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COMMENTS :

.3. Patent No. 2,949,550 - "Electrokinetic Apparatus"

Reference: A) U.S.
B) U.S. Patent No. 3,018,394 - "Electrokinetic Transducer"

1) This patent application covers another method and means for producing
movement of dielesctric fluid, and to elesctrically control the flow
thereof. It differs from ths applicant's previous devices in that
moving elactrodes are cmplowu.'. It may be said that the device
combines electrokinetic and ¢ principles. The device 1is
superior in performance to the applicant's previous devices in that
more energetic flow is obtained, the kinetic energy being supplied
largely from the moving electrode(s). The present device has the
disadvantage of employing moving parts, but this disadvantage may be
offset by the more energestic flow, higher output pressure and greater

punping capacity.

2) Devices built along these lines may serve as pumps for dielectric fluids
such as air and various gases, cryogenic fluids, oils and other non-
conducting liquids. When the flow rate is electrically modulated, the
device may be uses as a transducer or loudspeaker. The important advantage
is the increase in effluent velocity and the relatively high pressure
differential which can be produced.

3) In (A) movement is imparted to the fluid Qielectric in the direction
of the divergence of the electrostatic field (from the fine-wire electrode
toward the large plate electrodes) by forces derived entirely from the
electric field.

In (B) the electric field is modulated so as to produce corresponding
variations in the pressure or rate of flow in the medium acted upon by
the electriec field. .

In the present invention, applicant combines the electric fileld with
one or more electrodes vhich are moving rapidly. The fluid medium in
contact with said moving electrodes is subject to skin friction and the
motion of the flujd which results is a combination of that provided by

skin friction the applied electric field. Motion of the fluid can
be modulated, with almost instantaneous response, ¥y varying the electriec
field.



..Docket No. 8309

In the present invention, further advantage is derived by the change
in viscosity of the fluid medium which is subjected to an electric
field. This "hardening” of the fluid increases the skin friction with
respect to the moving electrode so that additional kinetic energy is
conveyed from the moving surface to the fluid flov. This change in
viscosity in ferroelectric fluids is virtually instantaneous.

SUGGESTED SPECIFICATIONS :

1) This invention relates to electrokinetic apparatus for converting
electrical snergy into kinetic energy.

2) This invention relates to fluid flow-control devices vhereby a
varying electric input is made to control or regulate output
pressure or flov of a dielectric fluid.

3) This invention relates to flow-control devices vhereby relatively
small elsctrical energy triggers or controls relatively large
energy of fluid flowv.

L) This invention relates to electrokinetic amplifiers.

5) This invention relates to electro-acoustic transducers, loudspeakers
or the like, vhereby an electric signal produces sound without the
aid of a diaphragm. ’

1) This invention features a fluid-control system the response of which
is practically instantaneous.

2) This invention features a puxp which is relatively quiet.

3) This invention features a loudspeaker which operates with unusually
high signal efficiency by reason of the fact that it is an electro-kinetic

amplifier. This loudapeaker has no diaphragm and virtually no inertial
or Doppler distortion.

b) This invention features a loudspeaker vhich has especially good low-
frequency response, free from resonance peaks or mechanical distortion.

5) This invention features a dielectric pump whereby the energy of a
moving impeller electrode is translated to fluid flow using electrically-
created viscosity changes as the coupling mechanism.
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Referring to the attached drawings:

Fig. 1 is a circuit diagram setting forth the simplest aspect of
the invention by which the flowv of a dielectric fluid

is created and/or controlled.

Fig. 2 is a diagran shoving an alternative arrangement including
counter-rotating elsctrodes with electric fisld therebetween

to cause fluid flow.

Fig. 3 1s a diagram of the invention (eimilar to Fig. 1) showing a
single rotating electrode and ioniger wire in perspective.

Fig. b is a dflagram illustrating the manner in vhich the direction
of fluid flov may de controlled.

Fig. 5 is a diagram showing the essential e¢ireuit of the device used
to produce flow pulses from a signal imput.

Fig. 6 is a similar diagram showing the applieation of & triode for
anplifying the signal iaput to the modulating system.

Fig. 7 18 a circuit diagram illustrating & sultiplicity of counter-
rotating electrodes together with assoeiated high voltage
pover supply and vacuum tubes for the purpose of creating
"push-pull” action on the fluid dislectric in which the

 elsctrodss are immereed. This diagram dsscrides the means
of operation of a milti-electrods loudspeaker for “push-pull”
operation.

Referring in more detail t¢ the attached drawings:

Fig. 1 1llustrates the simple circuit of the invention. It is & diagram showing
revolving elsctrode 1, being a rod or oylinder maintained in s state of
continuous rotation by a or the like (mot shown). A second electrods 2,
being an emitting point, is held in fixsd spaced relationship near the
moving surface of electrode

s

These electrodes are ensrg high voltags pover Supply 3 and controlled
by switch &. The power s may produce sa output of either direct or
alternating current, but direct current is preferred Iin most instances.

It is found that the voltage, depending upon the emissivity of point 2,
should exceed 7,500 voits and normally ranges to 25 or 30 KV for practical

purposes.

3
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shen switch (4) is closed and emitting electrode 2 becomes aighly
charmed, a divergent electrostatic field is created between electrode 2
and the lerger surface of electrode 1. Ions created near electrode 2
flow in the direction of electrode 1 and transfer their momentum to the
rost medium (air, oil or similar dielectric fluid) and increase the
fluid pressure against the noving surface of electrode 1.

vince “his surface is in rapid motion skin friction czuses the medium
{n sontuct therewith to circulate along,the rotation of the electrode.
An impinging flow, normal to the direction of flow produced by skin
friction, causes a resultant flow outward and awvay from the rotating
electrode in the dirsction shown by the arrow. This outwvard flov is
observed to vary with the amount of potentianl applied to electrode 2.
The magnitude of the flow is such as to indicate that the kinetic
enerzy is derived from the rotating electrode rather than from the
electrical field between the electrodes.

In the above description of the operation of the device, the action
has been attributed largely to the migration of ions and the transfer
of momentum from the ions to the host medium, hence to create an
aerodynamic pressure upon the face of the rapidly spinning electrode.
This pressure in turn affects the fluid movement resulting from skin
friction, so that a net outward flow is produced as indicated.

However, it must be understood that another physical principle is at
work also. This second effect is produced by the action of the
electrical field upon ferroeclectric fluids and is practically instan-
taneous. The electric field changes the viscosity of the fluid and is
a function of electrical permittivity (dielectric constant). It 1e
analogous to the change in viscosity of oils which are loaded with
iron powder (having high magnetic permeadility). This principle

(so far as it relates to ferromagnetic fluids) is used and well-known
in the magnetic clutch art.

As stated above, the change in viscosity of the fluid with the appli~
cation of the electric field is irmmediate. This change is sensed as
increased surface friction at the face of the rotating electrode where
the electric field is greatest (nearest electrode 2) and this, in turn,
produces tangential flow. In the case of air, this latter effect is
somewhat dependent upon ionization, and this dependence arises from the
fact that ilonization increases the dielectric constant of air.
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fi1z. 2 illustrates che thrusting aiction caused by o pair of differpnriy-

chared counter-rotating eiectrodes upon a farroelectiric »i'*d in

the region between said electirodes. As stated earlier, the electric

£ .1d estabiished Letween cae chargud alectrodes causes any Jerraelectric
flaid (embracinz most dielectric rluids) to undergo uw caanze in viscosivy.
T2is "hardening” of the fluid increases the akin friction at the surrace
ot the meving electrcdes, hence conveying increaged. Xinetic energy or
varust to the flow, 3lectrodes 1 and la, wusually in the rform of counver-
rotatinz cyliaders, are insulated from each other and connected 10 a
driving aotor (not shown). “hen switch 4 18 clused, 30 18 o apply 2
nizgh pocential between said cylinders, the electric fleld therebetween
increases the fluid viscosity, causing the increased flow =s indicated

by the arrov.

causes instantaneous and corresponding variations in the pressure or rate
of flow.

1s a ecircuit diagram (similar to Fig. 1) but showing the electrodes in
perspective. This structure 1is also adapted for creating flow pulses Jr
gound waves. Revolving electrically-conductive cylinder 1 is maintained
in continuous high speed rotation (as indicated by arrow) by motor &
wnich is powered from an independeunt source. Filaform electrode 2
consisting of & Pine s%ainless steel wire or the like ,0015" to ,Ol25"
in diameter is positioned to one side of electrode 1 with a fixed distance
of separation normally betwzen 3 to 1 ". High voltage power supply 3
supplies DC potential so that electrode 1 is the cathode and electrode £
is the anode. Reverse polarity is operative but not as satisfactory in
zmost instances.

Transformer 5 3teps up a low voltage input signal to corresponding hijh
voltage output so as to vary the potential supplied to the electrode
structure. As in Fig. 1, when electrode 2 acquires a high potential,

an electric field is created between the electrodes so as to cause
increased flow as indicated by the arrow. When the device is operated
in air, as a loudspeaker, the electrode structure serves as a transducer
to generate sound waves from the signal input to transformer 5. It is
to be understood that the energy represented by the sound waves is
derived, in the main, from the kinetic energy of the rotating cylinder 1
and the power feedinz the electric¢ motor driving the cylinder. In this
respect, the signal input merely supplies the control current in the
production of the flov puises or sound waves. As such, the system may
be also defined as an electrokinetic amplifier.

-5 -

A variation in the potential difference applied to counter-rotating electrules
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is a circuit diagram shoving counter-rotating electrodes 1 and 12
(driving motor not shown) and emitting electrode 2 vhich is energized
from ths slider of rheostat 7 comnscted to a source of high voltage 3.
When slider is in position "B" fluid is driven outwerd from the sounter-

rotating elsctrodes in m generul diresction of B'. When slider
is shifted to position alrflov is deflescted in the direction of A'.

Similarly when slider u in "C" position, airflov is deflected in
direction of C'. This form of the inventiomn illustrates the mamner
in vhich the resultant fluidﬂnv-:hm This shifting is
virtually instantaneous and 4oes not depend on a moving vane to alter
the direction of flov.

shovs a system of counter-rotating eylinders for the production or flow
pulses (as in the earlier figure), eounter-rotating electrodes 1 and la:
mmmmty,uwcmim(m slightly to one
side of center) between them, power eupply 8 tap-uptmform 9
suwply positive potential to electrods 2 scoording to signal input ¢
transformer 9.

n the

Flow pulses or sound waves are gensrated in the region

eounter-rotating slectrodes 1 and Ja: by rapid chnmn potont
of electrods 2.
is a circuit diagram similar to the above bBut wsing vacuum tube triode 11

in plaes of transformer 9 to modulate the potential applied to electrode 2.
Resistor 10 supplies plate potential to trioda 1l and, at the same time,
permits the plate of the triode to engage in voltage swings as the result
of a signal input to grid of triods 11.

This system for modulating is to be preferred over that illustrated in
Pig. 5 and is the basic circuit for a bdass-respouse loudspeaker.

ircuit for a multipliecity of eounter-rotsting slectrodes

especially sdapted as a dass-response loudspeaker. Cylindrical electrodes
1, 1 b and 1 4 are adapted to rotate in the sams direction. Cylindrical
s, 1

{ |
;

Both sets of rotating electrodes, including the driving shaft of the motor,
may be electrically grounded along with the negative output side of the
high voltage powver supply 8.

'6.
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Fig. 7 (continued)
Emitting anodes 2, 2 b and 2 d are electrically connected togsther to
the plate of triode 12 and to resistor 15, thence to the positive side
of the output of power supply 8.

Mttmgamlzsmacmmmwmphmortriodn13
end to resistor 17, thence to the positive side of the output of the

high voltage pover supply 8.

Sigmal input is applied to the primary of tyamsformer 14, the secondary

of which provides "push-pull” signals to the grids of tubes 12 and 13
respectively. Bias supply 15 is shown in commection.

In operation, the input signal provides “push-pull” operation to the
enitting elsctrodes s0 that pressure pulses are created detveen the
rotating slectrodes first in one directiocn then the other. This
"push-pull" operation generates sound outward from the electrods
structure and normal to the plans of the elsotrodes.

In eleatrode structures, vhers the degree of iomisation is lLaportant,
it may be advantagecus to inorease the emigsivity of the elsctrodss, i.e.,
the anodes for the emission of positive lons and the cathodes for the emission
of negative ions. Coating elasctrodes with such mterials as cesiux or darium
chloride, thorium cxide or certain radicactive materials may be resorted to
whenever indicated. :

. In certain special cases, operatien is ixproved by heating the ionizing
vires to provide thermal qonization and the emission of thermions. Toward this
end, the fine-wire anode may be heated by including the same in a resistance-
heating electrical circuit. Since this is an obvious arrangement it is not
shown specifically in the dravings. ‘

Where very high voltages are used or vhen inter-electrods spacing is small,
it 18 found desirable in some cases to W rotating electrodes of poorly conducting
material. The reason for this is to prevent dsmsging slectrical dreak-down acrcas
the alr gap between thes elsctrodes. When eaid rotating electrodes are fabricated
of a material {such as a plastic with carbon powder) 80 as to have & resis-
tivity in the range from to 1 obtes per qubic esntimster, the possidbility of

dmgmswkmzothlurfw“mrwmmetm: is virtually
eliminated. The use of a high resistance ecating on rotating metallic tubes or
rods may serve the sams purpose. The low conductivity prevents localiszation of
an intense elsctric fisld vhich zust precede sperk breakdown.

There may be many variations in tha form of the rotating electrodes or the ::
manner of rotating the same, or the form of the ionizer electrode or its relative
position in the system, without departing from the spirit of the invention as set
forth in the following claims:

-7 -
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CLAIMS :

1)

2)

- 3)

k)

5)

6)

7

8)

9)

10)

1n)

Method for creating flov of &lelectric fluid consisting in immersing
a pair of counter-rotating electrodes in said fluid, applying & high
voltage between said electrodes and utilising the ferrcelectric change
in viscosity to effect s puping actiom.

Method for controlling flow of dislectric fluid through a valving
system consisting in directing said flov between rotatable electrodes,
maintaining said electrodes forsibly in countar-rotation by an external
motor, applying s variable electrical potential difference to and
between said electrodes to effect control of flow.

A valving system for dielectric fluid comprising s pair of electrodes
maintained {n counter-rotation by a motor, means for applying an
electrical potential differencs to said eleotrodss and means for
varying said potential for the purpose of comtrolling flow of the
f£luid engaged between said electrodes.

Means for pumping dielectric fluid comprising counter-rotating electrodes,
means for applying electrical potential difference between said electrodes
and means to utilize the fluid flow generated in the region between said

electrodes.

A pump for dielectric fluid comprising s rotating impeller and means
for maintaining an electric field around said impeller.

Means for increasing the capadility of a pump for dielectric fluid
comprising establishing an intense elsctric field around the impeller
thereof. !

Means for varying the output pressure of & pump for dielsctric f£luid by
varying the electric field around ths impeller thereof.

An slectrokinetic loudspeaker comprising rotating electrodes and means
for supplying a varying electrostatic field between said electrodes

to generate sound waves in said fisld.

Apparatus for gensrating sound waves comprising a pair of counter-rotating
cylindrical electrodes together with means for differently-charging
said elsctrodes vith an input signal.

Apparatus for puwnping dielsetric fluid comprising a maltiplicity of
punping stages in accordance with claim 4. ‘

Method for ereating flov of ionigable dielectric fluid consisting in
imnersing a rotatable electrods in said fluid, erranging in closs proximity
to sald rotatable electrode ay jonising elsctrode, foreibly rotating said
rotatable electrode by an external motor, supplying potential to said
ijonizing electrode and utilising the resultant interaction to create flow
tangentially from the surface "of sald rotating electrode.
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CLAIMS (Continued)

12) A valving system for ionizable dislectric fluid comprising a pair of
electrodes maintained in counter-revolution by a motor, an ionizing
electrode positioned between said rotating electrodes and means to
supply a variable potential to said ionizing elsctrode.

13) A multiplicity of rotating elactrodes and ionizing electrodes in
accordance with claim 12 for increasing the capacity of said
valving systen.

14) In a system according to claim 12, the use of coatings applied to the
electrodes thereof to improve the emissivity of saild electrodes.

15) In a system according to claim 12, the use of partially-conducting
materials in the electrodes thereof to prevent elactrical breakdown
between said electrodes.

16) In a system according to claim 3, the use of vacuum tubes in combination
therewith to modulate the electrical potential applied to the said
electrodes.

17) In a system according to claim 12, the use of vacuum tubea in combination
therewith to modulate the electrical potential applied to said ionizing
electrode. '

18) A loudspeaker including a multiplieity of rotating electrodes and
ioniging electrodes in planar array to enlarge the wave front of the
emitted sound, :

19) A loudspeaker utilizing a multiplicity of rotating electrodes and
ionizing electrodes in push-pull electrical relationship to improve
and intensify the sound emission.

20) Electrokinetic apparatus to eontrol the flov of dielectric fluid between
the electrodes thereof consisting of a multiplicity of electrically-grounded
rotating electrodes and highly-eharged ionizing electrodes in close
proximity thereto to which a varying control potential is applied.

Thomas Townsend Brown
San Francisco, California
Juns 8, 1967
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