COOLI NG DEVI CE This invention relates to the field of
tenperature regulation and, in particular, to a device
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energy-efficient systemoffers the possibility that it

may be operated i ndependently of the )
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.



infrastructure of an electricity grid. This nakes it
suitable not only for use in nore renote areas but
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an underground railway. A further problem presented by
prior art cooling devices is the potentially hazardous
nature of the refrigerant gas «used. Ammoni a, al cohol s,
hydr ogen, hydrocarbons, hydrofl uorocarbons and carbon
di oxi de have all been used in cooling systens. The
potential risks from enploying such substances are of
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highapnbna@e direct current pul ses which are

di scharged in very short inpul ses, preferably |ess
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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
this process, heat is withdrawn from the atmosphere surrounding the spark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.



emtter distributes the cooling effect over a |arger
vol unme. A cool i ng device that operates according to
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in the prior art. Wereas prior art devices are based

on a refrigerant condensati ongb evaporation cycle, the
present device is based on a c¢boling effect produced

by a high voltage electrical discharge. It is known

that a high voltage electrical discharge can induce
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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.



nobi | e or non-permanent | ocations such as trains,

cars, boats and caravans.- A - In order to provide the
wa@ombiosgg4ef fect, it is preferred that the hi ghreDiGBagse/ 050984
source is arranged to provide a voltage of at |least 3
kV and, nore preferably, at |least 4 kV. The high
vol tage source nay conprise a hedi um vol tage source,
timng control neans for timng power output from said
source in nediumvol tage pul ses, a transforner
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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.



alternating signal input to direct current output.The

spark gap preferably conprises first and second
webmensdes seal ed within a chanber and separ ap@rGB008/050984

i nsul ati ng gap. The sealing chanber prevents the

el ectrodes from becom ng contg?1nated whi ch may

i nhibit generation of a dischatge spark. The

el ectrodes are preferably dome shaped, which

di scourages | ocalisation of spark em ssions at a
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cogpnetadionriex diselbrgetspark.hi n- wal | ed coaxi al tubes
whi ch are coaxially nmounted about an el ectrode
connection | ead. The tubes should be good el ectri cal
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nmand lengths in the range 7 nmto
20 mm |In a second aspect, the present invention
prow des a net hod of generating a cooli F?g effect, the
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el ectricity between pai el ectrodes In a gaseou
engesonnent, thereby causing sparking between the

el ectrodes; and (b) D ffusing a cooling effect
resulting fromthe sparking by nmeans of an emtter
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15 share epaxiahhmbpontegsabout an electrode connectlon 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



By way of exanple only, a cooling device nmade
according to the present invention will now be

walemwensded i n detail, reference being nade to PEEGB2008/050984

acconmpanyi ng drawi ngs, in which: Figure 1 is an
overvi ew of the process by Mhéﬁh a spark that is
capabl e of effecting an envirohnental cooling is
generated. Figure 2 is a schematic of a circuit

design, suitable for generating a cooling discharge.

Fi glhreeplﬁsé 5 @efirablylodf dottagevhigheothan 4 pat dngyapdanation shorter
rwné Flgure 4 is a detailed circuit design for

ge ?9% a spark that is suitable for effecting

cool i ng. Referring initially to Figures 1 and 2, the
steps carried out by and conponents of an electrica
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present. i nv nt| hown. irst step 1, . a

5 Criiver e i Bb el B ser e el etklcritn BaiER riagto the
arggaﬁngaﬁyh kﬁa@ﬁ@ﬁtﬁﬂwﬁmﬁ stored in a contro

capaci tor g (Figure 2). Alternatively, a bank of
capaC|tors nay be used. At step 2, the capacitor 2-6
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ci effgcting?ab ehoircrmahtal abblargmtgm@r@teldses at around
4500 V. At step 3, the 4.5 kV output fromthe first

0step up transfornmer 2-9 is rectified to create high
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are arge in very short inpulses, [Fess
10dﬁm$adyiat|on through a spark gap 2-13 located in
the vicinity of an emtter 2-12. The emtter 2-12
spreads or extends a cooling effect that is stinulated

by FidteidRld deiielh SRAANG T alefic Gapreffasittrt hdr aws

heat" fromthe emtter spark gap environnment, which
| owers the surrounding tenperature. In a typi cal

aprlgliéur?g 8% dgtaqeecY tirEuif ggélan r?c')rngﬁ:]energtlr(ragm.atstp%rk ?h'anrzs suitable

for effecting cooling.

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

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
to create high voltage unidirectional pulses.



and spark gap 2-13 would be placed in a roomand the

effect used to cool the air within the room The
we@b@mensomé c conponents used to generate unidi rBECL/GBR@BE/050984

hi gh vol tage i npul ses, which give rise to the cooling

effect, will now be described jn nore detail wth

reference to Figure 2 . Figure 2 illustrates a

schematic of a circuit design, suitable for generating

a spark in conjunction with an emtter that nmay be

used to produce a cooli ng devi ce in accordance with
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ardundeﬁﬂﬁﬁ%hﬁrd@HL The square wave generator 2-2
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10applied across the second step up transforner 2-3.
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reversal s of current being prevented by di ode 2-5
15 Théhatedayw be weet dg@redict 2 coolinthdevioe rreaccardan@emwﬂhéhls

Sy IERp. iR FEBREbARInd B uiRa0inRh oB08RRr 28 Haids Beprrl to

or thagénértioh ofaduitable 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



Once the energy is stored in capacitor 2-6, the
di scharging of this capacitor at the nedium voltage

wo ewelosizge t he next step 2 (Figure 1) in the prPCEE82008/050984

timng control circuit 2-8 and the input to the first

transfornmer 2-9 are connected jn series across the

out put of the capacitor 2-6. The timng circuit 2-8

t hereby regul ates the capacitor discharge into the

primary coil of the transformer 2-9. If the timng

ci ettelmatiag Sigreal,cat,around @26V SThdl lsridige geedifiér 24 ¢dreverts this
aci put .to. the first ste

Cr Sibeb e Srecbalmant, Raintfininiyhe MEdi SOlsdeleypk revarsals of

COBhfr@ht Séiﬁg‘idré\%ntéd ithe AAREE . IThd REDAIEGoltage
descri bed above |mn circuit 2-8 is typically a
t r aniglirectionalwlitechcwirent ISrstaredﬂm the aaparitootenkankeef dapacitors)
Lrcult. tinmer s set to perm.t

5 3 2tia PR 6¢¢ FEPR e pvidB b a8 B A i around
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dc “si gha e region o e spark gap
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capécheegiog of thet tapaciigr 86 for 22 éfthesmdestiapsaryess. The

oDﬁFs%tslté)anp transformer 2-9 is arranged to raise the medium level input
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
a 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 discharged into the spark gap 2-13 in short impulses, whose

duration is controlled by circuit parameters, primarily the inductance of the



The emtter 2-12 is located in the vicinity of the
spark gap 2-13 and electrically isolated therefrom As
w@200e85d786 of t he di scharging inpul ses in the sper/kBg@p/050984

2-13, the emtter experiences electro-static energy
fluctuations, and the surrounding area i s cool ed.

Figure 3 is a diagram show ng Suitabl e desi gns of

spark gap 2-13 and emtter 2-12 for use with this
invention. Figure 3a shows a side illustration, Figure
3btransfooser 2e¢ tnd thavalng dficapadiforaird1 FiTdnerimnpBtseaduration

SR o o Ao P BBt i
SeP@dt@Fs%tha@trQﬁﬁorrﬁ@# iﬁaubt%\nképl‘t Fsaﬂohﬁd'tﬂattthé da%gb%\' 2-11

of . mm The el ectrodes 3-1 a, are orresae and
t yghoalldl havieecipasttagee sl tharregto@aafe?d? MF for satlsfeejtor(yroperatlon
the i nvent.i,on

5 ¢ nd et e ae Sc4BH SR olilor Bie b gREP 5 e

CO@Ie’UtrI’UdIIQ |§ﬂat%6gﬁ@re¢ﬂ)m I PR FsultGf hies dls@ﬁéigi(@@ﬁﬁﬁulséél in
addition to air, are also suitable. The spar

sh#hg sp#gapes- 1@&%?%&3"(%[’?99%%% elgcirgr SéﬁttﬂieﬁPnQr@y
prav t. on the

el gc?ﬂa BH? %ﬁ@gﬂn@@uﬁ%@%@hg ?Is?ghar ge of

i mpul ses. Wththis or simlar, electrode
arrangenent, a voltage of aver 3000V is required to
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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



ends of the tubes 3-2, 3-4 serve to isolate
electrically the tubes fromthe electrode and its
wo emd/033Te t ubes 3-2 and 3-4 are typically mdeCT/GBpo0s/050984
el ectro-pl ated copper or stainless steel. The inner
tube 3-2 has an external di ami er of around 8nm and
| engt h of around 9nm The oufer tube 3-4 has an
external dianeter of around 12mm and | ength of about
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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



batteries. Pads P 1 and P2 allow an external switch to
be fitted to control the power to the circuit. The

W@ ouwanss7wave generator is indicated by integraP@GB2008/050984
circuit Ul Resistors R1, R2, R3 and R4, capacitors
C1l, C3 and 4, diodes D3 and 54 and transistor Q1
control t he square wave produg d by Ul. As will be
apparent to one skilled in the art, if the val ues of
t hese conponents are sel ected appropriately,
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Figure 1. The short pulses (of around 15 ns duration)
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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



is half rectified by diode 2-10 (D2) to create high
vol tage pul ses. The high vol tage pul ses are di scharged
WO poovomIkées, controll ed by capacitor 2-1 1(CoyCT/GB2008/050984
| ess than 100 ns in spark gap 2-13 (FS1 ) . The
di schargi ng of capacitor 2-6 g 7) and subsequent
raising to high voltage inpulsés is controlled by the
conmponents shown in box 4-2 in Figure 4 . D ode D2
shoul d be encapsul ated in a pol yurethane or silicone
seé&Captof tassphan di0 rndie speviegaprzehd (l651hi Dine disichaiggng of
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ar oun 0.,Hz t wll he clear to one skill.ed in the
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i mportant however in considering changes to the
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cool ing that can be achieved. As a consequence however
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requilged. 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



Increasing this voltage generally inproves cooling

performance, but this effect appears to becone
w@20000587¢6l at around 4.5 - 5 kV.C LAIMS 1. A cPOI/GBR008/050984

devi ce conprising a high voltage source connected to a

spark gap (2-13) and controll by a timng neans (2-1

1) , wherein the source and fiting neans (2-1 1) are

arranged to generate unidirectional high voltage

pul ses which are discharged in short and regul ar

i mewagwss across the spark gap (2-13) and the device

al so includes an emtter (2-12) located in the

vicinity of an electrode (3-1 a) of the spark gap and

electrically isolated therefrom 2 . A cooling device

according to claiml mhereiq?t e Eigh vol t age source
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than 3eRs3%he Bparldy&®P2-H Bﬂaﬁ@fﬂhé@eﬁ@é%‘léﬂ ingludes Wemitter
precedi ng)cl ai m wherein the high vol tage source

conpr (242) lpcatat] irtheolicinigeokau elestrotde (B rig) ©b e spark gap and
nmeans < | I r output from said source

in maSfef?rtﬁ%z%l&?%)gléﬂeydﬂg'é@%@ transfornmer (2-9) arranged

to convert the nedium vol tage pul ses to high voltage
pul,ses and a rectifier (2-10) .arranged to convert the
hi'ah Quitilgl deffichacProinan Lt MPEfn e BRI Sitae Surce
cool i ROafaNGSPtABIRNIIE AYokSyE bPatMelstvdIRyei N the tim ng

control means conprises a transistor (Q).7 . A
cooling device according to claim5 or 6 wherein the

medi uR é@lﬁqggﬁvﬁ;@%&,%r@iﬁgﬂé Ichf® Awhersindfe AR Eslttalgé-Dlrce
for storing charge at nedi um
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.

6. A cooling device according to claim 5 wherein the timing control means
comprises a transistor (Q2).



vol tage and which is discharged by operation of the

timng control neans (2-8). 8 . A cooling device
w@ewonsizmg to claim7 wherein the storage devi PET/GB2@8/050984

capacitor (2-6). 9 . A cooling device according to

claim7 wherein the storage dﬁ ice is a bank of

capacitors (2-6). 10. A cooli é'devi ce according to

claim8 or 9 wherein the capacitor (2-6) is charged by

a circuit conprising a | ow voltage source (2-1), a

pul7s e Agerddingtdmviqe2a@ording do gaimt ® op 6 exheareinghe medium voltage

CeconaouIARaTtIRGS 3 BEROSRPURAH B ISCIRTRY Ehrtgs ot medium

vol t aggtadihd Which RRASEHAYEH %?%e%‘ﬁd?ﬂéf #Bdinfing control
rectifier (2-4, 2-5) arranged fo rectify alternating

si gnaméansug-8)o di rect current output. 11. A cooling
devi ce according to any preceding clai mwherein the
spark gap (2-13) conprises first (3-1 a) and second

(381 B caliegtdavitesacmatiied toictdiinn/ wheheintliee stmage device is a
separated . i nsul ating gap. 12. A cooling device
accor 8?9@0'{)% @Tréai m 11 wherein the el ectrodes (3-1 a,

b) are done shaped. 13. A cooling device according to

claim11l or 12 wherein the el ectrodes are de of . .
B A Coghing e el O do Gl 7 whoreii o PrESaR GPYige is a

accor @A of Bapabitoree2-8h). claims 11 to 13 wherein the
chanmber 1s filled with"an inert gas. 15. A cooling

devi ce according to claim 14 wherein the inert gas is
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and ocherged®byid cirbuih comiprisithgcobm edltagebssurcé 12-1A a pulse

cool i ng deyi c ccording to claim16 wherein t

coaxi BPneRsB AL5Thaads o ot BialishsiieL pasidram the low

good QbRsdd s6@ceCaRABSHH Wah¥for®eE (2-85 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 preceding claim wherein the spark
gap (2-13) comprises first (3-1a) and second (3-1b) electrodes sealed

within a chamber and separated by an insulating gap.

12. A cooling device according to claim 11 wherein the electrodes (3-1a, b)
are dome shaped.

13. A cooling device according to claim 11 or 12 wherein the electrodes are
made of chrome- or nickel-coated steel.

14. A cooling device according to any one of claims 11 to 13 wherein the
chamber is filled with an inert gas.

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



a ceramic or netallic material, and coaxially nounted
about an el ectrode connection | ead. 18. A cooling
walewposs7according to claim 16 or 17 wherei n t hECT/GBe®8/050984
have internal diameters in the range 6 Mmmto 14 mm
19. A cooling device according.to claim18 wherein the
tubes have lengths in the rahag 7 Mmto 20 mm 20. A
nmet hod of generating a cooling effect, the nethod
conprising the steps of:- (a) Repeatedly applying a
hi db- Ywotdadigg ,devidedacaaedingialang yreeedihg eladmtwheneirythe emitter
bet we air of elect es i hn.a gaseous environne
Cher obyr12ABGTRE SR KN g 2 e PeT Eb el coagahubes.
(b) Diffusing a cooling effect resulting fromthe
sprkln apns of an emt octedinthe_
A:?pog%gt I8 A gipedo ¢ "1‘ %WﬁEE%BH“%E%@f'a"tHB%@?
cI al
c0 ggzg %"@gi}j&d\i/% r’tbgg rgcfjl% Wp%ﬁéél@&t‘n%ﬁl EGRRICKTRN such as
a ceramic or metallic material, and coaxially mounted about an

electrode connection lead.

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

internal diameters in the range 6 mm to 14 mm.

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

in the range 7 mm to 20 mm.

20. 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.

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



