COOLING DEVICE This invention relates to the field of temperature regulation and, in particular, to a
device for cooling enclosed or confined spaces. 5 Cooling devices for maintaining a room, car or other
enclosed space at a comfortable temperature are well known. The majority are based on forced air
systems that may incorporate some form of cooling of the air. Cooling is generally based on the
thermodynamics of condensation and evaporation 1Q0f a refrigerant gas. On condensation of a gas to
a liquid, heat is rejected to the environment and on evaporation of a liquid, heat is absorbed. The
evaporation / condensation cycle is driven by compression. In conventional air conditioning units the
compression is dgsg NeBRsh@gRical work that is normally provided by an electrical motor.
Alternatively, sorption devices Ioare driven by the adsorption or absorption of the refrigerant gas (or

sorbate), such asRMANA;LY AR % ﬁlf?éi_ci‘iél'i)qU%qéiﬂ urs MERAFGRISAY W these prior art

air-conditioning systems Is that they are relatively power-iﬁéj%ry to Operate. Effective operation usually
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the environmgnt. Although devices based on a sorption cycle offer some improvement, this technology
is by no means mature and very few practical devices have been developed. With the substantial
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such as the carriages of an underground railway.” o o
10 of a refrigerant gas. On condensation of a gas to a liquid, heat is rejected

to the environment and on evaporation of a liquid, heat is absorbed. The
evaporation / condensation cycle is driven by compression. In conventional
air conditioning units the compression is driven by mechanical work that is
normally provided by an electrical motor. Alternatively, sorption devices

15  are driven by the adsorption or absorption of the refrigerant gas (or
sorbate), such as ammonia, by a solid or solid / liquid sorbent.

A major problem with these prior art air-conditioning systems is that they
are relatively power-hungry to operate. Effective operation usually requires

20 alarge amount of electricity, which itself is likely to have been generated at
some cost to the environment. Although devices based on a sorption cycle
offer some improvement, this technology is by no means mature and very
few practical devices have been developed. With the substantial growth in
demand for air conditioning units in warm developing countries such as

25 China and India, the burden placed on the electricity supply is becoming
critical. There is accordingly an increasing need to improve the energy
efficiency of air-conditioning devices. In particular, a more energy-efficient
system offers the possibility that it may be operated independently of the
infrastructure of an electricity grid. This makes it suitable not only for use in

30 more remote areas but also in a moving environment such as the carriages

of an underground railway.



- 2 - A further problem presented by prior art cooling devices is the potentially hazardous nature of the
refrigerant gas used. Ammonia, alcohols, hydrogen, hydrocarbons, hydrofluorocarbons and carbon
dioxide have all 5been used in cooling systems. The potential risks from employing such substances
are of course more significant if using in a confined space, such as an underground room or carriage.
Most prior art cooling devices also suffer from high CO2 emissions, which further harm the
environment. 10There is accordingly a growing need to provide an alternative form of cooling device,
which is more environmentally-friendly than those known in the prior art. The present invention
provides a cooling device comprising a high voltage 15 source connected to a spark gap and
controlled by a timing means, wherein the source and timing means are arranged to generate

unidirectional high fertage paklesmtieseiriedivy iioearirconinrcaeviegs i thepppiestidhoss the spark
gap and the devigg alsg inelides-an PER 1RGSR Igdb & NN ARAhRISSIEiR R the spark gap and

electrically 20isolated therefrom. A device according 1o the present invention creates a source of high

voltage direct curf¥AfpEfsedvATiescabotss dhalsly ataratbonsrargptasean sherdamliiag @bthan 100 ns
duration, thraughi, SRATKLRR: Aol YR tisPpatentalfak SRR ffRg dheatmosphere

surrounding the spark gap. The cooling effect is highly localised around the disCharge spark and so
the emitter is useBURSHROORR H rifrrUbSQI AMGEaIRigndicanh dtysinBdre R tNediBR&SS the cooling

effect over a largg(,¥R148'8n ulderground room or carriage. Most prior art cooling devices

also suffer from high CO, emissions, which further harm the environment.

10  There is accordingly a growing need to provide an alternative form of
cooling device, which is more environmentally-friendly than those known in

the prior art.

The present invention provides a cooling device comprising a high voltage
15  source connected to a spark gap and controlled by a timing means,
wherein the source and timing means are arranged to generate
unidirectional high voltage pulses which are discharged in short and regular
impulses across the spark gap and the device also includes an emitter
located in the vicinity of an electrode of the spark gap and electrically
20 isolated therefrom.

A device according to the present invention creates a source of high
voltage direct current pulses which are discharged in very short impulses,
preferably less than 100 ns duration, through a spark gap. As a result of

25 this process, heat is withdrawn from the atmosphere surrounding the spark
gap. The cooling effect is highly localised around the discharge spark and
so the emitter is used to provide a means of delocalisation. That is, the

emitter distributes the cooling effect over a larger volume.



A cooling device that operates according to this principle is radically different from those known in the
prior art. Whereas prior art devices are based on a refrigerant condensation / evaporation cycle, the
present device is based on a cooling effect produced by a high voltage electrical 5discharge. It is
known that a high voltage electrical discharge can induce cooling. In nature, atmospheric cooling in the
region of a lightning strike has been observed. Temperature drops have also been measured in a large
coil of 10wire connected to a cold cathode arc switch. It is believed that such effects result from
organising (or cohering) fluctuation energy such as thermal or quantum zero point fluctuation energy

(the Zero Point Egeigyfi i e RHISSSk AR LORGA I WRIBAERBNY 1l g the ZPEF of a

system, which results in heat being absorbed from its surfoundings. That is, 15a cooling effect is
stimulated from tld@“fz@ﬂ:fmfﬁéb@%ﬁw‘slﬁdhﬁl@%&ﬂmmﬂﬁeﬂr@r@éﬂﬁ\é%@&n which it is
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potentially hazardous refrigerant."Moreover, the power 20required to generate a suitable electrical
discharge is far |[dsdasad pacregoiieg ﬁffgpbﬂﬁﬂgdﬁﬂdé?ﬁléﬁugbd&ﬁ@gée@m@tﬂm'deV|ce can readily
be constructgd tt@ggﬂg%@es less than 1% of the energy used by current air cooling technology to
achieve the same effect.”25Such a device has numerous applications, primarily in the field of air
conditioning. In addition to its environmental credentials, the device of the present invention may be far
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applications on mobile or non-permanent Iocatlons such as trains, cars, boats and
nature, atmospheric cooling in the region of a I|ghtn|ng strike has been

observed. Temperature drops have also been measured in a large coil of
10  wire connected to a cold cathode arc switch. Itis believed that such effects

result from organising (or cohering) fluctuation energy such as thermal or

quantum zero point fluctuation energy (the Zero Point Energy Field). The

pulsed disruption of a high voltage supply will perturb the ZPEF of a

system, which results in heat being absorbed from its surroundings. That is,
15  a cooling effect is stimulated from the ZPEF. A device harnessing this

effect may be used to cool the space in which it is located.

A cooling device based on this principle advantageously achieves cooling
without the use of potentially hazardous refrigerant. Moreover, the power

20 required to generate a suitable electrical discharge is far less than that
required to operate conventional cooling devices. A device can readily be
constructed that consumes less than 1% of the energy used by current air
cooling technology to achieve the same effect.

25 Such a device has numerous applications, primarily in the field of air
conditioning. In addition to its environmental credentials, the device of the
present invention may be far smaller than currently available air
conditioning units. This renders it even more attractive to applications on
mobile or non-permanent locations such as trains, cars, boats and

30 caravans.



30 caravans. -4 - In order to provide the cooling effect, it is preferred that the high voltage source is
arranged to provide a voltage of at least 3 kV and, more preferably, at least 4 kV. 5 The high voltage
source may comprise a medium voltage source, timing control means for timing power output from
said source in medium voltage pulses, a transformer arranged to convert the medium voltage pulses to
high voltage pulses and a rectifier arranged to convertghe high voltage 10pulses to a unidirectional
signal. Such an arrangement means that the majority of pulse-shaping and manipulation is carried out
in the medium voltage regime. Components that are capable of controlling high voltage are far more
expensive to produce and suffer from problems with reliability. By operating primarily in the medium
voltage regime therefore cheaper, 15more reliable, electronic components are readily available, which

makes the coolinfd¥vieetmprevigicatile epoliegelesidihid rrelesrrshiltaidivrildgrvellaegium voltage
source itself maymlﬁﬁaqr%%%awﬁv&ﬁof@fa%f {agShraq sk RRRANd which is

discharged by operation of 20 the timing control means. The storage device may be a capacitor or a
bank of capa(:lto@rﬁ%ah&blétdﬁpﬁbﬂdﬁée may be in the region of 50 jt,F, and preferably around 47
RF. It may akernatively be an inductor. The capacitor is preferably charged by a circuit comprising a

low voltage 25source, a Eulse generator arranged to produce an alternating signal from
The high voltage source may comprise a medium voltage source, timing

control means for timing power output from said source in medium voltage
pulses, a transformer arranged to convert the medium voltage pulses to
high voltage pulses and a rectifier arranged to convert the high voltage

10  pulses to a unidirectional signal. Such an arrangement means that the
majority of pulse-shaping and manipulation is carried out in the medium
voltage regime. Components that are capable of controlling high voltage
are far more expensive to produce and suffer from problems with reliability.
By operating primarily in the medium voltage regime therefore cheaper,

15 more reliable, electronic components are readily available, which makes

the cooling device more reliable to operate and more economic to build.

The medium voltage source itself may comprise a storage device for

storing charge at medium voltage and which is discharged by operation of
20 the timing control means. The storage device may be a capacitor or a

bank of capacitors. A suitable capacitance may be in the region of 50 pF,

and preferably around 47 uF. It may alternatively be an inductor.

The capacitor is preferably charged by a circuit comprising a low voltage

25 source, a pulse generator arranged to produce an alternating signal from
the low voltage source, a second transformer arranged to convert low
voltage input to a medium voltage output and a rectifier arranged to rectify
alternating signal input to direct current output.



the low voltage source, a second transformer arranged to convert low voltage input to a medium
voltage output and a rectifier arranged to rectify alternating signal input to direct current output. - 5 -
The spark gap preferably comprises first and second electrodes sealed within a chamber and
separated by an insulating gap. The sealing chamber prevents the electrodes from becoming
contaminated, which may inhibit generation of a dischayge spark. 5 The electrodes are preferably
dome shaped, which discourages localisation of spark emissions at a particular point on their surface
and hence may prolong their useable life. 10lt is further preferred that the electrodes are made of

chrome- or nickel soalsel tegh, ShacamLer maKbe dllediiaiong eaiisicytablydner gas. The

emitter may comprise inner and outer thin-walled coaxial tubes, which 15 are coaxially mounted about
an electrode conMéttibralchamies asksepraieddyeodrstating sepdlibsaltitarbantierore

preferably metalliG, gy made R CHABIC Rt MY RSN AR IR RiRBRerally

cheaper and therefore preferred. 20 The tubes preferably have internal diameters'in the range 6 mm to
14 mm and lengtBsnetatioRnge digfhatdeehark-In a second aspect, the present invention provides a
method of ggnerating a cooling effect, the method comprising the steps of:- 25(a) Repeatedly applying

a high-voltage, unidirectional pulse of electricity
The electrodes are preferably dome shaped, which discourages localisation

of spark emissions at a particular point on their surface and hence may

prolong their useable life.

10 Itis further preferred that the electrodes are made of chrome- or nickel-
coated steel. The chamber may be filled with argon or other suitably inert

gas.

The emitter may comprise inner and outer thin-walled coaxial tubes, which

15 are coaxially mounted about an electrode connection lead. The tubes
should be good electrical conductors and are therefore preferably metallic
or made from ceramic materials with high conductivity. Metals are

generally cheaper and therefore preferred.

20  The tubes preferably have internal diameters in the range 6 mm to 14 mm
and lengths in the range 7 mm to 20 mm.

In a second aspect, the present invention provides a method of generating
a cooling effect, the method comprising the steps of:-

25 (a) Repeatedly applying a high-voltage, unidirectional pulse of electricity
between a pair of electrodes in a gaseous environment, thereby
causing sparking between the electrodes; and

(b) Diffusing a cooling effect resulting from the sparking by means of an
emitter located in the vicinity of the electrodes.

30



between a pair of electrodes in a gaseous environment, thereby causing sparking between the
electrodes; and (b) Diffusing a cooling effect resulting from the sparking by means of an emitter
located in the vicinity of the electrodes. - 6 - The pulse is preferably of voltage higher than 4 kV and of
duration shorter than 100 ns. By way of example only, a cooling device made according to the
present 5invention will now be described in detail, refegence being made to the accompanying
drawings, in which: Figure 1 is an overview of the process by which a spark that is capable of effecting
an environmental cooling is generated. Figure 2 is a schematic of a circuit design, suitable for
generating a ool YSIAIOBr Eohuf? JF FoflSLAU PR RO R SRR PAFFOIHoFOure 4 s @
detailed circuit design for generating a spark that is stitable for effecting cooling. Referring initially to
Figures 1 and 2, tharstt3 @ewried out by and 20components of an electrical circuit for a cooling device
in accordance with

By way of example only, a cooling device made according to the present
5 invention will now be described in detail, reference being made to the

accompanying drawings, in which:

Figure 1 is an overview of the process by which a spark that is capable of

effecting an environmental cooling is generated.

10
Figure 2 is a schematic of a circuit design, suitable for generating a cooling
discharge.
Figure 3 is a detailed drawing of a spark gap and emitter.

15

Figure 4 is a detailed circuit design for generating a spark that is suitable

for effecting cooling.

Referring initially to Figures 1 and 2, the steps carried out by and

20 components of an electrical circuit for a cooling device in accordance with
the present invention are shown. At a first step 1, a unidirectional medium
direct current voltage, of around 225V, is created and stored in a control
capacitor 2-6 (Figure 2). Alternatively, a bank of capacitors may be used.

25 At step 2, the capacitor 2-6 is discharged into the primary coil of a first step
up transformer 2-9 (Figure 2) under control of a timer circuit 2-8 to create

alternating pulses at around 4500 V.

At step 3, the 4.5 kV output from the first step up transformer 2-9 is rectified

30 to create high voltage unidirectional pulses.



the present invention are shown. At a first step 1, a unidirectional medium direct current voltage, of
around 225V, is created and stored in a control capacitor 2-6 (Figure 2). Alternatively, a bank of
capacitors may be used. 25At step 2, the capacitor 2-6 is discharged into the primary coil of a first step
up transformer 2-9 (Figure 2) under control of a timer circuit 2-8 to create alternating pulses at around
4500 V. -7 - At step 4, the pulses are discharged in very short impulses, of less than 100 ns duration,
through a spark gap 2-13 located in the vicinity of an emitter 2-12. The emitter 2-12 spreads or
extends a cooling effect that is 5stimulated by the impulsed discharge. This therefore withdraws heat
from the emitter! spark gap environment, which lowers the surrounding temperature. In a typical
application, a device containing the emitter 2-12 and spark gap 2-13 would be placed in a room and
the effect used to’dcdethd. dhevrtiseh e ifchargee Blaery slasbifpuieess elklegidhherate

unidiectional hightokaes RS R aNg D 15 LRRling fesio iRy e fescrived in

more detail with reference to Figure igure 2 illuStrates a schematic of a circuit design, suitable for

generating a spamﬁt@ér%u%tia'ﬂﬂWﬁﬁﬁfﬁéﬁﬁi@t’spﬁﬂﬁ Rl tReNGSe ¢oiodeiteat dbatiify device in
accordance with this, inueniien- it dsihs fischaisingrgbthe antiel SRpasier dranhaidsaralial to the
generation of a suitable discharge spark. A low voltage direct current power supply, 2-1, such as a
regulated mains the emitter / spark gap environment, which lowers the surrounding
temperature. In a typical application, a device containing the emitter 2-12
and spark gap 2-13 would be placed in a room and the effect used to cool
the air within the room.
10
The electronic components used to generate unidirectional high voltage
impulses, which give rise to the cooling effect, will now be described in
more detail with reference to Figure 2. Figure 2 illustrates a schematic of a
circuit design, suitable for generating a spark in conjunction with an emitter
15 that may be used to produce a cooling device in accordance with this
invention. It is the discharging of the control capacitor 2-6 that is central to

the generation of a suitable discharge spark.

A low voltage direct current power supply, 2-1, such as a regulated mains

20 adaptor or battery, powers a square wave generator 2-2 whose output is in
turn connected to a second step up transformer 2-3. A bridge rectifier 2-4
takes its input from the transformer 2-3 output, and has a diode 2-5 and the
control capacitor 2-6 connected in parallel across its output.

25 These components are used to charge the capacitor 2-6 as follows. The
low voltage direct current supply 2-1 typically provides around 500mA at
9V. The square wave generator 2-2 converts this signal to a square wave,
which is applied across the second step up transformer 2-3. This
transformer 2-3 is arranged to convert 9V input to a medium voltage output

30 of around 225V. The output signal from the transformer 2-3 is therefore an



20 adaptor or battery, powers a square wave generator 2-2 whose output is in turn connected to a
second step up transformer 2-3. A bridge rectifier 2-4 takes its input from the transformer 2-3 output,
and has a diode 2-5 and the control capacitor 2-6 connected in parallel across its output. 25 These
components are used to charge the capacitor 2-6 as follows. The low voltage direct current supply 2-1
typically provides around 500mA at 9V. The square waye generator 2-2 converts this signal to a
square wave, which is applied across the second step up transformer 2-3. This transformer 2-3 is
arranged to convert 9V input to a medium voltage output 30of around 225V. The output signal from the

transformer 2-3 is,faerelate albridh HRUPEUANSSE9NaHRS BIRE2RMA 18 BUHvS ERTer 2-4

converts this signal to a difect'current, maintaining the mediurm voltage level, reversals of current being
prevented by the HilitRl 5 diFechatnantvalgipeinngréaioiedidrerotage it vektseersakhefcapacitor

(or bank of capacé{gr@ﬁ%—éngmxtéaqﬁatﬂg%%engqvﬁ?@rgg(ym%c\%@:étgr or bank is around

47RF. Once the energy is stored in capacitor 2-6, the discharging of this capacitor at the medium
voltage level is thenidikecliopd dingoreuryantie Prieess. the oanastisder sicficaficagasientle input to

the first trangformer2-9 Az SRNIRE'EAIARIRS HARTAAGY Y b SIRBREIIC ardtm ming

circuit 2-8 thereby regulates the capacitor discharge into the primary colil of the transformer 2-9. If the
timing circuit 2-8 #&/8#, current is discharged from the capacitor 2-6 and input to the first step up
transformer 2-9. If the 15 timing circuit 2-8 is off, the control capacitor 2-6 is allowed to recharge, as
described above. The timing circuit 2-8 is typically a transistor switch with on / off timing controlled by
an integrated cirdaineenibe ehirgydsstaegdmaapagitergity bietldschpeging of-thiscapreitd of the

oot e SRR R i petimtir
is pulsed. 10  timing control circuit 2-8 and the input to the first transformer 2-9 are
connected in series across the output of the capacitor 2-6. The timing
circuit 2-8 thereby regulates the capacitor discharge into the primary coil of
the transformer 2-9. If the timing circuit 2-8 is on, current is discharged
from the capacitor 2-6 and input to the first step up transformer 2-9. If the
15  timing circuit 2-8 is off, the control capacitor 2-6 is allowed to recharge, as
described above. The timing circuit 2-8 is typically a transistor switch with
on / off timing controlled by an integrated circuit timer, which is set to permit
discharging of the capacitor 2-6 for a period of the order 15 us or less. The
first step up transformer 2-9 is arranged to raise the medium level input
20 voltage to a high voltage output of around 4500 V. Under control of the
timing circuit 2-8, this output is pulsed.

Moving on to step 3, as shown in Figure 1, the high voltage alternating
current pulses, output from the second step up transformer 2-9 are input to
25 asecond rectifier 2-10, which in this embodiment is a diode. The pulses
are thereby converted into a high-voltage dc signal, in the region of 4.5 kV.
The spark gap 2-13 is connected across the rectified output from the first
transformer 2-9 in parallel with a second capacitor 2-11. The rectified
signal is then discharged into the spark gap 2-13 in short impulses, whose
30 duration is controlled by circuit parameters, primarily the inductance of the



Moving on to step 3, as shown in Figure 1, the high voltage alternating current pulses, output from the
second step up transformer 2-9 are input to 25a second rectifier 2-10, which in this embodiment is a
diode. The pulses are thereby converted into a high-voltage dc signal, in the region of 4.5 kV. The
spark gap 2-13 is connected across the rectified output from the first transformer 2-9 in parallel with a
second capacitor 2-11. The rectified signal is then discfarged into the spark gap 2-13 in short
impulses, whose 30duration is controlled by circuit parameters, primarily the inductance of the -9 -
transformer 2-9 and the value of capacitor 2-11. The impulse duration should be no more than 100 ns.

Giving due consiqerationiplong Urilefagiar sHalbas iR BIpImeHBINEARES i igtnd that the

capacitor 2-11 should have capacitance in the region of 22 pF for satistactory operation. 5The emitter

2-12 is located insheulibhryoftiesesiar 388 psi3Giineldupicansideratientelessivtie result of
the discharging impulResicing SRaHs AR HIRd NG HTBLIS! ©BEHENRSE FIETLHSLAYT Snpray

fluctuations, and the surrounding area is cooled. 10Figure 3 is a diagram showing suitable designs of
spark gap 2-13 afbaHdthave cagaciiReckiin hes iegemieh22igbrossaisdasiensierairition, Figure

3b a cross-sgctiomalongifae A ARASIGHER BEACREHRPBIRARRENInS BB-1Bhg 3park gap 2-13 is
formed by first 3-la and second 3-1 b electrodes separated b agjclﬁs,vg ich is typically in the region of
&

y
0.7 mm. 15 The éeaiderllydsolatedibarsershisca msyliypidh argingdeIrmaasotited with
nickel or chrome g & PERERSERA LA AHINGIHRLRK JRYRRR electro-static energy

fluctuations, and the surrounding area is cooled.

10  Figure 3 is a diagram showing suitable designs of spark gap 2-13 and
emitter 2-12 for use with this invention. Figure 3a shows a side illustration,
Figure 3b a cross-section along line AA and Figure 3¢ a cross-section
along line BB. The spark gap 2-13 is formed by first 3-1a and second 3-1b
electrodes separated by a gap, which is typically in the region of 0.7 mm.

15 The electrodes 3-1a, b are dome-shaped and typically made of steel and
coated with nickel or chrome. In a preferred embodiment of the invention,
the electrodes are sealed in a ceramic chamber containing an argon
environment. Other inert gases, in addition to air, are also suitable. The
spark gap should however be hermetically sealed in order to prevent the

20 accumulation of material on the electrodes, which may impede the
discharge of impulses. With this, or similar, electrode arrangement, a
voltage of over 3000V is required to cause a discharge current to flow
through the surrounding gas, resulting in a sparking between the ends of
the electrodes 3-1a,b. The dome shape is advantageous as it allows

25 sparks to extend across the gap between the electrodes without being
restricted to a base position on the electrode. This extends the life of the
electrodes.

The emitter 2-12 abuts the first electrode 3-1a and is electrically isolated
30 therefrom. It consists of inner 3-2 and outer 3-4 thin-walled metal fubes



the electrodes are sealed in a ceramic chamber containing an argon environment. Other inert gases,
in addition to air, are also suitable. The spark gap should however be hermetically sealed in order to
prevent the 20accumulation of material on the electrodes, which may impede the discharge of
impulses. With this, or similar, electrode arrangement, a voltage of over 3000V is required to cause a
discharge current to flow through the surrounding gasqggsulting in a sparking between the ends of the
electrodes 3-lab. The dome shape is advantageous as it allows 25 sparks to extend across the gap
between the electrodes without being restricted to a base position on the electrode. This extends the

life of the electroggs, are@%ﬁmg}%ﬂe@%m%ﬁg %l@ﬁ%&@%édﬁg@é@ﬁ%% % fediyssgpated

30therefrom. It consists of inner 3-2 and outer 3-4 thin-walled metal t at are coaxially

mounted about tHbeRiegtagadadhar sherbmasie ddtashe enstoane dodhecsieskeb P13, Plastic
end caps 3-3 localgabielh RRES & 19 14hes A2, RdisRr adedralmasieaibealiydhediabes from the

electrode and its lead. The tubes 3-2 and 3-4 are typically made from 5electro-plated copper or

stainless steel. TEERtrRIe 3t lkad ad éﬁt@lﬁ@$ dathrfneroftatr bR BrRf g of around
9mm. The oufer t@@%@éﬁ%&%’% _Iaﬂ&l digmrisL sfiountlnmep /ipd ISBOHLeTRPaxctIgIM- The

radial gap between the e and the internal walls of inner tube 3-2 is usually at least 2mm to

prevent sparks déN@meping bt &nand el gihateunsiaps lbeetdrn vdgoddt the
circumference of the gHiekBRTal BiBmSér BIRIRNGY FDRTKS Sty ReRodIeERM IR AYtehwalls of the

emitter and the dome shaped head of the electrode 3-1a.
radial gap between the electrode 3-1a and the internal walls of inner tube

3-2 is usually at least 2mm to prevent sparks developing within the emitter.
10  The plastic end caps 3-3 extend beyond the circumference of the outer
metal tube 3-4 to prevent sparks developing between the outer walls of the

emitter and the dome shaped head of the electrode 3-1a.

During operation of the device, the emitter tubes 3-2 and 3-4 become

15 charged electro-statically as a result of the impulse discharges across the
spark gap 2-13. As a result of the fluctuating electro-static charge, the
tubes produce a cooling effect that withdraws natural heat from the

surrounding environment, typically air.

20 In order for the emitter to produce its effect, it is important that the impulse
voltage applied across the spark gap 2-13 has certain properties. In
particular it must be a direct current impulse of at least 3 kV and preferably
4 kV. This voltage should be discharged in a timescale of not longer than
100 ns. With these characteristics an impulse will electro-statically charge

25 an emitter 2-12 located in the vicinity of, but electrically isolated from, the

spark gap 2-13.

Figure 4 is a detailed circuit design for a printed circuit board for the cooling
device of this invention. The low voltage direct current power supply 2-1

30 may be connected to this circuit at CN2. As stated previously, this supply



During operation of the device, the emitter tubes 3-2 and 3-4 become 15charged electro-statically as a
result of the impulse discharges across the spark gap 2-13. As a result of the fluctuating electro-static
charge, the tubes produce a cooling effect that withdraws natural heat from the surrounding
environment, typically air. 20In order for the emitter to produce its effect, it is important that the impulse
voltage applied across the spark gap 2-13 has certainqgroperties. In particular it must be a direct
current impulse of at least 3 kV and preferably 4 kV. This voltage should be discharged in a timescale
of not longer than 100 ns. With these characteristics an impulse will electro-statically charge 25an

emiter 2-12 locaiedh umUFH A BLh ISRl RCLPASH o8 B APRIASRds AN i 2

detailed circuit design for a printed circuit board for the cooling device of this invention. The lTow

voltage direct curpatiepemeafply2andbiiallow eoreeiagkswiishcirbie fittelio penitated
previously, this sypply {5 CORMFN RN RIOVIRES AR GRVQIGERI4ITSS imnds ps)s adaptor or by

batteries. Pads P1 and P2 allow an external switch to be fittéd to control the power to the circuit. The

square wave genétg@ieiesthaieuitddy iRegipiess Rite RRURReBRBA Rapaetors@hddRerdpacitors
Cl, C3 and 5:C4, @ipdgs 23 #% Hthans SapeisiniQor QIEHIG S VGUARY WQ%WQ@Y&J . As will

be apparent to one skilled in the art, if the values of these components are selected appropriately,

transistor Q1 will BotbvefMentifiearpacenhinenesiliegindnemeyifithencabiemyiithess suitable
combination that gsiy&sFRO SR UREWH A RN C¥aHER0rT8 will not overheat.

The values indicated in Figure 4 provide one example of a suitable
combination that ensures transistor Q1 will not normally overheat. The

10  second step up transformer 2-3 is represented in this circuit diagram by T1,
which is a 1:25 step up transformer. The square wave generated by U1 is
therefore raised (step 1, Figure 1) to medium voltage by T1. The medium
voltage current is rectified by bridge rectifier BR1 (2-4). Current reversals
are prevented by diode D1 (2-5). These components, enclosed in the

15 diagram by box 4-1 govern the charging, at medium voltage, of control

capacitor 2-6 (C7 in Figure 4).

The medium voltage unidirectional direct current is stored in capacitor(s)
C7 and converted into short pulses of energy at a regular frequency by

20  switch circuit 2-8, transistor Q2 of Figure 4. Resistors 2-7 (R8 and R9)
ensure that capacitor 2-6 (C7) is discharged when the circuit is switched
off. Integrated circuits U2 and U3, resistors R5, R6 and R7, capacitors C4,
C5, C8, C9 and C10, diodes D9 and D10 control the switching of transistor
Q2. This corresponds to step 2, as shown in Figure 1.

25
The short pulses (of around 15 us duration) discharged from the capacitor
2-6 (C7) are raised to high voltage by the first step up transformer 2-9 (T2),
which, in this embodiment, is a 1:20 transformer. The high voltage current
is half rectified by diode 2-10 (D2) to create high voltage pulses. The high

30 voltage pulses are discharged in impulses, controlled by capacitor 2-11



10 second step up transformer 2-3 is represented in this circuit diagram by Ti, which is a 1:25 step up
transformer. The square wave generated by U1 is therefore raised (step 1, Figure 1) to medium
voltage by Ti. The medium voltage current is rectified by bridge rectifier BR1 (2-4). Current reversals
are prevented by diode D1 (2-5). These components, enclosed in the 15diagram by box 4-1 govern
the charging, at medium voltage, of control capacitor. 34 (C7 in Figure 4). The medium voltage
unidirectional direct current is stored in capacitor(s) C7 and converted into short pulses of energy at a
regular frequency by 20switch circuit 2-8, transistor 02 of Figure 4. Resistors 2-7 (R8 and R9) ensure

that capacitor 2'65663)6? I%i§§'ﬂﬁ£%eﬂjo‘(ﬂ}?§‘iﬁh§>gfg§5&f-‘”{"i‘sgﬂi?ngfﬂ*ﬂéeafééﬁgr fffyy U2 and U3,

resistors R5, R6 and R_?, capacitors C4, C5, C8, and C lodes D9 and D10 control the switching
of transistor Q2. FARASHAEZRES 1@ BELpUDSRSYRBIVIRIFITIdartigh aBlagedmtIseisds (of around 15

lis duration) disc%ﬁt‘?ﬁll@ﬁ]@ﬂﬁé%ﬁﬁi@ﬁéﬁ@ @_@\Aﬂ{‘?ﬁ%iéﬁql-tﬁ mQﬂd{ﬂléa,g_e by the first step up

transformer 2-9 (T2), which, in this embodiment, is a 1:20 transformer. The high voltage current is half
rectified by diode 2-10 (D2) to create high voltage pulses. The high 30voltage pulses are discharged in

impulses, cogtrolisghay FRPaAIPt lenckpsifafddahlasSohaReHoesdn sihask 9aB Azt (5S1). The

discharging of capacitor 2-6 (C7) and subsequent raising to high voltage impulses is controlled by the
components shoWFEERHINE-devgiRpinent sDiale 19Hage Gereeasncapsulated in a polyurethane or
silicone sealant to

In constructing a cooling device in accordance with this invention, the
circuit shown in Figure 4 is encased and connected to a source of power.

10  Once the device is operated, impulses are discharged across the spark gap
2-13 at a rate of around 300 Hz.

It will be clear to one skilled in the art that circuit parameters can be
adjusted to vary the spark discharge characteristics, which in turn affects
15 the cooling that can be achieved. It is important however in considering
changes to the circuit to ensure that there is enough energy stored in the
control capacitor 2-6 to drive the spark emissions at the rate and voltages
required. That is, the charging part of the circuit 4-1 must be capable of
providing the energy demanded by the discharging part 4-2. For example,
20 increasing the discharge frequency across the spark gap should increase
the cooling that can be achieved. As a consequence however of the
control capacitor 2-6 being required to power the discharge sparks more
frequently the total energy stored (4CV?) should be increased. Care must
be taken in increasing this energy that the transformers 2-3, 2-9 are not
25 saturated, with consequent reduction in performance. As a second
example, it has been found that a threshold voltage of at least 3 kV is
required to generate a spark that is capable of providing cooling.
Increasing this voltage generally improves cooling performance, but this
effect appears to become saturated at around 4.5 — 5 kV.
30



prevent the development of high voltage coronas. In constructing a cooling device in accordance with
this invention, the circuit shown in Figure 4 is encased and connected to a source of power. 100nce
the device is operated, impulses are discharged across the spark gap 2-13 at a rate of around 300 Hz.
It will be clear to one skilled in the art that circuit parameters can be adjusted to vary the spark
discharge characteristics, which in turn affects 15 thd 3edling that can be achieved. It is important
however in considering changes to the circuit to ensure that there is enough energy stored in the
control capacitor 2-6 to drive the spark emissions at the rate and voltages required. That is, the
charging part of théctatMBt 4-1 must be capable of providing the energy demanded by the discharging
part 4-2. For example, 20increasing the discharge frequency across the spark gap should increase the
cooling that can be achieved. As a consequence however of the control capacitor 2-6 being required to
power the discharge sparks more frequently the total energy stored (1ACV2) should be increased.
Care must be takei.in fncosdivndaticecrmryyisieg theigraveliagassurs8,@Manteddd2b saturated, with

consequent reduction igy performpnGe) ASRSREAIEEIERIGILIASRRSR IPUNd naLA theeshold

voltage of at least 3 kV Is required to %enerate a spark'that is capable o&rowding cooling. Increasing

{ P
this voltage generally ifHRHHERPGolRY GoErRIIReaEE! Bl fhidndfeesipCarPicfctoRSsaturated at
around 4.5 - 5 kV. - 13eakAlhk AnenmincaAa\ien sammarsng akidhive/igas sedrarconnected to

a spark gap (2-13) and controlled by a timing means (2-11), wherein the spark ga g;22-13 omprises
ot (3-109 an seCondSEHT SREHFIRSL LRI Sk AHLAHBES AR AT B BHHELating g,
and the source and tinigh veltage (RulsBsambialrang dis tb aygndriatshanidirectemahhigipviskage pulses
which are discharged i t impulse s rk. - e device also
includes an emitter (2-%@%%:5% Egrg ﬁ?éa%}l)c?%?tg ffgﬁiﬁ%cqgﬁeéé%ésggﬁ tﬁ%si%a%&g%% and electrically
isolated therefrom. (2-12) located in the vicinity of an electrode (3-1a) of the spark gap and

electrically isolated therefrom.

2. A cooling device according to claim 1 wherein the high voltage source

Is arranged to provide a voltage of at least 3 kV.

3. Acooling device according to claim 2 wherein the high voltage source

is arranged to provide a voltage of at least 4 kV.

4. A cooling device according to any preceding claim wherein the timing
means (2-11) is arranged to limit the discharge to a timescale of less
than 100 ns.

5. A cooling device according to any preceding claim wherein the high
voltage source comprises a medium voltage source, timing control
means (2-8) for timing power output from said source in medium
voltage pulses, a transformer (2-9) arranged to convert the medium
voltage pulses to high voltage pulses and a rectifier (2-10) arranged to

convert the high voltage pulses to a unidirectional signal.



2. A cooling device according to claim 1 wherein the high voltage source is arranged to provide a
voltage of at least 3 kV. 3. A cooling device according to claim 2 wherein the high voltage source is
arranged to provide a voltage of at least 4 kV. 4. A cooling device according to any preceding claim
wherein the timing means (2-11) is arranged to limit the discharge to a timescale of less than 100 ns.
5. A cooling device according to any preceding claim W#herein the high voltage source comprises a
medium voltage source, timing control means (2-8) for timing power output from said source in
medium voltage pulses, a transformer (2-9) arranged to convert the medium voltage pulses to high
voltage pulses andfa récifielia-deyiegraceiding towlain hehajpivdnage pasentekmaeadiectional
signal. - 14 - 6. A coolipggieyicearsding (@saim 5 wherein the timing control means comprises a
transistor (02). 7. A cooling device according to claim 5 or 6 wherein the medium voltage source
comprises a storage device (2-6) for storing charge at medium voltage and which is discharged by
operation of the timingAcotihgndanes(2<8nreing twolag devicevdueidititg toethivm Yoltageein the

storage device is a ca%gpeé @)%r%é% 8%‘?8%9%9@@ . %rﬁ&gs%rﬁgggighgrﬁl@g[%mtorage device

is a bank of capacitors (2-6). 10. A cooling device according to claim 8 or 9 wherein the capacitor (2-6)
is charged by a circuit ¥B{R8Rg Witk (DO FG-EEY 2PE i RERRHBYAHEPID) arranged to
produce an alternatingrgigia {rog).the low voltage source, a second transformer (2-3) arranged to
convert low voltage input to a medium voltage output and a rectifier (2-4, 2-5) arranged to rectify
alternating signal input to direct current output. 11. A cooling device according to any preceeding claim
wherein the electro?les{Z0QING) dEcoRTEAHHESEE. d2IN\ CHbRfigt ERcABe6rERMCR Iady preceeding
claim wherein the elect: tBfg mgyde of chrome- or nickel-coated steel. 13. A cooling device
according to any preceeding claim wherein the chamber is filled with an inert gas.

9. A cooling device according to claim 7 wherein the storage device is a

bank of capacitors (2-6).

10. A cooling device according to claim 8 or 9 wherein the capacitor (2-6) is
charged by a circuit comprising a low voltage source (2-1), a pulse
generator (2-2) arranged to produce an alternating signal from the low
voltage source, a second transformer (2-3) arranged to convert low
voltage input to a medium voltage output and a rectifier (2-4, 2-5)

arranged to rectify alternating signal input to direct current output.

11. A cooling device according to any preceeding claim wherein the

electrodes (3-1a, b) are dome shaped.

12. A cooling device according to any preceeding claim wherein the

electrodes are made of chrome- or nickel-coated steel.

13. A cooling device according to any preceeding claim wherein the
chamber is filled with an inert gas.

14. A cooling device according to claim 13 wherein the inert gas is argon.



14. A cooling device according to claim 13 wherein the inert gas is argon. - 15 - 15. A cooling device
according to any preceding claim wherein the emitter (2-12) comprises inner (3-2) and outer (3-4)
thin-walled coaxial tubes. 16. A cooling device according to claim 15 wherein the coaxial tubes (3-2,
3-4) are made from materials with good electrical conductivity, such as a ceramic or metallic material,
and coaxially mounted about an electrode connectiori fead. 17. A cooling device according to claim 15
or 16 wherein the tubes have internal diameters in the range 6 mm to 14 mm. 18. A cooling device
according to claim 17 wherein the tubes have lengths in the range 7 mm to 20 mm. 19. A method of
generating a coolintpefee®oting RMisGREORTPINSINg ANy Biepetitg (i Repeereiaihapiitiey a

high-voltage, unidirectignabpulsapi-elefiHeityRe WREDHESAE ) AfsiiRMe tba,gaseses environment,
thereby causing sparking between the electrodes; and (b) Diffusing a cooling effect resulting from the

sparking by means of an emitter located in the vicinity of the electrodes. 20. A method according to
claim 20 wherein tH® pAlseatngyf devatorchersitigio tiEinmd amd efeinithecdiygiabtthes (312V.

3-4) are made from materials with good electrical conductivity, such as
a ceramic or metallic material, and coaxially mounted about an

electrode connection lead.

17. A cooling device according to claim 15 or 16 wherein the tubes have

internal diameters in the range 6 mm to 14 mm.

18. A cooling device according to claim 17 wherein the tubes have lengths

in the range 7 mm to 20 mm.

19. A method of generating a cooling effect, the method comprising the

steps of:-

(a) Repeatedly applying a high-voltage, unidirectional pulse of
electricity between a pair of electrodes in a gaseous environment,

thereby causing sparking between the electrodes; and

(b) Diffusing a cooling effect resulting from the sparking by means of
an emitter located in the vicinity of the electrodes.

20. A method according to claim 20 wherein the pulse is of duration less
than 100 ns and of voltage higher than 3 kV.
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