.;

which (the set of conditions) will be further commented
hereinbelow in sub-paragraph “Two-Stage Convergent-Di-
vergent Jet-Nozzle” referring to FIG. 6¢ and in sub-para-
graph “Phonendoscope and Sound Booster” referring to
FIG. 7a cases (B) and (C), where it will be shown that the
external ear, shaped to provide the mentioned set of satisfied
conditions, functions as an aerodynamic apparatus pulling-
in and pushing-off portions of fluid (i.e. a fluid pusher-off)
which is capable of sound loudness boosting wherein the
aerodynamic apparatus—the fluid pusher-off can be further
amended.

[0207] There is, therefore, a need in the art for a method
and apparatus to provide proper analysis and optimal design
of a convergent-divergent nozzle to implement applications
appropriate for use in industry for efficient boosting the
sound based on enhanced jet-effects accompanied, in gen-
eral, with reduced heat energy in a broad sense, and, in
particular, with suppressed concomitant turbulence.

Thermoelectric Devices

[0208] A well-known thermoelectric effect is an aspect of
claims of the present patent application.

[0209] FIG. 10 is a prior art schematic illustration of a
thermocouple 10.0. The thermocouple 10.0 is an electrical
device consisting of two dissimilar electrical conductors:
1o.1 (for instance, Niquel-Cromo) and 10.2 (for instance,
Aluminio-Cromo), forming an electrical junction 1o.3.
When the junction 10.3 is submerged in an ambient fluid
having a certain temperature (for instance, the absolute
temperature of 573K or 300 C), the thermocouple 10.0
produces a temperature-dependent voltage V 10.4 (for
instance, 12.2 mV) between the two dissimilar electrical
conductors 1o.1 and 1o.2. Thus, the thermocouple 10.0
inertialessly originates a self-transformation of the absolute
temperature into the electrical voltage V 1o.4. In D12, the
author (Karpen), testing several systems providing the ther-
mocouple effect: the voltage self-generation solely due to
the presence of contacting mutually-repelling materials,
points out that there is no any chemical reaction between the
phases in contact, i.e. there is no a process which would be
stopped in the future. At the first glance, a system, compris-
ing the thermocouple 10.0 and an electrical circuit powered
by the induced voltage, seems like a closed system, where
one seemingly confusingly-paradoxically observes a local
decrease in entropy, i.e. that the charging of the electrical
circuit occurs at the expense of own temperature, but not a
temperature difference. However, in reality, the system is
inherently characterized by the junction 1o.3 of mutually-
repelling materials contacting with the ambient fluid (i.e. the
system 1s open from the point of view of thermodynamics),
and the electric power is acquired at the expense of the
ambient heat that is allowed for an open system. Thereby,
the system, open from the point of view of thermodynamics,
is neither a Perpetuum Mobile of the first kind nor a
Perpetuum Mobile of the second kind. The thermocouple is
an inherent attribute of a thermoelectric element providing
for either Seebeck effect or the Peltier effect, both assuming
an amplifying the thermocouple effect accompanied with
acquired useful energy when either a temperature gradient
between the ends of two dissimilar mutually-repelling elec-
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trical conductors is provided to induce an electromotive
force (emf) or, vice-versa, forcedly established emf results in
temperature separation, correspondingly, as described here-
inafter.

[0210] For the purpose of the present patent application
the terms “thermocouple” and “thermoelectric (TE) couple”
and are reserved for the thermocouple 10.0 that, in contrast
to a TE element 1.0 described hereinafter referring to FIG.
1p, provides inertialess interrelation between the absolute
temperature of the junction 10.3 [but not a temperature
difference] and the temperature-dependent voltage 10.4 (or
a derivative current in a closed electric circuit).

[0211] The term “thermoelectric device” should be under-
stood in a broad sense including (a) an electric heater
consuming electric power and radiating Jole heat which (the
electric heater) is interpreted as a trivial thermoelectric
device, (b) a thermocouple which, in addition to the capa-
bility to radiate the Jole heat, is capable of inducing a
temperature-dependent voltage bias and so is capable of
functioning as a detector of temperature changes, and (c) a
thermoelectric (TE) element described hereinbelow refer-
ring to FIG. 1p, which (the TE element) is further capable of
transmitting heat from one side to another side of the device
and so is capable of controlling temperature difference
between the two sides of the device.

[0212] FIG. 1p, divided into three parts:
[0213] Case (A) ReFRIGERATION MODE,
[0214] Case (A) Tive CHARACTERISTIC, and
[0215] Case (B) Power GENERATION MODE,

is a prior art illustration of a THERMOELECTRIC ELEMENT 1.0,
called also a thermoelectric (TE) module, and its exemplary
time characteristic, where numerals, which have the letter
“A”, belong to Case (A) and numerals, which have the letter
“B”, belong to Case (B).
[0216] The TE module 1.0, as in particular described in
D1, comprises a TE element 1.0A or 1.0B, in turn, composed
of:

[0217] an n-type (negative thermopower and electron

carriers) 1.1A or 1.1B semiconductor material, and
[0218] a p-type (positive thermopower and hole carri-
ers) 1.2A or 1.2B semiconductor material,

both inter-connected through highly electro-conductive
(normally, made from copper) contact pads, on the one hand,
1.3A or 1.3B, and, on the other hand, a pair of pads: 1.41A
and 1.42A, or 1.41B and 1.42B. Ceramic buses, on the one
hand, 1.7A and 1.7B, or, on the other hand, 15A, and 15.B
are usually made of aluminum oxide.
[0219] FIG. 1p Case (A) RerriceraTioN Mopk illustrates the
Peltier effect, which is the basis for many modern-day
thermoelectric refrigeration devices, and FIG. 1p Case (B)
Power GeneratioN Motk illustrates the Seebeck effect, which
is the basis for TE power generation devices; both devices
are with no moving parts. The refrigeration and power
generation, both can be accomplished using the same TE
module 1.0.
[0220] In Case (A) RerrigeraTion MopE, thermoelectric
energy conversion utilizes the heat using the Peltier-Seebeck
Thermoelectric Element 1.0A, wherein, due to the Peltier
effect, when an electric current, generated by a source 1.6A
of direct current (DC) electromotive force (emf), circulates
through the Peltier-Seebeck Thermoelectric Element 1.0A
where the DC direction is indicated by arrow 1.8A, the
temperature difference between the bus Active CooLing 1.7A
and the bus Hear RemEctor 1.5A is originated such that the
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bus Active CooLing 1.7A becomes colder than the bus Hear
Remrctor 1.5A and so the ambient heat, first, becomes
absorbed on the cold side 1.7A (ie. on the bus Acrive
Coorg), then, transferred through (or pumped by) the
thermoelectric materials 1.1A and 1.2A to the bus Hear
RercTor 1.5A, and, further, rejected at the sink (the bus Hear
Rekctor) 1.5A. Thereby, the cold side 1.7A providing a
refrigeration capability. In other words, the cold side 1.7A,
when becoming colder than the ambient fluid, extracts
additional heat 1.91 from the ambient fluid and the TE
element conveys and contributes the additional heat to the
rejected heat 1.92A. In practice, to function efficiently, a
powerful ventilator 1.9A is used to provide that the heat,
accumulated at the bus Hear Rerctor 1.5A, transmitting
away from the bus Hear Rerector 1.5A for thermostating the
bus Hear Rerector 1.5A and so providing for cooling the bus
Active Cooring making it colder than the ambient fluid.
Normally, an airflow made by the powerful ventilator is
slower than 10 m/sec. The presence of the ventilator 1.9A
reduces the advantage of the absence of moving parts. If,
instead of the source 1.6A of DC emf, to use a source of the
DC emf of opposite polarity originating a DC in the opposite
direction relative to the DC direction 1.8A, the heat transfer
becomes in the opposite direction as well.

[0221] In Case (B) Power GENERATION MODE, the thermo-
electric energy conversion occurs due to a passive Peltier-
Seebeck thermoelectric element 1.0B that utilizes the tem-
perature difference AT between a heat source 1.7B and heat
sink 1.5B. Namely, a DC emf is generated due to the
Seebeck effect when the passive Peltier-Seebeck thermo-
electric element 1.0B utilizes the overabundant heat 1.92B
entrapped by a heat source 1.7B (for instance, the heat
source is powered by sunlight) while the heat passes through
a thermoelectric materials 1.1B and 1.2B, and, further, is
dissipated at the heat sink 1.5B being colder than the heat
source 1.7B; the DC emf is manifested as a voltage bias
induced at the pair of pads 1.41B and 1.42B and applied to
an electrical load 1.6B accompanied by DC the direction of
which is indicated by arrow 1.8B. If the load resistor 1.6B
is replaced with a voltmeter, the circuit functions as a
temperature-sensing thermocouple. The advantages of TE
solid-state energy conversion are compactness, quietness
(no moving parts), and localized heating or cooling. How-
ever, speaking stricter, in practice, to function efficiently, a
powerful ventilator 1.9B is used to provide that the heat,
accumulated at the bus Hear Sk 1.5B, transmitting away
from the bus Heat Smk 1.5B for thermostating the bus Hear
Sk 1.5B and so making the bus Hear Source as functioning
for absorbing the ambient heat. The presence of the venti-
lator 1.9B reduces the advantage of the absence of moving
parts. If to use a source of coldness instead of the heat source
1.7B and to use a cold sink instead of the heat sink 1.5B, the
originated DC emf will be manifested as a DC in the
opposite direction relative to the DC direction 1.8B.

[0222] Considering a thermoelectric element, the phenom-
ena of:
[0223] the Seebeck effect triggered by the temperature

difference resulting in:

[0224] the expected heat transfer from a hotter side to
a colder side, and

[0225] the seemingly-unexpected origination of elec-
tric current bringing electric power given free of
charge in a certain sense, i.e. at the expense of the
ambient heat,
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[0226] and
[0227] the Peltier effect triggered by the electric current
resulting in:
[0228] the expected consumption of electric power,
for instance, for Joule heating, and
[0229] the seemingly-unexpected decrease in entropy
manifested as heat transfer from one side becoming
colder to another side becoming hotter, wherein the
decrease in entropy is given free of charge in a
certain sense, i.e., again, at the expense of the
ambient heat,
both are the property of thermoelectric materials contacted
with the ambient fluid.
[0230] The basic interrelations between physical charac-
teristics of Seebeck effect and the Peltier effect are
expounded in D2. In particular, the current density I is
directly-proportional to the temperature difference AT
between conductive contacts, on the one hand, 1.3A or 1.3B,
and, on the one hand, the pads: 1.41A and 1.42A or the pads:
1.41B and 1.42B, correspondingly. Namely, the Seebeck
effect generates an electromotive force, leading to the equa-

tion:
J=0(-AV-SAT) Eq. (1.4a),

where: o is the effective electric conductivity of the ther-
moelectric module as a whole;

[0231] AV is the voltage bias between the pads 1.41B
and 1.42B;

[0232] AT is the mentioned temperature difference; and

[0233] S is the Seebeck coeflicient, a property of the

used material.
Peltier elements are thermoelectric components capable of
pumping heat from one end of the device to the other end
based on the direction of current, wherein the originated
temperature is interrelated with the current according to the
equation Eq. (1.4a) just rewritten as:

(=AV =T /o)
—

Eq (L4b
AT = q (140)

The interrelations Eqgs. (1.4a) and (1.4b), both being forms
of the Joule law for an electric circuit comprising emf,
quantify the phenomena of the Seebeck effect and the Peltier
effect, correspondingly, in the assumption of a hypotheti-
cally ideal contact with the ambient fluid providing for
accumulated heat removing away inertialessly, where the
value (-SAT) determines the emf of the electric circuit. In
the case of the Seebeck effect described by the equation Eq.
(1.4a), when the two sides of the TE element are subjected
to a forced temperature difference, the heat transfer from the
hot side to the cold side accompanied by the origination of
the acquired DC emf looks seemingly contradicting to both
the Energy Conservation Law and the Second Law of
Thermodynamics, if to ignore that the DC emf of the TE
element, as an open thermodynamic system, is triggered by
the temperature difference and acquired at the expense of the
ambient heat, i.e., from the point of view of the forced
temperature difference, the DC emf is given free of charge
(i.e. at the expense of the ambient heat) or, speaking stricter,
is given due to the heat entering via a cold side and removing
away from a hot side. In the case of the Peltier effect
described by the equation Eq. (1.4b), when the two sides of
the TE element are subjected to a forced DC emf, a Joule
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heat dissipation, in particular, seemingly-confusingly
accompanied by the temperature separation and so in the
decrease in the entropy of a nearby fluid portion, looks like
contradicting to both the Energy Conservation Law and the
Second Law of Thermodynamics, if to ignore that the work
for the temperature separation around the TE element
(which is an open thermodynamic system) is triggered by
the electric current and acquired at the expense of the
ambient heat, i.e., from the point of view of the forced DC
emf, the temperature separation is given free of charge (i.e.
at the expense of the ambient heat) or, speaking stricter, is
given due to the heat entering via the cold side and removing
away from the hot side.
The thermoelectric element is neither:
[0234] a Perpetuum Mobile of the first kind as the
energy balance is satisfied when either:
[0235] the acquired DC emfis from the ambient heat;
it is triggered by the temperature difference, or
[0236] the acquired temperature separation is at the
expense of the ambient heat; it is triggered by DC
emf,
[0237] nor
[0238] a Perpetuum Mobile of the second kind when is
capable of decreasing the local entropy when either:
[0239] the heat transfer is triggered by the tempera-
ture difference and accompanied by the acquired DC
emf manifested as the origination of the Joule heat,
or
[0240] the acquired temperature separation triggered
by the DC emf and accompanied by the work of DC
emf manifested as the origination of the Joule heat,
as it is an open (but not isolated) system as the system
inherently contacting with the ambient fluid wherein it is
inherently assumed that the heat removing away.
[0241] In relation to the time-invariance, the interrelation
Eq. (1.4a) between the temperature difference AT as a reason
and the current density J as an originated effect as well as the
interrelation Eq. (1.4b) between the current density j as a
reason and the temperature difference AT as an originated
effect, both are time-invariant, i.e. the equations Egs. (1.4a)
and (1.4b) are equations of state interrelating the tempera-
ture difference and the current density at any time moment.
In practice, the time-invariance of the equations Egs. (1.4a)
and (1.4b) is restricted by thermo-conductivity and thickness
of the used thermo-conductive buses and an inertial venti-
lator functioning for the heat removing away. The inertial
ventilator, in particular, results in another parasitic effect
determined by that the temperature difference triggers the
inertial heat transfer from the hot side to the cold side
through the thermoelectric material that reduces the effi-
ciency of both the Seebeck effect and the Peltier effect. The
combination of all the effects results in that, in reality, the
Peltier effect is manifested not as a suddenly arisen tem-
perature difference AT but as a growing temperature differ-
ence gradually reaching the value AT of saturation after a
certain time. The lower the inertness of the desired heat
removing away, the higher the efficiency of the TE element.
[0242] Case (A) TmME CHARACTERISTIC comprises a graph
1.80A extracted from D3. The graph 1.80A illustrates a time
characteristic of an exemplary single-stage thermoelectric
cooler. The exemplary thermoelectric cooler produces a
maximal temperature difference of about 51° C. between its
hot and cold sides [Typically, the reachable temperature
difference AT, dependent on a value of DC 1.8A and a
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quality of heat rejecter 1.5A, is 70° C.]. An issue with
performance is a direct consequence of one of their advan-
tages: being small. The TE modules can be constructed
ranging in size from approximately 2.5 to 50 mm with
square shape and, if using either the so-called direct copper
bond technology or the so-called active solder process, 2.5-5
mm in height, and if using Nano-technologies, 0.5-1 mm in
height as described, for example, in D4. This means that:

[0243] the hot side and the cool side will be very close
to each other (a few millimeters away), making it easier
for the heat to go back to the cool side, and harder to
insulate the hot and cool side from each other; and

[0244] a common 40 mmx40 mm can generate 60 W or
more, that is, 4 W/cm? or more, requiring a powerful
radiator to move the heat away.

[0245] The net-efficiency of the TE element depends on
used thermoelectric material, a relevant property of which is
characterized by the Seebeck coeflicient and on the func-
tionality of the powerful ventilator to remove the parasitic
heat away from the cold side. From the point of view of the
energy:

[0246] the Peltier effect and the Seebeck effect, both
given free of charge in a certain sense (if to exclude the
power consumption by the powerful ventilator) due to
a non-zero value oxS, and

[0247] the energy consumption, in particular, goes for
the parasitic Joule heating occurring due to the limited
value o.

In real refrigeration applications, thermoelectric junctions
have about 10-15% net-efficiency.

[0248] Due to this low efficiency, thermoelectric cooling is
generally used in environments where the solid-state nature
(no moving parts), low maintenance, compact size, and
orientation insensitivity outweighs pure efliciency.

[0249] Had one possess a technology to implement and
use the Seebeck-Peltier effect without a powerful ventilator,
the net-efficiency would depend on the values o and S
characterizing the used thermoelectric material only, and a
higher net-efliciency as the ratio of the power provided due
to the Seebeck-Peltier effect given free of charge in the
certain sense to the power consumed to trigger the Seebeck-
Peltier. There is, therefore, a need in the art for a method and
apparatus, when applied to a system appropriate for use in
industry, to provide such an embodiment of the Peltier effect
and/or the Seebeck effect that, on the one hand, would not
require powerful ventilation and, on the other hand, would
provide for a high net-efliciency and explicit relevance of all
the mentioned possible advantages.

[0250] The curve 1.81A shows that the temperature dif-
ference AT of 48° C. is reached in 240 sec, i.e. the average
temperature rate is 0.2 C/sec. However, considering the first
20 seconds, the local temperature rate is 0.25 C/sec which is
indicated by the dotted line 1.82A.

[0251] Further, referring to the mentioned in D4 TE mod-
ules made using Nano-technologies, the estimated local
temperature rate is 1.25 C/sec which is indicated by the
dashed line 1.83A.

[0252] This, in particular, means that a very small tem-
perature change, for instance, ranged from 54x107'°K to
5.4x107°K can be reached for a short time ranged from
4.4x1075 sec to 4.4x107'° sec, correspondingly. This esti-
mation takes into account the parasitic inertia due to a
normally used ventilator for transmitting the accumulated
heat away. Looking ahead, for disclosed systems related to
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acoustic waves such that there will neither significant tem-
perature differences nor accumulated heat in the disclosed
systems, this estimation will be used as a reference for the
worst-case estimations with a spare reserve. The fact that a
small temperature change can be reached for an extremely
short time is one of the primary features that is used in the
present patent application.

[0253] Furthermore, assuming a hypothetic possibility of
extra-fast removing the accumulated heat away, the local
temperature rate becomes dependent on the used material for
the thermoconductive buses 1.3A and 1.5A in Case (A), and
1.3B and 1.5B in Case (B). For example, the thermocon-
ductivity of aluminum oxide is between 28 and 35 Wm ™K~
1, the thermoconductivity of copper is 384.1 Wm™'K~!, and
the thermoconductivity of natural diamond is yet higher
between 895 and 1350 Wm™'K~'. Referring to the com-
monly used copper pads 1.3A and 1.41A and aluminum
oxide buses 1.7A and 1.5A, the estimated local temperature
rate is about 3x10% C/sec, i.e. the buses 1.7A, 1.3A, 1.41A,
and 1.5A, each of 0.5 mm thickness, are almost inertialess
indeed. Looking ahead, this estimation will be a reference
for the estimation of applications related to extra-fast cooled
surfaces. The possibility to reduce the reaction time of the
TE module would allow for a specific use of the TE module
to control a local temperature immediately without a sig-
nificant delay, however, if the necessity of a powerful
ventilator is avoided. The present patent application dis-
closes such use of a TE module.

[0254] An advanced Peltier device comprises a multiplic-
ity of TE elements which are electrically connected by
conductive (for instance, copper) bridges in series as shown
hereinafter in FIGS. 1¢ and 17. Ceramic plates, usually made
of aluminum oxide, are used to thermally bond the conduc-
tive bridges which are electrically separated each from other.
[0255] Reference is now made to FIG. 1g¢, divided
between two parts: Case (A) and Case (B), illustrating
schematically a prior art TE multi-module device 1Q.0
comprising an array of TE elements; wherein the numerals,
which have the letter A, belong to Case (A) and the
numerals, which have the letter “B”, belong to Case (B). The
TE multi-module device 1Q.0 is built up of an array of the
TE elements 1Q.0A1 or 10.0B1, which are arranged elec-
trically in series and thermally in paralle]l to manifest ther-
mal properties in unison. From the point of view of func-
tioning, the use of TE multi-module device 1Q.0 is
considered in two cases:

[0256] Case (A) where the TE multi-module device
1Q.0A comprises a source 1Q.6A of DC emf and an
in-line cascade of several TE elements 1Q.0A1 [shown
three] that, from the electric point of view, are con-
nected into a sequential electrical circuit and, from the
constructive point of view, have a common bus of
Active CooLiNG becoming colder and a common bus of
Hear RemcTor becoming warmer when the source
1Q.6A of DC emf originates a voltage bias applied to
the end pads: 1Q.41A and 1Q.42A, and an electric
CURRENT indicated by arrow 1Q.8A;

[0257] Case (B) where the TE multi-module device
1Q.0B comprises an electrical load 1Q.6B and an
in-line cascade of several TE elements 1Q.0B1 [shown
three] that, from the electric point of view, are con-
nected into a sequential electrical circuit and, from the
constructive point of view, have a common bus of Hear
Source exposed to the overabundant ambient warmth
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and a common bus of Hear Sk being colder than the

bus of Hear Source; wherein, as a result, the sequen-

tially connected TE elements 1Q.0B provide for the
cumulative electromotive force (emf) manifested as:

[0258] a voltage bias induced between the end pads:
1.41B and 1.42B, and applied to the electrical load
1Q.6B, and

[0259] an induced electric CURRENT indicated by
arrow 1Q.8B.

[0260] FIG. 1~ is a prior art schematic illustration of an
exemplary planar arrangement 1R.0A of a multiplicity of
thermoelectric elements (modules) 1R.0A1 that (the planar
arrangement 1R.0A) is a quintessential component of a
multi-layer TE multi-module device. Again, from the elec-
tric point of view, the TE elements 1R.0A1 are connected
each to another in a boustrophedon trajectory, thereby,
forming a sequential electrical circuit and, from the con-
structive point of view, the TE elements 1R.0A1 have
contacts pads 1R.3A at the cold side and contacts pads
1R .4A at the warm side. There is but not shown both:
[0261] a common bus of Active CooLing above the
contacts pads 1R.3A, and
[0262] a common bus of Hear RerEcTor under the con-
tacts pads 1R.4A.
When the source 1R.6A of DC emf originates both:
[0263] a voltage bias applied to the end pads: 1R.41A
and 1R 42A, and
[0264] an electric CURRENT indicated by arrow
1R 8A,
the common bus of Active CooLING (again, that is not shown
here) becomes colder and the common bus of Hear RErEcToR
(that is not shown here) becomes warmer.
[0265] Reference is now made to FIG. 1¢, divided between
two parts: Case (A) and Case (B), illustrating schematically
a prior art multi-layer TE multi-module device 12.0 com-
prising a matrix of TE elements aggregated in layers one
above another multi-stage repeatedly; wherein the numerals
having the letter “A” belong to Case (A) and the numerals
having the letter “B” belong to Case (B). The multi-layer TE
multi-module device 120 is built up of a matrix of the
elements 12.0A1 or 1¢.0B1, which are arranged, on the one
hand, electrically in series along a boustrophedon trajectory
and, on the other hand, in layers spatially cascaded one
above another to cascade manifestations of the thermal
properties multi-stage repeatedly in unison.
[0266] From the point of view of functioning, the use of
multi-layer TE multi-module device 1.0 is considered in
two cases:
[0267] Case (A)where the multi-layer TE multi-module
device 17.0A comprises a source 17.6A of DC emf and

a matrix of several TE elements 1¢.0A1 [shown 9].

When the source 1£.6 A of DC emf originates a voltage

bias applied to the end pads: 12.41A and 12.42A, and an

electric CURRENT indicated by arrow 1¢£.8A, the TE
elements 17.0A1:

[0268] from the electric point of view, are connected
into a sequential electrical circuit along a boustro-
phedon trajectory, and,

[0269] from the constructive point of view, have
common EXTERNAL aND INTERNAL AcTIVE CooLING
Buses becoming colder and common EXTERNAL AND
InterNaL Hear Reection Buses becoming warmer,
wherein the common INTERNAL AcTivE COOLING BUSES
and the common INTERNAL HEaT REmECTION BUSES are
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arranged adjacently, thereby, in the final analysis, to
transmit the warmth from the common EXTERNAL
Active CooLing Bus to the common EXTERNAL Hear

ReEcTion Bus;
[0270] and
[0271] Case (B) where the multi-layer TE multi-module

device 1¢.0B comprises an electrical load 1£.6B and a
matrix of several TE elements 1z.0B1 [shown 9]. From
the electric point of view, the TE elements 12.0B1 are

connected into a sequential electrical circuit along a

boustrophedon trajectory. From the constructive point

of view, the TE elements 1¢.0B1 have:

[0272] acommon ExterNar HEAT Source Bus exposed
to the overabundant ambient warmth,

[0273] adjacently arranged INTERNAL HEAT SNk Buses
and INTERNAL HeaT Source Buses, and

[0274] a common Externar Hear Sk Bus being
colder than the common ExTerNar Heat Source Bus.

[0275] As a result, the multi-layer matrix 12.0B of TE
elements 1£.0B1 provides for the cumulative electro-
motive force (emf) manifested as:

[0276] a voltage bias induced between the end pads:
12.41B and 1¢.42B, and applied to the electrical load
1£.6B, and

[0277] an induced electric CURRENT indicated by
arrow 1:.8B.

SUMMARY OF THE INVENTION

Unity and Novelty of the Invention

[0278] The unity and novelty of the invention are in a
method and modified aerodynamic apparatuses: fluid push-
ers-off and/or fluid motion-sensors, which are geometrically
shaped and supplied with built-in thermoelectric devices;
wherein the thermoelectric devices are controlled to provide
for the spatial distribution of the temperature-dependent
static pressure in ambient fluid around the modified aero-
dynamic apparatuses to result in pulling-in and/or pushing-
off and/or motion detection of a portion of the ambient fluid,
furthermore, the modified aerodynamic apparatuses are
designed to operate in such a way as to exclude the necessity
of a powerful ventilator, wherein the presence of the ther-
moelectric devices provides for new functional properties of
the fluid pushers-off and fluid motion-sensors.

Primary Basic Features of the Present Invention

[0279] The claims define the invention.
[0280] One of the primary features of the present inven-
tion is a method for:

[0281] extra-fast removing of accumulated heat from a
space adjacent to a thermoelectric device without a
powerful ventilator,

[0282] wusing thermoelectric elements, inertialess
manipulation of the temperature difference between
components of the modified aerodynamic apparatus—
the fluid pusher-off;

[0283] using thermoelectric elements, inertialess detec-
tion of a temperature difference between portions of
ambient fluid moving adjacent to the modified aerody-
namic apparatus—the fluid motion-sensor; and

[0284] providing the new functional properties of the
modified aerodynamic apparatuses such that the modi-
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fied aerodynamic apparatuses supplied with thermo-
electric elements becoming functioning either as:
[0285] a highly-efficient source of acoustic waves (a
fluid pusher-off as a motionless loudspeaker),
[0286] a highly-efficient detector of acoustic waves
(a fluid motion-sensor as a motionless microphone),

[0287] a wireless charger based on ultrasound,

[0288] a modified convergent-divergent nozzle
adapted to an acceleration of laminar flow,

[0289] a modified convergent-divergent nozzle

adapted to an acceleration of a tiny portion of the
fluid and thereby to boost a sound,

[0290] an airfoil wing capable of controlling a lift-
force and thrust; and

[0291] an airfoil corpus which, when blown, contrib-
utes to lift-force and thrust.

In particular:

[0292] In the matter of the modified convergent-diver-
gent nozzle supplied with built-in a multiplicity of
thermoelectric elements, the thermoelectric elements
aggregated into a surface matrix a side of which has a
thermoconductive bus aligned with a smoothly shaped
tunnel to provide for controllably distributed tempera-
ture along the tunnel such to adapt a geometrical
configuration of the tunnel to a velocity of fluid flow
entering the tunnel, wherein the tunnel having a vary-
ing cross-sectional area characterized by a cross-sec-
tional area profile function A(x) of x interrelated with
functions u(x) and T(x) of X representing profiles of the
fluid flow’s headway velocity and absolute tempera-
ture, correspondingly, along the tunnel length, wherein
the multiplicity of the thermoelectric elements provid-
ing for a degree of freedom to interrelate the functions
A(x), u(x), and T(x) by the condition of flow continuity
Eq. (6.0) expressed as:

i _A*V(V—I)RT(X)( 2, A
(o) = () Y+l o+ DRTG) ’

[0293] where A. is a constant, v is an adiabatic com-
pressibility parameter of the fluid flow, and R is a
specific gas constant characterizing the fluid, wherein
the functions u(x) and T(x) both are gradually-
smoothed monotonic, wherein:

[0294] the gradually-smoothed monotonic function
of the absolute temperature T(x) is determined by:
[0295] an absolute temperature T,, of the fluid flow

at the open inlet,

[0296] temperature change 8T (x) interrelated
with adiabatic compression-expansion occurred
due to an adiabatic action of the Coanda-jet-effect,
and/or the Venturi effect, and/or the de Laval
jet-effect, all, in turn, determined by a curvature of
the stationary geometrical configuration of the
tunnel, and

[0297] forcedly established temperature contribu-
tion 9T, (x) to the absolute temperature T(x) along
the boundary layers subjected to controllable heat-
ing and/or cooling action of the thermoelectric
device, such that

T(x)=T,+0T,(x)+0T (x),
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[0298] and

[0299] the gradually-smoothed monotonic function
of the headway velocity u(x) is determined by the
velocity u,, of the fluid flow at the open inlet,
convective acceleration resulting in a velocity gra-
dient along the tunnel length as the fluid flow is
subjected to the adiabatic Coanda-jet-effect, and/or
the Venturi effect, and/or the de Laval jet-effect, and
controllable acceleration occurred due to control-
lable heating and/or cooling action of the thermo-
electric devices.

[0300] thereby, the modified convergent-divergent
nozzle is applicable to convey:

[0301] in general, laminar flow to solve the problem
of originated turbulence, and

[0302] in particular, tiny portions of the fluid associ-
ated with the propagation of an acoustic wave to
solve the problem of sound power dissipation;

[0303] note that:

[0304] the degree of freedom dT,(x) to manipulate
with the function T(x) allows to adapt a tunnel
having a smooth shape to a wide range of velocities
of incoming fluid flow entering the tunnel; and

[0305] the relatively fast fluid flow provides for con-
ditions allowing to exclude using a powerful venti-
lator;

[0306] In the matter of a thermoelectric device func-
tioning as the highly-efficient source of the acoustic
waves (loudspeaker), on the one hand, the controlled
temperature difference between two opposite sides of
the thermoelectric device and, on the other hand, the
controlled temperature distribution along a divergent
horn of the loudspeaker, both allow for efficient gen-
eration of acoustic waves accompanied by suppressed
concomitant turbulence in the ambient fluid nearby the
source of the acoustic waves; wherein the generation of
acoustic waves is accompanied by a reincarnation of
the heat radiated from a side of the thermoelectric
device into the wave power which is removed away
from the thermoelectric device by the originated acous-
tic waves propagating with the velocity of sound.

[0307] In the matter of a thermoelectric device func-
tioning as the highly-eflicient detector and/or booster of
acoustic waves, on the one hand, the controlled tem-
perature difference between two opposite sides of the
thermoelectric device, and, on the other hand, the
controlled temperature distribution along a two-stage
convergent-divergent phonendoscope, both allow for
efficient detection and/or boosting of acoustic waves;
and

[0308] Inthe matter of the airfoil body: wing or capsule,
supplied with built-in thermoelectric devices, the thet-
moelectric devices, aggregated into a surface matrix a
side of which forms or at least is adjacently-aligned
with a smoothly shaped surface of the airfoil body to
control distributed temperature difference between
opposite sides (for instance, upper and lower) of the
airfoil body, provides for the desired distribution of
static pressures in boundary layers adjacent the airfoil
body thereby resulting in controllable lift-force and
thrust.
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Principal Objects

[0309] Accordingly, it is a principal object of the present
invention to overcome the limitations of existing methods
and apparatuses for controlling the operation of aerody-
namic devices such as wings and corpus of a flying vehicle,
convergent-divergent nozzles, loudspeakers, and detectors
of acoustic waves, all of a highly-efficient functionality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0310] To understand the invention and to see how it may
be carried out in practice, a preferred embodiment will now
be described, by way of a non-limiting example only,
referring to the accompanying drawings, in the drawings:
[0311] Of Prior Arts:

[0312] FIG. 15 is a schematic drawing of the convergent-
divergent Venturi tube;

[0313] FIG. 1c is a schematic view of the convergent-
divergent de Laval nozzle;

[0314] FIG. 1d is a schematic illustration graphics of gas
velocity, static pressure, and temperature distributions
within the de Laval convergent-divergent jet-nozzle;
[0315] FIG. 1fis a schematic drawing of a body blown by
an airflow portion;

[0316] FIG. 1gis a schematic drawing of a classic prior art
asymumetrical and mirror-symmetrical profiles of an airplane
wing;

[0317] FIG. 1/ is a schematic illustration of points of sail;
[0318] FIG. 1j is an illustration of a honeybee as an

exemplary insect capable of flying;

[0319] FIG. 1k is a schematic illustration of a wind tur-
bine, built-in into a cylinder;

[0320] FIG. 1n, composed of three parts: Case (A), Case
(B). and Case (C), comprises prior art schematic drawings of
megaphones and a gramophone, each supplied by a horn;
[0321] FIG. 1L is a schematic drawing of a human ear
profile in a sagittal plane;

[0322] FIG. 1o is a schematic drawing of a thermocouple;
[0323] FIG. 1p is a schematic drawing of a thermoelectric
element;

[0324] FIG. 1¢ is a schematic drawing of a thermoelectric

multi-module device;

[0325] FIG. 17 is an exemplary planar arrangement of
thermoelectric elements;

[0326] FIG. 1z is a schematic drawing of a thermoelectric
multi-module device; and

[0327] Of Embodiments, Constructed According to the
Principles of the Present Invention:

[0328] FIG. 5p is a schematic illustration of an elemental
source and detector of sound;

[0329] FIG. 5¢ is a schematic illustration of a matrix of
elemental sources and detectors of sound;

[0330] FIG. 5 is a schematic illustration of a multi-
module thermoelectric device;

[0331] FIG. 5s is a schematic illustration of a two-stage
sound amplifier;

[0332] FIG. 5¢ is a schematic illustration of a communi-
cation system;
[0333] FIG. 6a is a schematic illustration of an optimized

convergent-divergent jet-nozzle;

[0334] FIG. 6b is a schematic illustration of an optimized
inverse convergent-divergent nozzle;

[0335] FIG. 6¢ is a schematic illustration of a two-stage
convergent-divergent jet-nozzle;
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[0336] FIG. 7 shows comparative graphs of the dependen-
cies of the nozzle extension ratio vs. the airflow M-velocity,
calculated by the classical and suggested models;

[0337] FIG. 7a, composed of three parts: case (A), case
(B), and case (C), comprises schematic illustrations of sound
boosters where: case (A) is a horn for a gramophone, case
(B) is a phonendoscope, and case (C) is a hearing aid;
[0338] FIG. 75 is a schematic illustration of a compressor
supplied by an optimized convergent-divergent jet-nozzle;

[0339]
capsule;
[0340]
capsule;
[0341] FIG. 8 is a schematic illustration of a symmetrical
wing supplied with a TE device;

[0342] FIG. 8a is a schematic illustration of an actually-
airfoil wing blown by the wind;

FIG. 7c¢ is a schematic sectional view of a flying

FIG. 7d is a schematic sectional view of a flying

[0343] FIG. 85 is a schematic illustration of a flying airfoil
body;

[0344] FIG. 8¢ is a schematic illustration of flying airfoil
bodies;

[0345] FIG. 84 is a schematic illustration of two-stage
airfoil wings;

[0346] FIG. 9a is a schematic illustration of a sequential

cascade of airfoil bodies;
[0347] FIG. 95 is a schematic illustration of an in-line
cascade of rings having airfoil walls;

[0348] FIG. 9¢ is a schematic illustration of two Archi-
medean screws having airfoil walls;

[0349] FIG. 9¢ is a schematic drawing of an improved
wind-turbine;
[0350] FIG. 9% is a schematic side and front views of an

improved wind-turbine;

[0351] FIG. 9; is a schematic illustration of a jet-ventila-
tor;
[0352] FIG. 9% is a schematic illustration of a jet-propel-
ler;
[0353] FIG. 9L is a schematic illustration of a multi-

module jet-ventilator;

[0354] FIG. 9m is a schematic illustration of cascaded
multi-module jet-propellers; and

[0355]
former.
[0356] FIG. 90 is a schematic illustration of a levitating
apparatus.

[0357] All the above and other characteristics and advan-
tages of the invention will be further understood through the
following illustrative and non-limitative description of pre-
ferred embodiments thereof.

FIG. 97 is a schematic illustration of a jet-trans-

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0358] The principles and operation of a method and an
apparatus according to the present invention may be better
understood referring to the drawings and the accompanying
description, it being understood that these drawings are
given for illustrative purposes only and are not meant to be
limiting.
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Preface

[0359] The jet-effect occurring in moving fluid can be
manifested as:
[0360] the Venturi effect and the de Laval jet-effect
resulting in either:
[0361] convective self-acceleration accompanied by
self-cooling, or
[0362] self-retarding accompanying by self-warm-
ing,
[0363] when a portion of the headway moving fluid is
subjected to a reshaping;
[0364] the Coanda-effect resulting in both:
[0365] Ilift-force acting on a profiled wing, and
[0366] thrust-force acting on a sail oriented as so-
called “B-Point of Sail”;
[0367] when a convexly-curved surface is tangentially
blown by a headwind; and
[0368] the waving jet-effect resulting in both:
[0369] acoustic wave (audible sound or ultrasound)
origination, and
[0370] conveying of a tiny portion of fluid transmit-
ting wave energy away along the direction of the
acoustic wave propagation;
[0371] when a portion of the fluid is subjected to
oscillating change in static pressure;
wherein these are manifestations of the jet-effect defined as
an effect of transformation of the heat power into the kinetic
power of fluid motion as a whole and, vice-versa, an effect
of transformation of the kinetic power of fluid motion as a
whole into the heat power. Further, the DETAILED DESCRIPTION
OF THE PREFERRED EMBODIMENTS 1s divided between two para-
graphs: “Conceptual Idea” and “Embodiments”, each having
sub-paragraphs.

Conceptual Idea

Prerequisites:

[0372] On the one hand, an inertialess controller is
required; namely, in general, as a fluid flow accelera-
tion is accompanied by varying thermodynamic param-
eters of portions of the fluid wherein the interrelation
between the varying thermodynamic parameters is iner-
tialess, control of the fluid flow should be if not
inertialess then at least almost inertialess to provide the
desired control of the thermodynamic parameters effi-
ciently; and, in particular,

[0373] as the Coanda-effect, that manifested by pull-
ing-in the fluid portions forming a boundary layer
and causing a lift-force, is accompanied by changes
in thermodynamic parameters of the fluid portions
wherein the interrelation between the changes is
inertialess, a controller of the changes should be if
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[0375] as the upward-vectored lift-force is the prop-
erty of the ambient-adjacent boundary layer, like-
wise, a controller of the changes in the thermody-
namic properties of the ambient-adjacent boundary
layer should be if not inertialess then at least almost
inertialess to provide the desired property of the
ambient-adjacent boundary layer; and

[0376] as a sound propagating in the fluid is accom-
panied by oscillating changes: 8P, 6p, and 8T, of
thermodynamic parameters: the static pressure, mass
density, and absolute temperature, correspondingly,
of the fluid portions wherein the interrelation
between the changes is inertialess, alike, a controller
of a source of the sound should be if not inertialess
then at least almost inertialess to provide the desired
frequency of oscillating changes; and

[0377] On the other hand, an almost inertialess thermo-
electric device having no moving parts can be used
namely, considering a thermoelectric (TE) device based
on the Peltier effect, the almost inertialess interrelation
between the current density J and the temperature
difference AT, at least when removing the accumulated
heat away is extra-fast and/or when the desired tem-
perature difference AT is extremely small, makes using
the TE device (optionally made using Nano-technolo-
gies from a thermoelectric material of high quality)
promising, in general, to control the changes of the
thermodynamic parameters of the moving fluid, and, in
particular, to:

[0378] create and control the lift-force; wherein, tak-
ing into attention that the TE device does not have
moving parts, the using the TE device allows to
create and control the lift-force without the creation
of undesired turbulence, thereby, to create and con-
trol the lift-force much more efficiently than using
wings supplied with moving flaps;

[0379] create and control laminarity of a flow within
a convergent-divergent nozzle: either a Venturi pipe
or a de Laval tube; wherein, taking into attention that
the TE device does not have moving parts, the using
the TE device allows smoothing the distributed static
pressure to suppress so-called Mach waves and
thereby to control the laminarity; and

[0380] create, detect, and suppress the acoustic
waves; wherein, as the TE device does not have
moving parts, the using the TE device allows creat-
ing the acoustic waves without the creation of unde-
sired turbulence, thereby, to launch and detect the
acoustic waves (sound or ultrasound) much more
efficiently than using classical speakers and micro-
phones, correspondingly, which are supplied with a
moving membrane.

not inertialess then at least almost inertialess to Essence of Concept

provide the desired boundary layer and lift-force;

[0374] as the Venturi effect and the de Laval effect [0381] Thus, the conceptual idea of the present invention

is in the use of a thermoelectric device to:

both accompanied by the fluid portions’ reshaping
and inertialessly interrelated changes in thermody-
namic parameters, again, a controller of the changes
should be if not inertialess then at least almost
inertialess to provide the desired thermodynamic
parameters meeting the conditions of flow laminar-

ity;

[0382] control gradients of thermodynamic parameters
of flow along a convergent-divergent nozzle: either a
Venturi pipe or a de Laval tube;

[0383] create a pressure difference between the upper
and lower sides of an airfoil body (for instance, a wing)
to originate and control lift-force;
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[0384] create a pressure difference between anterior and
tail parts of an airfoil body to originate and control
thrust;

[0385] create the oscillating changes: 3P, dp, and 0T, of
thermodynamic parameters: the static pressure, mass
density, and absolute temperature, correspondingly, of
a portion of the fluid, to pull-in and push-off the fluid
portion, and, thereby, to create acoustic waves, and,
vice-versa,

[0386] detect and/or suppress the oscillating changes:
dP, dp, and dT, of thermodynamic parameters: the static
pressure, mass density, and absolute temperature, cor-
respondingly, of a portion of the fluid, and thereby to
detect and/or suppress the acoustic waves.

The conceptual idea, being one of the primary features of the
present invention, lies in the basis of the disclosed method
and aerodynamic apparatuses (fluid pushers-off and fluid
motion-sensors) for the creation and controlling of lift-force
and thrust and for the creation and detection of sound.

Embodiments

Elemental TE Device as Source of Sound

[0387] FIG. 5p is a schematic illustration of an elemental
acoustic thermoelectric device 5P.0, capable of functioning
in two controllable modes: “A”, to originate temperature
difference between two buses SP.7A and SP5SA using the
Peltier effect and, “B”, vice versa, to detect the temperature
difference between two buses 5P.7B and 5P.5B using the
Seebeck effect.

[0388] The mode “A” is a case of forced controlling the
temperature and thereby the static pressure of a portion of
the ambient fluid, wherein the changes in temperature and
static pressure are mutually-interrelated according to the
equations Eq. (1.1b) and Eq. (1.3¢). The mode of forced-
varying temperature assumes that the varying of the tem-
perature and thereby the static pressure of the portion of the
ambient fluid is periodically alternating, i.e. increasing and
decreasing the static pressure that, in turn, indicates to
generating an elastic (acoustic) wave propagating in the
ambient fluid. The mode “A” is concretized as Case (A)
Sounp Launcimg Mopk. The feature is that the acoustic wave
permanently transmits the wave energy away from the
source in the direction of the Umov-vector collinear with the
direction of the acoustic wave propagation. Thus, the
elemental acoustic thermoelectric device SP.0 operating in
the mode “A” becomes interpreted as an aerodynamic
apparatus—a fluid pusher-off, which is pulling-in and push-
ing-off a portion of the fluid and, thereby, is capable of
triggering the conveying motion of a tiny portion of the
ambient fluid (the conveying motion associated with the
acoustic wave propagation), wherein the necessity of a
powerful ventilator is excluded.

[0389] The mode “B” is a case of detecting the periodi-
cally alternating temperature changes of a portion of the
ambient fluid. Again, the varying static pressure of the
portion of the ambient fluid is interpreted as an indication of
the presence of an elastic wave. So, the elemental acoustic
thermoelectric device 5P.0 operating in the mode “B”
becomes interpreted as an aerodynamic apparatus—a fluid
motion-sensor, and the mode “B” is concretized as Case (B)
Sounp DeTECTION MODE.

[0390] Thus, the elemental acoustic thermoelectric device
5P.0, called an ELEMENTAL SOURCE AND DETECTOR OF SOUND, COIl-
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structed according to the principles of the present invention,
is an aerodynamic apparatus: a fluid pusher-off and/or a fluid
motion-sensor, capable of operation in the two modes: Case
(A) Sounp Lavncuwg Mope and Case (B) Sounp DeTeCTION
Monk, as either an ELEMENTAL SOURCE OF SOUND SP.0A or an
ELEMENTAL DETECTOR OF SOUND SP.0B, correspondingly.

[0391] From the point of view of construction, the two
cases: Case (A) Sounn Launcamng Mopk and Case (B) Sounp
DetECTION MoDE, differ as follows:

[0392] In the Case (A) Sounp LAUNCHING MoDE, an
ELEMENTAL SOURCE OF sOUND SP.0A comprises a TE ele-
ment 5P.A supplied with an individual controller SP.8A
connected between the connection points SP.61A and
5P.62A and comprising an integrated circuit (IC)
5P.81A and a manipulatable source of emf SP.82A,
wherein two opposite sides of the TE element 5P.A
comprise, on the one side, an ACTIVE COOLING AND HEATING
BUS 5P.7A and, on the other side, a HEAT AND COLDNESS
REJECTION BUS SP.5A, both merged in the ambient fluid
and wherein the manipulations in the polarity of the
source of emf 5P.82A are periodically oscillating such
that the originated oscillating temperature differences
between the two opposite sides interrelated with
whereby originated oscillating pressure differences are
regarded as indicators of the presence of an acoustic
wave propagating and transmitting the heat energy
away from the ELEMENTAL SOURCE OF SOUND
5P.0A as the wave energy, and hence preventing the
heat accumulation near the ELEMENTAL SOURCE
OF SOUND 5P.A;

[0393] and
[0394] In the Case (B) Sounp DETECTION MODE, an

ELEMENTAL DETECTOR OF SOUND SP.0B comprises a TE
element 5P.B supplied with an individual controller
IC pEtECTOR SP.8B comprising an integrated circuit
(IC) and a detector of an induced varying electric
current [ for instance, alternating current (AC)] origi-
nated by the TE element 5SP.B when a HEaT anD
COLDNESS SOURCE BUS 5P.7B is exposed to ambient fluid
and subjected to impacting acoustic wave character-
ized by varying heating and cooling of a tiny portion
of the ambient fluid adjacent the HEAT AND COLDNESS
SourRCE BUs 5P.7B, wherein the varying heating and
cooling are manifested as periodically oscillating
pressure and temperature, wherein, as the acoustic
wave prevents the heat accumulation near the
ELEMENTAL DETECTOR OF SOUND 5P.0B, one does not need
in forcible thermostating the ELEMENTAL DETECTOR OF
sounD SP.B;
[0395] The inventor points out, again, that, the thermo-
electric elements: 5P.A and 5P.B, as well as the thermoelec-
tric elements 1.0 (1.0A and 1.0B) described hereinabove in
Tre Backarounn Or THE INvenTion referring to FIG. 1p, are
characterized by the time-invariant interrelation between the
current density j and the temperature difference AT. On the
other hand, the time-invariance allows implementing the
elemental acoustic thermoelectric devices 5P.0: an ELEMENTAL
SOURCE OF SOUND SP.OA and ELEMENTAL DETECTOR OF SOUND
5P.0B, such that:

[0396] in the Case (A) Sounp Launcuing Mopg, the
ELEMENTAL SOURCE OF SOUND 5P.0A functioning in the
soUND LAUNCHING MODE differs from TE element 1.0A
(FIG. 1p Case (A) RerrigEraTiON MoDE) functioning in
the REFRIGERATION MODE and normally supplied with the
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ventilator 1.9A by that the source 1.6A of DC emf and
the ventilator 1.9A, altogether are now replaced by an
individual controller SP.8A having the integrated circuit
IC 5P.81A and the manipulatable source of emf 5P.§2A
controlled by the integrated circuit IC 5P.81A such that
the manipulatable source of emf 5P.82A is capable of
generating an alternating emf of a frequency f in the
range of frequencies of the audible sound and ultra-
sound, i.e. from 20 Hz and lower to 20 kHz and higher;
wherein, optionally, the individual controller SP.8A can
be implemented as a block 5P.80A of an electric
scheme supplied by a transformer as 5P.86A of the
alternating current and voltage that (the transformer
5P.86A),

[0397] on the one hand, is connected to the metallic
electrical contact pads SP41A and 5P42A of an
n-type (negative thermopower and electron carriers)
semiconductor material 5P.1A and of a p-type (posi-
tive thermopower and hole carriers) semiconductor
material 5P.2A, correspondingly, and

[0398] on the other hand, is connected to the genera-
tor of alternating current and voltage 5P.820A, which
is manipulatable by an individual integrated circuit
IC 5P.810.A,

[0399] to separate the AC generated by the generator
5P.820A and the AC induced in the circuit of the TE
element 5P.A; wherein, referring to exemplary TE
modules, made using Nano-technologies, characterized
by the estimated local temperature rate is 1.25 C/sec the
estimated local temperature rate is 1.25 C/sec as
described hereinabove in ThE Backerounn Or THE
Invention referring to FIG. 1p Case (A) TiME CHARAC-
terisTIC and citing D4, the estimations of reachable SPL
for audible sound are as follows:

[0400] when 20 Hz sound is required, half of the
time-period allowing for the temperature oscillation
18 0.5xT,q 7,=0.025 sec and the reachable amplitude
of the temperature difference is approximately 0.03K
that corresponds to SPL=SDL=STL level of 155 dB;

[0401] when 20 kHz sound is required, half of the
time-period allowing for the temperature oscillation
is 0.5, 1,=2.5%x107° sec and the reachable ampli-
tude of the temperature difference is, approximately,
3%x107° K that corresponds to SPL=SDL=STL level
of 95 dB;

[0402] The investor points out that the estimation is the
worst-case estimation made with a spare reserve
because the generated sound transmits the heat and
coolness away with the velocity of sound in the ambi-
ent fluid, i.e., on the one hand, one does not need to use
a ventilator for the heat removing (note, the gusty-
choppy operating ventilator would not allow to gener-
ate so precise temperature differences), and, on the
other hand, the not accumulated heat provides for
desired inertialess of the thermoelectric element func-
tioning. In other words, the SPL, much higher than the
worst-case estimated 95 dB, is reachable. Thus, in any
case, the reachable SPL is much higher than the usually
used SPL between 0 to 80 dB, and so the ELEMENTAL
SOURCE OF SOUND SP.0OA is capable to launch acoustic
waves as audible sound SP.91A and 5P.92A, launched
from the ACTIVE COOLING AND HEATING BUS SP.A and the
HEAT AND COLDNESS REIECTION BUS SP.5 A, correspondingly,
wherein the launched acoustic waves 5P.92A differ

24

Jun. 2, 2022

from the launches acoustic waves SP.91A in phase on
180°. Tt further will be evident for a commonly edu-
cated person that the alternating current generated by
the generator 5P.820A results in the origination and
radiation of an electromagnetic wave characterized by
the frequency f of the current alternation; and

[0403] in the Case (B) Sounp Detection MopE, the
ELEMENTAL DETECTOR OF sOUND SP.0B functioning in the
sounp DETECTION MODE differs from TE element 1.0B
functioning in the PowER GENERATION MODE and normally
supplied with the ventilator 1.9B by that the load 1.6B
(FIG. 1p Case (B) PowerR GENERATION MoDE) and the
ventilator 1.9B, altogether are now replaced by an
individual integrated circuit IC Detector SP.8B capable
of detection AC originated by acoustic wave 5P.91B
impacting the HEAT AND COLDNESS SOURCE BUs SP.7B
which, as a result, becomes subjected to alternating
heating and cooling accompanying by the origination
of alternating electric current. Again, optionally, the
connection of the individual integrated circuit IC DETEC-
ToR 5P.8B to the TE element 5P.B can be implemented
using a transformer SP.86B of the induced alternating
electric current and voltage wherein the transformer
5P.86B:

[0404] on the one hand, is connected to the metallic
electrical contact pads 5P41B and 5P42B of an
n-type (negative thermopower and electron carriers)
semiconductor material SP.1B and a p-type (positive
thermopower and hole carriers) semiconductor mate-
rial 5P.2B, correspondingly, and

[0405] on the other hand, is connected to the indi-
vidual integrated circuit IC Detector 5P.810B,

[0406] to separate the AC generated by the TE element
5P.B and the AC induced in the individual integrated
circuit IC DetecTor SP.80B. It further will be evident
for a commonly educated person that the induced
alternating electric current originated in the thermo-
electric element 5P.B, on the one hand, can be regis-
tered and/or recorded by any classic method, and on the
other hand, results in the origination and radiation of an
electromagnetic wave characterized by the frequency
of the induced current alternation that, in turn, can be
detected using an RF receiving antenna.

As a consequence, from the point of view of functioning, the
two cases: (A) and (B), differ as follows:

[0407] In Case (A) Sounp LauncHING MODE, an ELEMEN-
TAL SOURCE OF soUND SP.0A is capable of operation in a
SOUND LAUNCHING MODE providing for audible sound and
ultrasound launching; and, vice-versa,

[0408] In Case (B) Sounp DeTECTION MODE, an ELEMENTAL
DETECTOR OF SOUND 5P.0B is capable of functioning in a
SOUND DETECTION MODE providing for audible
sound and ultrasound detection.

In view of the foregoing description referring to FIG. 5p, it
will be evident for a commonly educated person that:

[0409] In Relation to Accompanying Electro-Magnetic
Waves,

[0410] When operating in the sound launching mode,
the ELEMENTAL SOURCE OF sOUND 5P.0A radiates electro-
magnetic waves of the same frequency as the fre-
quency of the launched acoustic waves; in other
words, the metallic electrical contact pad 5P.3A of
the ELEMENTAL SOURCE OF SOUND SP.0A operates as a
transmitting antenna of electromagnetic waves,
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[0411] If the ELEMENTAL SOURCE AND DETECTCR OF SOUND
5P.0 is exposed to an electromagnetic wave of a
certain frequency in the range between 20 Hz and 20
kHz (or higher), then the metallic electrical contact
pad 5P.3A, as a receiving antenna detecting the
electromagnetic wave, plays the role of the generator
of alternating electric current or voltage SP.820A
providing the emf resulting in the generation of an
acoustic wave (audible or ultrasound) of the same
certain frequency; and

[0412] If the ELEMENTAL DETECTOR OF SOUND SP.0B is
exposed to an acoustic wave of a certain frequency,
the metallic electrical contact pad SP.3B radiates an
electromagnetic wave of the same certain frequency
and so plays the role of a transmitting antenna
allowing to detect the presence of sound using a
sensor of electromagnetic waves wirelessly;

[0413] In Relation To The Reversibility Of The FLEMEN-
TAL SOURCE AND DETECTOR OF SOUND,

[0414] If the manipulatable source of emf SP.82A is
shunted and the integrated circuit IC 5P.81A provides
for the functionality of the individual integrated circuit
IC DetEcTOR 5P.8B, the ELEMENTAL SOURCE OF SOUND SP.0A
can be adapted to function as the ELEMENTAL DETECTOR OF
sounp 5P.0B in the Case (B) Sounp DetecTion MoDE.
This allows using the TE element 5P.A for operation as
both:

[0415] a source of sound when functioning in the
sound launching mode, and

[0416] a detector of sound when functioning in the
sound detection mode;

[0417] and
[0418]

[0419] In the detection mode, the opposite sides HEaT
AND COLDNESS SOURCE BUS 5P.7B and HEAT AND COLD SINK BUS
5P5B, both become heated and cooled alternatingly
with the frequency f equal to the frequency of the
impacting sound, wherein the phase of the temperature
changes adjacent to the HEAT AND cOLD SINK BUS 5P.58
differs from the phase of the temperature changes
adjacent the HEAT AND cOLDNESS SOURCE BUs SP.7B on
1800. This, in particular, means that the TE element
5P.B functions as a phase-inverter which receives the
acoustic wave 5P.91B impacting the HEAT AND COLDNESS
sourck BUs SP.7B and launches the acoustic wave
5P.92B propagating away from the HEAT AND COLD SINK
BUs 5P.5B, wherein the phase of the launched acoustic
wave SP92B differs from the phase of the received
acoustic wave 5P.91B on 180°. It will be evident for a
commonly educated person, that if now the individual
integrated circuit IC Detector SP.8B is supplied by an
amplifier providing for increasing an induced electric
current, the TE element 5P.B becomes capable of
functioning as an amplifier of acoustic waves which
receives the acoustic wave 5P.91B impacting the HEaT
AND COLDNESS SOURCE BUS SP.7B and launches the ampli-
fied acoustic wave SP.92B propagating away from the
HEAT AND COLD SINK BUS 5P.5B, wherein the phase of the
launched acoustic wave 5P.92B differs from the phase
of the received acoustic wave 5P.91B on 180°.

In Relation To Phase-Inverter.
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Multi-Module Matrix Device

[0420] FIG. 5¢, composed of two parts: (A) and (B), is a
schematic illustration of components of a multi-module
thermoelectric device.

[0421] The inventor points out, that, taking into account
the foregoing description of THE Backgrounp OF THE INVEN-
moN referring to FIGS. 1¢ and 14, it will be evident for a
commonly educated person that a MULTI-MODULE SOURCE AND
DETECTOR OF SOUND is feasible by aggregating a multiplicity of
the ELEMENTAL SOURCES OF sOUND 5P.0A and ELEMENTAL DETEC-
TORS OF SOUND 5P.0B such that the ELEMENTAL SOURCES OF SOUND
5P.0A and ELEMENTAL DETECTORS OF SOUND SP.0B are connected
into a sequential electric scheme and arranged to create and
detect, correspondingly, the changes of the thermodynamic
parameters of the ambient fluid in unison.

[0422] Moreover, an arrangement of the ELEMENTAL SOURCES
oF soUND SP.0A and ELEMENTAL DETECTORS OF sOUND SP.0B can
be more sophisticated.

[0423] FIG. 5¢ (A) is a schematic isometry illustration of
a fragment of planar arrangement 5Q.MATRIX of elemental
thermoelectric elements 5Q.01, arranged in a plane (X, Y) in
a system of coordinates (X, Y, Z) 5Q.0 and electrically
mutually isolated.

[0424] FIG. 5¢ (B) is a schematic illustration of a cross-
sectional cut of a multi-module thermoelectric device
5Q.DEVICE, called MATRIX SOURCE AND/OR DETECTOR OF SOUND,
constructed according to the principles of the present inven-
tion.

[0425] The device MATRIX SOURCE AND/OR DETECTOR OF SOUND
5QDEVICE is composed of a multiplicity of N=N_xN,
elemental TE devices 5Q.02, where N, and N, are numbers
of the TE devices 5Q.02 arranged along the axes X and Y,
correspondingly. Each of the N elemental TE devices 5Q.02
is similar to the elemental TE device SP.0 functioning as an
ELEMENTAL SOURCE AND/OR DETECTOR OF SOUND as described here-
inabove in the subparagraph “in Relation To Phase-Inverter”
referring to FIG. Sp. The N xN  elemental TE devices 5Q.02
are arranged in a plane (X, Y) in a system of coordinates (X,
Y, 7) 5Q.0, electrically mutually isolated, and have indi-
vidual thermo-conductive buses, ie. each of the N xN
elemental TE devices 5Q.02 has individual both controller
5Q.08 and thermo-conductive bus 5Q.05 to be controlled
individually. Each of the controllers 5Q.08 comprises an
individual integrated circuit IC 5Q.81, manipulatable source
of emf (for instance, generators of alternating electric cur-
rent and voltage) 50.82, and, optionally, transformers 5Q.86
as described hereinabove referring to FIG. 5p. For the sake
of simplicity of the schematic illustration:

[0426] An arrangement along the axis X is shown only;
and
[0427] Points 5Q.03 symbolize that each of the numbers

N, and N, can be much greater than shown.

Wherein:

[0428] Each of the N.xN_ elemental TE devices 5Q.02
is the ELEMENTAL SOURCE OR DETECTCR OF sOUND 2P.0A or
2P.0B described hereinabove with the reference to FIG.
5p Case (A) Sounn Launcamg Mook or FIG. 5p Case (B)
Sounp DetECTION MoDE, correspondingly; and

[0429] Bach of the N, xN, individual integrated circuits
1IC 5Q.81, is individually controlled by a common
controller-dispatcher 5Q.04.
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[0430] In the launching mode, elemental acoustic waves,
launched by the individually controlled N xN, FLEMENTAL
SOURCES OF SOUND 5Q.02 of the device MATRIX SOURCE AND/OR
DETECTOR OF sOUND 5Q.DEVICE can differ in amplitude,
phase, frequency, and delay, all controlled by the common
controller-dispatcher 5Q.04. Thereby, the desired spatial
interference map associated with the resulting acoustic wave
composed of the elemental acoustic waves is feasible. For
example, a well-known technique “phased array” can be
applied to the elemental acoustic waves when using the
matrix of the multiplicity of N,xN,, ELEMENTAL SOURCES OF
soUND 5Q0.02. Another useful property of the device MaTrIx
SOURCE AND/OR DETECTOR OF $OUND 5Q.DEVICE is that the
loudness of the resulting launched sound can be controlled
by the quantity of operating ELEMENTAL SOURCES OF SOUND
5Q.02. In practice, the device MATRIX SOURCE AND/OR DETECTORS
of sounp 5Q.DEVICE comprising the big number N xN,, of
ELEMENTAL SOURCES OF soUND 5Q.02 provides for a big number
of degrees of freedom for manipulation with characteristics
of the elemental acoustic waves to create the desired wave-
form of the resulting launched acoustic wave. The big
number of degrees of freedom allows for the coding and
focusing of the resulting launched acoustic wave, wherein
the device MATRIX SOURCE AND/OR DETECTCRS OF SOUND 5Q.DE-
VICE remains relatively compact as not requiring big horns
and is eflicient comparing with classic speakers as not
having moving components and so not originating concomi-
tant turbulence.

[0431] In the detection mode, the N, xN,, ELEMENTAL DETEC-
TORS OF SOUND 5Q.02 of the device MATRIX SOURCE AND/OR
DETECTOR OF sOUND 5Q.DEVICE are capable to detect a
reached beam of elemental acoustic waves and release
N, xN, associated elemental electrical signals and the com-
mon controller-dispatcher 5Q.04 is capable to superpose the
released N xN, elemental electrical signals. If the beam
brings coded information due to that the N,xN,, elemental
acoustic waves differ in amplitude and/or phase and/or
frequency and/or delay, then the N, xN , ELEMENTAL DETECTORS
o souND 5Q.02 release N xN_ different associated elemental
electrical signals. Further, using the common controller-
dispatcher 5Q.04 capable to superpose the released N xN,-
elemental electrical signals using a decoding algorithm, a
decoding of the coded information becomes feasible.
[0432] In view of the foregoing description referring to
FIG. 5p and FIGS. 2b (A) and (B) in combination with FIG.
1d, it will be evident for a commonly educated person that
a three-dimensional matrix of a multiplicity of N xN xN,
elemental TE devices 5Q.02, where N, is the number of the
ELEMENTAL SOURCES OF SOUND 5Q).01 arranged along the axis Z
in a manner shown in FIG. 1d, can be implemented to
increase the reachable amplitude of the oscillating tempera-
ture difference 8T using a smaller amplitude of the oscillat-
ing current density j when the elemental TE devices 5Q.02
function to launch acoustic waves.

Diversity of Uses for Multi-Module Matrix Devices

Detector of Sound

[0433] FIG. 5r is a schematic illustration of a multi-
module thermoelectric device SR.DEVICE, comprising a
matrix of a multiplicity of N ELEMENTAL DETECTORS OF SOUND
5R.02, each of which comprises an individual integrated
circuit controller as described hereinbefore referring to FIG.
5p, and a common controller-dispatcher 5R.04 capable to
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control the N ELEMENTAL DETECTORS OF SOUND 5R.02 individu-
ally by amplifying, and/or delays, and/or phase-shifting,
and/or summing the associated induced individual electric
currents. The multi-module thermoelectric device 5R.DE-
VICE has an overall shape of a plate having two sides: 5R.71
and 5R.72. When the side 5R.71 is exposed to an acoustic
beam 5R.1.INPUT, a secondary acoustic wave 5R.2.0UT-
PUT is radiated from the side SR.72 due to the Seebeck
effect and the Peltier effect as a contribution to the resulting
acoustic beam SR.4.QUTPUT, as described hereinabove in
the subparagraph “In Relation To Phase-Inverter” referring
to FIG. 5p considering an alone ELEMENTAL SOURCE AND DETEC-
ToR OF s0UND SP.0. The two acoustic beams: SR.1.INPUT and
the secondary acoustic wave 5R.2.0UTPUT, are marked by
opposite signs: “+” and “~” correspondingly, symbolizing
the 180° phase-difference between the fronts of the two
acoustic beams: SR.1.INPUT and the secondary acoustic
wave 5R.2.0UTPUT, adjacent to the two sides: 5R.71 and
5R.72, correspondingly. The thermoelectric device SR.DE-
VICE is interpreted as a phase-inverter.

[0434] It will be evident to a commonly educated person
that the acoustic beam 5R.1.INPUT acts on the side 5R.71
the thermoelectric device SR.DEVICE not only due to the
oscillating changes in temperature but also mechanically
impacting the side 5R.71 of the thermoelectric device
5R.DEVICE due to the oscillating changes in static pressure.
The mechanic impacts partially transmit the acoustic beam
5R.1.INPUT through the thermoelectric device SR.DEVICE
without the phase-inversion, thereby, resulting in the portion
5R.3.0UTPUT of the acoustic beam 5R.1.INPUT, which
(the portion) is passed through the thermoelectric device
SR.DEVICE as a contribution SR.3.0UTPUT to the result-
ing acoustic beam 5R.4.OUTPUT and radiated from the side
5R.72. As soon as the front of the contribution 5R.3.
OUTPUT is not subjected to the phase-inversion and the
velocity of acoustic waves in the solid material of the
thermoelectric device SR.DEVICE is much higher than the
velocity of the acoustic waves in the air, the phase of the
contribution 5R.3.0UTPUT radiated from the side 5R.72 is
almost the same as the phase of the acoustic beam 5R.1.

<, 0

INPUT and so is reasonably indicated by sign “+”.

Optimized Detector of Sound

[0435] If the common controller-dispatcher SR.04 of the
thermoelectric device 5R.DEVICE provides for that the two
contributions:

[0436] the secondary acoustic wave 5R.2.0UTPUT,
and
[0437] the portion SR.3.QUTPUT of the acoustic beam

5R.1.INPUT which (the portion) passed through the

thermoelectric device SR.DEVICE,
having the mutually opposite phases are such that the
resulting acoustic beam SR.4.OUTPUT has a zero ampli-
tude, then the wave energy, brought by the acoustic beam
5R.1.INPUT, and the electric energy, consumed by both a
multiplicity of individual integrated circuit controllers and
the common controller-dispatcher SR.04, altogether are
transformed into the Joule heat and radiation of an electro-
magnetic wave which is accompanying the induced alter-
nating current originated in the thermoelectric device
SR.DEVICE. This also means that there are suppressed
waves reflected from the side 5R.71. Thus, the device
SR.DEVICE is adapted to function as a detector of sound,
optimized to maximize the net-efficiency of sound detection.
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Two-Stage Sound Amplifier

[0438] FIG. 5s is a schematic illustration of a two-stage
sound amplifier 5S.DEVICE, constructed according to the
principles of the present invention as a multi-module ther-
moelectric device, representing a cascade of two mutually
electrically-separated thermoelectric devices: 55-1.DEVICE
and 5S-2.DEVICE, each of which is similar to the thermo-
electric device SR.DEVICE described hereinabove referring
to FIG. 5r. The thermoelectric device 5S.DEVICE com-
prises a multiplicity of 2N ELEMENTAL DETECTORS OF SOUND
55.02, each of which comprises an individual controller
similar to the individual controller SP.8A described herein-
before referring to FIG. 5p, and a common controller-
dispatcher 55.04 capable to control the 2N ELEMENTAL DETEC-
Tors oF souND individually by amplifying, and/or delays,
and/or phase-shifting, and/or summing the induced indi-
vidual electric currents.

[0439] When the side 58.71 is exposed to an impacting
acoustic beam 5S.1.INPUT, the inner side 58.72 is cooled
and heated in anti-phase relative to the heating and cooling
side 58.71. Further, a secondary acoustic wave 55.2.0UT-
PUT is radiated from the side 55.73 due to the Peltier effect
as a contribution to the resulting acoustic beam 5S.4.0UT-
PUT. The two acoustic beams: impacting 5S.1.INPUT and
the secondary acoustic wave 58.2.0UTPUT, are marked by
the same sign: “+”, symbolizing the zero phase difference
between the fronts of the two acoustic beams: impacting
5S.1.INPUT and the secondary acoustic wave 53.2.0UT-
PUT, adjacent to the two sides: 5S.71 and 5S5.73, corre-
spondingly.

[0440] Again, it will be evident to a commonly educated
person that the impacting acoustic beam 5S.1.INPUT acts on
the side 5S.71 of the thermoelectric device 5S.DEVICE not
only due to the oscillating changes in temperature but also
mechanically impacting the side 55.71 of the thermoelectric
device 5S.DEVICE due to the oscillating changes in static
pressure. The mechanic impacts partially transmit the
impacting acoustic beam 5S.1.INPUT through the thermo-
electric device 5S.DEVICE without the phase-inversion,
thereby, resulting in a contribution 5S.3.0UTPUT to the
resulting acoustic beam 58.4.OUTPUT radiated from the
side 5S.73. As soon as the front of the contribution 5S.3.
OUTPUT is not subjected to the phase-inversion and the
wavelength of an acoustic wave in a solid material of the
thermoelectric device 5S.DEVICE is much greater than the
thickness 5S.03 of the thermoelectric device 5S.DEVICE,
the phase of the contribution 55.3.0UTPUT radiated from
the side 58.73 is almost the same as the phase of the
impacting acoustic beam 5S.1.INPUT and so is reasonably
indicated by sign “+” as well. The two contributions: 5S.2.
OUTPUT and 5S.3.0UTPUT, are in-phase, hence, in this
case, the thermoelectric device 5S.DEVICE is adapted to
function as a two-stage sound amplifier, optimized to maxi-
mize the net-efficiency of sound boosting.

[0441] Tt will be evident for a commonly educated person
that a phonendoscope and hearing aid, both can be supplied
with the two-stage sound amplifier embodied as the ther-
moelectric device 5S.DEVICE.

Acoustic Wireless Charger

[0442] FIG. 5¢ is a schematic illustration of a communi-
cation system 5T.SYSTEM, constructed according to the
present invention. The communication system ST.SYSTEM
comprises:
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[0443] a multi-module thermoelectric device 5T.TX-
ANTENNA, having a matrix composed of a multiplic-
ity of N ELEMENTAL SOURCES OF sOUND 5T.02A functioning
in the Sounp Launcamg Mopk and a common controller-
dispatcher 5T.04A, and

[0444] a multi-module thermoelectric device 5T.RX-
ANTENNA, composed of a matrix composed of a
multiplicity of N ELEMENTAL DETECTORS OF SOUND 5T.02B
functioning in the Sounp DetEcTioN MopE and a com-
mon controller-dispatcher 5T.04B.

While the common controller-dispatcher 5T.04A provides
for an implementation of the technique phased array applied
to the matrix of the multiplicity of N ELEVENTAL SOURCES OF
sonp ST.02A to form an acoustic beam S5T.1INPUT
directed to the multi-module thermoelectric device ST.RX-
ANTENNA, the common controller-dispatcher 5T.04B pro-
vides for the operation of the sound detecting multi-module
thermoelectric device 5T.RX-ANTENNA similar to the
operation of the multi-module thermoelectric device SR.DE-
VICE described hereinabove in subparagraph “Optimized
Detector Of Sound” referring to FIG. 5, namely, such that
the two contributions ST.2.OUTPUT and 5T.3.0UTPUT
(both analogous to the aforementioned two contributions
5R.2.0UTPUT and 5R.3.0UTPUT) having the mutually
opposite phases, such that the resulting acoustic beam 5T.4.
OUTPUT has zero amplitude (analogously to the aforemen-
tioned resulting acoustic beam 5R.4.0UTPUT). The IC
DETECTOR ST.8B is similar to the IC peTector SP.8B (FIG. 5p)
but is now specified as having a piope BrGe 5T.81B and a
RECHARGEABLE BATTERY 5T.81B. An induced alternating elec-
tric current generated in the IC perector ST.8B moves
through the piope BrGE 5T.81B and charges the RECHARGE-
ABLE BATTERY 5T.81B, thereby, cumulating the electric energy,
which is acquired from the wave energy of the detected
acoustic beam 5T.1.INPUT. Thus, the communication sys-
tem ST.SYSTEM represents an acoustic wireless charger.
[0445] To estimate the practical feasibility of the acoustic
wireless charger, consider the multi-module thermoelectric
device ST.TX-ANTENNA having a linear size of several
times greater than 1 mm and the acoustic beam 55.1.INPUT
which is composed of acoustic waves at the ultrasound
frequency of 340 kHz. In this case,

[0446] the wavelength of the ultrasound is estimated as
1 mm; and

[0447] half of the time-period allowing for the tempera-
ture oscillation is 0.5XT,4 4~1.5%107¢ sec and the
reachable amplitude of the temperature difference is,
approximately, of 1.8x10™® K that corresponds to
SPL=SDL~=STL level of 70 dB.

The phased array technique is applicable to the wavelength
of 1 mm, as the linear size of the multi-module thermoelec-
tric device ST.TX-ANTENNA is assumed of several times
greater than 1 mm. Normally, the net-efficiency of the
electrical scheme of the IC petector 5T.8B is higher than
50%. Taking into account that the wave power is propor-
tional to squired frequency; if the charging energy is further
destined to generate a 2 kHz sound, a reachable SPL of the
2 kHz sound is about 109 dB. The estimation shows that the
acoustic wireless charger can be sufficiently efficient when
charging the multi-module thermoelectric device 5T.RX-
ANTENNA wirelessly from 1 m distance using the 340 kHz
ultrasound.

[0448] In view of the foregoing description referring to
FIGS. 5¢, 5p, 5r, 55, and 5¢, it will be evident for a person
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skilled in the art that, if the multi-module thermoelectric
device 5T.RX-ANTENNA operates in a passive mode with-
out the functioning of the dispatcher 5T.04B, then the
magnitudes of the contributions 5T.2.0UTPUT and 5T.3.
OUTPUT, both are neither controlled nor optimized and so
a non-zero resulting acoustic beam 5T.3.0UTPUT deter-
mines a reduced net-efficiency of the acoustic wireless
charger.

Convergent-Divergent Jet-Nozzle

[0449] FIG. 6a, composed of two parts: (A) Shape and (B)
Graph, is a schematic illustration of a modified convergent-
divergent jet-nozzle.

[0450] FIG. 6a (A) Shape shows schematically a sectional
view of the modified convergent-divergent jet-nozzle 610 in
a sagittal plane. The modified convergent-divergent jet-
nozzle 610 having a shaped tunnel is applied to accelerate a
laminarly flowing compressed and hot compressible-ex-
pandable fluid 611. In contrast to the prior art convergent-
divergent nozzles, which are passively adapted to only
certainly-given velocity and thermodynamic parameters
(and are not adapted to arbitrary velocity and thermody-
namic parameters) of an incoming fluid flow to provide for
a laminar flow as described hereinabove in subparagraph
“De Laval Effect” referring to FIG. 1¢, the modified con-
vergent-divergent jet-nozzle 610, constructed according to
an exemplary embodiment of the present invention, allows
for the implementation of either the enhanced Venturi effect
or the enhanced de Laval jet-effect, each providing a laminar
acceleration of fluid flow 611 for a wide range of velocities
u,,, and thermodynamic parameters: the static pressure P,
absolute temperature T,,, and mass density p,,, of entering
fluid flow 611 at an open inlet 617. The shaped tunnel of the
modified convergent-divergent jet-nozzle 610 has opposite
walls 6A.WALLS, which are either formed by or at least
supplied with a surface matrix 6A.MATRIX of densely-
arranged elemental thermoelectric devices 6A.TED. The
triplet of dots 6A.DOT symbolizes that the elemental ther-
moelectric devices 6A. TED are arranged unbrokenly. The
surface matrix 6A.MATRIX is analogous to the planar
matrix 5Q.MATRIX of elemental thermoelectric devices
5Q.02 described hereinabove referring to FIG. 5¢, but now
is aligned to the opposite walls 6A. WALLS’s shape. The
opposite walls 6A.WALLS are shaped, for the sake of
concretization and without loss of generality, axis-symmetri-
cally around an imaginary sagittal x-axis 615, as a conver-
gent funnel 612 comprising an open inlet 617 having a
cross-sectional area A, and diameter D,,, narrow throat 613
comprising point 618 of the narrowest cross-section cross-
sectional area A,, and diameter D,;, and divergent exhaust
tailpipe 614 having an open outlet 619 having a cross-
sectional area A, and diameter D,,,. When moving through
the smoothly shaped tunnel having controllably heated and/
or cooled walls, the fluid stream 611 becomes subjected, on
the one hand, to change in cross-sectional area and, on the
other hand, to forcedly established temperature distributed
due to controllably functioning densely-arranged elemental
thermoelectric devices 6A. TED. The linear sizes: D,,, D,,,
D,,, may differ from associated linear sizes of the mentioned
prior art passively adapted convergent-divergent nozzle,
passively adapted to only certainly-given velocity and ther-
modynamic parameters of the incoming fluid flow 611, on a
thickness of a boundary layer nearby the opposite walls
6A.WALLS. Thus, the thickness of the boundary layer near
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each of the walls 6A.WALLS plays the role of a tolerance
allowing for a degree of freedom to manipulate with the
forcedly establishing of the temperature using the thermo-
electric devices 6A.TED. The surface matrix 6A.MATRIX
of the thermoelectric devices 6A. TED provides for control-
lably distributed temperature along the sagittal axis 615
having a distance parameter x. The varying cross-sectional
area of the smoothly shaped tunnel is characterized by a
cross-sectional area profile function A(x) of x interrelated
with functions u(x) and T(x) of x representing profiles of the
fluid flow’s headway velocity and absolute temperature,
correspondingly, along the tunnel length, wherein the ther-
moelectric devices 6 A. TED providing for a degree of free-
dom to interrelate the functions A(x), u(x), and T(x) by a
condition of flow continuity expressed as:

r+1
Al = AN -DRT®) ( 2 . wx)? T Eq. 6.0
= (x) y+1 G+ DRI '

where A. is a constant, y is an adiabatic compressibility
parameter of the flowing fluid, and R is a specific gas
constant characterizing the fluid flow, wherein the functions
u(x) and T(x) both are gradually-smoothed monotonic,
wherein:

[0451] the gradually-smoothed monotonic function of
the absolute temperature T(x) is determined by:
[0452] the absolute temperature T,, the fluid flow at

the open inlet;

[0453] the temperature change OT,(x) interrelated
with adiabatic compression-expansion occurred due
to an adiabatic action of the Coanda-effect, in turn,
determined by a curvature of the stationary geometri-
cal configuration of the tunnel; and

[0454] forcedly established temperature contribution
OT,(x) to the absolute temperature T(x) along the
boundary layers subjected to controllable heating
and/or cooling action of the thermoelectric devices
6A.TED,

[0455] such that T(x)=T,, +0T,(x)+0T,(x), and

[0456] the gradually-smoothed monotonic function of
the headway velocity u(x) is determined by the certain
headway velocity u,, of the fluid flow 611 at the open
inlet, convective headway acceleration resulting in a
velocity gradient along the tunnel length as the fluid
flow 611 is subjected to the adiabatic Coanda-effect,
and controllable headway acceleration occurred due to
controllable heating and/or cooling action of the ther-
moelectric devices 6A.TED.

The condition of flow continuity Eq. (6.0) is correct as for
relatively slow motions corresponding to low M-velocities,
lower than the specific M-velocity M,=/(y-1)/y as well as
for relatively fast motions corresponding to high M-veloci-
ties, higher than the specific M-velocity.

[0457] The constant A. is a characteristic cross-sectional
area defined for a certain fluid; the characteristic cross-
sectional area A. is a hypothetically-minimal reachable by a
portion of the fluid when the portion of the fluid is convec-
tively accelerated in an adiabatic process, according to the
equation of continuity. Considering the case:

[0458] when the minimal cross-sectional area A,;, of the
narrow throat is greater than the hypothetically-mini-
mal reachable constant A., there are no critical condi-



US 2022/0173299 Al

tion points within the tunnel and the convergent-diver-
gent nozzle 610 plays the role of a Venturi pipe
providing for the Venturi effect; and

[0459] when the minimal cross-sectional area A, of the
narrow throat is lesser than or equal to the hypotheti-
cally-minimal reachable constant A. (A,=A.), the
flowing fluid 611, being subjected to a convective
acceleration in an adiabatic process and crossing the
minimal cross-sectional area A, of the narrow throat
613, is capable of reaching at most the specific M-ve-
locity M,=/(y-I)/y (which is a characteristic of the
fluid as well) and so the convergent-divergent nozzle
610 plays the role of a de Laval jet-nozzle providing for
the de Laval jet-effect; wherein the condition A,,<A.
contradicts the condition of flow continuity (6.0) and
thereby the de Laval jet-effect is not optimized on the
criterion of laminar motion of the fluid flow 611.

[0460] Considering the case, when the modified conver-
gent-divergent jet-nozzle 610 is destined to trigger the
enhanced de Laval jet-effect recognized by a laminar motion
of the fluid flow 611, the narrow throat 613 should be narrow
sufficient such that the minimal cross-sectional area A, is
the hypothetically-reachable minimal cross-sectional area
A. providing the “critical condition” point 618 where the
temperature-dependent M-velocity gradually reaches the
value of the specific M-velocity M.=V(y-1)/y. In practice, to
provide the strict condition A,;,=A. using a passively adapted
convergent-divergent nozzle is almost impossible. The sur-
face matrix 6 A MATRIX of the densely-arranged elemental
thermoelectric devices 6 A TED allows for such a control of
the temperature contribution 8T (x) that the resulting gradu-
ally-smoothed monotonic function of the absolute tempera-
ture T(x)=T,,+3T(x)+dT,(x) satisfies the condition Eq.
(6.0).

[0461] The degree of freedom to manipulate with the
function T(x) via the function 3T, (x) to satisfy the condition
of flow continuity Eq. (6.0) provides for that the combined
action on the fluid stream 611 provides for gradually-
smoothed monotonic changes preventing jumps of the fluid
stream headway velocity u(x) and all of the thermodynamic
parameters of the fluid: the static pressure P(x), the absolute
temperature T(x), and the mass density p(x), thereby, pro-
viding the following beneficial features:

[0462] smoothing (or, preferred, linearizing) of the fluid
stream headway velocity, providing suppression of the
undesired flow turbulence;

[0463] smoothing (or, preferred, linearizing) of the fluid
stream static pressure, providing suppression of the
undesired Mach waves and, thereby, suppression of
nearby body vibrations;

[0464] smoothing (or, preferred, linearizing) of the fluid
stream mass density, providing suppression of the
undesired flow disturbances accompanied by shock
waves;

[0465] smoothing of the flowing fluid absolute tempera-
ture, providing suppression of adjacent surface ten-
sions; and

[0466] smoothing (or, preferred, linearizing) of the
flowing fluid M-velocity, providing a trade-off of sup-
pressions of undesired all: the turbulence, vibrations,
shock and Mach waves, and surface tensions.

The relatively fast fluid flow 611 provides for conditions
allowing to exclude using a powerful ventilator. normally,
accompanying thermoelectric devices.
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[0467] FIG. 6a (B) Graph, in conjunction with FIG. 6a (A)
Shape, is a schematic graphic illustration of the distribution
of the flowing fluid 611°s four mutually-scaled parameters:
headway velocity 620.u, static pressure 630.P, absolute
temperature 640.T, and M-velocity 650.M along the length
of nozzle 610, constructed according to the principles of a
preferred embodiment of the present invention to provide a
linear function of M-velocity 650.M of the flowing fluid.
The narrowest cross-section of the narrow throat 613 pro-
vides the “critical condition” point 618. Compressed and hot
fluid 611 flows through the narrow throat 613, where the
velocity picks up 621 such that M-velocity 650.M reaches
the specific M-velocity M,=y/(y=1)/y at the critical condition
point 618. Ahead of the critical condition point 618, the
pressure and temperature fall, correspondingly 631 and 641.
Hot flowing fluid 611 crosses the critical condition point 618
and enters the widening stage of the narrow throat 613 and
further divergent exhaust tailpipe 614 having an open outlet.
Flowing fluid 611 expands there, and this expansion is
optimized such that the extra-increase of velocity 622 is
substantially smoothed; and the pressure and temperature
extra-decrease, 632 and 642, correspondingly, are substan-
tially smoothed as well, in contrast to that at the critical
condition point 180 associated with the classic prior art
rocket nozzle 100 of FIGS. 1c¢, 1d. The smoothed change of
static pressure 630.P provides suppression of unwanted in
general, acoustic waves, and, in particular, Mach waves. In
practice, the suppression of Mach waves provides suppres-
sion of undesired vibrations that, in particular, especially
important for fast accelerating vehicles.
[0468] It will be evident for a person skilled in the art that:
[0469] If, in a particular case, the geometrical configu-
ration of the shaped tunnel is such that, for a certain
velocity u,, of a fluid stream 611 at the inlet 617 and
certain thermodynamic parameters, the condition of
flow continuity Eqg. (6.0) is satisfied without the
forcedly establishing temperature distribution, then the
condition of flow continuity (6.0) reverts into the prior
art equation Eq. (1.a) described hereinabove in the
subparagraph “De Laval Effect” referring to FIG. 1¢;
[0470] If, in general, the geometrical configuration of
the shaped tunnel is gradually-smoothed or, in a par-
ticular case, the geometrical configuration of the
shaped tunnel is trivial cylindrical, wherein, in any
case, the linear size of the narrow throat (for instance,
the diameter D) is of the same order of value as the
thickness of the boundary layer near each of the walls
6A.WALLS, and if the fluid flow having the absolute
temperature T, corresponding to the left point of the
curve 640.T enters the tunnel with velocity u,, corre-
sponding to the left point of the curve 620.u, then a
forcedly established temperature profile along the
shaped tunnel corresponding to the curve 640.T pro-
vides for:
[0471] the fluid stream static pressure decrease cor-
responding to the curve 630.P,
[0472] the fluid stream velocity increase correspond-
ing to the curve 620.x, and
[0473] the fluid stream M-velocity linear increase
corresponding to the curve 650.M; and
[0474] In practice, if a substantial acceleration is
desired, hardly, it is preferred to use the mentioned
trivial cylindrical geometrical configuration assuming
dT(x)=0 and provide the desired temperature distri-
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bution T(x) using the forcedly established temperature

OT(x) only, but it is preferred to use at least an almost

adapted geometrical configuration already providing

the temperature distribution T,,+3T,(x) and use the
degree of freedom to compensate for a lack of tem-
perature distribution 8T, (x) using the densely-arranged
elemental thermoelectric devices 6 A.TED.
[0475] A convergent-divergent jet-nozzle, constructed
applying the condition of flow continuity Eq. (6.0) accom-
panied by the satisfying condition of the smoothed thermo-
dynamic parameters of the flowing fluid 611 according to an
exemplary embodiment of the present invention, allows the
use of the enhanced de Laval jet-effect to accelerate incom-
ing compressed and hot airstream 611 moving with low
M-velocities to obtain outflowing accelerated and cooled
jetstream 616, reaching high M-velocities [i.e. M-velocities,
higher than the specific M-velocity M.=v(y-1)/y], in par-
ticular, high-subsonic velocities.
[0476] In view of the foregoing description referring to
FIG. 6a, it will be evident to a person skilled in the art that
one can use different criteria of the gradualness of u(x). T(x),
P(x), p(x), and M(x), for different preferred optimizations of
the convergent-divergent shape of a tunnel.
[0477] Namely, the conditions, providing laminarity of the
airstream motion, are:

[0478] if suppression of disturbances, which are capable
of growing into turbulence, is the most preferred, then
u(x) should be given as the linear function u(x)=
u(x)=u.+a, (x—x.), where X is the x-coordinate at
x-axis 615, and o,, is a positive constant defining a
scale factor and having a sense of constant gradient of
velocity spatial distribution, i.e. o, =3u(x)/3x, and the
function 3T, (x) should be established such that the
function T(x)=T,,+8T,(x)+dT,(x) would satisfy to the
condition of flow continuity Eq. (6.0); wherein because
the higher the velocity of the moving stream 611 the
shorter the possible response time of the TE devices
6A.TED: up to 2.5x10™ sec and shorter (as described
hereinabove referring to FIG. 5p),

[0479] the TE devices occupying a path of 5 mm are
capable of preventing a local temperature jump, and
so preventing an origination of a turbulent vortex
bigger than 5 mm in a boundary layer moving with
the velocity of 200 m/sec, and

[0480] a hypersonic laminar flow (for instance, of
3500 m/sec) can be controlled in a long tunnel,

[0481] if suppression of Mach waves and body vibra-
tions are the most preferred, then the function 8T, (x)
should be established such that the temperature-depen-
dent function M(x)=u(x)~/yRx[T, +3T,(x)+0T,(¥)]
becomes given as the function M(x)=
\/2{[PO/P(X)](Y'1)/Y—1}/y, where P(x) is a linear func-
tion of the static pressure vs. x-coordinate:
Px)P.+ap(x—x4), Py is the static pressure of the
flowing fluid at the critical condition point X., and a.z=3
P(x)/ax is a constant gradient of the static pressure
distributed along the x-axis within a specially shaped
tunnel;

[0482] if the suppression of temperature jumps is the
most preferred, then the function 3T, (x) should be
established such that the function [T,,+3T(x)+3T,(x)]
is a linear function T(x) of the fluid temperature vs.
x-coordinate: T(x)=T.+0(x~X.), T+ is the temperature
of the flowing fluid at the critical condition point X.,
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and ,=3T(x)/3x is a constant gradient of the fluid
temperature distributed along the x-axis within a spe-
cially shaped tunnel;

[0483] if suppression of shock waves is the most pre-
ferred, then the function 8T, (x) should be established
such that the temperature-dependent function M(x)=u
AWYRXT, 0T (x)+3T (x)] becomes given as the

function M(X):\/Z{[po/ﬁ ()] D=1}y, where p(x) is a
linear function of the fluid mass density vs. x-coordi-
nate: P(X)=p.+0,,(X-Xx), P is the mass density of said
flowing fluid at the critical condition point x., and ¢, =3
P(x)/3x is a constant gradient of the fluid mass density
distributed along the x-axis within a specially shaped
tunnel; and
[0484] if a trade-off between all the mentioned suppres-
sions is preferred; then the function 8T, (x) should be
established such that the temperature-dependent func-
tion M(x)=u(x)~/YRX[T,,+0T,(x)+0T,(x)] becomes a
linear function M(x)=M(X)}=M..+t, (X~X.), where X is
the x-coordinate at x-axis 615, and o, is a positive
constant defining a scale factor and having a sense of
constant gradient of M-velocity spatial distribution, i.e.
@, ~OM(x)/3x.
It will become further evident for a person, who has studied
the present invention, that it is possible to compose a
multi-stage nozzle composed of N nozzles each of which
satisfies the condition of flow continuity Eq. (6.0); wherein
the N nozzles, enumerated from 1 to N, are united together
to join the N tunnels associated with the N nozzles, corre-
spondingly, such that each of the N tunnels is a fragment of
a resulting unbroken tunnel formed thereby as a whole; an
n-th fragment, where n is an integer between 1 and N:
1=n=N, has the varying cross-sectional area characterized
by a cross-sectional area profile function A, (x) of x
expressed as an individual condition of flow continuity:

, y+1
) V3D
(v + DRT, (x)

pye O DREG (2
T Uy, (x) ky+1

where A.,, is n-th constant, and the functions u,,(x) and T,,(x)
are representing profiles of the fluid flow’s headway velocity
and absolute temperature, correspondingly, along the n-th
fragment of the resulting unbroken tunnel length; the result-
ing unbroken tunnel as a whole is either converging, or
divergent, or convergent-divergent, or two-stage conver-
gent-divergent; or multi-stage convergent-divergent;
wherein piecewise-monotonic profile functions u(x), P(x),
p(x), T(x), and M(x), composed of associated gradually-
smoothed monotonic profile functions concatenated
together, all remain gradually-smoothed along the resulting
unbroken tunnel as a whole, thereby, the multi-stage nozzle
is applicable to convey:
[0485] in general, laminar flow to solve the problem of
originated turbulence, and
[0486] in particular, tiny portions of the fluid associated
with an acoustic wave propagating within and along the
tunnel to solve the problem of sound power dissipation.
Further, for the purposes of the present invention, the term
“airfoil” or “actually-airfoil” should be understood as related
to a wall shape and as specifying a convergent-divergent
shape of a flow portion’s streamlines aligned to the airfoil
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wall, wherein, in contrast to a seemingly-airfoil shape, the
convergent-divergent shape calls for the condition of flow
continuity Eq. (6.0) and at least one of the aforementioned
conditions for the functions u(x) and T(x), thereby, provid-
ing laminarity of the flow portion motion.
[0487] In view of the foregoing description referring to
FIG. 6a, it will be evident to a person skilled in the art that:
[0488] In a more general case, when imaginary sagittal
axis 615 is oriented at least partially in the vertical
direction in the Earth’s gravitational field, the condition
of laminar flow should be corrected becoming different
from the condition of flow continuity Eq. (6.0) by a
component depending on the gravitational acceleration

g, namely:
Y, gk 2,(?%1,1) Fq. (6.02)
AR A
RTW| e |
1+ ZM*
[0489] where Al is a change of the flow effective height

with respect to the critical condition point. It will be
further evident to a person skilled in the art that, when
the considered temperatures and M-velocities are suf-
ficiently high to provide for the conditions: gAh/RT<<1
and gAW/RT<<yM?/2 to be satisfied, the use of the
condition of flow continuity in the form of Eq. (6.0)
becomes justified,

[0490] Taking into account molecular interactions for
flowing liquid or plasma, for which changes of the
partial deep-stagnation pressure-a P, become at least
noticeably distributed in space, the generalized adia-
batic compressibility parameter y in the condition of
flow continuity Eq. (6.0) is not a constant but varies
with the changes of the partial deep-stagnation pres-
sure-a OP ;

[0491] If the flowing molecular fluid is an ionized gas,
i.e. plasma, controlled by an external magnetic field,
then the specifically shaped walls 6A.WALLS of the
tunnel can be imaginary, formed by streamlines of the
flowing plasma subjected to and controlled by an action
of the magnetic field,

[0492] When the shape of the tunnel is not completely
optimized on one of the mentioned criteria either:

[0493] smoothing of the flowing fluid velocity, or
[0494] smoothing of the flowing fluid M-velocity, or
[0495] smoothing of the flowing fluid static pressure,
or
[0496] smoothing of the flowing fluid temperature, or
[0497] smoothing of the flowing fluid mass density,
[0498] atleast because the tunnel shape must be adapted

to the initial velocity and thermodynamic parameters of
the laminarly flowing hot-and-compressed compress-
ible-expandable fluid 611, any of the desired optimi-
zations is reachable by controlling the elemental TE
devices 6A.TED of the surface matrix 6A.MATRIX
while the densely-arranged elemental TE devices
6A.TED are capable of providing for the desired tem-
perature at the locations corresponding to the elemental
TE devices 6A. TED due to the Peltier effect. Moreover,
the forcedly established desired distributed temperature
prevents the “separation-points” [like 1G.46 of FIG. 1g
Scheme (D)] of breaking or jumping of all: the head-
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way velocity, the static pressure, the absolute tempera-
ture, and the mass density nearby the tunnel walls
6A WALLS. The feasibility of such a control is sup-
ported by the property of flowing fluid moving adjacent
to an airfoil wall described hereinabove referring to
FIG. 1g Graph (D). Namely, on the one hand, a tiny
portion of the flow, moving adjacent to a solid surface,
can be heated or cooled by the solid surface when
getting the temperature of the solid surface and, on the
other hand, a big portion of the flow, moving farther
from the solid surface, is capable of removing of excess
heat or reverting the reduced portion of the hear,
correspondingly; wherein, on the one hand, the faster
flow the faster heat-transmitting, and, on the other
hand, the tiny portion always has the temperature of the
solid surface. In other words, it is possible to optimize
the fluid stream within the shaped tunnel by changing
the temperature of the fluid stream using the Peltier
effect originated by the surface matrix 6 A MATRIX of
the elemental TE devices 6A.TED built-in into the
specifically shaped walls 6A.WALLS of the tunnel;

[0499] As the surface matrix 6A.MATRIX of the
elemental TE devices 6A.TED, built-in into the spe-
cifically shaped walls 6A.WALLS of the tunnel, is
capable to transform the temperature differences
between:

[0500] on the one hand, the inner side of the specifi-
cally shaped walls 6A. WALLS which contacts with
the fluid stream 611 within the tunnel, and

[0501] on the other hand, the outer side of the tunnel,
which contacts with the ambient fluid,

[0502] into electricity due to the Seebeck effect, it
becomes possible to optimize the shape of the tunnel
such that to take into account the change in temperature
caused due to pumping out the heat energy of the fluid
stream 611 to produce the controllably consumed elec-
tric power; wherein the optimization is such that to
maintain the laminarity of the fluid stream 611 within
the tunnel and, thereby, to provide efficient functional-
ity of the elemental TE devices 6A.TED use;

[0503] and

[0504] The parameter y is varying when the chemical
composition of the flowing fluid is changing.

De Laval Retarding-Effect

[0505] FIG. 6b, composed of two parts: (A) Shape and (B)
Graph, is a schematic illustration of an inverse convergent-
divergent jet-nozzle.

[0506] FIG. 65 (A) Shape illustrates a sectional view of
the inverse convergent-divergent jet-nozzle 650 in a sagittal
plane. Convergent-divergent jet-nozzle 650, constructed
according to the principles of a preferred embodiment of the
present invention, as inverse de Laval nozzle, applied to
retard a fast fluid-flow 651, streaming with a high M-veloc-
ity Ms,, higher than the specific M-velocity M.=y(y-1)/y.
Convergent-divergent jet-nozzle 650 has the sectional shape
mirror-symmetrically congruent to the sectional shape of the
modified convergent-divergent jet-nozzle 610, shown in
FIG. 6a (A) Shape, and oriented to oncoming fluid-flow 651
in the back direction. Namely, the shaped tunnel of the
inverse convergent-divergent jet-nozzle 650 has opposite
walls 6B.WALLS, which are either formed by or at least
supplied with a surface matrix 6B.MATRIX of densely-
arranged elemental thermoelectric devices 6B.TED. The
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triplet of dots 6B.DOT symbolizes that the elemental ther-
moelectric devices 6B.TED are arranged unbrokenly. A
convergent funnel 652 having open inlet is as inverse
divergent exhaust tailpipe 614 (FIG. 6a (A) Shape), narrow
throat 653 comprises point 658 of the narrowest cross-
section, and divergent exhaust tailpipe 654 is as inverse
convergent funnel 612. Convergent funnel 652, narrow
throat 653, and divergent exhaust tailpipe 654 have not real
separation features between them. For the purpose of the
present patent application narrow throat 653 is specified as
a fragment of the inner tunnel having imaginary inlet 6531
and outlet 6532, wherein the term “principal interval” of
x-axis has a sense as corresponding to the interval occupied
by the specifically shaped tunnel, i.e. at least comprising
narrow throat 653.

[0507] FIG. 6b (Graph), in conjunction with FIG. 65 (A)
Shape, is a schematic graphic illustration of the distribution
of the fluid 651°s three parameters: headway velocity 660.1,
static pressure 670.P, and temperature 680.T along the length
of nozzle 650 calculated according to the condition of flow
continuity Eq. (6.0) to provide a linear decrease in M-ve-
locity of the flow. The linear function of M-velocity is not
shown here.

[0508] The narrowest cross-section of the throat 653 pro-
vides the “critical condition” point 658, triggering the
inverse de Laval jet-effect, according to the condition of
flow continuity Eq. (6.0), that is observed as an effect of flow
slowing, when the flow moves along convergent funnel 652,
and further slowing, when the flow moves through the
divergent stage of convergent-divergent jet-nozzle 650
downstream-behind the critical condition point 658. For the
purposes of the present patent application, the term “de
Laval retarding-effect” is introduced as relating to the
inverse de Laval jet-effect. Fast fluid-flow 651 moves along
convergent funnel 652, where, ahead of the critical condition
point 658 of narrow throat 653, the velocity falls 661, and
the pressure and temperature pick up, correspondingly 671
and 681. The velocity falls 661 such that M-velocity M,
corresponding to marker 663, reaches the specific M-veloc-
ity M=V (y-1)/y at the critical condition point 658. Fluid-
flow 651 exits throat 633 and enters the widening divergent
exhaust tailpipe 654, where fluid-flow 651 is subjected to an
increase of cross-sectional area, and this action is optimized
such that the decrease of M-velocity 662 is accompanied by
a substantially smoothed increase of the pressure and tem-
perature, 672 and 682, correspondingly. Slow hot-and-com-
pressed fluid at position 656 outflows from wide exhaust
tailpipe 654. Again, the smoothed change of static pressure
670.P provides suppression of unwanted Mach waves. In
practice, the suppression of Mach waves provides suppres-
sion of undesired vibrations that, in particular, especially
important for a fast decelerating flying vehicle.

[0509] In view of the foregoing description referring to
FIG. 64, it will be evident to a person skilled in the art that,
on the one hand, to trigger the de Laval retarding-effect the
high M-velocity Mg, must be low sufficient to reach the
specific M-velocity M. while slowing in convergent funnel
652 and the convergent stage of throat 653. On the other
hand, taking into account that, in practice, for the case
wherein fluid-flow 651 is an airflow, the M-velocity is
distributed in the direction normal to an adjacent surface
such that decreases almost down to zero at the surfaces of
convergent-divergent jet-nozzle 650’s walls 6B.WALLS.
Thus, a certain portion of fast fluid-flow 651 at the critical
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condition point 658 moves with the effective M-velocity
equal to the specific M-velocity M. and is subjected to a
convergent-divergent reshaping and to forcedly established
distributed temperature in throat 653, thereby, the conditions
for the de Laval retarding-effect triggering is satisfied for
any high M-velocity Mg, higher than the specific M-ve-
locity M..

[0510] In view of the foregoing description referring to
FIGS. 6a and 65, the de Laval jet-effect and the de Laval
retarding-effect, both observed in the case of a converging
flow, are specified as the following. The de Laval jet-effect
is specified as an effect of a convergent flow portion con-
vective acceleration, occurring, when the convergent flow
portion moves with M-velocities lower than the specific
M-velocity upstream-afore the critical condition point,
reaches the specific M-velocity at the critical condition
point, and moves with M-velocities higher than the specific
M-velocity downstream-behind the critical condition point;
and the de Laval retarding-effect is specified as an effect of
a convergent flow portion warming and slowing, occurring,
when the convergent flow portion moves with M-velocities
higher than the specific M-velocity upstream-afore the criti-
cal condition point, reaches the specific M-velocity at the
critical condition point, and moves with M-velocities lower
than the specific M-velocity downstream-behind the critical
condition point.

[0511] For the purposes of the present patent application,
the terms “Venturi M-velocity”, “de Laval M-velocity”, “de
Laval low M-velocity”, and “de Laval high M-velocity”
should be understood as the following:

[0512] a Venturi M-velocity is defined as an M-velocity,
lower than the specific M-velocity M. and low suffi-
cient to cross a narrow throat with said M-velocity,
lower than the specific M-velocity M.,

[0513] a de Laval low M-velocity is defined as an
M-velocity lower than the specific M-velocity M. and
high sufficient to reach the specific M-velocity M. at
the critical condition point Xa;

[0514] a de Laval high M-velocity is defined as an
M-velocity higher than the specific M-velocity M. and
low sufficient to reach the specific M-velocity M. at the
critical condition point X.; and

[0515] a de Laval M-velocity is at least one of the de
Laval low M-velocity and the de Laval high M-veloc-

1ty.

[0516] In view of the foregoing description referring to
FIG. 6b, it will be evident to a person skilled in the art that
one can optimize the specifically shaped tunnel of conver-
gent-divergent jet-nozzle 650 providing such conformity of
the cross-sectional area of the open inlet and the forcedly
established temperature distribution with the de Laval high
M-velocity of flowing fluid crossing the open inlet, that the
flowing fluid M-velocity is substantially smooth at the
entering the open inlet. Furthermore, one can control the
cross-sectional area of the open inlet and the forcedly
established temperature distribution, according to the con-
dition of flow continuity Eq. (6.0), providing conformity of
the thermodynamic conditions at the open inlet with the
variable M-velocity of the entering flowing fluid. This may
become important, for example, to suppress vibrations of a
fast slowing vehicle.
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Two-Stage Convergent-Divergent Jet-Nozzle

[0517] FIG. 6¢ is a schematic illustration of a two-stage
convergent-divergent jet-nozzle 690 exposed to an incoming
fast fluid flow 691, streaming with a high M-velocity Mg,
higher than the specific M-velocity M.=y(y-1)/y,1.e. with a
de Laval high M-velocity. Two-stage convergent-divergent
jet-nozzle 690 comprises an inner tunnel, constructed
according to the principles of a preferred embodiment of the
present invention, having opposite walls 6C.WALLS, which
are either formed by or at least supplied with a surface
matrix 6C.MATRIX of densely-arranged elemental thermo-
electric devices 6C.TED. The triplet of dots 6C.DOT sym-
bolizes that the elemental thermoelectric devices 6C.TED
are arranged unbrokenly. The inner tunnel comprises the first
and second convergent-divergent stages, separated by wid-
ened reservoir 694. The first convergent-divergent stage
performs the first-stage convergent inlet-funnel 692 gradu-
ally turning into the first-stage narrow convergent-divergent
throat 693 having a local narrowest cross-section providing
the first critical condition point 6981 and having an inverse-
funnel shaped pipe leading to widened reservoir 694. The
second convergent-divergent stage comprises the second-
stage narrow throat 696, having a local narrowest cross-
section providing the second critical condition point 6982,
and the second-stage divergent exhaust tailpipe 697.
[0518] Incoming fast fluid-flow 691 is gradually slowing
down, becoming warmer and more thickened and com-
pressed as moving along the first convergent-divergent stage
to widened reservoir 694. Then, slow hot-and-compressed
fluid 695 further movies through the second convergent-
divergent stage. The fluid flow is accelerating as moving
through throat 696, where exceeds the specific M-velocity
M.,=y(y=1)7y downstream-behind the second critical condi-
tion point 6982.

[0519] The first and second convergent-divergent stages of
the inner tunnel are characterized by cross-sectional area
profile functions A, (x) and A,(x) of distance parameter X,
correspondingly, such that:

i 2 AODRGT (2 Gwiw? i Fq. 6.
1(x) = up (X) ky_ 7+ DRI
-1
Axt) = 2 NO-DRBW) (2 (o) EEy Eq. (62)
2(x) = up (X) k 7, + DRT,(x)

where A., and A., are the minimal cross-sectional areas of
the first-stage narrow throat 693 and the second-stage nar-
row throat 696, correspondingly, and the functions, on the
one hand, u,(x) and T,(x) and, on the other hand, u,(x) and
T,(x) u,(x) are representing profiles of the fluid flow head-
way velocities and absolute temperatures in the first and
second convergent-divergent stages, correspondingly, along
the inner tunnel length. The equations Eq. (6.1) and Eq. (6.2)
are particular cases of the condition of flow continuity Eq.
(6.0) described hereinbefore with references to FIGS. 6a and
6b, correspondingly.

[0520] Jetstream 699, outflowing through divergent
exhaust tailpipe 697, is faster and colder than slow hot-and-
compressed fluid 695, yet to be entered into the second
convergent-divergent stage, as described hereinbefore trac-
ing after incoming compressed and hot airstream 611 with
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reference to FIGS. 6a and 6b. Fast outflowing jetstream 699
has a cross-section wider than incoming fast fluid-flow 691
at the input of convergent inlet-funnel 692. So, the M-ve-
locity M, of fast outflowing jetstream 699 is higher than
the M-velocity Mg, of fast fluid-flow 691, according to the
condition of flow continuity Eq. (6.0).

[0521] Thereby, two-stage convergent-divergent jet-
nozzle 690 operates as a jet-booster based on the enhanced
de Laval jet-effect launching outflowing jetstream 699,
which is faster than the fast fluid-flow 691 incoming with the
de Laval high M-velocity M, 1.e. higher than the specific
M-velocity M,=v(y-1)/y. This is one more teaching of the
present invention.

[0522] In view of the foregoing description referring to
FIGS. 6a, 6b, and 6¢ in combination with the foregoing
description referring to FIGS. 5p and 5¢, it will be evident
to a person skilled in the art that, if a tunnel is preliminary
optimized for a certain fluid, laminarly flowing within the
tunnel with certain distributions of velocity and thermody-
namic parameters, but, actually, the fluid is characterized by
other thermodynamic parameters and enters the tunnel with
another velocity, it remains possible to optimize the fluid
stream within the shaped tunnel by forced establishing the
temperature distribution of the fluid stream using the Peltier
effect originated by a surface matrix of densely arranged
elemental TE devices built-in into the walls of the tunnel.

Optimal  Implementation of  Convergent-Divergent
Jet-Nozzle
[0523] FIG. 7 shows comparative graphs 700 for the

dependencies of the nozzle tunnel extension ratio vs. the
airflow M-velocity in an adiabatic process, calculated, on the
one hand, using the classical model described, in particular,
in D11 and, on the other hand, suggested in prior arts AO1,
A02, and AO3 equation Eq. (1.a), namely, curves 703 and
704 correspondingly; wherein the vertical axis 701 is the
ratio A/A., and the horizontal axis 702 is the airflow
M-velocity in an adiabatic process measured in temperature-
dependent Mach numbers. The dashed curve 703 is the
convergent-divergent cross-sectional area ratio A/A. profile
vs. the airflow M-velocity, calculated using classical equa-
tions derived from the Euler equations of fluid motion. The
solid curve 704 is the convergent-divergent cross-sectional
area ratio A/A. profile vs. the airflow M-velocity of an
adiabatic motion, calculated using the prior art equation Eq.
(1.a) derived from the specified equations of fluid motion in
an adiabatic process described in A0O1, A02, and A0O3. The
critical condition point 708 corresponds to the specific
M-velocity M.=y(y-1)/y~0.5345. Comparative graphs 700
show that one needs in a substantially extra-widened nozzle
tunnel 704 to reach the airflow M-velocities substantially
higher than 1 Mach.

[0524] One of the primary ideas of the present invention is
that the desired improved dependence 704 is reachable using
an arbitrary smoothly shaped tunnel if the temperature
distribution along the tunnel’s walls is forcedly controlled to
satisfy the condition of flow continuity Eq. (6.0).

[0525] Therefore, a convergent-divergent jet-nozzle, con-
structed according to an exemplary embodiment of the
present invention, allows for a controllably-increased effi-
ciency of the jet-effect for use at high-subsonic, transonic,
supersonic, and hypersonic velocities that can be applied to
rocket nozzle design.



US 2022/0173299 Al

[0526] Taking into account The Bernoulli Theorem writ-
ten in the form via M-velocity:

-1 ~ i Eq. (7.1)
737 =] ] q

[0527] where P, p,, and T, are so-called stagnation ther-
modynamic parameters: the static pressure, the mass density,
and the absolute temperature, and M is the M-velocity, one
can derive conditions for the stagnation thermodynamic
parameters and the thermodynamic parameters of the fluid
flow: P,, p,, and T, are so-called stagnation thermodynamic
parameters: the static pressure, the mass density, and the
absolute temperature, all at the exhaust-nozzle outlet to
design an improved convergent-divergent nozzle to origi-
nate the enhanced de Laval effect. The exhaust-nozzle outlet
M-velocity M, is bonded with the ratios Py/P, and T,/T, as
follows:

T Fq. (7.1a)
YR R [
TNy NP
P (24aMEVH Eq. (7.1b)
2
To _(2+yM] Eq. (7.1¢)
T, | 2
! Eq. (7.1d
Po 2+7’M52 71 e (119
e | 2
[0528] In contrast to a frequently used condition, saying

that both: the de Laval jet-effect and the velocity of sound
are reachable when the ratio P/P,_ is of 1.893, equation Eq.
(7.1b) shows that, on the one hand, to obtain the de Laval
jet-effect [i.e. condition M_zM.] for air using a nozzle
tunnel having an optimal convergent-divergent shape, one
must provide the ratio P,/P. at least of 1.893, and, on the
other hand, to accelerate an air portion up to the velocity of
sound [i.e. M_,=1], one must provide the ratio P,/P, at least
of 6.406. Equation Eq. (7.1¢) says that, on the one hand, to
obtain the de Laval jet-effect for air utilizing a nozzle tunnel
having an optimal convergent-divergent shape, one must
provide the ratio T,/T\ at least of 1.2; and, on the other hand,
to accelerate an air portion up to the velocity of sound, one
must provide the ratio T,/T, at least of 1.7. So, the principle
condition either 1.893<P,/P,<6.406 or/and 1.2<T,/T,<1.7
can provide the de Laval jet-effect occurring without the
phenomenon of shock sound-wave emission that is one of
the primary principles of the present invention. Thus, a
convergent-divergent jet-nozzle tunnel, constructed accord-
ing to an exemplary embodiment of the present invention
and exploited in accordance with the principle conditions,
allows for an optimal implementation and efficient use of an
enhanced jet-effect at de Laval M-velocities.

Use of Optimal Convergent-Divergent Jet-Nozzle

[0529] In view of the foregoing description referring to
FIGS. 6a, 6b, and 6¢ in combination with the description of
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sub-paragraphs “Horn as Sound-Booster” referring to prior
art FIG. 1» and “External Ear as Sound Booster” referring
to prior art FIG. 1L, it will be evident to a person skilled in
the art that:

[0530] an optimized at least one of converging, diver-
gent, convergent-divergent, and two-stage convergent-
divergent nozzle can play the role of an enhanced
acoustic waveguide capable to:

[0531] reduce a turbulent component of fluid motion
accompanying acoustic waves and causing dissipa-
tion of a propagating sound; and

[0532] amplify the intensity of acoustic waves at the
expense of both the heat energy and the turbulence of
fluid and so to boost the loudness of sound;

[0533] and

[0534] the exponentially-divergent horn n.C1 of gramo-
phone 1».C (FIG. 1r) functions as the divergent
exhaust tailpipe 614 of the convergent-divergent nozzle
610 (FIG. 6a), but not optimized according to the
condition of flow continuity Eq. (6.0) yet.

Optimized Horn for Gramophone

[0535] FIG. 7a case (A) shows schematically a divergent
horn 7a.A, submerged in a molecular fluid (for the sake of
concretization, the molecular fluid is air) and exposed to a
portion of sound 7a.A0 entering an open inlet 7a.Al and
outflowing from the open outlet 7a.A2 of the divergent horn
7a.A. The specific conveying motion of the air mass density
is interpreted as composed of two complementary alternat-
ing movements of positive and negative changes of air mass
density, wherein both alternating movements are in the same
direction (that is the direction of sound propagation) and,
when in open space or at the open inlet 7a.Al, with the
M-velocity of 1 Mach. The specific conveying motion of the
air mass density is subjected to influence within the diver-
gent horn 7a.A. The cross-sectional area of the divergent
horn 7a.A varies along the divergent horn 7a.A length, i.e.
along a sagittal axis 7a.A5, in accordance with the condition
of flow continuity Eq. (6.0) such that to provide substantially
laminar motion of the positive and negative changes of air
mass density within the divergent horn 7a.A due to the
enhanced de Laval jet-effect applied to the moving positive
and negative changes of air mass density, moving with the
high M-velocity, higher than the specific M-velocity. The
enhanced de Laval jet-effect, in particular, results in extra-
acceleration of the laminar motion of the positive and
negative changes of air mass density within the divergent
horn 7a.A at the expense of the air heat understood in the
wide sense including the concomitant turbulence inherently
accompanying the sound. Thus, the portion of sound 7a.A0
becomes boosted due to the enhanced de Laval jet-effect.
[0536] In practice, sometimes, not optimized functioning
of the divergent horn 7a.A occurs at least because of other
portions 7a.A6 and 7a.A7 of ambient sound enter the
divergent horn 7a.A through the sidewalls of the divergent
horn 7a.A. To prevent the undesired reason, the divergent
horn 7a.A is further supplied with a matrix TE device 7a.A4
covering the surface of the divergent horn 74.A. The matrix
TE device 7a.A4, when functioning like the multi-module
thermoelectric device SR.DEVICE comprising a matrix of a
multiplicity of N ELEMENTAL DETECTORS OF sOUND SR.02 which
results in the zero 5R.4.0UTPUT as described hereinabove
referring to FIG. 5r, is capable to isolate the entered portion
7a.A0 from the interfering portions 7a.A6 and 7a.A7.
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[0537] It will be evident for a person, who has studied the
present invention, that the ELEMENTAL SOURCE OF SOUND SP.0A
described hereinabove referring to FIG. 5P Case (A), can
play the role of a source of the sound 7a.A0, and so the
ELEMENTAL SOURCE OF SOUND SP.0A supplied with the divergent
horn 7a.A performs an efficiently functioning megaphone.

Phonendoscope and Sound Booster

[0538] FIG. 7a cases (B) and (C) are schematic illustra-
tions of two-stage convergent-divergent nozzles 7a.B and
7a.C, destined for amplifying the intensity of an entering
portion of sound 74.B0 and 74.C0, correspondingly. The
enhanced phonendoscope 7a.B and sound booster 7a.C,
both constructed according to the principles of the present
invention, comprise common configurational features, and
while the two-stage convergent-divergent nozzle 7a.B is
configured to be used as an enhanced phonendoscope 7a.B,
the two-stage convergent-divergent nozzle 7a.C is config-
ured to have a corpus 7a.C1 ergonomically adapted to a
human’s ear canal, thereby, allowing to be used as a sound
booster 7a.C ergonomically adapted to a human’s ear
7a.EAR.
[0539] The mentioned common configurational features
are related to optimized two-stage convergent-divergent
tunnels 7a.B2 and 7a.C2. Correspondingly, there are com-
mon features elaborated according to the condition of flow
continuity Eq. (6.0) as follows:
[0540] open inlet 7a.B5 and 7a.C5 of the cross-sec-
tional area A,,, and
[0541] open outlet 7a.B6 and 7a.C6 of the cross-sec-
tional area A,

o’

[0542] shaped portions of varying cross-section:
[0543] a convergent funnel 7a.B41 and 7a.C41,
[0544] the first-stage narrow throat 7¢.B42 and

7a.C42 having a local minimal cross-sectional area
Ay
[0545] awidened cavity 7a.B43 and 7a.C43 having a

local maximal cross-sectional area A_,

[0546] the second-stage narrow throat 7a.B44 and
7a.C44 having the local minimal cross-sectional area

A, wherein A, at most equal t0 A, and

[0547] divergent funnel 7a.B45 and 7a.C45.

Sound 7a2.C0, when entering the open inlet 7a.C5, becomes
subjected to the action of the optimized convergent-diver-
gent tunnel 74.C2 such that,

[0548] first, when the sound 7a.C0O propagates through
convergent funnel 7a.C41, the sound intensity
becomes,

[0549] on the one hand, decreased because the mass
density change conveying with the velocity of sound
becomes subjected to retarding due to the de Laval
retarding effect applied to the mass density change
moving with the high velocity, higher than the spe-
cific M-velocity, and

[0550] on the other hand, increased due to:

[0551] superposition of spatially distributed por-
tions of sound becoming concentrated and joint
in-phase, thereby, resulting in constructive inter-
ference,

[0552] transformation of the internal heat energy
of fluid into the acquired power of sound, as a
manifestation of the Venturi effect, applied to
longitudinal oscillation motion with the particle
velocity, and
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[0553] suppression of concomitant turbulence,
power of which, in the final analysis, becomes
transformed into the acquired power of sound, as
a phenomenon accompanying the Venturi effect
applied to longitudinal oscillation motion with the
particle velocity;

[0554] second, the condition: A, /A, =1/M., where
M.=y(y-1)Ay, is satisfied and so, when the sound
propagates through the first-stage narrow throat
7a.C42, the sound intensity is predetermined by the
conveying velocity v, .. and particle velocity u,,,,-
sicle, Wherein the local conveying M-velocity is of M.
when crossing the narrowest cross-section within the
first-stage narrow throat 7a4.C42;

[0555] third, the condition: A_/A,,;>1 is satisfied and
so, when the sound propagates through widened cavity
7a.C43, the local conveying M-velocity becomes lower
than the specific M-velocity M., due to the de Laval
retarding effect;

[0556] fourth, the conditions: A_,/A,,,=1/M. and A,/
A, =1, both are satisfied and so, when the sound
propagates through the second-stage narrow throat
7a.C44, the local conveying M-velocity reaches the
specific M-velocity M., due to the de Laval jet-effect;
and

[0557] fifth, the conditions: A_/A,,=1/M. and A_/
A,»z1/M., both are satisfied and so, when the sound
propagates further through divergent funnel 74.C45,
the sound intensity becomes increased because the
mass density change conveying with the varying veloc-
ity of sound becomes subjected to extra-acceleration
due to the enhanced de Laval jet-effect, optimized to
suppress turbulent component of the complicated
movement of fluid when conveying the sound and
applied to the mass density change moving with the
high velocity, higher than the specific M-velocity; this
effect of sound boosting is similar to that which occurs
when using a classic gramophone supplied with an
exponentially-divergent horn as described hereinabove
in Tae Backorounn OF THE INvENTION referring to prior
art FIG. 1, but now the divergent funnel configuration
is optimized according to the condition of flow conti-
nuity Eq. (6.0).

In view of the foregoing description of the sub-paragraphs

“Optimized Horn For Grammophone” referring to FIG. 7a

case (A) and “Phonendoscope and Sound Booster” referring

to FIG. 7a cases (B) and (C) in combination with the
description of sub-paragraphs: “Sound as Complicated

Movement in Molecular Fluid” referring to prior art FIG. 1r

and “External Ear as Sound Booster” referring to prior art

FIG. 1L, it becomes evident to a person who has studied the

present patent application that, conceptually:

[0558] The external ear 11.0 (FIG. 1L) functions as the
described passive sound booster 7a4.C, but not opti-
mized for suppression of concomitant turbulences
according to the condition Eq. (6.0) yet;

[0559] An optimized two-stage convergent-divergent
nozzle, optimized for suppression of concomitant tur-
bulences according to the condition of flow continuity
Eq. (6.0), can be adapted to a diversity of applications
as a wave-guiding and sound-amplifying nozzle for
detectors or launchers of sound, for instance:

[0560] the optimized two-stage convergent-divergent
nozzle 7a.B can be utilized as a phonendoscope; and
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[0561] the optimized two-stage convergent-divergent
nozzle 7a.C can be miniaturized to become adapted
to the size of a human’s ear canal and play a role of
a passive sound booster utilized for amplifying the
loudness of a portion of ambient sound;

[0562]

[0563] An optimized divergent horn, optimized for wid-
ening a front of sound accompanied by suppression of
concomitant turbulences according to the condition of
flow continuity Eq. (6.0), can be scaled to play the role
of an enhanced generalized gramophone utilized for
boosting a sound launched by a source of acoustic
waves.

[0564] It will be also evident for a person, who has studied
the present invention, that each of the two-stage convergent-
divergent nozzles 7a.B and 7a.C, when supplied with the
two-stage sound amplifier 5S.DEVICE described herein-
above referring to FIG. 5, can play the role of an efficiently
functioning hearing aid.

and

Compressor supplied by Convergent-Divergent Jet-Nozzle

[0565] FIG. 75, having two parts: Case (A) and Case (B),
is a schematic illustration of a pressure-transformer 710.P
and a heat-transformer 710.H, correspondingly, both con-
structed according to the principles of the present invention,
to accelerate a compressed and heated air portion.

[0566] In pressure-transformer 710.P, the optimized con-
vergent-divergent jet-nozzle 710 with the critical condition
point 718 comprises a reservoir 712 where an air portion 711
is compressed and thereby heated due to a piston 714. As it
was described hereinabove referring to FIG. 7, to trigger the
enhanced de Laval jet-effect, one needs either to compress
air portion 711 up to the static pressure P,=1.893xP_, where
P, is the ambient pressure (for instance, P =1 bar), or,
alternatively, to heat the air portion 711 up to the absolute
temperature T,=1.2xT,, where T, is the ambient tempera-
ture (for instance, T,=298 K), wherein the static pressure P,
and increased temperature T, are interrelated. In this case, if
the divergent portion 710 of the optimized de Laval nozzle
has the outlet cross-sectional area wider than the cross-
sectional area at the critical condition point 718 by the factor
1/M.=vv/(y-1), the M-velocity of the outflowing stream 713
is about 1 Mach. To compress air portion 711 up to pressure
P,=1.893 bar one needs to consume the energy E,, estimated
as (P,—P,)V,, where V, is the volume of the gas reservoir
712. For V,=1 m?, the energy E,, is estimated as E;~0.9x10°
J=90 kJ. The volume V, is composed of approximately
n~(P/P,)x1000/22.4=286 moles of gas. When air portion
711 is accelerated and expanded in de Laval-like nozzle 710,
it acquires kinetic energy at the expense of thermodynami-
cally related pressure and temperature decrease; wherein the
pressure decreases from P, to P, and the temperature
decreases from T, to T . Again, consider the air portion 711
acceleration in hypothetically optimal convergent-divergent
jet-nozzle 710 such that the velocity of the outflowing
stream 713 is almost as the speed of sound, i.e. the exhaust
M-velocity is of M_~1, i.e. such that T,/T,=1.7 and (T,-
T )=T,(1-1/1.7)=0.412T,, where T, is the absolute tempera-
ture of the cold outflowing stream 713 wherein the tempera-
ture difference (T,-T,)=0.412T, is estimated as 123 C. In
this case, the acquired kinetic energy equals K=nx(T,-T_)R
that is estimated as:

K=nx0.412T,R=286x0.412x298x278=9,761,674J=9,
762 kJ.
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[0567] This estimation shows that, taking into account a
15% net-efficiency of an engine pushing the piston 714, the
triggered acquired kinetic energy K may exceed the trigger-
ing consumed energy E, at least at subsonic velocities by the
factor of about 16 times. The acquired kinetic energy can be
applied to a vehicle motion or to an engine for electricity
generation with positive net-efficiency. On the other hand,
the acquiring of kinetic energy is accompanied by the air
temperature decrease, therefore, such a convergent-diver-
gent jet-nozzle can be applied to cooling of a vehicle engine
as well as be used either for electricity harvesting by means
of a Peltier element operating as a thermoelectric generator
and/or as an effective condenser of vapor to water.

[0568] In heat-transformer 710.H, the optimized conver-
gent-divergent jet-nozzle 710.B, optionally, unbrokenly cov-
ered with a multiplicity of thermoelectric devices 717.B
similar to the surface matrix 6A.MATRIX of densely-ar-
ranged elemental thermoelectric devices 6A. TED described
hereinabove referring to FIG. 6a, has the outlet cross-
sectional area wider than the cross-sectional area at the
critical condition point 718.B by the factor 1/M.=vy/(y-1)
and supplied with a reservoir 712.B, a wall of which is
covered with another multiplicity of thermoelectric devices
714.B and has a multiplicity of relatively long and narrow
through-hole pipes 715.B. Shape of the through-hole pipes
715.B is not optimized for a laminar motion of flow neither
if entering the reservoir 712.B nor if outflowing back to
ambient space.

[0569] Inner air portions 711.B and outer air portions
716.B, both are subjected to the functioning of the multi-
plicity of thermoelectric devices 714.B such that, on the one
hand, the inner air portions 711.B are heated and thereby
compressed and, on the other hand, the outer air portions
716.B are cooled and thereby thickened. When the absolute
temperature T, of the inner portions 711.B is kept equal
1.2xT, [i.e. T,=357.6K, i.e. AT=(T,~T_)=59.6 C that, nor-
mally, is reachable by a thermoelectric device], the condition
for triggering the enhanced de Laval jet-effect becomes
satisfied. The optional covering with the multiplicity of
thermoelectric devices 717.B is for controlling the tempera-
ture distribution dependent on the velocity of the imner
portions 711.B, which (the velocity) in turn, is determined
by the functioning of the multiplicity of thermoelectric
devices 714.B; the controlling is to provide laminarity of
flow 719.B within the optimized convergent-divergent jet-
nozzle 710.B. Points 718.B symbolize that the thermoelec-
tric devices 717.B cover the optimized convergent-divergent
jet-nozzle 710.B unbrokenly. The asymmetry of conditions
that, on the one hand, the temperature distribution along the
relatively long pipes 715.B is not optimized for a laminar
motion of the flow, and on the other hand, the tunnel 710.B
is optimized for a laminar motion of the flow, causes a
tendency of the inner air portions 711.B to move direction-
ally through the optimized convergent-divergent jet-nozzle
710.B. As a result, the reservoir 712.B is permanently filled
with the fresh outer portions 716.B via the through-hole
pipes 715.B such that the velocity of the outflowing stream
713.B is almost as the speed of sound. Optionally, the pipes
715.B can be fulfilled as valvular conduits (Tesla valves) to
increase the efficacy of the jet-nozzle 710.B.

[0570] Again, Ty/T,=1.7 and (T,-T,)=T,(1-1/1.7)=0.
412T,, where T, is the absolute temperature of the cold
outflowing stream 713.B wherein the temperature difference
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(Ty-T,)=0.412T, is estimated as 123 C. In this case, the
acquired kinetic energy equals K=nx(T,-T,)R that is esti-
mated as:

K=nx0.412T,R=286x0.412x298x278=~9,761,674J=9,
762 kJ.

Taking into account a 15% net-efficiency of the multiplicity
of the thermoelectric device, the triggered acquired kinetic
energy K may exceed the triggering consumed energy E, at
least at subsonic velocities by the factor of about 16 times.
As the flow 719.B within the optimized convergent-diver-
gent jet-nozzle 710.B becomes colder than the ambient fluid,
the multiplicity of thermoelectric devices 717.B can be also
used for harvesting of electricity.

[0571] In view of the foregoing description referring to
FIG. 75 Case (B), it will be evident to a person skilled in the
art that, instead of Peltier elements (thermoelectric devices
714.B), any kind of electric heater (i.e. a thermoelectric
device in the broad sense) can be used to increase the
temperature of the inner air portions 711.B, because the
inertness of temperature difference controlling is not critical
for a steady-established and relatively slow intake of air
portions 711.B.

Flying Capsule as Dragging-Jet Engine

[0572] FIG. 7c is a schematic sectional view of a flying
capsule corpus 720 in a sagittal plane. Capsule corpus 720,
constructed according to the principles of the present inven-
tion, has an outer airfoil side 729 covered with a surface
matrix thermoelectric device 729.TED and inner walls,
which are formed by another surface matrix thermoelectric
device 722.TED, in turn, forming a through-hole corridor
having:

[0573] an inner converging reservoir 721 as a dragging
compressor having an open inlet 725 exposed to ambi-
ent wind 724, and further

[0574] a hypothetically optimal convergent-divergent
tunnel 722 with a narrow throat comprising a critical
condition point 728 and divergent exhaust tailpipe
having an open outlet 726 of area A,_.

[0575] The velocity of ambient air 724 relative to capsule
720 is u, which is substantially lower than the critical
condition velocity u, corresponding to the specific M-veloc-
ity M,=/(y-D)/y. The wind portion 727 enters the inner
converging reservoir 721 with a velocity equal to u,,,. The
area A,, of inlet 725 is substantially wider than the area A,
of the throat’s cross-section at the critical condition point
728 such that air portion 727 crosses the area A. at the
critical condition point 728 with the maximal reachable
M-velocity equal to the specific M-velocity M.=y(y-1)4,
and so the enhanced de Laval jet-effect is expected in the
divergent exhaust tailpipe having outlet 726, where the
velocity of outflowing jetsiream 723 reaches a value u.,,
higher than the velocity u. corresponding to the critical
condition point 728. In an exemplary embodiment of the
present invention, an optimal shape of tunnel 722 and
forcibly established temperature distribution along the inner
walls using the surface matrix thermoelectric device 722.
TED, both provide that the value u.,, is lower than the speed
of sound v, ., Outflowing jetstream 723 brings the kinetic
power acquired at the expense of the flow’s warmth. The
acquired kinetic power of outflowing jetstream 723 may be
high as or even become higher than the power consumed to
compensate drag, defined by a drag coefficient correspond-
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ing to a concave shape of the inner converging reservoir 721,
and thereby to maintain the flying velocity u,, of capsule 720.
Capsule 720 is interpreted as a motionless dragging-jet
engine.

[0576] Outer airfoil side 729 of capsule corpus 720 pro-
vides laminar-like flowing of wind outer sub-portions 731
and 732, moving adjacent to outer airfoil side 729 and being
subjected to both: forcibly established temperature distribu-
tion using the surface matrix thermoelectric device 729. TED
and the Coanda-effect operation and, thereby, attracted to the
nearby surfaces of outer airfoil side 729. Outflowing jet-
stream 723 having the decreased static pressure sucks outer
sub-portions 731 and 732. The cumulative confluence of
sub-portions 731, 732, and 723 constitutes the cumulative
jetstream 734, associated with the airfoil corpus of capsule
720. In general, the formed cumulative jetstream 734, com-
posed of sub-portions 731, 732, and 723, is turbulent;
however, in an optimal case, the turbulence can be sup-
pressed substantially. For simplicity, consider a case of a
laminar-like cumulative jetstream 734, “bordered” by
streamlines 733. On the one hand, the velocities of outer
sub-portions 731 and 732, being lower than the critical
condition velocity u., are increasing as the attracted outer
sub-portions enter the space of cumulative jetstream 734,
where the velocities increase is accompanied by a constric-
tion of outer sub-portions 731 and 732, in accordance with
the condition of flow continuity Eq. (6.0). On the other hand,
at outlet 726, the velocity of inner sub-portion 723 is of
value U,,; higher than the critical condition velocity u..
According to the condition of flow continuity Eq. (6.0), the
velocity of inner sub-portion 723 is decreasing as the
sub-portion enters the space of cumulative jetstream 734,
where inner sub-portion 723 is constricting as well. If the
case is optimized such that both constrictions are identical,
cumulative jetstream 734 is expected to be laminar-like
indeed. Bordering streamlines 733 constitute an imaginary
convergent-divergent jet-nozzle comprising a narrow throat
having the minimal cross-sectional area at the outer critical
condition point 738, where the effective M-velocity of
cumulative jetstream 734 reaches the specific value M.=
V(y=-1)/y. If, upstream-afore the outer critical condition point
738, the effective M-velocity of cumulative jetstream 734 is
lower than the specific M-velocity M., then the M-velocity
of cumulative jetstream 734 is increasing as cumulative
jetstream 734 moves such that outflowing divergent portion
735 has M-velocity higher than M. downstream-behind the
outer critical condition point 738; and vice versa, if,
upstream-afore the outer critical condition point 738, the
effective M-velocity of cumulative jetstream 734 is higher
than the specific M-velocity M., then the M-velocity of
cumulative jetstream 734 is decreasing as cumulative jet-
stream 734 moves such that outflowing divergent portion
735 has the M-velocity lower than the specific M-velocity
M..

[0577] In view of the foregoing description referring to
FIG. 7c, it will be evident to a person skilled in the art that:

[0578] The shape of tunnel 722 and the forcibly estab-
lished temperature distribution along the inner walls
using the surface matrix thermoelectric device 722.
TED, both can be adapted to the velocity v, of ambient
air 724 and optimized to provide that the velocity value
U,,5 of outflowing jetstream 723 becomes higher than
the speed of sound u,,,,,,. As well, it will be evident to
a person skilled in the art that the shape of tunnel 722
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and outer airfoil side 729 of capsule 720 and forcibly
established temperature distribution along the inner
walls using the surface matrix thermoelectric device
729.TED, both can be optimized to provide that out-
flowing divergent portion 735 has increasing M-veloc-
ity reaching values higher than the specific M-velocity
M.;

[0579] Supplying a flying vehicle or helicopter’s pro-
peller blades by nozzles similar to capsule 720 opet-
ating as a jet-booster, one could save fuel consumption
substantially and even provide a stable motion against
a drag and skin-friction resistance entirely with no fuel
burning at all. As well, it will be evident to a person
skilled in the art that this is not a so-called “Perpetuum
mobile”, but the use of ambient fluid heat to produce
useful motion, strongly according to the Energy Con-
servation Law. Furthermore, looking ahead referring to
FIGS. 94, 9e¢, and 9/ described hereinbelow, point out
that an even number of such jet-boosters, attached to
the even number of blades of a helicopter’s propeller,
result in stabilization of the effective velocities of
incoming and outflowing jetstreams associated with the
jet-boosters. The predictably equalized velocities
enable easier controllable lift-forces when the helicop-
ter is flying speedily;

[0580] The described airfoil capsule can be stationarily
exposed to oncoming wind (either natural or artificial)
and thereby become applicable to efficient harvesting
of electricity providing a positive net-efficiency; and

[0581] One can further aggregate the open outlet of a
specifically shaped convergent-divergent tunnel with
an engine using the enhanced jet-effect providing an
extra-accelerated and extra-cooled jetstream outflow-
ing through the open outlet; wherein the engine is either
a jet-engine, and/or a turbo-jet engine, and/or a motor
applied to a vehicle, and/or a generator of electricity,
and/or a cooler, and/or a Peltier element operating as a
thermoelectric generator, and/or vapor-into-water con-
denser.

[0582] FIG. 7d is a schematic sectional view of a flying
capsule 740, constructed according to the principles of the
present invention. Flying capsule 740°s profile in a sagittal
plane has an airfoil outer contour and a contour of a
specifically shaped two-stage inner tunnel. Similar to the
flying capsule 720 illustrated hereinbefore referring to FIG.
7c, inner and outer walls 748 and 749 of capsule 740’s
tunnel and outer shell are supplied with forcedly controllable
surface matrix thermoelectric devices 748.TED and 749.
TED, correspondingly. In contrast to flying capsule 720
illustrated hereinbefore referring to FIG. 7¢, capsule 740
flies with a de Laval high M-velocity, i.e. higher than the
specific M-velocity M.=V(y-1)/y, and the two-stage inner
tunnel is shaped similar to the tunnel of two-stage conver-
gent-divergent jet-nozzle 690, described above referring to
FIG. 6c. Namely, the two-stage inner tunnel comprises two
narrow throats providing for two associated critical condi-
tion points 741 and 742. The oncoming fast flow 743 enters
the open inlet 744 of the inner tunnel with a de Laval high
M-velocity M,,;, higher than the specific M-velocity M..
Then flow 743 is gradually slowing down, becoming
warmer and more compressed as moving to critical condi-
tion point 741 where reaching the specific M-velocity M.,
further, is gradually extra-slowing, extra-warming and extra-
compressing as moving to reservoir 745, according to the
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condition of flow continuity Eq. (6.0), further, is gradually
accelerating, cooling, and becoming decompressed as mov-
ing to critical condition point 742 where again reaching the
specific M-velocity M., and further, is gradually extra-
accelerating, extra-cooling, and extra-decompressing as
moving to outlet 746, as described hereinbefore with refer-
ences to FIGS. 6a, 64, and 6c. The cross-section of outlet
746 is wider than the cross-section of inlet 744, thereby
providing for that capsule 740 operates as a jet-booster
launching a widened and cooled outflowing jetstream 747
with a high M-velocity, higher than the de Laval high
M-velocity of oncoming fast flow 743.

[0583] In view of the foregoing description referring to
FIGS. 7¢ and 7d, it will be evident for a person skilled in the
art that one can use the surface matrix thermoelectric
devices to provide for at least one of:

[0584] Adapting to the de Laval high M-velocity M,
of the oncoming fast flow 743 and controlling the
laminarity of both: the flow 473 moving within the
specifically shaped two-stage inner tunnel and outer
portions of the ambient-adjacent flow; and

[0585] Harvesting electricity from originated tempera-
ture differences.

Modified Symmetrical Wing

[0586] FIG. 8, a schematic illustration of a symmetrical
wing 8.00 supplied with a multi-layer TE device 8.20, is
composed of three sub-drawings:

[0587] FIG. 8 (A) is a schematic drawing of a sectional
profile of a modified symmetrical wing 8.00 in a
sagittal plane (X, Z) in a system of coordinates (X, Y,
7);

[0588] FIG. 8 (B) is a profile of temperature difference
function AT(x) between two opposite surfaces: upper-
side 8.01 and lower-side 8.02 along the X-axis in a
system of coordinates (X, AT); and

[0589] FIG. 8 (C) is a profile of temperature difference
function AT(z) between two opposite butt-ends: ante-
rior and tail, along the Z-axis in a system of coordinates
(AT, 7).

[0590] The modified wing 8.00, mirror-symmetrical rela-
tive to the horizontal plane (X, Y), having a cross-sectional
thickness 8.AZ, is oriented to meet the oncoming fluid flow
8.10 at the zero attack angle. The oncoming fluid flow 8.10,
when flowing around the modified symmetrical wing 8.00,
becomes divided into two portions:

[0591] upper-side 8.11, forming the upper-side bound-
ary layer 8.31 moving nearby the upper-side surface
8.01 and having thickness 8.41; and

[0592] lower-side 8.12, forming the upper-side bound-
ary layer 8.32 moving nearby the lower-side surface
8.02 and having thickness 8.42;

each of which is subjected to the action of the Coanda-effect.
If the upper-side 8.01 and lower-side 8.02 surfaces of the
modified symmetrical wing 8.00 are made from the same
material and have the same temperature, the two portions:
upper-side 8.11 and lower-side 8.12, of fluid flow, both are
subjected to the mirror-symmetrically acting Coanda-effect
such that the lift-force is zero and only the Archimedes’
upward-vectored force 8.LIFT acts on the modified sym-
metrical wing 800 against the downward attracting gravita-
tional force. Normally, the effective mass density of the
modified symmetrical wing 800 is much greater than the
mass density of the natural air, and if the ambient fluid is the
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natural air, then the Archimedes’ upward-vectored force is
much weaker than the downward attracting gravitational
force. Speaking strictly, the two boundary layers 8.31 and
8.32 differ in thermodynamic parameters: the static pressure,
mass density, and absolute temperature, as the boundary
layers 8.31 and 8.32, both characterized by the mass density
and subjected to gravitational downward attraction, occupy
spaces differing in height above the world Oceanus level.
The seemingly-insignificant difference in the static pressures
is a reason for the Archimedes’ upward-vectored force.
[0593] The modified symmetrical wing 800 is modified by
that the upper-side 8.01 and lower-side 8.02 surfaces are
mutually-contacted through the multi-layer TE device 8.20,
which is similar to the multi-layer TE multi-module device
17.0 comprising a matrix of TE elements aggregated in
layers one above another multi-stage repeatedly as described
hereinabove referring to prior art FIG. 1¢ The multi-layer TE
device 8.20 comprises:

[0594] the upper-side layer composed of unbrokenly
arranged anterior TE devices 821, withers TE devices
8.23, and tail TE devices 8.25, all having an upper side
forming the upper-side surface 8.01 of the modified
symmetrical wing 8.00, and

[0595] the lower-side layer composed of unbrokenly
arranged anterior TE devices 8.22, withers TE devices
824, and tail TE devices 8.26, all having a lower side
forming the lower-side surface 8.02 of the modified
symmetrical wing 8.00,

wherein points 8.27 and 8.28 symbolize that TE devices are
arranged unbrokenly.

[0596] The multi-layer TE device 8.20, when controlled
by a controller, provides for an additional temperature
difference 8.AT(x) (additional to the seemingly-insignificant
temperature difference) between the upper-side 8.01 and
lower-side 8.02 surfaces along the X-axis.

[0597] The profile of the modified symmetrical wing 8.00
is airfoil in a certain sense only. When the ambient velocity
is in a certain range of velocities, the stalling effect, accom-
panied by broken or jumping all: the headway velocity, the
static pressure, the absolute temperature, and the mass
density, occurs nearby the separation point 1G.46 resulting
in reducing lift-force drastically, as described hereinabove in
the subparagraph: “Broken Boundary Layer” referring to
FIG. 1g Scheme (E).

[0598] The inventor points out that all parameters: the
headway velocity, the static pressure, the absolute tempera-
ture, and the mass density, are interrelated according to laws
of gas state and laws of aerodynamics, and so controlling of
at least one of the parameters allows to control all the other
parameters. In particular, to suppress the uncontrolled stall-
ing effect, the use of the multi-layer TE device 8.20 con-
trolled by a controller allows for providing a forcibly
established specific temperature distribution along the
upper-side 8.01 and lower-side 8.02 contours of the modified
symmetrical wing 8.00 profile. The forcibly established
specific temperature distribution along the upper-side 8.01
and lower-side 8.02 contours is such to provide the men-
tioned thermodynamic conditions for laminar flowing in the
boundary layers 8.31 and 8.32, correspondingly, each of
which becomes an optimized convergent-divergent nozzle,
completely optimized on one of the mentioned criteria
either:

[0599]

[0600]

smoothing of the flowing fluid M-velocity, or
smoothing of the flowing fluid static pressure, or
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[0601] smoothing of the flowing fluid absolute tempera-
ture, or
[0602] smoothing of the flowing fluid mass density,

as described hereinabove in the subparagraph “Convergent-
Divergent Jet-Nozzle” referring to FIG. 6a. Thus, it is
preferred to use a specifically distributed additional tem-
perature difference 8.AT(x), distributed along the contours
8.01 and 8.02. An exemplary distribution of the additional
temperature difference 8.AT(x) is optimized to provide lami-
nar motions of portions 8.11 and 8.12 accompanied by
gradual changes in M-velocities dependent on the cross-
sectional area of the boundary layers 8.31 and 8.32, corre-
spondingly, according to the condition of flow continuity Eq.
(6.0), adapted to the M-velocity of oncoming flow 8.10
equal to 0.35 Mach and effective thicknesses 8.41 and 8.42,
both equal to 3.7 cm. The specifically distributed additional
temperature difference 8.AT(x), having a zone downstream
behind the TE devices 8.25 and 8.26 where the temperature
differences 8.T2 are reversed in sign, is such that, down-
stream behind the sharp butt-end 8.03 of the modified
symmetrical wing 8.00, the velocities of the upper-side 8.11
and lower-side 8.12 portions gradually become the same and
the temperatures of both upper-side 8.11 and lower-side 8.12
portions become gradually reverted to the temperature of the
ambient fluid. This condition is necessary to prevent or at
least to suppress turbulence downstream behind the sharp
butt-end 8.03 thereby making the modified symmetrical
wing 8.00 actually-airfoil.

[0603] Considering an action of the multi-layer TE device
820 making the upper-side surface 8.01 colder than the
lower-side surface 8.02, when fresh portions of fluid are
suddenly transformed into the upper-side and lower-side
boundary layers, the additional effective temperature differ-
ence 8.AT(eff) equal to AT causes suddenly originated
effective temperature differences between fluid portions, i.e.:

[0604] AT, between the upper-side portion of the ambi-
ent fluid and a tiny portion within the refreshed upper-
side boundary layer 8.31,

[0605] AT, between a tiny portion within the refreshed
upper-side boundary layer 8.31 and a tiny portion
within the refreshed lower-side boundary layer 8.32,

[0606] AT, between a tiny portion within the refreshed
lower-side boundary layer 8.32 and the refreshed
lower-side portion of the ambient fluid,

wherein the condition: AT,=—(AT, +AT,) says that the ambi-
ent fluid outside the boundary layers remains in the normal
thermodynamic conditions. There are extremely low veloci-
ties of airflow in close proximity above the upper-side solid
surface 8.01 and under the lower-side solid surface 8.02 as
described hereinabove in the subparagraph: “Boundary-
layer” referring to FIG. 1g Graph (D). Hence, the condition
AT,=AT (again, AT is the additional effective temperature
difference 8.AT(efl) between the upper-side and lower-side
surfaces: 8.01 and 8.02) is satisfied also when the wing 8.00
moves. When the refreshed boundary layers are relatively
thin and well-aligned with the airfoil surfaces, the approxi-
mation AT,=AT becomes justified. The higher the ambient
velocity, the thinner the refreshed boundary layers, and the
more appropriate the interrelation AT,=AT. Further, for
concretization, the relatively thin and well-aligned boundary
layers flowing with high-subsonic velocities are assumed.
Considering fresh incoming portions of the boundary layers,
the suddenly originated additional effective temperature
differences AT, AT,, and AT, are interrelated with the
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suddenly originated additional effective static pressure dif-
ferences, additional to the seemingly-insignificant static
pressure difference associated with Archimedes’ upward-
vectored force. Namely, the suddenly originated AT, AT,,
and AT, are interrelated with the suddenly originated addi-
tional effective static pressure differences of:

[0607] AP, between the upper-side portion of the ambi-
ent fluid and a tiny portion within the refreshed upper-
side boundary layer 8.31,

[0608] AP, between a tiny portion within the refreshed
upper-side boundary layer 8.31 and a tiny portion
within the refreshed lower-side boundary layer 8.32,

[0609] AP, between a tiny portion within the refreshed
lower-side boundary layer 8.32 and the refreshed
lower-side portion of the ambient fluid,

correspondingly. The resulting suddenly originated negative
additional effective pressure difference AP, interrelates with
the suddenly originated positive additional effective pres-
sure differences: AP, and AP;, wherein:

[0610] the suddenly originated positive additional
effective pressure difference AP, results in downward
pulling-in the upper-side portion of the ambient fluid
and upward pulling-in the modified symmetrical wing
8.00 into the refreshed upper-side boundary layer 8.31,
and

[0611] the suddenly originated positive additional effec-
tive pressure difference AP, results in downward push-
ing-off the lower-side portion of the ambient fluid and
upward pushing-off’ the modified wing symmetrical
8.00 away from the refreshed lower-side boundary
layer 8.32,

thereby, both contributing to the upward-vectored force
8.LIFT applied to the modified symmetrical wing 8.00 in
unison, wherein the condition: AP,=—(AP +AP,) says that
the ambient fluid outside the boundary layers remains in the
normal thermodynamic conditions. Thus, the suddenly
originated additional positive effective pressure difference
(-AP,)=(AP,+AP,) works for both:

[0612] downward shifting the upper-side and lower-
side portions of the ambient fluid, and

[0613] a positive contribution AF;,., to the upward-
vectored force 8.LIFT,

in the same extent, i.e. not more than half the sum (AP +AP,)
contributes to the lift. Moreover, as the contribution to the
lift works if the additional effective static pressure differ-
ences are originated between two fresh portions of air just
suddenly, a velocity-dependent suddenness factor Cg deter-
mines the value of the positive contribution AF, ., to the
upward-vectored force 8.LIFT. Namely, as the interaction
between, on the one hand, the wing and, on the other hand,
the refreshed and suddenly heated or cooled boundary layers
is relevant only, then, when the relatively thin boundary
layers (the thickness of which is velocity-dependent) are
strictly-aligned to the relatively big airfoil surfaces of the
modified symmetrical wing 8.00, the velocity-dependent
suddenness factor C; tends to 1 (C4—1), and, the slower-
refreshed and so thicker the boundary layer and the weaker
the alignment, the smaller the velocity-dependent sudden-
ness factor Cg. Assuming an airfoil corpus, a simplified
approximation for the velocity-dependent suddenness factor
C defined hereinabove by the equitation Eq. (1.1j) is further
specified for higher M-velocities by the expression:
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{ MM, M=<M, Eq. (8.0a)

exp(l-M/M,), M>M,~

where M is M-velocity and M. is the specific M-velocity.
The approximation Eq. (8.0a) makes physical sense: the
greater the difference 11-M/M..|, the lower the suddenness
factor, which is manifested as a thicker boundary layer.
Thus, the positive contribution AF, . is defined as:

AFppr=boxCoxd iy (-AP), Eq. (8.0b)

where Ay y, is the area of a projection of the upper-side
surface 8.01 (or the lower-side surface 8.02) of the modified
symmetrical wing 8.00 in a horizontal plane (X, Y). As the
high-subsonic velocity range is assumed, the approximation
C1 is used for the estimation of the concept’s practicality
for industrial use [For comparison, in the case of wings
waving by a pigeon to result in the effect of the bird
taking-off dominantly-vertically (the case is highlighted
hereinabove in the subparagraph “Flying Bird” referring to
FIG. 1i), the suddenness factor C is estimated as about 0.01
that gives AF, -, of approximately 3.5N obtained by the
waving that explains the effect of the bird taking off domi-
nantly-vertically so efliciently]. To evaluate the concept’s
practicality for industrial use, an exemplary positive contri-
bution AF, ., to the upward-vectored force 8. LIFT is esti-
mated referring to the specifically distributed additional
temperature difference 8.AT(x) considering:
[0614] the normal ambient air conditions: T=300K,
P=100,000 Pa, and v=7/5;
[0615] the wing 8.00 having a chord of 2 m and a span
of 10 m; ie. Ay, ;=20 m?; and
[0616] the normally reachable value of the additional
temperature difference 8.T1 using TE devices is =75 C,
and taking into account that it is preferred to use the
specifically distributed additional temperature differ-
ence 8.AT(x), distributed on the upper-side 8.01 and
lower-side 8.02 surfaces along the X-axis, the suddenly
originated effective difference of AT,=AT=-30 C is
taken for the estimation, noting that AT, is interrelated
with the suddenly originated effective additional static
pressure difference AP, according to equation Eg.
(1.1b) described hereinabove in the subparagraph “Lift-
Force Mechanism™ referring to FIG. 1g.
Thereby, the values are quantified as follows: C¢=1, the ratio
(-AT,)/T=0.1, the ratio (-AP,)/P=0.1x(7/5)/(2/5)=0.35, the
suddenly originated additional static pressure difference is
(-AP,)=(AP +AP,)~0.35x10° Pa, and the contribution
AF; ;o 8.LIFT to the upward-vectored force is

AFppr=Yox CSXA(XY)X(‘ﬁz)“O-35X106N Eq. (8.00)

that is sufficient to support a mass of 35 ton fast-moving
horizontally in the air.

[0617] In view of the foregoing description referring to
FIGS. 8 (A) and (B), it will evident for a person skilled in
the art that the modified symmetrical wing 8.00 has advan-
tages as follows:

[0618] it becomes relevant to use an increased upward-
vectored force, increased by the contribution AF; ., to
contribute to the lift-force;

[0619] it is possible to use the zero attack angle only or
at least dominantly but not to use flaps to control
lift-force;
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[0620] it becomes possible to control flow laminarity
within the upper-side and lower-side boundary layers;
[0621] it becomes solved the problem of arising a
negative lift-force at M-velocities higher than the spe-
cific M-velocity; and
[0622] it becomes possible to imitate an actually-airfoil
wing by suppression turbulence downstream behind the
modified symmetrical wing.
Further, the controlled multi-layer TE device 8.20 allows for
the controllable creation of an additionally distributed tem-
perature difference 8.AT(z) between the anterior and tail
butt-ends of the modified symmetrical wing 800. For the
sake of concretization, the shown additional distributed
temperature difference 8.AT(z) is negative such that the
additionally distributed temperature difference 8.AT(z) pro-
viding the negative effective temperature difference
AT porp-ran between the anterior and tail butt-ends. Analo-
gously and in contrast to the origination of the positive
contribution to the lift-force 8.LIFT by the added upward-
vectored force AF;,.,, a contribution to the thrust
8. THRUST by the added positive thrust AF ;z7z;/57 18 pro-
vided due to the added negative effective temperature dif-
ference AT, ., Interrelated with the added negative
effective static pressure difference AP,y p 747 Namely,
analogously to the specification of the force AF,,.,, the
force AF pppsr 18 specified as:

AF rprysr=—"2x C, xAP HEAD—TAILXA(Y,Z) Eq. (8.0d),

where Ay, is the cross-sectional area in a frontal plane (Y,
7). To estimate the practicality of the concept, an exemplary
positive contribution AF ;o7 to thrust 8. THRUST is esti-
mated referring to the added negative effective temperature
difference ATz 74 considering:

[0623] the value of cross-sectional thickness 8.AZ of the
modified symmetrical wing 8.00 equal to 0.2 m and a
span of 10 m; i.e. A ;=2 m? and

[0624] the value of the negative effective temperature
difference AT .74y Using TE devices of =60 C, i.e.
the ratio (-AT,z p.7a )/ T=0.2; so, referring to the
equation Eq. (1.1b) described hereinabove in the sub-
paragraph “Sound as Complicated Movement in
Molecular Fluid” prefacing the reference to FIG. 1x,
the ratio (~AP x4 1707 )/P=0.7, and (=APyp, 1 74 )=0.
7%x10° Pa.

Thereby, the force AF ppzpsr is estimated as (V2)x(0.7x10°
Pa)x(2 m?)=0.7x10°> N that is sufficient to overcome a
velocity-dependent drag in the air when moving with the
headway velocity u, of the high-subsonic velocity range,
that can be confirmed referring to the condition derived from
the well-known drag and skin-friction equation as follows:

Up={ ‘AFTHRUST‘/[0-5><PAIRX(CJXA(KZ)’fC/XA(A{m)]} Eq. (8.0¢),

where: A y,,=2 m?, A =20 m?,

[0625] C,is the skin-friction coeflicient, normally, given
as about 0.045 for an airfoil wing,

[0626] C, is the drag coeflicient, normally, given as
about 0.5 for a frontal convexly-rounded configuration
of an actually-airfoil wing, and

[0627] p,z is the mass density of the air, normally,
given as about 1.18 kg/m>,

[0628] ie. uy~250 m/sec.

[0629] In view of the foregoing description of the sub-
paragraph “Modified Symmetrical Wing” referring to FIG.
8, it becomes evident for a commonly educated person that,
using the surface matrix thermoelectric devices, a spatial
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function of temperature differences AT(x,z) within boundary
layers can be enforced to provide for temperature asymme-
try of a geometrically symmetrical wing to control lift-force
and thrust, and, in particular, flying capsules 720 and 740
described hereinabove in the subparagraph “Flying Capsule
as Dragging-Jet Engine” referring to FIGS. 7¢ and 74, both
can have an optimized thrust and controlled lift-force.

Shaped Wing as a Convergent-Divergent Jet-Nozzle

[0630] FIG. 8a is a schematic visualization 800 of an
oncoming wind portion 820, without loss of generality,
moving horizontally and flowing around actually-airfoil
biconvex wing 810, supplied with a multi-layer TE device
84.TED. Oncoming wind portion 820 comprises airflow
sub-portions 821, 822, 823, and 824 flowing around actu-
ally-airfoil biconvex wing 810, having a side-view sectional
profile, constructed according to the principles of the present
invention. The side-view sectional profile determines a
sagittal axis 820.0. The upper side of actually-airfoil bicon-
vex wing 810 comprises:

[0631] (a) a forward part meeting upper-side sub-por-
tion 822 having imaginary cross-section 831;

[0632] (b)awithers 810a defined as the highest point on
the upper side of the airfoil profile convexity, where
sliding sub-portion 822 has imaginary narrowed cross-
section 832; and

[0633] (c) a rearward part, attracting and, thereby, redi-
recting the mass-center of the upper-side sliding sub-
portion 822 backward-downward, where sliding sub-
portion 822 has imaginary widened cross-section 833.

The upper and lower sides of the actually-airfoil biconvex
wing 810, each having a convexity: 810a and 8104, corre-
spondingly, join together forming a sharp trailing end 810c.
[0634] When airflow sub-portions 821, 822, 823, and 824
are flowing around actually-airfoil wing 810, the streamlines
[not shown here] of sub-portions 822 and 823, flowing near
actually-airfoil biconvex wing 810, are curving in alignment
with the airfoil-profile, the streamlines [not shown here] of
portions 821 and 824, flowing farther from actually-airfoil
biconvex wing 810, keep substantially straight trajectories
aligned with imaginary horizontal lines 811 and 812 (col-
linear with the sagittal axis 820.0) correspondingly above
and under actually-airfoil wing 810. Actually-airfoil bicon-
vex wing 810°s surface material properties, porosity, and
structure are elaborated according to the principles of the
present invention such that air sub-portions 822 and 823 are
subjected to the Coanda-effect, defined by the partial pres-
sure-c OP_, rather than to the skin-friction resistance, occur-
ring in an imaginary boundary layer and being quantified by
the difference (a, —a—0a), where a and a,, are the van der
Waals parameters characterizing the fluid and attraction
between the fluid and an adjacent wall, correspondingly, and
da is the van der Waals parameter characterizing the partial
deep-stagnation pressure-a O0P,. Imaginary lines 811 and 812
can be considered as imaginary walls, thereby, together with
the airfoil-profile forming imaginary nozzles. The upper-
side imaginary nozzle comprises imaginary cross-sections
831, 832, and 833, and the lower-side imaginary nozzle
comprises imaginary cross-sections 834 and 835. Cross-
section 831 is wider than cross-section 832 and cross-section
832 is narrower than cross-section 833, thereby, the upper-
side imaginary nozzle has a convergent-divergent shape, and
sliding sub-portion 822 represents a convergent-divergent
jetstream while flowing through cross-sections 831, 832, and
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833. Cross-section 834 is wider than cross-section 835, so
the lower-side imaginary nozzle has a converging shape.
[0635] The orientation of the sharp trailing end 810¢
collinear with the sagittal axis 820.0 predetermines the
direction of motion tendency of the outflowing sub-portions
822 and 823, which are going off from the sharp trailing end
and joining downstream behind the cross-sections 833 and
835, correspondingly. For the purposes of the present inven-
tion, an angle between the sagittal axis 820.0 collinear with
the direction of motion tendency of the lower-side outflow-
ing sub-portion 823 and the horizontal direction defines an
angle of attack (called also an attack angle). The definition
of the attack angle is in conformance with the definition of
the attack angle specified hereinabove in the subparagraph
“Airfoil Wing (definition of attack angle)” of Tre Back-
6ROUND OF THE INvENTION for a classic wing associated with a
fuselage of airplane. Here is the zero attack angle in the
shown schematic visualization 800. The zero attack angle
provides for minimized impact by the oncoming flow and a
generation of the lift-force due to the Coanda-effect only or
at least dominantly.
[0636] Consider a case, when actually-airfoil biconvex
wing 810 flies with a certain de Laval low M-velocity My,
that is lower than the specific M-velocity M.=0.5345
Mach=~664 km/h, but such that sliding sub-portion 822,
moving through the upper-side imaginary nozzle, reaches
the specific M-velocity M. when passes through the nar-
rowest cross-section 832. So, the de Laval-like jet-effect
arising is expected above actually-airfoil wing 810, i.e.
within the upper-side imaginary convergent-divergent jet-
nozzle. This is accompanied by the static pressure decrease
and extra-decrease, as described hereinabove with the ref-
erence to FIG. 6a (B) Graph, and thereby results in the
lift-effect, becoming stronger. The narrowest cross-section
832 linear size, i.e. thickness 0 of a boundary layer, depen-
dent on both a so-called “characteristic size” L. and the
so-called Reynolds Number Re, can be estimated using, for
example, approximation by Prandtl: §=0.37xL.,Re%2, where
L. has the sense of a chord of an airfoil wing. As well, the
thickness & of the boundary layer can be specified experi-
mentally for a kind of body corpus. In view of the foregoing
description referring to FIG. 6a and FIG. 8a, it will be
evident to a person skilled in the art that, interpreting the
narrowest cross-section 832’s linear size as the thickness of
the boundary layer, one can apply the condition of flow
continuity Eq. (6.0) to design an improved profile of the
wing.
[0637] In view of the foregoing description referring to
FIG. 8a, it will be evident to a person skilled in the art that
the described de Laval-like jet-effect is similar to the clas-
sical de Laval jet-effect, but arising in an optimized conver-
gent-divergent tunnel having imaginary walls formed by
streamlines of a flow. Namely, the specifically shaped con-
vergent-divergent tunnel comprises two opposite walls;
wherein one of the two opposite walls is constructed from a
solid material and another of the two opposite walls is
imaginary and formed by streamlines of the flowing fluid
subjected to the Coanda-effect operation.
[0638] Further, it will be evident to a person skilled in the
art that considering the case, when actually-airfoil biconvex
wing 810 flying with a certain Venturi M-velocity My,
[0639] which (the Venturi M-velocity My, ) is lower
than the specific M-velocity M.=y(y-1)/~0.5345
Mach=664 km/h and such that, when sliding sub-
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portion 822 moves through the upper-side imaginary
nozzle and passes through the narrowest cross-section
832, the maximally accelerated M-velocity remains
lower than the specific M-velocity M.,

the condition of flow continuity Eq. (6.0) allows designing
an improved profile of the wing optimized to meet flow,
oncoming with the Venturi M-velocity Mg, While a
gradual change in static pressure within boundary layers
adjacent to the upper-side and lower-side surfaces of the
actually-airfoil biconvex wing 810 is the primary condition
for the suppression of undesired turbulences nearby the wing
surfaces, one of the primary criteria of the optimization is
also to provide minimized differences between velocity-
vectors and static pressures of the outflowing sub-portions
822 and 823, as the primary condition for suppression of
undesired turbulences downstream behind the sharp trailing
end 810¢. While the curvatures of the upper-side and lower-
side surfaces should provide gradual changes of the static
pressures and M-velocities, the sharpness of the sharp trail-
ing end 810¢ should provide the dominantly horizontal
direction of motion tendency of both outflowing sub-por-
tions 822 and 823.

[0640] Thus, a method for a wing profile design, based on
the condition of flow continuity Eq. (6.0) according to an
exemplary embodiment of the present invention, allows
optimizing the wing airfoil shape to reach the best efficiency
of the lift-effect as a result of the Coanda-jet-effect accom-
panied by enhanced at least one of the Venturi effect and de
Laval jet-effect occurring above and under the wing. The
inventor notes that the profile of the actually-airfoil bicon-
vex wing 810, designed and optimized using the condition
of flow continuity Eq. (6.0), has a shape similar to a shape
of a birdwing rather than to the shape of the classic wing of
the airplane.

[0641] The actually-airfoil biconvex wing 810, while
designed and optimized using the condition of flow conti-
nuity Eq. (6.0) applied to the overall geometrical configu-
ration only, is actually-airfoil in a certain sense when con-
sidering the mentioned certain M-velocity My, ,. To provide
optimized conditions for a wide range of velocities, the
actually-airfoil biconvex wing 810, is further supplied with
the multi-layer TE device 8a.TED built-in between the
upper-side and lower-side surfaces of the actually-airfoil
biconvex wing 810. The multi-layer TE device 84.TED
comprises:

[0642] an upper side forming the upper-side surface of
the actually-airfoil biconvex wing 810, and

[0643] a lower side forming the lower-side surface of
the actually-airfoil biconvex wing 810.

[0644] The multi-layer TE device 84.TED, when con-
trolled by a controller, provides for additional forcibly
established temperature difference, additional to the tem-
perature difference between the upper-side and lower-side
surfaces along the sagittal axis 820.0 determined by the
Coanda-effect accompanied by at least one of the Venturi
effect and the de Laval effect. The forcibly established
temperature difference (AT (x)+AT(x)) distributed along the
sagittal axis 820.0, where:

[0645] AT, (x) is the distributed original temperature
difference between the upper-side and lower-side
boundary layers specified when designing the overall
geometrical configuration of the actually-airfoil bicon-
vex wing 810 considering the mentioned certain M-ve-
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locity Mg, and the derivative distribution Mg, o(X)
along the sagittal axis 820.0, and

[0646] AT(x) is the additional forcibly established dis-
tribution of the temperature difference, provides for
adaptation of the overall shape of the actually-airfoil
biconvex wing 810 to an arbitrary velocity ug, of the
oncoming wind portion 820. For this purpose, the
forcibly established distribution of the temperature
difference (AT (x)+AT(x)) is defined as:

1 Uigg
YR IMg0(x)

I

(ATo(x) + AT(x)) =

The Coanda-Effect Operation Providing an Imaginary
Convergent-Divergent Nozzle

[0647] FIG. 85 is a schematic illustration of a flying airfoil
body 840 having the shape of an elongated drop. For
simplicity and without loss of reasoning, the shape is axis-
symmetrical around the longitudinal axis 841. The airfoil
body 840 comprises:

[0648] a forward part meeting oncoming flow portion
851,
[0649] a “withers”, defined as the highest point on the

upper side of the airfoil profile, where sliding sub-

portion 853 has an imaginary narrowed cross-section

868, and

[0650] a rearward part.

[0651] When an oncoming air portion 851, originally
having a cross-sectional area 861, is running at the forward
part of flying body 840, it is subjected to the Coanda-effect
operation resulting in air portion 851 reshaping, and thereby
forming an ambient-adjoining convergent-divergent jet-
stream, comprising sliding sub-portions: 852 being conver-
gent, 853 being narrow and having imaginary narrowed
cross-section 868 of the minimal cross-sectional area, 854
being divergent, and 855 becoming convergent due to the
Coanda-effect attraction. Body 840’s surface material prop-
erties, porosity, and structure are implemented according to
the principles of the present invention, thereby providing
that air portion 851 is subjected to the Coanda-effect, defined
by the partial pressure-c dP_, rather than to the skin-friction
resistance, occurring in an imaginary boundary layer and
being quantified by the difference (a,,—a-da). Furthermore,
sliding sub-portions 855, join together, forming the resulting
cumulative air portion 856. Oncoming air portion 851 and
all the mentioned derivative sub-portions move within space
“bordered” by imaginary walls marked by dashed contours
842. The imaginary walls 842 together with the airfoil
surface of body 840 constitute an imaginary tunnel. The
tunnel’s cross-section gradually constricts from the inlet
cross-section 862 to the narrowest cross-section 8§68 and
then gradually widens up to the outlet cross-section 863. Le.
sliding sub-portions 852 are shrinking while reaching the
withers of airfoil body 840, where the cross-sections 868 of
sub-portions 853 become minimal. Then, behind the with-
ers, the cross-sections of sub-portions 854 and 855 are
widening as moving.
[0652] Sliding sub-portions 855, being under the subjec-
tion of the Coanda-effect operation, turn aside in alignment
with the slippery surfaces of airfoil body 840’s rearward part
and join together, forming the resulting air portion 856. It

43
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results in a convergence of resulting air portion 856, i.e. in
that, cross-section 864, located farther downstream,
becomes narrower than cross-section 863 located immedi-
ately behind airfoil body 840, and opposite streamline-
fragments 843 form an imaginary convergent funnel. Fur-
thermore, opposite streamline-fragments 844, which are
bordering flow portion 857, constitute an imaginary diver-
gent stage of a tunnel downstream-behind the narrowest
cross-section 864. The converging opposite streamline-frag-
ments 843 and divergent opposite streamline-fragments 844
together constitute the imaginary convergent-divergent tun-
nel, and, correspondingly, portions 856 and 857 together
constitute an outflowing convergent-divergent jetstream.
[0653] As the shape of the imaginary convergent-diver-
gent tunnel comprising streamlines 843-844 and cross-
sections 863, 864, and 865 is a derivation of the Coanda-
effect operation nearby the solid surfaces of the airfoil body
840, the airfoil body 840 is supplied with a matrix TE device
(which is not shown here), built-in within the airfoil body
840’s corpus and in close proximity under the solid surfaces
to control the surface temperature and thereby to control the
Coanda-effect and laminarity of the streamlines 8§42-843-
844.

Jet-Booster Based on the Venturi Effect

[0654] First, consider a case, when airfoil body 840 flies
with a Venturi M-velocity, i.e. with a low M-velocity, lower
than the specific M-velocity M.=v(y-1)/y=0.5345 Mach,
and low sufficient to provide that M-velocity Mg, of accel-
erated sliding sub-portions 853, passing cross-sections 868
over the withers, and M-velocity My, of accelerated sub-
portions 856, passing through the narrowest cross-section
864, both remain lower than the specific M-velocity M., i.e.
Mgee<M. and Mgy, <M.. In this case, the narrowest cross-
section 864 of outflowing air portion 856 is narrower than
the original cross-section 861 of oncoming air portion 851,
and the M-velocities Mgg;, Mggs, Mggs, Mggs, and Mg,
where the indices correspond to markers of associated
cross-sections, satisfy the following conditions:

[0655] My, <Mygy<M.,
[0656] Mgq3<Mgg<M.,
[0657]  Myss<Myqi<M.,
[0658] My, <Mgg,<M., and
[0659] Mygos<Mygo,<M..
[0660] Thus, body 840 operates as a jet-booster basing on

the Venturi effect occurring in the imaginary tunnel adjacent
to body 840’s surfaces.

[0661] A practical application of the phenomenon that,
under certain conditions, outflowing portion 856, moving
through the narrowest cross-section 864, has a velocity
higher than the velocity of oncoming portion 851 is one of
the primary teachings of the present invention.

Jet-Boosters Based on the De Laval-Like Jet-Effect

[0662] Secondly, consider a case, when airfoil body 840
flies relatively slowly, such that sliding sub-portions 853
passes cross-sectional areas 868 with an M-velocity that
remains lower than the specific M-velocity, i.e. Mgs;<M.,
but high sufficient to provide that the increased M-velocity
of portion 856 is higher than the M-velocity of sub-portions
853 and reaches the specific M-velocity M.=v(y-1)/y at the
critical condition point 864. In this case, M-velocity My, is
the de Laval low velocity and the de Laval-like jet-effect is
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triggered, resulting in that the M-velocity of the divergent
flow portion 857 exceeds the specific M-velocity M.. In this
case, the M-velocities Mgg;, Mgeas Mgga, Mgss, and Mgeq
satisfy the following conditions:

[0663] Mgg;<Mgge<Ms,
[0664] Mgo<Mos<M.,
[0665] Mgs3<Mgs,=M,,
[0666] Mgq<Mge, =M., and
[0667] Mges>Mge,=M..

So, body 840 operates as a jet-booster basing on the de
Laval-like jet-effect occurring in the imaginary tunnel down-
stream-behind airfoil body 840. Thereby, the Coanda-jet-
effect operation forcedly forms convergent-divergent lami-
nar-like streamlines downstream-behind airfoil body 840,
wherein the static pressure is distributed gradually along the
convergent-divergent laminar-like streamlines that provides
an optimized extension of air portion 857 resulting in the
enhanced de Laval-like jet-effect accompanied by extra-
cooling and extra-acceleration of air portion 857. This is one
more teaching of the present invention.

[0668] A practical application of the phenomenon that,
under certain conditions, outflowing portion 857 has an
M-velocity higher than the specific M-velocity is one of the
primary teachings of the present invention.

[0669] It will be evident to a person skilled in the art that
the enhanced jet-effect results in an optimized reactive
thrust-force applied to airfoil body 840.

[0670] Thirdly, consider a case, when airfoil body 840’s
shape is optimized using the condition of flow continuity Eq.
(6.0) basing on an estimated linear size of cross-section 868,
and when airfoil body 840 flies with a de Laval low
M-velocity Mg, i.e. lower than the specific M-velocity
M.=/({y-T)/y=0.5345 Mach, but high sufficient to provide
that M-velocity of sliding sub-portions 853 reaches the value
of the specific M-velocity, i.e. Mgz=M. at the critical
condition point 868. Thereby, the enhanced de Laval-like
jet-effect occurs downstream-behind the withers, providing
that M,<Mg,,<M,ss, where the indexes correspond to asso-
ciated sliding air sub-portions. In this case, according to the
condition of flow continuity Eq. (6.0), shrinking portion 856,
moving with a de Laval high M-velocity, is slowing down,
becoming warmer and more compressed, as moving on the
way to the critical condition point associated with cross-
section 864. The de Laval-like retarding-effect occurs down-
stream-behind cross-section 864 resulting in portion 857
expanding and further slowing down, warming, and com-
pressing while reaching cross-section 865. The M-velocities
Mge1> Mggss Mges, Mges, and Mge, satisfy the following
conditions:

[0671] Mg <Mgge=M.,
[0672] Mgg;>Mggs=Ma,
[0673] Mgs:>Mge =M.,
[0674] Mg, <Mye,=M., and
[0675] Mgss<Mgg =M.

So, in the final analysis, body 840 operates as a jet-booster,
triggering both the de Laval-like jet-effect and the de Laval-
like retarding-effect.

[0676] Fourthly, consider a case, when airfoil body 840’s
shape is optimized using the condition of flow continuity Eq.
(6.0) basing on an estimated linear size of cross-section 868,
and when airfoil body 840 flies with a de Laval high
M-velocity, i.e. higher than the specific M-velocity M.=
V({H=1)/y=0.5345 Mach. According to the condition of flow
continuity Eq. (6.0), the de Laval-like retarding-effect
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occurs in the imaginary convergent-divergent tunnel formed
by streamlines 842. Namely, shrinking air portions 852 are
slowing down, becoming warmer and more compressed, as
moving on the way to withers such that the M-velocity of the
narrowest sliding sub-portions 853 reaches the specific
M-velocity, i.e. My4,=M. at the critical condition point 868;
and further, portions 854 continue to slow down while
expanding downstream-behind the withers. Relatively
slowly moving sliding sub-portions 835, now having a de
Laval low M-velocity, join downstream-behind cross-sec-
tion 863, thereby, providing for resulting shrinking portion
856 acceleration, accompanied by a decrease of temperature
and static pressure, while reaching again the specific M-ve-
locity M. at the narrowest cross-section 864. The de Laval-
like jet-effect occurs downstream-behind cross-section 864
resulting in expanding portion 857 further acceleration
accompanied by a deeper decrease of temperature and static
pressure on the way to cross-section 865. So, the M-veloci-
ties Mgg;» Mggsr Mgeas Mggs, and Mg, satisfy the following
conditions:

[0677)  Mgg>Mges=M,
[0678] Mggs<Mges=M.,
[0679] Mg <M., =M.,
[0680] Mgq,>Myg,=M., and
[0681] Mggs>Mge =M.

Again, in the final analysis, body 840 operates as a jet-
booster, triggering both the de Laval-like retarding-effect
and the de Laval-like jet-effect.

[0682] In view of the foregoing description referring to
FIGS. 6a, 7a,7b, ¢, 8a, and 8b, it will be evident to a person
skilled in the art that:

[0683] amethod for an airfoil body shape design, based
on the condition of flow continuity Eq. (6.0) according
to an exemplary embodiment of the present invention,
allows, modifying the overall geometry of the body, to
optimize the efficiency of the enhanced jet-effect occur-
ring outside of the body;

[0684] the described convergent-divergent jet-nozzles
can be applicable to many apparatuses using mechani-
cal and heat energy provided by either a flowing gas or
liquid;

[0685] triggering and controlling the desired de Laval-
like jet-effect can be provided by manipulating by the
oncoming wind de Laval M-velocity. As the M-velocity
is temperature-dependent, one can heat or cool air
portions flowing within a specifically shaped tunnel, in
particular, in an imaginary tunnel around a flying body;

[0686] reaching and controlling the desired de Laval-
like jet-effect can be provided by manipulating by the
value of specific M-velocity, depending on the gener-
alized adiabatic compressibility parameter y. For
example, one can inject a gas composed of multi-
atomic particles into a tunnel, in particular, into an
imaginary tunnel around a flying body. As well, it will
be evident to a person skilled in the art that, for
example, micro-flakes-of-snow could play the role of
such multi-atomic particles. Another technique to
change the generalized adiabatic compressibility
parameter y and thereby to control the specific M-ve-
locity is to ionize the flow, moving through the tunnel;
and

[0687] the described convergent-divergent jet-nozzles
can be applicable to many apparatuses using mechani-
cal and heat energy, provided by flowing gas or liquid.
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Two-Stage Operation of the Coanda-Jet-Effect

[0688] FIG. 8¢ is divided into two parts: Case (A) and
Case (B).
[0689] FIG. 8¢ Case (A) is a schematic illustration of

flying airfoil bodies 850 and 860, arranged such that the
withers of aitfoil bodies 860 follow downstream-behind the
withers of body 850.

[0690] For simplicity and without loss of reasoning, each
airfoil body 850 and 860 has the shape of an elongated drop
840 described above referring to FIG. 8b. All reference
numerals 841, 861, 851, 862, 852, 868, 853, 842, and 854
are the same as described referring to FIG. 85.

[0691] Consider a case, when flying airfoil bodies 850 and
860 meet oncoming portion 851 with a de Laval high
M-velocity Mgs,, higher than the specific M-velocity M.=
V(y=-1)/y=0.5345 Mach. According to the condition of flow
continuity Eq. (6.0), sub-portions 852 of flowing fluid (for
instance and without loss of generality, the flowing fluid is
airflow) are slowing down as constricting on the way to the
withers of body 850, such that M-velocity of the narrowest
sliding sub-portions 853 reach the specific M-velocity, i.e.
Mgs;=M. at the critical condition point 868. The de Laval-
like retarding-effect occurs downstream-behind the withers.
It provides the condition M.>Mgs,, where index “8354”
corresponds to air sub-portions 854. So, airfoil bodies 860
meet oncoming sub-portions 854 flowing slower than with
the specific M-velocity M,=y{(y=1)/y, but high sufficient to
provide the critical condition near their [bodies 860°s]
withers. Again, according to the condition of flow continuity
Eq. (6.0), air sub-portions 859 have an M-velocity Mgs,
higher than the specific M-velocity M.. Thus, flying airfoil
bodies 850 and 860 meet the upstream air portions, and
leave the downstream air portions, flowing faster than with
the specific M-velocity M.=y{(y=1)/y. Furthermore, a cumu-
lative cross-section of air sub-portions 859, wider than
cross-section 861 of oncoming portion 851, means that the
M-velocity M5, is higher than the high M-velocity Mgs, of
oncoming portion 851. In this case, the Coanda-jet-effect
two-stage operation accelerates a portion of ambient airflow
that originally moves faster than with the specific M-veloc-
ity M.. Thus, in contrast to the case when a body, having a
not-optimized shape, flies in an air-environment with tran-
sonic, and/or supersonic, and/or hypersonic velocities, flying
airfoil body 850, operating in tandem with each flying airfoil
body 860, moving downstream behind the withers of airfoil
body 850, results in a specific effect of acceleration and
cooling air portion 851, oncoming faster than with the
specific M-velocity M.. This is one other primary teaching
of the present invention.

[0692] FIG. 8¢ Case (B) is a schematic illustration of a
sectional cut of flying actually-airfoil wings 850.B and
860.B in a sagittal plane. The flying actually-airfoil wings
850.B and 860.B are arranged to meet and act on an
oncoming portion 851B of flowing fluid sequentially (for
instance and without loss of generality, the flowing fluid is
airflow). In view of the foregoing description referring to
FIG. 8¢ Case (A), it becomes evident that, in particular,
considering a tandem 880.B of two airfoil bodies consoli-
dated as a whole embodied in the form of actually-airfoil
wings 850.B and 860.B (for instance, each of which similar
to that described hereinabove referring to FIG. 8a) will
provide the described specific effect of acceleration and
cooling of the airflow portion 851.B originally oncoming
faster than with the specific M-velocity M.. The tandem
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880.B comprises all the features of the flying airfoil bodies
850 and 860 of Case (A), and, in contrast to Case (A), the
two airfoil bodies, namely, the two actually-airfoil wings
850.B and 860.B, have an asymmetry relative to the hori-
zontal plane 841.B.

[0693] The reference numerals are as follows:

[0694] 851.B is an oncoming flow portion yet to be
subjected to an action of the tandem 880.B of two
actually-airfoil wings 850.B and 860.B consolidated as
a whole;

[0695] 852.B1 and 852.B2 are sub-portions of the
oncoming flow portion 851.B in positions where, when
running on the first met local convexity 869.B1 and
869.B2, correspondingly, subjected to convergence
above and under the tandem 880.B;

[0696] 868.B1 and 868.B2 are narrowed cross-sections
of the locally-minimal cross-sectional areas, corre-
spondingly, above and under the first met local con-
vexity: 869.B1 and 869.B2, of the tandem 880.B;

[0697] 853.B1 and 853.B2 are sub-portions of the
oncoming flow portion 851.B in positions where, when
flowing adjacent to the first met local convexity: 869.
B1 and 869.B2, correspondingly, subjected to narrow-
ing to have narrowed cross-sections 868.B1 and 868.
B2 of the locally-minimal cross-sectional areas,
correspondingly, above and under the first met local
convexity: 869.B1 and 869.B2, of the tandem 880.B;

[0698] 854.B1 and 854.B2 are sub-portions of the
oncoming flow portion 851.B in positions where, when
passing the first met local convexity: 869.B1 and 869.
B2, correspondingly, subjected to divergence above
and under the tandem 880.B;

[0699] 852.B3 and 852.B4 are sub-portions of the
oncoming flow portion 851.B in positions where, when
running on the second met local convexity: §69.B3 and
869.B4, correspondingly, subjected to convergence
above and under the tandem 880.B;

[0700] 868.B3 and 868.B4 are narrowed cross-sections
of the locally-minimal cross-sectional areas, corre-
spondingly, above and under the second met local
convexity: 869.B3 and 869.B4, of the tandem 880.B;
and

[0701] 854.B3 and 854.B4 are sub-portions of the
oncoming flow portion 851.B in positions where, when
passing the second met local convexity: 869.B3 and
869.B4, correspondingly, subjected to divergence
above and under the tandem 880.8.

[0702] The profiles of the two actually-airfoil wings 850.B
and 860.B are elaborated to meet the oncoming flow portion
851.B originally oncoming faster than with the specific
M-velocity M. such that the two boundary layers composed
of the sub-portions, flowing above and under the tandem
880.B, correspondingly, both, when subjected to action by
the tandem 880.B, become subjected to a two-stage conver-
gence-divergence accompanying first, by the triggered de
Laval retarding-effect and then by the triggered de Laval
jet-effect. Borders of the two boundary layers are schemati-
cally marked by double-dot dashed lines 842.B1 and 842B2
symbolizing imaginary, in general, curved surfaces formed
by streamlines bordering the portion 581.B above and under
the tandem 880.B, correspondingly; without loss of gener-
ality, the surfaces are indicated as being almost plane and
separating, on the one hand, the two two-stage convergent-
divergent boundary layers composed of sub-portions of the
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portion 581.B, which are substantially deforming as moving
along the tandem 880.B, and, on the other hand, portions of
the ambient flowing fluid which remain relatively weakly
deformed. The triggering of the de Laval retarding-effects
occurs when the retarding of sub-portions 852.B1 and 852.
B2 are such that the sub-portions 853.B1 and 853.B2 cross
the narrowed cross-sections 868.B1 and 868.B2 of the
locally-minimal cross-sectional areas, correspondingly, with
the specific M-velocity M.; and the triggering of the de
Laval jet-effects occurs when the acceleration of sub-por-
tions 852.B3 and 852.B4 are such that the sub-portions
853.B3 and 853.B4 cross the narrowed cross-sections 868.
B3 and 868.B4 of the locally-minimal cross-sectional areas,
correspondingly, again, with the specific M-velocity M..
The asymmetry of the tandem 880.B relative to the hori-
zontal plane 841.B causes that:

[0703] on the one hand, as soon as the upper-side outlet
sub-portion 8§54.B3 is wider than the upper-side inlet
sub-portion 852.B1, integrally, the upper-side sub-por-
tion becomes accelerated, as it is described hereinabove
in the sub-paragraph “Two-Stage Convergent-Diver-
gent Jet-Nozzle” referring to FIG. 6¢; and

[0704] on the other hand, since the lower-side outlet
sub-portion 854.B4 is narrower than the lower-side
inlet sub-portion 852.B2, integrally, the lower-side sub-
portion remains retarded.

Such an action of the tandem 880.B on the sub-portions of
the relatively fast oncoming flow portion 851.B, which (the
action) is imbalanced relative to the horizontal plane 841B,
originates a resulting upwardly-vectored lifi-force cumula-
tively acting on the tandem 880.B, that is also one of the
primary teachings of the present invention.

[0705] FIG. 84 is a schematic illustration of two-stage
airfoil wings, constructed according to the principles of the
present invention: (A) a two-stage wing 870 having a
side-view sectional double-humped airfoil profile 871, and
(B) a two-stage wing 8d having a side-view sectional
classical airfoil profile and modified by supplying with the
multi-layer TE device 84.TED.

[0706] In FIG. 84 (A), the orientation of the double-
humped airfoil profile 871 determines a sagittal axis 871.0,
in turn, oriented horizontally. The two-stage double-humped
airfoil wing 870 comprises two withers: forward 872 and
rear 873, separated by concavity 874. The lift-force force
originated by the profile is analyzed, considering the flying
M-velocity which is higher than the specific M-velocity M.=
V(y-1)/y~0.5345 Mach, i.e. when the lift-force, originated
by a classical wing 10.A described hereinabove the subpara-
graph “Airfoil Wing (definition of attack angle)” referring to
FIG. 1g Case (A), is negative.

[0707] An oncoming flow portion 8§75 runs at the double-
humped airfoil wing 870, becomes a boundary layer moving
adjacent to the upper-side surface of the double-humped
airfoil wing 870 under an imaginary surface, which, in a
sagittal sectional plane, is indicated by a double-dot dashed
line 871.1 symbolizing an imaginary, in general, the curved
surface formed by streamlines bordering the portion 875
above the double-humped airfoil wing 870, and passes
positions: 801, 802, 803, 804, 805, 806, 807, 808, and 809
sequentially with associated M-velocities: M,q;, Mg,
M3, Mgoss Msos, Msoss Mio7s Mygs, and My, correspond-
ingly. The double-humped airfoil profile 871 provides for
the Coanda-jet-effect two-stage operation: upstream-afore
and downstream-after concavity 874. At position 801, flow
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portion 875, having the de Laval high M-velocity My, is
yet to be subjected to the Coanda-jet-effect operation over
wing 870°s profiled surfaces. The double-humped airfoil
profile 871 causes that the cross-sectional area of portion
875 is varying as portion 875 moves over wing 870 as the
boundary layer under the imaginary surface 871.1. So,
portion 875 shrinks at position 802 while upping over the
forward part, has the first local minimum of cross-section
area at position 803 above the forward withers 872, expands
at position 804 while downing into concavity 874, reaches
the local maximum of cross-section area at position 805
when passing concavity 874, shrinks again at position 806
on the way to the rear withers 873, gets the second local
minimal value of cross-section area at position 807 above
the rear withers, and expands at positions 808 and 809. Thus,
there are two convergent-divergent portions of the boundary
layer moving adjacent the upper-side surface of the double-
humped airfoil wing 870:

[0708] first, upstream relative to concavity 874, com-
prising positions 8§02, 803, 804, and 805 when flowing
over the forward withers 872, and

[0709] second, downstream relative to concavity 874,
comprising positions 805, 806, 807, 808, and 809 when
flowing over the rear withers 873.

Each of the two convergent-divergent portions of the bound-
ary layer is elaborated according to the condition of flow
continuity Eq. (6.0) providing for gradually smooth changes
of M-velocity to suppress undesired turbulences.

[0710] According to the condition of flow continuity Eq.
(6.0), portion 875, as the boundary layer moving under the
imaginary surface 871.1, is subjected to the de Laval-like
jet-effect and the de Laval-like retarding-effect such that:

[0711] at position 802, the flow convergence is accom-
panied by the de Laval-like retarding-effect resulting in
compressing and warming of flow portion 875 and a
decrease of M-velocity, i.e. Mgy, >Mgg,;

[0712] at position 803, the first critical condition point,
where the varying value of flow portion 875°s cross-
sectional area has the first local minimum, provides for
that the M-velocity of flow portion 875 reaches the
specific M-velocity M., s0, Mgy, >M;0,>Mgys =M., i.e.
the critical condition of the de Laval-like retarding-
effect triggering is satisfied;

[0713] at position 804, the flow divergence is accom-
panied by further compressing and warming of flow
portion 875 and a decrease of M-velocity lower than
the specific M-velocity M., i.e. Mu>Mgq,;

[0714] at position 805 above concavity 874, the M-ve-
locity Mg, is minimal, thereby, providing the condi-
tion: Mgo;>Mgor>Mgoa™Me>Myos>Mgos;

[0715] at position 806, the flow convergence is accom-
panied by cooling of flow portion 875, a decrease of
static pressure, and an increase of M-velocity, i.e.
Mgos<Mgos:

[0716] at position 807, the second critical condition
point, where the varying value of the flow portion 875’s
cross-sectional area has the second local minimum, is
designed to provide for that the M-velocity of flow
portion 875 reaches the specific M-velocity M., i.e. the
condition Mgps<Mgoe<Mgg,=M. triggering the de
Laval-like jet-effect is satisfied; and so,

[0717] at positions 808 and 809, the flow divergence is
accompanied by further cooling of flow portion 875, a



US 2022/0173299 Al

decrease of static pressure, and an increase of M-ve-

locity. i.e. Mgos<Mgos<Mgo7"Ma<Mgpe<Msgo-
Depending on profile 871, the M-velocity Mgy, of flow
portion 875 at downstream position 809, may exceed the
high M-velocity Mgy, of flow portion 875 at upstream
position 801, so, wing 870 can be used as a jet-booster based
on the de Laval-like jet-effect, operating at high velocities.
In general, the use of a double-humped airfoil profile of a
wing flying with the de Laval high M-velocities, in order to
provide for the desired jet-effect, is yet one of the teachings
of the present invention.
[0718] In view of the foregoing description referring to
FIG. 84 (A), it will be evident to a person skilled in the art
that the effect of high M-velocity acceleration by the
Coanda-jet-effect two-stage operation is applicable, for
example, to high-speed aircraft design. One of the primary
advantages of a double-humped airfoil wing is that, in
contrast to a classic wing, the double-humped airfoil wing
870 being stationary (not-variably) configured-and-oriented
has a positive lift-force as for low M-velocities and for high
M-velocities.
[0719] In view of the foregoing descriptions referring to
FIGS. 8a, 8¢, and 84 (A), it will be also evident to a person
skilled in the art that a pair of actually-airfoil wings (i.e.
having sharp trailing ends adapted to provide laminarity of
air sub-portions outflowing downstream behind the sharp
trailing ends), being arranged in-line along a sagittal axis
one downstream behind the other and combined as a whole
being stationary (not-variably) configured-and-oriented, can
function similar to a double-humped airfoil wing 870 to
provide a positive lift-force as for low M-velocities as well
as for high M-velocities. Thus, the tandem 880.B of two
airfoil bodies embodied in the form of actually-airfoil wings
850.B and 860.B consolidated as a whole (FIG. 8¢ Case (B))
can be interpreted as a broken double-humped airfoil wing.
[0720] In view of the foregoing descriptions referring to
FIGS. 6¢, 7d, Sc, and 84 (A), it will be evident to a person
skilled in the art that, considering a body, flying in air-
environment with transonic, and/or supersonic, and/or
hypersonic velocities, i.e. with high M-velocities higher than
the specific M-velocity M.=v(y-1)A,

[0721] in contrast to a case, wherein a body having an
arbitrary shape is decelerating when air-fluxes, which
flow nearby around the body, become warmer and
extra-warmed,

[0722] a specifically-shaped body, having a double-
humped airfoil profile providing for the two-stage
operation of the Coanda-jet-effect, is accelerating, and
air-fluxes, which flow nearby around the accelerating
specifically-shaped body, become cooled and extra-
cooled.

[0723] InFIG. 84 (B), it is shown a schematic drawing of
a modified airfoil wing 84, supplied with the multi-layer TE
device 84.TED built-in between the upper-side and lower-
side surfaces of the modified airfoil wing 84. The modified
airfoil wing 84 has a side-view sectional classical airfoil
profile, the orientation of which determines a sagittal axis
84.0 oriented horizontally. For the purpose of the compari-
son between two wings: the double-humped airfoil wing 810
and the modified airfoil wing 84,

[0724] when the flying M-velocity is higher than the
specific M-velocity M.~y(y=1)=0.5345 Mach;

an oncoming flow portion 84.5 runs at the modified airfoil
wing 84, becomes a boundary layer moving adjacent to the
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upper-side surface of the airfoil wing 870 under an imagi-
nary surface, which, in a sagittal sectional plane, is indicated
by a double-dot dashed line 84.1 symbolizing an imaginary,
in general, the curved surface formed by streamlines bor-
dering the portion 84.5 above the airfoil wing 84, and passes
positions: 84.1, 84.2, 84.3, 84.4, 84.5, 84.6, 84.7, 84.8, and
84.9 sequentially with associated M-velocities: M,;, Mp,,
Mpss Mpa, Mps, Mpe, My, Mpg, and My, correspond-
ingly. The temperature distribution along the upper-side
surface is forcibly controlled by the multi-layer TE device
84.TED such that as the flow moves nearby above the
modified airfoil wing 84:

[0725] when crossing the positions 84.02, 84.03, and
84.04, the temperature is gradually increasing thereby
imitating the flow convergence and divergence when
moving within a de Laval tube similar to the case when
the flow moves nearby above the double-humped air-
foil wing 870 crossing the positions 8§02, 803, and 804,
correspondingly; and

[0726] after reaching the position 84.05 and further,
when crossing the positions 84.06, 84.07, 84.08, and
84.09, the temperature is gradually decreasing thereby
imitating the flow convergence and divergence when
moving within a de Laval tube similar to the case when
the flow moves nearby above the double-humped air-
foil wing 870 crossing the positions 806, 807, 808, and
809, correspondingly.

An advantage of the modified airfoil wing 84 over the
double-humped airfoil wing 870 is that the modified airfoil
wing 84 provides for all the useful properties of the double-
humped airfoil wing 870 in a wide range of velocities,
wherein all the useful properties are controllably improved
using degrees of freedom of the multi-layer TE device
84.TED. While the overall geometry of the double-humped
airfoil wing 870 is optimized to be adapted to the certain
M-velocity Mg, 5 of oncoming flow 875, the modified airfoil
wing 84 is capable to be optimally adapted to an arbitrary
M-velocity M, 5 of oncoming flow portion 84.5. For this
purpose, the forcibly established distribution of the tempera-
ture difference AT, (x) between the upper-side and lower-
side boundary layers around the modified airfoil wing 84 is
defined as:

Msas ]2’

ATy = ATzl X[ 2
Al

where ATg,q(x) is the distributed original temperature dif-
ference between the upper-side and lower-side boundary
layers specified when designing the overall geometrical
configuration of the double-humped airfoil wing 870 con-
sidering the mentioned certain M-velocity M,,5 of oncom-
ing flow 875.

Cascaded Jet-Boosters

[0727] FIG. 9a is a schematic illustration of a sequential
cascade of in-line arranged airfoil bodies 9011, 9013, 9014,
9015, and 9016, each in the shape of an elongated drop,
exposed to oncoming wind 900 having the ambient M-ve-
locity substantially lower than the specific M-velocity M.=
v (y=1)/y. The shape and forcedly distributed temperature of
the elongated drops is optimized using the condition of flow
continuity Eq. (6.0) basing on a specified thickness of a
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boundary layer over convex withers, as described herein-
above referring to FIGS. 8a and 8. Points 9012 symbolize
that the sequence of airfoil bodies may be much longer than
shown. For simplicity, oncoming wind 900 is laminar. Trace
a moving-small-portion 910 of ambient oncoming wind 900
passing positions 911, 9110, 912, 913, 9130, 914, 9140, 915,
9150, 916, 9160, and 917, considering a case when moving-
small-portion 910 is subjected to the Coanda-jet-effect in an
adiabatic process, defined by the partial pressure-c 3P,
rather than affected by the skin-friction resistance, quantified
by the difference (a,—a-da). Moving-small-portion 910 at
position 911 is yet to be subjected to the Coanda-jet-effect
operation. Le. at least the forward airfoil body 9011 meets
moving-small-portion 910 with M-velocity, lower than the
specific M-velocity M.=y(y-1)/y, and so body 9011 oper-
ates as a jet-booster based on the Venturi effect occurring in
the adiabatic process in an imaginary tunnel adjacent to
body 9011, as described above referring to FIG. 85. Further,
moving-small-portion 910 is subjected to a cascaded opera-
tion of the Coanda-jet-effect in the adiabatic process by
in-line arranged airfoil bodies 9011, 9013, 9014, 9015, and
9016, each of which operates as an elemental jet-booster,
while meeting moving-small-portion 910 with M-velocity,
lower than the specific M-velocity M.=V(y-1)/y. The cas-
caded operation of the Coanda-jet-effect results in aligning
of the Brownian random motion of moving-small-portion
910’s molecules with the surfaces of in-line arranged airfoil
bodies 9011, 9013, 9014, 9015, and 9016, that is observed
as an increase of the effective velocity of moving-small-
portion 910, accompanied by moving-small-portion 910
temperature decrease, as moving-small-portion 910 sequen-
tially passes positions 9110, 9130, 9140, 9150, and 9160,
where flowing as ambient-adjoining convergent-divergent
jetstreams. Thus, this results in an increase of moving-small-
portion 910°s kinetic energy at the expense of moving-
small-portion 910’s internal heat energy. Consider certain
identical cross-sectional areas at positions 911, 912, 913,
914, 915, 916, and 917, marked by dashed ellipses, such that
the Coanda-jet-effect operation influence is still perceptible
within the marked areas. Considering flow velocities much
lower than the specific M-velocity M.=v(y-1)/y, the effec-
tive velocity of flow crossing the marked areas at positions
911, 912, 913, 914, 915, 916, and 917 increases exponen-
tially as the flow moves along the sequential cascade of
in-line arranged airfoil bodies 9011-9016. For example, if
the Coanda-jet-effect operation of each of airfoil bodies
9011-9016 in the adiabatic process provides an increase of
the effective velocity of a flow portion, crossing the asso-
ciated marked area, on 2%, then after 35 airfoil bodies
9011-9016 the effective velocity of the wind portion, cross-
ing the marked area, is twice as high as the velocity of
oncoming wind 900 yet to be subjected to the Coanda-jet-
effect multi-stage cascaded operation. Consider a case, when
the M-velocity My, 5, of moving-small-portion 910, flowing
as an ambient-adjoining convergent-divergent jetstream
nearby the withers of airfoil body 9013, reaches the specific
M-velocity M.=v(y-1)/y at position 9130. Triggering of the
de Laval-like jet-effect causes the M-velocity M, , at posi-
tion 914 to become higher than the specific M-velocity M..
The moving-small-portion 910 becomes cooled between
positions 913 and 9130 and becomes extra-cooled between
positions 9130 and 914. Running at airfoil body 9014,
moving-small-portion 910 is subjected to the de Laval-like
retarding-effect, such that the portion’s M-velocity
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decreases down to the specific M-velocity M.=v(y-1)/y at
position 9140 nearby the withers of airfoil body 9014, and
becomes lower than the specific M-velocity M. at position
915. The moving-small-portion 910 becomes warmer
between positions 914 and 9140 and becomes extra-warmed
between positions 9140 and 915. Then moving-small-por-
tion 910 is subjected to the de Laval-like jet-effect and the
M-velocity increases again. Thus, when the sequence of
airfoil bodies 9011-9016 is sufficiently long, the effective
M-velocity of moving-small-portion 910 reaches the value
of the specific M-velocity M,=y/(y=1)/y nearby the withers
of airfoil bodies and varies around the value between the
airfoil bodies. This is yet one more of the teachings of the
present invention.

[0728] In view of the foregoing description referring to
FIG. 9a, it will be evident to a person skilled in the art that:

[0729] in a more general case, when oncoming wind
900 is turbulent, such that moving-small-portion 910
comprises whirling groups of molecules, the Coanda-
jet-effect multi-stage cascaded operation results in
aligning also of the turbulent motion of the whirling
groups of molecules with the surfaces of in-line
arranged airfoil bodies 9011, 9013, 9014, 9015, and
9016, that is observed as an increase of the effective
velocity of moving-small-portion 910, accompanied by
moving-small-portion 910’s inner turbulence decrease,
as moving-small-portion 910, flowing as ambient-ad-
joining convergent-divergent jetstreams nearby around
the withers of airfoil bodies 9011, 9013, 9014, 9015,
and 9016, sequentially passes positions 9110, 9130,
9140, 9150, and 9160, correspondingly. Thus, this
results in an increase of moving-small-portion 910°s
kinetic energy also at the expense of moving-small-
portion 910°s inner turbulent energy;

[0730] the effect of M-velocity acceleration and stabi-
lization by a multi-stage cascaded operation of the
Coanda-jet-effect thereby reinforced multi-repeatedly
is applicable, for example, to a high-speed long-train
design;

[0731] the effect of M-velocity stabilization is appli-
cable, for example, to a flying train-like object, in
particular, supplied with wings, which are not shown
here, providing for a lift-force;

[0732] an arrangement of airfoil bodies 9011, 9013,
9014, 9015, and 9016 along a smoothly curved locus,
instead of the in-line arrangement, can be implemented,
and

[0733] the stabilized temperature difference between
the extra-cooled airflow portions subjected to the trig-
gered de Laval-like jet-effect and the extra-warmed
airflow portions subjected to the triggered de Laval-like
retarding-effect can be used to power a Peltier-element
operating as a thermoelectric generator producing elec-
tricity.

[0734] Reference is now made again to FIG. 9a, wherein
now, all the in-line arranged airfoil badies 9011, 9013, 9014,
9015, and 9016 are made from a conductive material, for
simplicity, from a hypothetic super-conductor, wherein the
sequence is exposed to electric flux 900. In view of the
foregoing description referring to prior art FIG. 1f; the
inventor points out that the effective electric flux crossing
the marked areas at positions 911, 912, 913, 914, 915, 916,
and 917 is self-increasing exponentially as flowing along the
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sequential cascade of in-line arranged airfoil conductive
bodies 9011 to 9016 due to the electromagnetic jet-effect.

[0735] FIG. 9b is a schematic illustration of a sequential
multi-stage cascade of outer and nested airfoil rings 920,
exposed to oncoming wind 921. Outer and nested airfoil
rings 920 are formed by coiled-up walls having an actually-
airfoil wing profile and forcedly distributed temperature,
similar, for example, to that of actually-airfoil wing 8§10,
shown schematically in FIG. 8a. Thereby, outer and nested
airfoil rings 920 have shapes of streamlined converging
nozzles. The actually-airfoil wing profiles and forcedly
distributed temperature are optimized using the condition of
flow continuity Eq. (6.0) basing on the specified thickness of
a boundary layer over convex withers, as described herein-
above with the references to FIG. 8a. Points 929 symbolize
that the sequence of outer and nested airfoil rings 920 may
be much longer than shown. Airflow portions 922, flowing
as ambient-adjoining convergent-divergent jetstreams, slid-
ing outside of the sequential multi-stage cascade of outer
rings 920, as well as wind portions 923, flowing and
impacting inside of outer and nested airfoil rings 920, are
subjected to the Coanda-jet-effect operation. Again, consider
a case when airflow portions 922 and 923 are subjected to
the Coanda-effect operation rather than to skin-friction resis-
tance, thereby providing that each pair of outer and nested
airfoil rings 920 operates as an elemental jet-booster. Air-
flow portions 922 and 923 join a cumulative outflow 924,
wherein the Coanda-effect provides streamlines 925 forming
an imaginary convergent-divergent nozzle downstream-be-
hind the sequential multi-stage cascade of outer and nested
airfoil rings 920. A sufficiently long multi-stage cascade of
outer and nested airfoil rings 920 provides that the M-ve-
locity of resulting cumulative outflow 924 reaches the
specific M-velocity M.=V(y-1)/y at the minimal cross-
section 926 of the imaginary convergent-divergent nozzle
and the de Laval-like jet-effect is triggered downstream-
behind the minimal cross-section 926. Airflow portion 927
is expanded adiabatically; therefore, it is extra-cooled and
extra-accelerated. A prolonged multi-stage cascade of outer
and nested airfoil rings 920 may enable the M-velocity of
airflow portions 922 to reach the specific M-velocity M.
nearby the withers of airfoil outer rings 920. In this case,
airflow portions 922 become subjected to the de Laval-like
jet-effect, such that the effective M-velocity of airflow
portions 922 is stabilized, as described hereinbefore refer-
ring to FIG. 9a, considering a sequential multi-stage cascade
of in-line arranged airfoil bodies, each having the shape of
an elongated drop.

[0736] FIG. 9c is a schematic illustration of a modified
sequential multi-stage cascade of the outer and nested airfoil
rings 920 of FIG. 95 into a pair of unbroken spirals shaped
as the Archimedean screws 931 and 932 by helical coiling-
up walls having airfoil profile 937 and forcedly distributed
temperature, for example, similar to described above refer-
ring to FIG. 8a. Airfoil profile 937, also shown separately
above and to the left in an enlarged scale, and forcedly
distributed temperature, both are optimized using the con-
dition of flow continuity Eq. (6.0) basing on the specified
thickness of a boundary layer over convex withers, as
described hereinabove with the reference to FIG. 8a, and
taking into account an M-velocity range used for the spirals
931 and 932. Oncoming airflow portion 933 is yet to be
subjected to the Coanda-jet-effect operation. Both: the slid-
ing outside air sub-portions 934 flowing around and the
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inside impacting air sub-portions 935 flowing through the
pair of spirals 931 and 932, are subjected to the Coanda-
jet-effect operation, resulting in a converging flow when
convergent flow sub-portions 934 and 935 laminarly join a
resulting cumulative outflow 936. l.e. a fragment [for
instance, one coil] of the pair of spirals 931 and 932 operates
as an elemental jet-booster, and a longer fragment of con-
verging spirals 931 and 932 provides higher acceleration of
the airflow. Again, the Coanda-jet-effect provides stream-
lines 930 forming an imaginary convergent-divergent jet-
nozzle downstream-behind the airfoil construction.

[0737] Moreover, the two spirals 931 and 932 have coun-
ter helical screwing rotations, namely: clockwise and
inverse-clockwise, thereby providing a spatially varying
cross-sectional area of gaps between the walls of the two
spirals 931 and 932. The spatially varying cross-sectional
area of the gaps provides a Venturi effect for velocities lower
than the specific M-velocity M.=v/(y-1)/y and the de Laval-
like jet-effect for velocities providing for reaching the spe-
cific M-velocity M.=y(y-1)/y at the critical condition point
where the variable cross-sectional area of gaps becomes
minimal. Sufficiently long converging spirals 931 and 932
provide acceleration of the airflow and stabilization of the
effective velocity at the value of the specific M-velocity M.=
V(y-1)/y analogous to the cases described above with ref-
erences to FIGS. 9a and 95.

[0738] In view of the foregoing description of FIGS. 9a,
9b, and 9, it will be evident to a person skilled in the art
that:

[0739] One can implement many alterations, re-combi-
nations, and modifications of elemental jet-boosters,
taught herein, without departing from the spirit of the
disclosure that can be generalized as the following. A
sufficiently long aggregation of elemental jet-boosters
provides acceleration of an airflow portion, reaching
the specific M-velocity M.=y(y=1)7y, thereby trigger-
ing alternating the de Laval-like jet-effect and the de
Laval-like retarding-effect, resulting in a stable alter-
nation of the airflow portion effective M-velocity above
and below the specific M-velocity M.=y({y-1)7y
between the elemental jet-boosters; and

[0740] The cumulative useful kinetic-power, including
both: the originally brought kinetic-power and the
acquired kinetic-power, provided by a multiplicity of
elemental jet-boosters, aggregated into an adiabatic
converging system, depends on the quality and quantity
of the elemental jet-boosters and how the elemental
jet-boosters are arranged and exploited. Moreover, it
will be evident to a person skilled in the art that a
sequential in-line multi-stage cascading of the elemen-
tal jet-boosters has a special sense.

For example, consider an aggregation comprising N elemen-
tal jet-boosters exposed to an ambient flow and oriented
such that each elemental jet-booster provides an increase of
the effective velocity of the flow portion moving through a
certain effective cross-sectional area, by a factor F, wherein
F>1, and for simplicity and without loss of the explanation
generality, consider a case of sufficiently low velocity of the
ambient flow and assume that it is the same factor, inde-
pendently of the elemental jet-boosters arrangement and
exploitation. As well, for simplicity, consider the case, when
the M-velocities of accelerated flow remain lower than the
specific M-velocity M.=/(y-1)/y, thereby, justifying
neglecting the flow’s mass density change in further
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approximate estimations. As the kinetic-power of a flow
portion moving through a certain cross-sectional area is
directly proportional to the cross-sectional area and propor-
tional to the third power of the flow portion velocity, each
elemental jet-booster, when operating separately, launches a
jetstream having the solitary useful kinetic-power, indicated
by W,, proportional to the third power of the factor F,
expressed by W,=W xF°, where W, is the originally
brought ambient useful kinetic-power associated with the
effective cross-sectional area of one elemental jet-booster.

[0741] The solitary acquired kinetic-power AW, is defined
by the difference between the solitary useful kinetic-power
W, and the originally brought ambient useful kinetic-power
W,, namely, AW =W x(F>-1); and so the aggregation,
comprising N such elemental jet-boosters and thereby accel-
erating the flow portions, moving through N effective cross-
sectional areas, results in the cumulative useful kinetic-
power:

[0742] indicated by W, ... equal to W, ...,/ "Nx
W, =NxW,xF?, wherein the cumulatively acquired
kinetic-power AW .., 1s defined as:

AW st = N AW =N W (F°-1),

‘parallel

[0743] in the case, when the elemental jet-boosters

operate independently, that occurs,

[0744] if the elemental jet-boosters are arranged in
parallel, or

[0745] if the elemental jet-boosters are arranged
sequentially, but operating in a not adiabatic process,
allowing for the solitary useful kinetic-power W, to
be consumed in parallel within or behind each
elemental jet-booster and restored afore each next
elemental jet-booster;

[0746] or, alternatively,
[0747] indicated by W, ..ss  €qual  to
cequeniar=WoX(F?)",  wherein  the cumulatively

acquired kinetic-power AW __ ..., is defined as:

AW, Wox[(FHN-N],

sequential

[0748] in the case, when the elemental jet-boosters are
arranged sequentially operating in the adiabatic pro-
cess, and the consumption of the cumulative useful
kinetic-power is allowed behind the downstream-end
of the last elemental jet-booster only.

In an exemplary practical case, the effective velocity
increase factor equals F=1.097. Then the following condi-
tions become satisfied:

[0749]  the condition W, .,z
N<8;

[0750]
N=9;

[0751]
for Nz13;

[0752] the condition W, ..0;
for N=15; and

[0753] the condition W, . 000> 4W apane 18 satisfied
for Nz16.

[0754] In view of the foregoing description of FIGS. 9a,
9b, and 9c, one of the primary teachings is that an artificial
wind can be used for profitable harvesting of electricity. For
example, one can:

[0755] use a big-front ventilator [or group of ventila-
tors], having 50%-net-efficiency, i.e. consuming elec-
tric-power W, .,.mes a0d creating an originally incom-
ing artificial airflow, bringing kinetic-power

W raszer 18 satistied for

the condition W

soquentiat” W paraizor 18 Satisfied for

the condition W >2W e 18 satistied

sequential y2

>3W

paralle

; 1s satisfied
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Wicome=05xW .. .. wherein the originally incom-

ing artificial airflow has the front area A, ., of 4 times
bigger than the effective cross-sectional area of an
elemental jet-booster and has the effective velocity
Uincomes

[0756] implement a sequential multi-stage cascade,
comprising N=15 elemental jet-boosters, each of which
is characterized by the effective velocity increase factor
F=1.097, such that altogether making an outflowing

artificial ~ jetstream,  having  the  velocity
Wosstream VineomeXE [FY=1.097""~4] and having the

resulting effective frontal cross-sectional area A

“Jetstream?

decreased approximately 4 times relative to the area

A, ome Of originally incoming airflow [A,, .../
Ajetstmm:FNz4]. Thus, the outflowing artificial jet-

stream brings the resulting vseful kinetic-power W,
stream, €Stimated as:

- 3
I/Vjetstream - [ (ujetszream/ Uincom e) X (A jetstream/ ‘4 incom e) ] X
W, ie.

income®

Wetstroams ™[4 A% W pscore™ [LEIXOSXI copmed™8%

J
I/Vconsumeda
and
[0757] use a wind-turbine, producing electricity with
50%-net-efficiency, thereby, harvesting the useful elec-
tric-power W, of 4 times higher than the consumed
electric-power W namely,

consumed>

=0.5%(8XW ., c.omed) =2X W

con”

W eegus 05X,

. Jetstream

sume.

Wherein, the profit becomes greater than estimated, when
the de Laval-like jet-effect is triggered. Thereby, in view of
the foregoing description referring to FIGS. 9a, 95, and 9c,
it will be evident to a person skilled in the art that profitable
harvesting of electricity, using a jet-effect created by a
multi-stage cascaded operation of the Coanda-jet-effect
thereby reinforced multi-repeatedly, is feasible, for example,
attaching sequentially arranged elemental jet-boosters to a
sufficiently-long moving vehicle and using a wind-turbine,
arranged behind the downstream-end of the last elemental
jet-booster.
[0758] In view of the foregoing description referring to
FIGS. 9a, 95, and 9c. the inventor points out that, when
reaching the stabilized effective velocity equal to the value
of the specific M-velocity M,=/(y=1)7y, the periodical local
extra-acceleration and extra-retarding generate a forced
extra-intensive elemental acoustic wave, wherein the dis-
tance between each two neighbor withers equals half of the
wavelength of the forced extra-intensive elemental acoustic
wave. Furthermore, the forced extra-intensive elemental
acoustic waves are superposed in-phase thereby constituting
the resulting extra-intensive acoustic wave as constructive
interference. It will be evident to a person skilled in the art
that the arrangement of airfoil bodies, either:
[0759] 9011, 9013, 9014, 9015, and 9016 as shown in
FIG. 9a; or
[0760] a multi-stage cascade of outer and nested airfoil
rings 920 as shown in FIG. 95; or
[0761] a pair of unbroken spirals shaped as the Archi-
medean screws 931 and 932 by helical coiling-up walls
having airfoil profile 937, as shown in FIG. 9c,
subjected to the generalized jet-effect (namely, the Coanda-
jet-effect, the de Laval-like jet-effect, the de Laval-like
retarding effect, and the enhanced waving jet-effect) and
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supplied by an acoustic detector capable of detection of the
resulting extra-intensive acoustic wave power, can play a
role of an electricity generator that, in the final analysis,
produces the electric power at the expense of the warmth of
the air.

Jet-Turbine as Improved Wind-Turbine

[0762] FIG. 9g is a schematic drawing of a jet-rotor of
modified improved wind-turbine, called also a jet-turbine,
9.0, constructed according to the principles of the present
invention to operate under relatively fast airflow 9.1 for
producing the electric power at the expense of the warmth of
relatively fast airflow 9.1.
[0763] Modified improved wind-turbine or jet-turbine 9.0
comprises:
[0764] axle 9.2 oriented along sagittal axis 9.21 codi-
rected with fast airflow 9.1,
[0765] identical asymmetrical biconvex actually-airfoil
blades 9.3, attached to axle 9.2; and
[0766] an engine, which is not shown here, having a
stator and rotatable shaft; the engine is capable of
transforming the power of the forced mechanic rota-
tional motion 9.4 of axle 9.2 into electric power.
[0767] The primary feature, making the jet-turbine 9.0
practically implementable and extremely efficient, is the
specifically configured and so specifically functioning
biconvex actually-airfoil blades 9.3. Namely, in contrast to
standard wind-turbines having standardly shaped blades
configured to be subjected to impacting by an incoming
airflow that, in particular, results in the airflow turbulence,
retarding, and warming, the jet-turbine 9.0 has asymmetrical
biconvex wing-like actually-airfoil blades 9.3:
[0768] having opposite convex sides 9.31 and 9.32 with
withers differing in convexity, and
[0769] being oriented along and so adapted to the
incoming fast airflow jetstream 9.11 headway motion.
Thereby configured and oriented blades provide the zero
aftack angle:
[0770] to exclude or at least to minimize the impact by
the incoming fast airflow jetstream 9.11, but
[0771] to provide an interaction with the fast airflow
jetstream 9.11 by the Coanda-jet-effect only, thereby
resulting in acceleration and cooling of outflowing
jetstream 9.6 and resulting in lift-forces, acting on
identical biconvex actually-airfoil blades 9.3 and being
imbalanced because of the aligned asymmetry of the
identical biconvex airfoil blades.
In this case, the axle 9.2 rotational motion, shown by the
curved arrow having numeral 9.4, is caused by the cumu-
lative resulting lift-force. Take note again, that the Coanda-
jet-effect is triggered by the airflow kinetic-power and is
actually powered at the expense of the airflow warmth but
not at the expense of the incoming fast airflow jetstream 9.11
Kkinetic-power; contrariwise, the kinetic-power of outflowing
jetstream 9.6 is increased or at least not decreased with
respect to the oncoming fast airflow 9.1. Thus, in contrast to
the standard wind-turbines, the proposed improved wind-
turbine 9.0 is specifically characterized:
[0772] by the mechanism of operation, that is the
Coanda-jet-effect but not the impact; and
[0773] by the power source of operation, that is the
warmth but not the kinetic power of airflow.
Also, in contrast to a kind of the standard wind-turbines
having wing-like blades moving around a vertical axis, the
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proposed jet-turbine 9.0 is specifically characterized by the
excluding of varying poorly-streamlined positions of the
wing-like blades. As well, in contrast to the standard wind-
turbines, the productivity of the proposed jet-turbine 9.0 is
defined by the area of the biconvex airfoil blades rather than
by a so-called “swept area”, namely, the produced electric
power due to the Coanda-effect is specified as proportional
to the biconvex airfoil blades area, i.e. the productivity can
be increased substantially for a given swept area.

[0774] In view of the foregoing description referring to
FIG. 9g, it will be evident to a person skilled in the art that
jet-turbine 9.0 comprising:

[0775] the biconvex airfoil blades, having a wing-like
sectional contour with a longer so-called chord of wing,
and/or

[0776] an increased quantity of the biconvex airfoil
blades,

both circumstances provide for enforcing of the desired
Coanda-jet-effect. As well, it is self-suggested a sequential
in-line arrangement of a multiplicity of jet-turbines 9.0 one
downstream after another (optionally. alternatingly differing
in asymmetry to become forcedly rotated alternatingly
clockwise and inverse-clockwise, correspondingly), each
separately and all together efficiently operating within the
given swept area.

[0777] Moreover, at least one of the profiles 9.31 and 9.32
is implemented to provide the enhanced de Laval jet-effect,
when the incoming fast airflow jetstream 9.11 is flowing
with a de Laval M-velocity and so a portion of jetstream 9.11
is reaching the specific M-velocity nearby the withers of the
asymmetrical biconvex actually-airfoil blades 9.3. In this
case, the extra-efliciency of the modified improved wind-
turbine is expected.

[0778] Furthermore, optionally, sides 9.31 and 9.32 differ
in shape such that one of the sides has one convex withers
and the opposite side has a double-humped airfoil profile
providing for the two-stage operation of the Coanda-jet-
effect as described hereinabove with the reference to FIG.
8d. Such asymmetrical blades, when exposed to oncoming
fast airflow 9.1 moving with a high M-velocity, higher than
the specific M-velocity, become subjected, on the one hand,
to the de Laval retarding effect, and on the other hand, to the
enhanced de Laval jet-effect. This provides for extra-in-
creased lift-forces acting in unison and in the same direction
of rotation and so rotating axle 9.2. In this case, the
extra-efficiency of the modified improved wind-turbine is
expected in a wide range of velocities.

[0779] FIG. 9% is a schematic drawing comprising the
side-view and front view of a jet-rotor of jet-turbine 9.7,
constructed according to the principles of the present inven-
tion to operate under relatively fast airflow 9.70 for produc-
ing the electric power at the expense of the warmth of
relatively fast airflow 9.70. An engine of the jet-turbine,
which (the engine) having a stator and rotatable shaft, is not
shown here. Axle 9.73, collinear with sagittal axis 9.74, is
oriented to be codirected with the headway motion of the
relatively fast airflow 9.70. In relation to all the principal
features, the jet-turbine 9.7 is similar to the jet-turbine 9.0,
described hereinabove referring to FIG. 9¢, but now, refer-
ring to the aforementioned optional diversity of the imple-
mentation of the principal features, the biconvex actually-
airfoil blades, which have opposite at least partially convex
sides 9.71 and 9.72 with withers differing in convexity, are
further curved and screwed to optimize a suppression of
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turbulence as well as are cascaded one downstream after
another to provide a multi-stage repeated operation of the
Coanda-jet-effect thereby contributing to the desired cumu-
lative lift-force to rotate axle 9.73.

[0780] In view of the foregoing description referring to
FIGS. 9¢ and 9%, it will be evident to a person skilled in the
art that jet-turbine 9.0 or 9.7, when attached to a flying
aircraft, is capable of efficient harvesting of the electric
power from the ambient air warmth.

[0781] Furthermore, in view of the description expound
hereinabove with references to FIGS. 5i, 5/, 5k, 9a, 95, 9c,
9d, 9¢, and 9f, the inventor points out that the mentioned
multiplicity of jet-turbines 9.0 or 9.7, arranged sequentially
one downstream after another [not shown hem], results in
the generation of acoustic waves accompanied by extraction
of the internal heat energy of ambient air in favor for the
wave power due to the enhanced waving jet-effect. Thus, a
system, comprising the arrangement and a detector of the
acquired wave power, has an additional degree of freedom
to increase the efficacy of the production of electricity.
[0782] In view of the foregoing description referring to
FIGS. 9¢ and 9% in combination with the foregoing descrip-
tion of subparagraphs “Point of Sail” and “Flying Bird”,
both with the reference to prior art F1G. 1/, it will be evident
to a person skilled in the art that the construction of
jet-turbine 9.7, when having a controllable speed of the axle
9.73 rotation adapted to the velocity of oncoming airflow
9.70 to keep the airflow remaining laminar, provides a
controllable net jet-thrust against the oncoming airflow 9.70
and so becomes applicable as a kind of jet-engine for a
controllable and substantially noiseless flying.

[0783] Furthermore, in view of the foregoing description
referring to FIGS. 9¢g and 94, it will be evident to a person
skilled in the art that jet-rotor 9.7 having relatively massive
actually-airfoil wings,

[0784] when being attached to a body moving in a fluid
and being capable of free rotation around the sagittal
axis 9.74 due to the self-originated lift-forces acting on
all the massive wings in unison and in the same
direction of rotation,

creates the gyroscopic effect that is defined as a tendency of
the moving body to maintain a steady direction collinear
with the sagittal axis 9.74 being the axis of the massive
wings rotation and is manifested as a resistance to gusty
fluctuations of motion of the ambient fluid, wherein the
energy to generate the desired gyroscopic effect improving
ballistic properties of the moving body is harvested from the
ambient fluid warmth due to the Coanda-jet-effect.

Jet-Ventilator and Jet-Propeller

[0785] FIG. 9j is a schematic drawing of a modified
improved ventilator, called also a jet-ventilator, 9J.0, con-
structed according to the principles of the present invention
to create a headway laminarly moving flow. The jet-venti-
lator 9J.0 comprises a jet-rotor, which also is marked by
numeral 9.0, and a motor, which is not shown here, having
a stator and rotatable shaft. The motor, being powered by
either a burned fuel or electrical power, forcedly rotates the
rotatable shaft and, thereby, the jet-rotor 91.0.

[0786] One of the specifics of the jet-ventilator 9J.0 is that
blades 9J.1, having a profile 9J.2 similar to the profile of
actually-airfoil biconvex wing 810 described hereinabove
referring to FIG. 8a, are configured to be actually-airfoil
and, when rotating, oriented to run over air portions 91.6 (yet
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to be subjected to a motion) under the zero attack angle and
to act on the air portions 9J.6 due to the Coanda-effect only.
As the air portions 91.6, when subjected to the Coanda-
effect, originate lift-force 9J.3 acting on the blades 9J.1, the
blades 9J.1 push-off the air portions 9J.6 in the opposite
direction collinear to sagittal axis 9J.7 according to New-
ton’s Third Law. Thereby, headway-forwarding air portions
become a headway-forwarding laminar no-whirling outflow
9].5 created by the jet-ventilator 9J.0. As the used blades
9].1 are actually-airfoil, relatively low power consumption
can provide a relatively fast rotation 91.9 of the blades 9J.1,
wherein the velocity of the fast rotation 91.9 is in confor-
mance with an optimal configuration 9J.2 of the actually-
airfoil blades 9J.1. Since the desired acceleration of the
outflow occurs due to the Coanda-effect only, the method of
accelerating the outflow allows for significantly reducing
energy consumption compared with the classical technique
based on the impact of the blades. It will be evident for a
commonly educated person, that the concept of jet-ventilator
9.0 is applicable to any fluid either gas or liquid. A
disadvantage of the technique to create the laminar no-
whirling flow 91.5 is that the relatively fast rotation 9J.9 of
the blades 9J.1 produces relatively slow laminar no-whirling
flow 9J.5.

[0787] FIG. 9% is a schematic drawing of jet-propeller
9K.0, constructed according to the principles of the present
invention. The jet-propeller 9K.0 comprises a jet-rotor,
which also is marked by numeral 9K.0, and a motor, which
is not shown here, having a stator and rotatable shaft. The
motor, being powered by either a burned fuel or electrical
power, forcedly rotates the rotatable shaft and, thereby, the
jet-rotor 9K.0. As the function difference between jet-pro-
peller 9K.0 and jet-ventilator 9J.0 is that, while the jet-rotor
of jet-ventilator 9J.0 acts to initially motionless air portions
9.6, the jet-rotor of jet-propeller 9K.0 acts to airflow 9K.6
oncoming to blades with a certain velocity; so, the primary
constructive difference between jet-propeller 9K.0 and jet-
ventilator 9.0 1s in the orientation of blades. Namely, blades
9K.1 of jet-propeller 9K.0 are turned on a certain angle
9K 8, called also pitch, such that, when rotating with a
certain rate 9K.9, to run over oncoming airflow 9K.6 under
the zero attack angle and to act on oncoming airflow 9K.6
due to the Coanda-effect only. As the lift-force 9K.3 acting
on wings 9K.1 has a component directed collinearly to
sagittal axis 9K.7 against the direction of the oncoming
airflow 9K.6, the oncoming airflow 9K.6 becomes subjected
to acceleration according to Newton’s Third Law, thereby
forming, resulting headway-forwarding outflow 9K.5. As
the certain velocity of oncoming airflow 9K.6, the certain
rate of blades 9K.1 rotation 9K.9, and the certain angle 9K.8
of blades 9K.1 orientation, all are interrelated, one can adapt
the blades 9K.1 rotation rate 9K.9 and angle of orientation
9K .8 to the oncoming flow velocity 9K.6 to provide the zero
attack angle to act on oncoming airflow 91K.6 due to the
Coanda-effect only. When all the parameters are matched,
the resulting headway-forwarding outflow 9K.5 accelerated
by jet-propeller 91K.0 is laminar and no-whirling.

[0788] In view of the foregoing description referring to
FIGS. 9/ and 9%, it becomes evident, that:

[0789] jet-propeller 9K.0 can comprise a variable pitch
being capable of being adapted to the velocity of
oncoming flow and rotation rate;
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[0790] jet-ventilator 9J.0 can be interpreted as a par-
ticular case of jet-propeller 9K.0, the pitch of which is
adapted to initially stationary fluid;

[0791] jet-ventilator 97.0, pitch 9J.8 of which providing
the zero attack angle of meeting stationary portions of
air, and jet-propeller 9K.0, pitch 9K.8 of which being
adapted to the velocity of airflow 91.5 created by
jet-ventilator 91.0, can be arranged in-line: the jet-
propeller after the jet-ventilator, thereby forming a
system that as a whole performs an improved jet-
ventilator providing for boosted outflow; and

[0792] since the blades of jet-propeller 9K.0, when
moving, meet the ambient fluid at the zero attack angle
and so, on the one hand, consume power to overcome
a minimized drag and, on the other hand, produce the
useful-beneficial power of accelerated outflow at the
expense of ambient warmth due to the Coanda-jet-
effect, a net-efficiency higher than 100% becomes
reachable.

[0793] Reference is now made to FIG. 9L. FIG. 9L is a
schematic illustration of a multi-module jet-ventilator 9.0,
constructed according to the principles of the present inven-
tion to create a boosted headway-forwarding laminar no-
whirling 9L.5. The multi-module jet-ventilator 9.0 com-
prises a tuple of modules 9L.01 to 9L.07 attached to a
common shaft. Fach of the modules 91..01 to 9L.07 is
characterized by an individual pitch, wherein:

[0794] The “zero” pitch of the first module 9L.01 pro-
vides for that, when the rotating blades of the first
module 9L..01 run over the originally stationary portion
of air 91..6 at the zero attack angle, the first module
9L..01 functions as jet-ventilator 9J.0 described here-
inabove referring to FIG. 9j;

[0795] A relatively small pitch of the second module
9L..02 provides for that, when the rotating blades of the
first module 91..02 run over portions of a relatively
slow flow originated by the first module 9L.01 at the
zero attack angle, i.e. the second module 91..02 func-
tions as jet-ventilator 9K.0 adapted to a certain oncom-
ing flow as described hereinabove referring to FIG. 9%;

[0796] The individual pitch of each next module: 91.03
to 91..07, provides for that, when the rotating blades of
the next module: 9L..03 to 9L..07 run over portions of a
flow originated the previous module: 91..02 to 9L.06,
correspondingly, at the zero attack angle, i.e. all each of
the modules 91..03 to 91..07 functions as jet-ventilator
9K.0 adapted to an associated oncoming flow as
described hereinabove referring to FIG. 9%

[0797] As a result of all the modules 9L.01 to 9L.07
operation as a whole, the resulting headway-forwarding
laminar no-whirling outflow 91..5 becomes accelerated
reaching a relatively high velocity vectored collinearly to
sagittal axis 9L.7.

[0798] FIG. 9m is a schematic illustration of a cascade
9M.0 of multi-module jet-ventilator 9M.01 and two multi-
module propellers 9M.02 and 9IM.03 aggregated along the
common sagittal axis 9M.7. The cascade 9M.0 is con-
structed according to the principles of the present invention,
wherein the multi-module jet-ventilator 9.0 and multi-
module propellers 9M.02 and 9M.03, each comprises a tuple
of modules attached to a common shaft. The multi-module
jet-ventilator 9M.01 acts on an initially stationary portion of
fluid 9M.6 and creates outflow 9M.51, which, in turn,
becomes oncoming flow 9M.51 blowing the multi-module
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jet-propeller 9M.02. The multi-module jet-propeller 9M.02
acts on the oncoming flow 9M.51 and creates outflow
9M.52, which, in turn, becomes oncoming flow 9M.52
blowing the multi-module jet-propeller 9M.03. The multi-
module jet-propeller 9M.03 acts on the oncoming flow
9M.52 and creates the resulting outflow 9M.53. Without loss
of generality, the tuple of the multi-module jet-ventilator
9M.01 is a triplet of modules attached to a common shaft. As
well, again, without loss of generality, a tuple of each of
jet-propellers 9IM.02 and 9M.03 is a triplet of modules
attached to a common shaft. Each of the mentioned modules
comprises three sets of blades, wherein each of the sets is
characterized by an individual pitch. The pitches of modules
and rates of rotations 9M.91, 9M.92, and 9M.93 are chosen
such that all the blades run over portions of oncoming flow
at the zero attack angle. Optionally, blades of jet-propeller
9M.02 are configured for rotations 9M.91 and 9IM.92 in
mutually-opposite directions: clockwise and contrary-clock-
wise, correspondingly. The alternating directions of the
rotations of in-line arranged jet-rotors are preferred to com-
pensate for the unwanted whirling of flow. Although the
unwanted whirling is purposely suppressed by excluding or
at least minimizing the impact by blades, it (the unwanted
whirling) can be originated due to other effects such as
skin-friction between the flow and blades as well as jet-
thrust described hereinabove in subparagraphs “Point of
Sail” and “Flying Bird”, both with the reference to prior art
FIG. 1i.

Heat-Turbine and Jet-Transformer

[0799] FIG. 9n is a schematic illustration of a concept to
transform the ambient warmth into electricity. The concept
is embodied as a heat-turbine 9».H and jet-transformer 97.J
comprising:

[0800] alaminar flow maker 9».2, in turn, comprising at
least one of
[0801] a shaped heater 92.21, conceptually, having a

geometry of convex-concave corpus having airfoil
outer walls 97.211 and paraboloidal inner wall
97.213 and being supplied by a point heater 972.212
located in the focus of the paraboloidal inner wall
9n.213;

[0802] a shaped jet-ventilator 9x.22, conceptually,
embodied as a multi-module jet-ventilator described
hereinabove in the subparagraph Jet-Ventilator and
Jet-Propeller referring to FIGS. 9J, 9%, 9L, and 9m
[here, for simplicity of the drawing, a one-module
jet-ventilator 922 is shown];

[0803] a specifically shaped pipe 97.1 having the opti-
mized convergent-divergent inner tunnel, described
hereinabove in sub-paragraph “Convergent-Divergent
Jet-Nozzle” with reference to FIG. 6a; namely, the
convergent-divergent inner tunnel, elevated above the
ground to allow for the ambient air 92.41 entering the
optimized convergent-divergent inner tunnel, com-
prises forcedly controllable thermoelectric devices
92.TED built-in into walls 92.WALLS such that the
geometry of the tunnel, temperature distribution along
the tunnel, and velocity of the upward laminar flow
become interrelated according to the condition of flow
continuity Eq. (6.0); and

[0804] at least one jet-turbine 9x.3, designed as the
jet-turbine 9.7 described hereinabove referring to FIG.
9h;
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all, constructed according to the principles of the present
invention.
The Case when the Shaped Heater 92.21 is Used in the
Heat-Turbine 92.H
[0805] The specifically shaped pipe 9.1 is upward ori-
ented. The point heater 91.212 supplies the heat energy to a
fluid portion adjacent to the focus of the parabolically-
concave surface 9».213 of the shaped heater 9».21’s convex-
concave corpus, thereby, on the one hand, to trigger the
Archimedes’ upward-vectored force lifting the heated fluid
portion and, on the other hand, to align the airflow 9n.42
upward along the vertical axis 9#.51 which is a sagittal axis,
for the case. The upward airflow 97.42 is relatively slow and
substantially-laminar. The optimized convergent-divergent
inner tunnel of the specifically shaped pipe 9.1, supplied
with forcedly controllable thermoelectric devices 9n. TED
built-in into walls 92.WALLS, is designed according to the
condition of flow continuity Eq. (6.0) to provide for sub-
stantial suppression of jumps of the air thermodynamic
parameters and, thereby, to provide for the substantial accel-
eration of the airflow 912.42, laminarly and so noseless
streaming upward. So, the heating triggers the upward
motion of air, and, in turn, the fluid motion itself triggers the
convective acceleration as the airflow moves through the
narrowing cross-section of the optimized convergent-diver-
gent inner tunnel. Considering:
[0806] the temperature above the exhaust 9%.54 equal
T, that is lower than the temperature T, of the ambient
air; the condition T =T, is for the worst-case estima-

tion;

[0807] the temperature near the level 92.52 equal T,
and

[0808] the temperature near the narrow throat 9».53
equal T,

equation (7.1¢c), described hereinabove referring to FIG. 7a,
says that:

[0809] to obtain the enhanced de Laval jet-effect for air
utilizing the optimized convergent-divergent inner, one
must provide the ratio To/T. at least of 1.2; and

[0810] to provide that the temperature T, of outflowing
stream 9».44 above the exhaust 9.54 become equal to
the temperature of ambient air, to accelerate an air
portion up to the velocity of sound, one must provide
the ratio T,/T, at least of 1.7.

Hence, providing the heating of air near the level 92.52 up
to about the temperature 234° C. only, the condition of the
enhanced de Laval jet-effect becomes satisfied, in turn,
providing that the relatively low heat power, supplied by
point heaters 97.212, triggers the enhanced de Laval jet-
effect transforming the warmth of the moving airflow into
the acquired kinetic power of the airflow. The energy E,,
necessary for warming 1 cube meter of air from the tem-
perature 25° C. up to the temperature 234° C., is estimated
as E;=pVC(T,~T,), where V is the volume of 1 cube meter,
p is the air mass density, p~1.2 kg/m’, C, is the air heat
capacity, C;~0.72 kl/(kg’K), thereby, E,=1.2x1x0.72x
(234-25)~180 kJ.

[0811] As the mentioned assumed condition allows to
accelerate the airflow portion 9».54 up to the specific
M-velocity M.=V/(y-1)/y near the narrow throat 92.53 and to
accelerate the airflow portion 92.54 up to almost the speed
of sound (i.e. the exhaust M-velocity is of M_=~1), then, an
exemplary estimation is as follows:
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[0812] the acquired kinetic energy, K, of the outflow-
ing airflow portion 922.54, which (the acquired kinetic
energy K,) is specified as the difference between bring-
ing heat energies, equals K_=nx(T,-T,)xR, where n is
number of moles in the considered 1 cube meter of air,
n~44.64, and R is the specific gas constant, approxi-
mated for the air by R=287 J/(kgK), i.e. K _~44.64x
209x287=2,677 k], that, in turn, says that the acquired
kinetic energy K, may exceed the consumed energy E,
at least at subsonic velocities by the factor of 15; and

[0813] the acquired kinetic energy, K.. of the airflow
portion 97.54, when crossing the narrow throat, equals
K.=nx(Ty-T.)xR=764 kI, thereby showing that the
acquired kinetic energy K. may exceed the consumed
energy B, by the factor of 4.24.

[0814] It will be evident to a commonly educated person
that, if not to use the optimized convergent-divergent irner
tunnel, designed according to the condition of flow conti-
nuity Eq. (6.0), the mentioned effective conversion of the
airflow heat energy into the airflow kinetic energy is impos-
sible because of originated turbulences and Mach waves,
both accompanied by noise and energy dissipation back to
the air warmth.

[0815] The jet-turbine 9».3 meets the upping laminar
airflow and provides for the production of electricity neither
retarding the upward airflow and nor distorting the upward
airflow laminarity as described hereinabove referring to
FIGS. 9¢ and 9%. The inventor points out again that the
improved wind-turbine 9.3 harvests electric power at the
expense of the airflow warmth but not from the airflow
kinetic power, wherein the increased kinetic power of the
airflow plays the role of a boosted trigger of the lift-force
rotating the improved wind-turbine. Moreover, optionally,
in-line arranged several jet-turbines 9n.3 provide for a
multi-stage repeatedly harvesting of electricity from the
same airflow portion.

[0816] It will be evident to a person who has studied the
present invention that both the outer convex wall 92.211 and
the inner wall 972.213 can be supplied with built-in matrix
thermoelectric devices to control laminarity of the entering
heated flow 91.42.

The Case when the Shaped Jet-Ventilator 92.22 is Used in
Jet-Transformer 9n.]

[0817] The substantially-laminar airflow 9x.42 enters the
specifically shaped pipe 972.1 with a certain velocity u,,,. The
optimized convergent-divergent inner tunnel of the specifi-
cally shaped pipe 9n.1, supplied with forcedly controllable
thermoelectric  devices 9»TED built-in  into  walls
9n.WALLS, is designed according to the condition of flow
continuity Eqg. (6.0) such to be adapted to the velocity u,,, to
result in the substantial acceleration of the airflow 97.42,
laminarly and so noseless streaming along the optimized
convergent-divergent inner tunnel; wherein, in this case, the
orientation of the sagittal axis 9n.51 is not obligatory
upward.

Levitating Apparatus Imitating Effects of Taking-Off of Bird
and Insect

[0818] FIG. 90 is a schematic illustration of a levitating
apparatus 90.0 comprising:

[0819] a shaped propeller 90.1, conceptually, embodied
as a multi-module jet-ventilator [here, for simplicity of
the drawing, a pair of counter-rotating one-module
jet-ventilators is shown; the rotations are indicated by
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the circle arrows 90.13 and 90.14] described herein-
above in the subparagraph Jet-Ventilator and Jet-Pro-
peller referring to FIGS. 9j, 9%, 9L, and 9m; and
[0820] a capsule 90.2 having a dominantly-airfoil over-
all shape and being optionally scaled to fit a person [a
sculpture 90.3 is shown instead of the person].
The wings 90.11 and 90.12 of the shaped propeller 90.1 are
supplied with thermoelectric devices as described herein-
above in subparagraphs “Modified Symmetrical Wing” and
“Shaped Wing as a Convergent-Divergent Jet-Nozzle” refer-
ring to FIGS. 8 and 8a such that providing the effective
temperature difference AT 7, between the upper and lower
sides of the wings 90.11 and 90.12. Shell 90.SHELL of the
capsule 90.2 is supplied with a matrix thermoelectric device
90.TED such that the temperature of the shell 90.SHELL’s
outer side is forcedly controlled to be gradually distributed
along the axis Z providing the integral temperature differ-
ence AT, perr around the ambient temperature
T vmmenr Lhe gradually smoothed curve 90.4 is in coordi-
nates (T, Z), where the axis-T indicates the temperature.
When the wings 90.11 and 90.12 are rotating around the
vertical axis 90.AXIS:

[0821] while the wings 90.11 and 90.12 are subjected
to:
[0822] the lift-force F, ., that is a measure of the

lift-effect of a “cold-blooded” wing, i.e. is provided
by the airfoil geometry of the wings 90.11 and 90.12,
and

[0823] the positive contribution AFg.., to the
upward-vectored force, wherein the originated effect
of the contribution AFg,,, imitates the effect of
taking-off of a bird,

[0824] the capsule 90.2 is subjected to blowing by fresh
portions of air triggering the positive contribution
AF jysgor to the upward-vectored force, wherein the
originated effect of the contribution AF ez~ imitates
the effect of taking-off of an insect.

To evaluate the practicality of the flying apparatus 90.0 for
industrial use, exemplary positive contributions AFz;-,, and
AF pyspor 10 the upward-vectored force are estimated con-
sidering:

[0825] the normal ambient air  conditions:
T=1 5 rm1enr=300K, P=P ,m1mn7~100,000  Pa,
0=0.armrvr~1.2 kg/m®, and y=7/5;

[0826] an exemplary version of the shaped propeller
90.1 performing a two-module ventilator having two
triplets of wings 90.11 (i.e. 6 wings);

[0827] each of the wings 90.11 has a chord of 0.25 m
and a span of 0.5 m; i.e. the total area of the wings is
Aves=6x0.25%0.5=0.75 m?;

[0828] the effective temperature difference between the
upper and lower sides of the wings is ATy;;,,—-30 C;

[0829] the refreshed air portions on the upper and lower
sides of the wings are subjected to suddenly originated
effective difference in static pressures along the axis Z,
indicated by AP ;6. interrelated with AT ;5 accord-
ing to equation Eq. (1.1b) described hereinabove in the
subparagraph “Sound as Complicated Movement in
Molecular Fluid” prefacing the reference to FIG. 1x,
namely, the ratio (-AT,e)/T=0.1, the ratio
(=AP vV P=0.1x(7/5)/(2/5)=0.35, and so the sud-
denly originated effective additional static pressure
difference is (AP ;) 0.35x10° Pa;
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[0830] the velocity-dependent suddenness factor, indi-
cated by Cypv, for calculation of the AF 5,5, 1s given
by 0.1 as corresponding to the effective velocity Uy g
of the wings rotation 90.12 as fast as 20 m/sec;

[0831] the cross-sectional area 90.21 of a projection of
the capsule 90.2, Ay y) c4pspre 10 @ horizontal plane
is given by 0.8 m?;

[0832] the integral temperature difference, AT, .,
SULE, is given by =30 C;

[0833] the refreshed air portions, when flowing around
the capsule 90.2, are subjected to suddenly originated
effective difference in static pressures along the axis 7,
indicated by AP, ., per; interrelated with AT, ., »
sure as follows: the ratio (-AT ¢ perr )/ T=0.1, the
ratio (=AP, o, porr 2)/P=0.1x(7/5)/(2/5)=0.35, and so
the suddenly originated additional static pressure dif-
ference is (=AP ., psr7£)~0.35x10° Pa; and

[0834] the velocity-dependent suddenness factor, indi-
cated by C,psrzz for calculation of the AF ygp e is
given by 0.027 as corresponding to the velocity ug; 5y
of a flow 90.15 when blowing the capsule 90.2 given by
5 m/sec.

Thus, the originated forces are estimated as follows:

[0835] the lift-force F, . provided by the geometry of
the six wings 90.11, wherein the geometry is charac-
terized by the coefficient of lift C, exemplary given by
0.5, 1s estimated as:

Frir=0.5xpx A sk Coxting =90N;

[0836] the contribution AF g, to the upward-vectored
force, which (AFg,,) is a measure of the imitated
effect of taking-off of a bird, is:

AFprrp=(Y2)x CrppyexAmmvos< (—APyve)=1,42TN;

[0837] the contribution AF,y .~ to the upward-vec-
tored force, which (AFezcr) is @ measure of the
imitated effect of taking-off of an insect, is:

AF, JNSECF(1/2)><CCAPSUIEXA(XY),CAPSULEX(—AP yA

CAPSULE)=385N;
[0838] and, thereby,
[0839] the accumulated contribution to the upward-

vectored force is estimated as (F ;- +AFgpp+
AF sz er)=1,839 N that is sufficient to raise a mass of
184 kg.

Wherein, concerning power consumption:

[0840] to rotate the shaped propeller 90.1 having wings
90.11 and 90.12 oriented to meet the ambient air
portions at the zero attack angle dominantly, minimal
power consumption is required for overcoming the
minimal drag of wings only; and

[0841] to support the required temperature differences,
AT ppve and AT oy porr &y @ 15% net-efliciency of stan-
dard Peltier elements determines the required power
consumption.

Further, the matrix thermoelectric device 90.TED is capable
of providing for controlled distribution of the shell
90.SHELL’s temperature along the axis X. The gradually
smoothed curve 90.5 is in coordinates (X, T), where:

[0842]

[0843] the maximal frontal cross-sectional area of the
ca%)sule 90.2, indicated by Ay, ) c.upsor e, 18 given by 2
m-;

axis X indicates the horizontal direction;
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[0844] the integral temperature difference between the
coordinates X;ppr and Xgz;qzr of the capsule 90.2
location, indicated by ATy ypsre, 1 given by 30 C;
and
[0845] the refreshed air portions, when flowing around
the capsule 90.2, are subjected to suddenly originated
effective difference in static pressures along the axis X,
indicated by APy perr interrelated with ATy - p-
suze as follows: the ratio (ATy oy pgrypp)/T=0.1, the
ratio (AP ¢y porz £)/P~0.1x(7/5)/(2/5)=0.35, and so the
suddenly originated additional static pressure differ-
ence is APy ¢ps75~0.35%10° Pa.
Thus, the possible thrust 90. THRUST for a sideward motion
is:

AF X,IHRUST:(I/Z)XCCAPSULEXA(Y,Z),c»iPSULEX(‘AP Z,

caPsULE)=950N

that allows moving the mentioned mass of 184 kg with an
acceleration of about 5 m/sec? in a horizontal direction. The
controllable difference between the speeds of counter rota-
tions 90.13 and 90.14 provides a controlled rotation of the
capsule 90.2 around the axis 90.AXIS.
[0846] In view of the foregoing description referring to
FIGS. 97 and 90, it will be evident to a person skilled in the
art that:

[0847] the levitating apparatus 90.0 can be further sup-
plied with at least one of the heat-transformer 710.H
and the jet-transformer 9n.J having the shaped jet-
ventilator 9.22 and oriented such that the sagittal axis
97.51 is directed downward and/or sideward;

[0848] Instead of Peltier elements (thermoelectric
devices 90.TED), any kind of electric heater and/or
cooler (i.e. a thermoelectric device in the broad sense)
can be used to control the temperature distribution over
the shell 90.SHELL’s, because the inertness of tem-
perature difference controlling is not critical for the
steady-established and relatively slow blowing flow
90.15; and

[0849] In general, when allowed tolerances to the tem-
perature difference controlling are relatively big, an
electric heater consuming electric power and radiating
Jole heat which is interpreted as a trivial thermoelectric
device can be used.

In the Claims

[0850] In the claims, reference signs are used to refer to
examples in the drawings for the purpose of easier under-
standing and are not intended to be limiting on the monopoly
claimed.

1. An acoustic thermoelectric device [5Q.DEVICE,
S5R.DEVICE] comprising:

a multiplicity of elemental acoustic thermoelectric
devices [5P.0] aggregated as a whole in a matrix; and

a controller-dispatcher;

wherein each of the elemental acoustic thermoelectric
devices comprising:

a thermoelectric element having two opposite sides: first
and second, faced to two opposite directions away each
from other, wherein the first side is supplied with a
thermoconductive bus [SP.7A, 5P.7B] being thermally
in contact with a first body, and the second side is
supplied with a thermoconductive bus [SP.5A, 5P.5B]
being thermally in contact with a second body, wherein:

56
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said first body is at least one of a first solid body, a first
portion of ambient fluid, and a first portion of a
boundary layer; and

said second body is at least one of a second solid body,
a second portion of the ambient fluid, and a second
portion of a boundary layer; and

an individual controller [SP.8A, 5P.8B] having an inte-
grated circuit, wherein the integrated circuit [SP.B1A,
5P.B10.A, 5P.8B, 5P.B10B] is supplied with at least one
of:

a controllably manipulatable source of electromotive
force (emf) or generator [SP.B2A, 5SP.B20A] of alter-
nating electric current. wherein the alternating elec-
tric current is characterized by an alternation fre-
quency being in a range of at least one of audible
sound and ultrasound frequencies, to provide a capa-
bility of operating of the elemental acoustic thermo-
electric device as a fluid pusher-off in a mode of
sound launching when:

the elemental acoustic thermoelectric device is sub-
merged in the ambient fluid such that the first side
is thermally in contact with the first portion of the
ambient fluid and the second side is thermally in
contact with said second body, and

the controllably manipulatable source of emf or
generator generates the alternating electric cur-
rent;

thereby, the capability of operating of the elemental
acoustic thermoelectric device as the fluid pusher-off
1s provided by electric current changes originated by
the controllably manipulatable source of emf or
generator and, in turn, by arising temperature
changes in the first portion of the ambient fluid due
to the Peltier effect, wherein the arising temperature
changes resulting in jet-effect motion of the first
portion of the ambient fluid and,

an electric circuit [5P.B10.A, 5P.B10B] capable of
detecting an induced alternating electric current to
provide a capability of operating of the elemental
acoustic thermoelectric device as a fluid motion-
sensor in a mode of sound detection when:

the elemental acoustic thermoelectric device is sub-
merged in the ambient fluid such that the first side
is thermally in contact with the first portion of the
ambient fluid and the second side is thermally in
contact with the second body, and

the first side of the elemental acoustic thermoelectric
device is exposed to an impacting acoustic wave
propagating in the ambient fluid wherein the
impacting acoustic wave is characterized by an
amplitude interrelated with an amplitude of
changes in temperature of the first portion of the
ambient fluid and by a frequency being in a range
of at least one of audible sound and ultrasound
frequencies;

thereby, the capability of operating of the elemental
acoustic thermoelectric device as the fluid motion-
sensor is provided by temperature changes origi-
nated by a motion of the first portion of the ambient
fluid and, in turn, origination of electric current in the
electric circuit due to the Seebeck effect; and
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an individual sensor-controller capable of both:

detecting an induced alternating electric current due
to sudden changes in temperature of the first side
being thermally in contact with the first portion of
the boundary layer; and

controlling by the manipulatable source of emf;
to provide a capability of operating in a mode of
boundary layer control, when:
the first side is thermally in contact with the first
portion of the boundary layer and the second side
is thermally in contact with the second body, and

a headway velocity of the boundary layer is either
low-subsonic, or high-subsonic, or transonic, or
supersonic, or hypersonic;
thereby, allowing for forced establishing of the tem-
perature of the first side providing for compensation
of temperature changes within the first portion of the
boundary layer;
thereby, each of the elemental acoustic thermoelectric
devices, providing for specific functionality of the elemental
acoustic thermoelectric device, said specific functionality is
specified as follows:
when operating in the mode of sound launching:
an electromagnetic wave is radiated in the ambient fluid
due to the alternating electric current, wherein said
electromagnetic wave is characterized by the alter-
nation frequency;
a difference between temperatures of the two opposite
sides: first and second, of the thermoelectric element
becomes alternating due to the Peltier effect;
alternating changes in temperature of the first portion of
the ambient fluid become created; and
the alternating changes in temperature of the first
portion of the ambient fluid, in turn, originate an
acoustic wave propagating in the ambient fluid, said
originated acoustic wave is characterized by a fre-
quency, phase, amplitude, and net-efficiency of
power consumption, all specified as follows:
the acoustic wave frequency is equal to the alterna-
tion frequency,

the acoustic wave phase is determined by a phase of
the alternating changes in temperature of the first
portion of the ambient fluid,

the acoustic wave amplitude is determined by an
amplitude of the alternating changes in tempera-
ture of the first portion of the ambient fluid, and

the net-efliciency of power consumption is deter-
mined by a quality of the thermoelectric element,

when operating in the mode of sound detection:

the first portion of the ambient fluid is subjected to
alternating changes in thermodynamic parameters:
the static pressure, mass density, and absolute tem-
perature;

alternating changes in temperature of the first portion of
the ambient fluid become created;

the alternating temperature difference between the two
opposite sides: first and second, generates the
induced alternating electric current in the integrated
circuit due to the Seebeck effect, wherein the induced
alternating electric current is characterized by an
alternation frequency equal to the frequency of the
impacting acoustic wave; and

the induced alternating electric current in the integrated
circuit causes radiation of an electromagnetic wave
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propagating in the ambient fluid, wherein the elec-
tromagnetic wave is characterized by the alternation
frequency.
and
when operating in the mode of boundary layer control:
the first portion of the boundary layer,
when characterized by sudden originated changes in
thermodynamic parameters: the static pressure,
mass density, and absolute temperature, wherein
the sudden originated changes in the thermody-
namic parameters determine originated acoustic
waves; said acoustic waves are at least one of
audible waves, ultrasound waves, shock waves,
and Mach waves,
is subjected to laminarization of motion by suppression
of the sudden originated changes in the thermody-
namic parameters and, thereby, by suppression of the
acoustic waves;
wherein the elemental acoustic thermoelectric devices are
arranged at least one of:
in alignment with a surface each near other, and
by multilayer cascading one after another,
thereby, providing for at least one of together-frontal in
unison and multi-stage repeated action of at least one of:
the Peltier effect to provide for:
alternating changes in temperature of a multiplicity of
portions of the ambient fluid;
launching a multiplicity of said acoustic waves to form
an acoustic beam composed of the acoustic waves;
and
radiating a multiplicity of said electromagnetic waves
to form an electromagnetic signal composed of the
electromagnetic waves,
when the specific functionality of the acoustic thermo-
electric device is as a functionality of an enhanced
source of sound composed of motionless components
and so allowing for generating an acoustic wave with
reduced concomitant turbulence, thereby, providing for
increasing net-efficiency of the enhanced source of
sound, and
the Seebeck effect to provide for a manifestation of
detection of the impacting acoustic wave as follows:
alternating heating and cooling of the first sides of the
elemental acoustic thermoelectric devices,
originating the induced alternating electric current in
the elemental acoustic thermoelectric devices due to
the Seebeck effect,
alternating heating and cooling of the second sides of
the elemental acoustic thermoelectric devices due to
the Peltier effect;
alternating heating and cooling of the second portion of
the ambient fluid;
launching a secondary acoustic wave from the second
side; the secondary acoustic wave characterized by
the alternation frequency and phase, wherein the
phase at the second side differing from the phase of
the impacting acoustic wave at the first side on 180°;
and
radiating an electromagnetic signal originated due to
the induced alternating electric current in the
elemental acoustic thermoelectric devices;
when the specific functionality of the acoustic thermo-
electric device is as a functionality of at least one of.
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an enhanced detector of sound composed of motionless
integrated circuit components allowing for mutual
compensation of said secondary acoustic wave and a
portion of the impacting acoustic wave passed
through the acoustic thermoelectric device and pen-
etrated into the second portion of the ambient fluid,
thereby, providing for increasing net-efficiency of
the enhanced detector of sound, and
a phase inverter composed of motionless integrated
circuit components allowing for amplifying the
induced alternating electric current such that said
secondary acoustic wave is more powerful than a
portion of the impacting acoustic wave passed
through the acoustic thermoelectric device and pen-
etrated into the second portion of the ambient fluid,
thereby, providing dominance of said secondary
acoustic wave over the portion of the impacting
acoustic wave passed through the acoustic thermo-
electric device and penetrated into the second portion
of the ambient fluid;
and wherein the controller-dispatcher being capable of con-
trolling amplitudes, phase, delays, and frequencies of alter-
nating electric currents generated in the elemental acoustic
thermoelectric devices due to at least one of:
fanctioning of the controllable generators, and
the Seebeck effect;
thereby allowing for the multiplicity of elemental acoustic
thermoelectric devices to operate as a phased array.
2. A two-stage sound amplifier [5S.DEVICE] comprising
a pair of the acoustic thermoelectric devices of claim 1: first
and second, aggregated as a whole and operating in the
sound detection mode; wherein:
the second side of the first elemental acoustic thermo-
electric device is adjacent to the first side of the second
elemental acoustic thermoelectric device, and
the first elemental acoustic thermoelectric device and the
second elemental acoustic thermoelectric device are
electrically separated,
thereby, when:
the two-stage sound amplifier is submerged in the ambient
fluid such that the first side of the first acoustic ther-
moelectric device is thermally in contact with the first
portion of the ambient fluid and the second side of the
second acoustic thermoelectric device is thermally in
contact with the second portion of the ambient fluid,
and
the first side of the first acoustic thermoelectric device is
exposed to the impacting acoustic wave propagating in
the ambient fluid wherein the impacting acoustic wave
is characterized by a frequency being in a range of at
least one of audible sound and ultrasound frequencies,
manifestations of operation of the two-stage sound amplifier
are as follows:
the first portion of the ambient fluid is subjected to
alternating changes in thermodynamic parameters: the
static pressure, mass density, and absolute temperature;
the alternating temperature difference between the two
opposite sides: first and second, of the first elemental
detector of sound induces an alternating electric current
in the integrated circuit of the first elemental detector of
sound due to the Seebeck effect, wherein the induced
alternating electric current is characterized by the alter-
nation frequency equal to the frequency of the impact-
ing acoustic wave;
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the induced alternating electric current in the integrated

circuit of the first elemental detector of sound results in
anti-phase changes in temperature of both the second
side of the first elemental detector of sound and the first
side of the second elemental detector of sound due to
the Peltier effect,

the anti-phase changing in temperature of the first side of

the second elemental detector of sound generates a

secondary induced anti-phase alternating electric cur-

rent in the integrated circuit of the second elemental
detector of sound due to the Seebeck effect;

the secondary induced anti-phase alternating electric cur-

rent in the integrated circuit of the second elemental

detector of sound results in changing in temperature of
the second side of the second elemental detector of
sound due to the Peltier effect,

the changing in temperature of the second side of the

second elemental detector of sound results in launching

a secondary acoustic wave characterized by a phase at

the second side of the second elemental detector of

sound equal to the phase of the impacting acoustic
wave at the first side of the first elemental detector of
sound; and

a superposition of substantially in phase:

a portion of the impacting acoustic wave, which is
passed through the pair of the elemental detectors of
sound: first and second, aggregated as a whole, and

the secondary acoustic wave,

results in constructive interference manifested as a

boosted acoustic wave.

3. A hearing aid comprising a phonendoscope supplied
with the two-stage sound amplifier of claim 2.

4. An acoustic wireless charger [ST.SYSTEM] compris-
ing:

the acoustic thermoelectric device of claim 1 [5T.TX-

ANTENNA] operating in the sound launching mode as

the enhanced source of sound;

the acoustic thermoelectric device of claim 1 [ST.RX-

ANTENNA] operating in the sound launching mode as

the enhanced detector of sound;

a diode bridge [5T.B1B]; and

a rechargeable battery [ST.B2B];
wherein:

the first side [ST.71] of the enhanced detector of sound is

exposed to an acoustic beam launched by the enhanced

source of sound;

the diode bridge is capable of transforming the induced

alternating current into a direct current; and

the rechargeable battery, when subjected to the direct

current, is capable of becoming charged.

5. A nozzle [610, 650] having a corpus having a shaped
tunnel within the corpus; the shaped tunnel having solid
inner walls forming:

an open inlet;

an open outlet; and

a varying cross-sectional area, varying along the shaped

tunnel length having a distance parameter x such that a

stationary geometry of the shaped tunnel is either

converging, or divergent, or convergent-divergent;
the solid inner walls are supplied with the acoustic thermo-
electric device of claim 1 built-in into the solid walls; the
acoustic thermoelectric device is further specified as fol-
lows:
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the multiplicity of the elemental acoustic thermoelectric
devices aggregated as a whole in a surface matrix
arrangement having two opposite sides: first and sec-
ond, wherein the first side having a thermoconductive
bus being thermally in contact with the solid inner
walls and the second side having a thermoconductive
bus being thermally in contact with a solid outer
surface of the corpus contacting with ambient fluid;
each of the thermoelectric elements is supplied with the
integrated circuit representing the individual sensor-
controller comprising the controllably manipulatable
source of emf; and
the controller-dispatcher capable of controlling each of
the elemental acoustic thermoelectric devices as well as
the acoustic thermoelectric device as a whole;
the built-in acoustic thermoelectric device is capable of at
least one of:
consuming electric power to trigger the Peltier effect to
provide a temperature difference between at least one
of
the solid inner wall of the shaped tunnel and the solid
outer surface of the corpus contacting with the
ambient fluid, and
different points of the solid inner wall,
and
triggering the Seebeck effect to harvest electric power
induced from a temperature difference between at least
one of:
the solid walls of the shaped tunnel and solid surfaces
of the corpus contacting with ambient fluid, and
different points of the solid walls;
wherein, when the nozzle is exposed to fluid flow:
entering the open inlet with a headway velocity u,,,
forming boundary layers adjacent to the solid inner walls,
and
outflow from the open outlet with a headway velocity u,,,
the controller-dispatcher providing that the acoustic thermo-
electric device causes forcedly distributed temperature along
the solid inner walls, wherein the varying cross-sectional
area of the shaped tunnel is characterized by a cross-
sectional area profile function A(x) of x interrelated with
functions u(x) and T(x) of x representing profiles of the fluid
flow’s headway velocity and absolute temperature, corre-
spondingly, along the shaped tunnel length, wherein the
thermoelectric device providing for a degree of freedom to
interrelate the functions A(x), u(x), and T(x) by a condition
of flow continuity expressed as:

¥+l
((x)? 2T
(y + DRT(x)

AN -DRTx ( 2

Al) = u(x) y+1

where A, is a constant, y is an adiabatic compressibility
parameter of the flowing fluid, and R is a specific gas
constant characterizing the fluid flow, wherein the functions
u(x) and T(x) both are gradually-smoothed monotonic,
wherein:
the gradually-smoothed monotonic function of the abso-
lute temperature T(x) is determined by:
an absolute temperature T, of the fluid flow at the open
inlet;
temperature change 3T,(x) interrelated with adiabatic
compression-expansion occurred due to an adiabatic
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action of the Coanda-effect, in turn, determined by a
curvature of the stationary geometry of the shaped
tunnel, and
forcedly established temperature contribution 8T, (x) to
the absolute temperature T(x) along the boundary
layers subjected to controllable at least one of heat-
ing and cooling action of the thermoelectric device,
such that T(x)=T,,+3T,(x)+dT,(x),
and
the gradually-smoothed monotonic function of the fluid
flow’s headway velocity u(x) is determined by the
headway velocity u,, of the fluid flow at the open inlet,
convective headway acceleration resulting in a velocity
gradient along the shaped tunnel length as the fluid flow
is subjected to the adiabatic Coanda-effect, and con-
trollable headway acceleration occurred due to control-
lable heating and/or cooling action of the thermoelec-
tric device;
thereby, providing for conditions for a laminar motion of the
fluid flow and beneficial features as follows:
smoothing of the fluid flow’s headway velocity profile
function u(x), providing suppression of undesired tur-
bulence;
smoothing of the fluid flow’s static pressure profile func-
tion P(x), providing suppression of undesired Mach
waves and, thereby, suppression of vibrations of the
nozzle corpus;
smoothing of the fluid flow mass density profile function
p(x), providing suppression of undesired disturbances
of the fluid flow accompanied by shock waves;
smoothing of the fluid flow absolute temperature profile
fanction T(x), providing suppression of adjacent sur-
face tensions; and
smoothing of the fluid flow temperature-dependent M-ve-
locity profile function M(x), providing a trade-off’ of
suppressions of undesired all: the turbulence, vibra-
tions, shock and Mach waves, and surface tensions.
6. A multi-stage nozzle composed of N nozzles of claim
5 consolidated as a whole;
wherein the N nozzles, enumerated from 1 to N, are united
together to join the N shaped tunnels associated with
the N nozzles, correspondingly, such that each of the N
shaped tunnels is a fragment of a resulting unbroken
shaped tunnel formed thereby as a whole; an n-th
fragment, where n is an integer between 1 and N:
1=n=N, has the varying cross-sectional area character-
ized by a cross-sectional area profile function A ,(x) of
x expressed as an individual condition of flow conti-

nuity:

2 el
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where A.,, is n-th constant, and the functions u,,(x) and T,,(x)
are representing profiles of the fluid flow’s headway velocity
and absolute temperature, correspondingly, along the n-th
fragment of the resulting unbroken shaped tunnel length; the
resulting unbroken shaped tunnel as a whole is either
converging, or divergent, or convergent-divergent, or two-
stage convergent-divergent; or multi-stage convergent-di-
vergent; wherein piecewise-monotonic profile functions
u(x), P(x), p(x), T(x), and M(x), composed of associated
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gradually-smoothed monotonic profile functions concat-
enated together, all remain gradually-smoothed along the
resulting unbroken shaped tunnel as a whole,

thereby, the multi-stage nozzle is applicable to convey:

in general, laminar flow to solve the problem of originated

turbulence, and

in particular, tiny portions of the fluid, associated with an

acoustic wave incoming the open inlet and propagating
within and along the resulting unbroken shaped tunnel,
to solve the problem of sound power dissipation.
7. A sound amplifier comprising the mufti-stage nozzle of
claim 6 and the acoustic thermoelectric device of claim 1,
wherein the acoustic thermoelectric device is arranged
nearby the open inlet and controlled by the controller-
dispatcher to provide frequent changes in temperature of a
nearby portion of the fluid to at least one of originate an
acoustic wave and boost an incoming acoustic wave, to
provide that when further the acoustic wave entering the
open inlet of the shaped tunnel such that the fluid flow
entering the open inlet with the headway velocity u,,, is a tiny
portion of the fluid subjected to conveying motion inherently
accompanying the acoustic wave entering the open inlet and
propagating along the shaped tunnel; wherein the sound
amplifier is either:
a megaphone [7a.A], wherein:
the resulting unbroken shaped tunnel is configured as a
divergent funnel,
an M-velocity of the conveying motion at the open inlet
is higher than v(y=1)/y, and
the parameter x is a coordinate increasing along the
divergent tunnel from the inlet to the outlet such that
the profile function A(x) takes the value A. out of the
divergent horn on the side of the open inlet; or
a phonendoscope [7a.B], wherein the resulting unbroken
shaped tunnel is two-stage convergent-divergent, fur-
ther specified as comprising sequentially joint elements
as follows:
the open inlet characterized by an inlet cross-sectional
area, indicated by A,
a convergent funnel characterized by a monotonically
varying cross-sectional area;
a first narrow throat characterized by a local minimal
cross-sectional area, indicated by A,,;;
a widened cavity characterized by a local maximal
cross-sectional area, indicated by A_;
a second narrow throat characterized by a local mini-
mal cross-sectional area, indicated by A,,,;
a divergent funnel characterized by a monotonically
varying cross-sectional area; and
the open outlet characterized by an outlet cross-sec-
tional area, indicated by A, ;
wherein conditions:
Al AgnzVY/(y-1),
Aca/ Ath1>l ’
Acd Apz2VYI(-1),
A, lA, =1, and
AslAazVy(r-1),

are satisfied to provide that the phonendoscope becomes
capable of amplifying a loudness of an incoming sound
vet to become subjected to an action of the phonendo-
scope; or

a hearing aid [74.C] embodied as the phonendoscope,

wherein said corpus has an outer geometrical configu-
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ration ergonomically adapted to a human’s ear canal,
such that the open outlet is faced to an eardrum within
the human’s ear canal.

8. An airfoil capsule [720, 740] comprising an airfoil
outer overall shape and at least one of the nozzle of claim 5
and the multi-stage nozzle of claim 6.

9. An airfoil wing [8.00, 800] comprising at least one of
the nozzle of claim 5 and the multi-stage nozzle of claim 6
[8.31, 8.32], wherein the shaped tunnel further having an
imaginary wall formed by streamlines of the fluid flow;
wherein the corpus of the multi-stage nozzle is further
specified as having an airfoil geometrical configuration
recognizable by a sectional elongated profile, comprising
two opposite curved sides: an upper side and a lower side,
and two opposite butt-ends: forward being rounded and
rearward being sharp, such that when the airfoil wing is
exposed to an oncoming portion of the fluid flow, the
oncoming portion flowing around the airfoil wing becomes
divided into two sub-portions: an upper-side sub-portion of
the oncoming portion of the fluid flow forming an upper-side
boundary layer and a lower-side sub-portion of the oncom-
ing portion of the fluid flow forming a lower-side boundary
layer;
wherein the upper side comprising:

a forward part meeting the upper-side boundary layer;

an upper-side convexity, where the upper-side boundary
layer, when sliding upon the upper-side convexity, has
an imaginary narrowed cross-section;

a rearward part, attracting and, thereby, redirecting mass-
center of the sliding upper-side boundary layer back-
ward-downward due to the Coanda-effect, thereby
causing an imaginary widened cross-section of the
sliding upper-side boundary layer nearby the rearward
part; and

the built-in acoustic thermoelectric device along the upper
side for distributed heating or cooling the upper-side
boundary layer,

and wherein the lower side is curved to form a lower-side
convexity; said lower-side meeting the lower-side boundary
layer,

wherein:

a sagittal axis [820.0] is defined as an axis codirected with
a motion of the oncoming portion of the fluid flow yet
to be subjected to an action of the airfoil wing;

an attack angle is defined as an angle between a sagittal
axis and a direction of motion tendency of said lower-
side boundary layer when the lower-side boundary
layer outflowing nearby and stalling from the sharp
rearward butt-end of the airfoil wing; and

a zero attack angle is specified as said attack angle equal
to zero;

wherein the airfoil geometrical configuration is further
specified such that, when the airfoil wing is exposed to the
oncoming portion of the fluid flow at the zero attack angle:
the sectional elongated profile of the airfoil wing is either
mirror-symmetrical [8.00] or asymmetrical [800] rela-

tive to a sagittal axis; and

each of the two boundary layers: upper-side and lower-
side, representing said shaped tunnel: upper-side or
lower-side, correspondingly, further having an imagi-
nary wall formed by streamlines bordering associated
said boundary layer: upper-side or lower-side, corre-
spondingly;
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thereby, providing for:

improved laminarity of the portion of the fluid flowing
around the airfoil wing;

that, when stalling from the sharp rearward butt-end of the
airfoil wing, the upper-side and lower-side boundary
layers, both have the same headway velocity u,,, and
the same thermodynamic parameters: the static pres-
sure, mass density, and absolute temperature, such that
the two boundary layers: upper-side and lower-side,
when joining together to move as a whole downstream
behind the airfoil wing, form a uniform resulting out-
flowing portion of the fluid flow remaining laminar;

improving wing properties manifested as: decreased drag,
increased lift-force due to improved laminarity of the
fluid flow, and, when the upper side of the airfoil wing
is colder than the lower side of the airfoil wing, further
increased lift-force due to imitating an effect of taking-
off of a bird;

overcoming a problem of efficient use of another airfoil
wing arranged downstream behind the airfoil wing; and

a benefit of in-line cascading a next said airfoil wing after
a previous said airfoil wing resulting in increased
cumulative lift-force.

10. A tandem of two airfoil wings of claim 9 consolidated

as a whole [880.B];

the tandem is exposed to an oncoming portion of fluid flow;
the two airfoil wings: first and second, are arranged to meet
the oncoming portion [851.B] of the fluid flow, divide the
oncoming portion of the fluid flow into two sub-portions: an
upper-side sub-portion of the oncoming portion of the fluid
flow forming an upper-side boundary layer [852.B1, 853.B1,
854.B1, 852.B3, 853.B3, 854.B3] and a lower-side sub-
portion of the oncoming portion of the fluid flow forming a
lower-side boundary layer [852.B2, 853.B2, 854.B2, 852.
B4, 853.B4, 854.B4], and act on at least one of the boundary
layers: upper-side and lower-side, sequentially in two stages:
first and second, namely:

at the first stage, the first airfoil wing, meeting the
oncoming portion of the fluid flow yet to be subjected
to the Coanda-effect and acting on the oncoming por-
tion of the fluid flow by the Coanda-effect, and

at the second stage, the second airfoil wing, meeting the
oncoming portion of the fluid flow already subjected to
the action by the first airfoil wing at the first stage;

wherein:

a specific M-velocity is defined as v(y-1)/y;

a first convexity is defined as at least one of the upper-side
and lower-side convexity [869.B1 or 869.B2] of the
first airfoil wing; and

a second convexity is defined as at least one of the
upper-side and lower-side convexity [869.B3 or 869.
B4] of the second airfoil wing;

such that at least one of the two boundary layers: upper-side
and lower-side, each of which originated adjacent to the
upper or lower side of the tandem of two airfoil wings,
correspondingly, is composed of two parts: first, flowing
nearby the first convexity, and second, flowing nearby the
second convexity; each of the two boundary layers: upper-
side or lower-side, 1s subjected to at least one of:

the Venturi effect, when an M-velocity of the upper-side
or lower-side boundary layer, correspondingly, remains
lower than the specific M-velocity;

the de Laval effect of flow acceleration nearby the first
convexity and to de Laval effect of flow retarding
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nearby the second convexity, when an M-velocity of
the oncoming portion of fluid flow [851.B] is lower
than the specific M-velocity and sufficiently high to
reach the specific M-velocity nearby the first convexity;
or

the de Laval effect of flow retarding nearby the first

convexity and to de Laval effect of flow acceleration
nearby the second convexity, when an M-velocity of
the oncoming portion of fluid flow [851.B] is higher
than the specific M-velocity;
such that the varying cross-sectional areas of the parts of the
boundary layer: first, flowing nearby the first convexity, and
second, flowing nearby the second convexity, are character-
ized by cross-sectional area profile functions A (x,) and
A,(x,) of distance parameters X, or X,, correspondingly;
each of the cross-sectional area profile functions A (x,) and
A,(X,) 1s given by the individual condition of flow conti-
nuity wherein the distance parameter x is X, or X, associated
with the parts of the boundary layer: first, flowing nearby the
first convexity, and second, flowing nearby the second
convexity, correspondingly,
thereby, providing for that the tandem of two airfoil wings
consolidated as a whole has a positive lift-force for low
M-velocities, lower than the specific M-velocity, and for
high M-velocities, higher than the specific M-velocity.

11. A double-humped wing [870] comprising the tandem
of two airfoil wings of claim 10 wherein the two airfoil
wings are merged as a whole to form an unbroken double-
humped corpus such that to act on the upper-side boundary
layer sequentially in two stages: first and second, thereby,
providing for that the double-humped airfoil wing has a
positive lift-force for low M-velocities, lower than the
specific M-velocity, and for high M-velocities, higher than
the specific M-velocity.

12. A jet-rotor [9.7] comprising an axle [9.73] oriented
along a sagittal axis and supplied with a set of blades,
wherein the set of blades is a set of at least one of:

the airfoil wings of claim 9;

the tandems of two airfoil wings consolidated as a whole
of claim 10; and

the double-humped wings of claim 11;

the blades are oriented to:

be exposed to the oncoming portion of the fluid flow at the
zero attack angle and thereby subjected to an action of
lift-forces originated due to the Coanda-effect domi-
nantly, wherein the Coanda-effect is accompanied by at
least one of:
the Venturi effect; and
the de Laval jet-effect;

and

vector the originated lift-forces in a frontal plane perpen-
dicular to the sagittal axis to rotate the axle around the
sagittal axis in unison,

thereby, providing for:

improved laminarity of the oncoming portion of the fluid
flow when flowing around the jet-rotor;

suppression of turbulence of the oncoming portion of the
fluid flow when moving downstream behind the jet-
rotor, and

increased lifi-forces acting in unison and in the same
direction of rotation and so rotating the axle, when the
de Laval jet-effect is triggered.
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13. A jet-turbine [9.7] comprising:
an engine, having a stator and rotatable shaft, and
the jet-rotor of claim 12;
wherein the axle [9.73] is attached to the rotatable shaft to
provide for the rotatable shaft to be rotated in unison with
the axle rotation around the sagittal axis, thereby, providing
for:
increased efficiency of the jet-turbine in a wide range of
wind velocities;
overcoming the problem to efficient use a wind turbine
adjacently arranged downstream behind another wind
turbine, and
a benefit of in-line cascading a next said jet-turbine
immediately after a previous said jet-turbine resulting
in increased cumulative efficiency of producing elec-
tricity.
14. A tuple of the jet-turbines of claim 13, wherein the
jet-turbines are arranged in-line along a common sagittal
axis one downstream behind another.
15. An enhanced jet-propeller [9K.0] comprising:
a motor, having a stator and rotatable shaft, and
a jet-rotor [9K.0] having an axle supplied with a tuple of
sets of blades [9K.1, 9L.01, 9L.02] in-line arranged
sequentially one after another along a sagittal axis,
wherein:
the axle is attached to the rotatable shaft to provide for
the rotatable shaft to be rotated in unison with the
axle rotation around the sagittal axis; and

each of the sets [9K.1, 9L.01, 9L.02] of blades is
composed of at least one of:
the airfoil wings of claim 9,
the tandem of two airfoil wings consolidated as a

whole of claim 10, and
the double-humped wings of claim 11;
wherein:

a pitch, as a measure of a blade orientation, is defined as
an angle between the sagittal axis and an angle of view
defined for the blade of the jet-rotor being stationary:;

each of the sets of blades comprises blades assembled with
an individual pitch, adapted to a rate of a forced rotation of
the rotatable shaft and axle, such that each of the blades runs
over portions of the fluid flow [9K.6, 91..6. 9M.6] at the zero
attack angle and, thereby, is:

subjected to an action of lift-force [9K 3] originated due
to the Coanda-effect dominantly, wherein the Coanda-
effect is accompanied by at least one of
the Venturi effect; and
the de Laval jet-effect;

and

vectored to have a dominant component of headway
motion collinear to the sagittal axis;

thereby, due to the Coanda-effect dominantly, each of the
blades acts on the portions of the fluid flow by a pushing
force vectored against the component of lift-force according
to Newton’s third law and so to accelerate the portions of the
fluid flow in conformance with the vectored pushing force
thereby resulting in a dominantly-laminarly headway-for-
warding fluid flow directed along the sagittal axis.

16. A tuple of the enhanced jet-propellers of claim 15,
wherein the enhanced jet-propellers [91..0, 9M.01, 9M.02]
are arranged in-line along the sagittal axis [9M.7] one
downstream behind another.
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17. A heat-transformer [710.H] comprising:
the nozzle of claim 5; and
a reservoir [712.B] having walls supplied with:

pipes [715.B], each of which having a through-hole
tunnel allowing for an ambient fluid portion to enter
the reservoir and become an inner fluid portion; the
through-hole tunnel having a sectional profile being
either symmetric relative to a cross-sectional plane
or asymmetric with a property of a valvular conduit
(Tesla valve); and

a multiplicity of thermoelectric devices [714.B]
capable of heating the inner fluid portion to trigger a
motion of the heated inner fluid portion [711.B]
toward the shaped tunnel of the nozzle [710.B].

18. A heat-turbine [97.H] comprising:

the nozzle of claim 5 wherein the shaped tunnel [97.1] is
oriented along a vertical sagittal axis [92.51];

a heater capable of heating a portion of the ambient fluid
to trigger the Archimedes” upward-vectored force lift-
ing the heated fluid portion and thereby to create an
upward-moving dominantly-laminarly headway-for-
warding fluid flow; and

the jet-turbine [9.13] of claim 9 capable of transforming
the kinetic power of the jet-rotor rotation into electric
power;

wherein:

said heater is capable to increase an absolute temperature
of the portion of the ambient fluid entering the shaped
tunnel up to a value T,, being higher than the absolute
temperature T, of the ambient fluid outside the nozzle
such that ratio T, /T, is at least 1.2 to provide a
condition that when the upward-moving dominantly-
laminarly headway-forwarding fluid flow moves within
the converging funnel and becomes subjected to the
Venturi effect, the upward-moving dominantly-lami-
narly headway-forwarding fluid flow reaches the spe-
cific M-velocity within the narrow throat and so trig-
gering the de Laval jet-effect; and
the jet-rotor of the jet-turbine is arranged either:
within the shaped tunnel near or downstream behind
the narrow throat, where the M-velocity is deter-
mined by the specific M-velocity, or

immediately beyond the open outlet, where the M-ve-
locity is determined by a cross-sectional area of the
open outlet according to the condition of flow con-
tinuity;
the jet-rotor of the jet-turbine is arranged to be exposed to
said upward-moving dominantly-laminarly headway-
forwarding fluid flow moving through and outflowing
from the shaped tunnel such that all the blades of the
jet-rotor are oriented to meet portions of said domi-
nantly-laminarly headway-forwarding fluid flow at the
zero attack angle; wherein an overall shape of the
blades is adapted to the M-velocity dependent on the x
coordinate along the sagittal axis to satisfy conditions
of said upward-moving dominantly-laminarly head-
way-forwarding fluid flow;
thereby, providing for:
creation of the upward-moving dominantly-laminarly
headway-forwarding fluid flow due to triggering the
Archimedes” upward-vectored force lifting the heated
portion of the ambient fluid;
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an acceleration of the upward-moving dominantly-lami-
narly headway-forwarding fluid flow within the shaped
tunnel due to the Venturi effect
triggering the de Laval jet-effect for further acceleration
of the upward-moving dominantly-laminarly headway-
forwarding fluid flow within the shaped tunnel,
powering the jet-turbine exposed to the accelerated
upward-moving dominantly-laminarly headway-for-
warding fluid flow;
overcoming a problem of efficient producing electricity
from the heated portion of the ambient fluid; and
a benefit of triggering the Archimedes’ upward-vectored
force lifting the heated portion of the ambient fluid and
triggering the de Laval jet-effect for producing elec-
tricity.
19. A jet-transformer [9%.J] comprising:
the nozzle of claim 5;
the enhanced jet-propeller of claim 15, the enhanced
jet-propeller capable of creating said dominantly-lami-
narly headway-forwarding fluid flow directed along the
sagittal axis; and
the jet-turbine of claim 13 capable of transforming the
kinetic power of the jet-rotor rotation into electric
power;
wherein:
the enhanced jet-propeller providing for that the domi-
nantly-laminarly headway-forwarding fluid flow, when
entering the open inlet having the distance parameter
indicated by x,,, has an M-velocity equal to M(x,,)
estimated according to the condition of flow continuity
such that the dominantly-laminarly headway-forward-
ing fluid flow, when moving along the converging
funnel and becoming subjected to the Venturi effect,
reaches the specific M-velocity within the narrow
throat and so triggering the de Laval jet-effect wherein
distribution of M-velocities along the sagittal axis is
determined by the value M(x, ) of the M-velocity at the
open inlet having the cross-sectional area A(x,,); and
the jet-rotor of the jet-turbine is arranged either:
within the shaped tunnel near or downstream behind
the narrow throat, where the M-velocity is deter-
mined by the specific M-velocity, or
immediately beyond the open outlet, where the M-ve-
locity is determined by a cross-sectional area of the
open outlet according to the condition of flow con-
tinuity;
the jet-rotor of the jet-turbine is arranged to be exposed to
said dominantly-laminarly headway-forwarding fluid
flow moving through and outflowing from the shaped
tunnel such that all the blades of the jet-rotor are
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oriented to meet portions of said dominantly-laminarly
headway-forwarding fluid flow at the zero attack angle;
wherein an overall shape of the blades is adapted to the
M-velocity dependent on the x coordinate along the
sagittal axis to satisfy conditions of said dominantly-
laminarly headway-forwarding fluid flow;
thereby, providing for:

creation of the upward-moving dominantly-laminarly
headway-forwarding fluid flow due to triggering the
Coanda-effect using the jet-ventilator;

an acceleration of the upward-moving dominantly-lami-
narly headway-forwarding fluid flow within the shaped
tunnel due to the Venturi effect;
triggering the de Laval jet-effect for further acceleration
of the upward-moving dominantly-laminarly headway-
forwarding fluid flow within the shaped tunnel,

powering the jet-turbine exposed to the accelerated
upward-moving dominantly-laminarly headway-for-
warding fluid flow; and

overcoming a problem of a benefiting use of the de Laval

jet-effect for producing electricity.

20. A levitating apparatus [90.0] comprising:

the enhanced jet-propeller [90.1] of claim 15, the

enhanced jet-propeller capable of creating said domi-
nantly-laminarly headway-forwarding fluid flow; and

a capsule [90.2] having a shell composed of two parts:

upper and lower;
wherein said shell has a dominantly-airfoil overall shape and
is supplied with built-in thermoelectric elements capable of
supporting gradually distributed temperature, distributed
along the shell;
wherein the jet-rotor is located above the capsule such that
to be capable of blowing the shell of the capsule from above
by the dominantly-laminarly headway-forwarding fluid
flow;
thereby, providing for that,
when the upper sides of the jet-rotor blades are colder than
the lower sides of the enhanced jet-rotor wings, an
effect of taking-off of the levitating apparatus due to an
imitated effect of taking-off of a bird is originated; and
when the upper part of the shell is colder than the lower
part of the shell, an effect of taking-off of the levitating
apparatus due to an imitated effect of taking-off of an
insect is originated.

21. The levitating apparatus of claim 20 further compris-
ing at least one of the airfoil capsule of claim 8, the
heat-transformer of claim 17, and the jet-transformer of
claim 19.
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