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APPARATUS FOR CONTROLLI NG GAS TEMPERATURE 5 This invention
relates to apparatus for controlling the tenperature of gas, and in
particul ar to apparatus whi ch controls the gas tenperature by spraying
l'i quid WOr98/id67dhe gas. The concept of sprayPEyGBYHa83E i nto a
conpression 10 cylinder as a neans af jabsorbing the heat of conpression
is well known, and is commonly referred to in the art as wet
conpression. In practice, liquid is sprayed into the cyl i nder through
a nozzle which divides the liquid into a mst of fine droplets. The
droplets travel throu.h the 15 and eventuaII | npi nge on
the cylinder s (ABEAR, : PloL LN S dEMPERATHRE| et s provi de
a heat sink which is in intimte contact with the gas bei ng
conpressed and which has a | arge surface area al l owi ng heat to be
drawn efficiently fromthe gas and 20 permtting a reasonable rate of
conpressi on w thout an appreciable rise in gas tenperature.

Ger man Pat gnt No. DETﬁiEZﬁx\F&&ﬁbhbﬂéla&éseQBnhﬁy@ra&s for cUhtFo i d s
sprayed over th%haugfaces of the ﬁd@ i,nder g t he gas durlng
conpr essi on. BERRRTE LR inppazkiey ard@%c? tug gas
conpr essor whlcwhenbl@p&tweiscbhprg35|bemaﬁnamwms by spraydmy dsispddgas to
drive the |IQUan§Braﬁe % g outlet of t he conpression cylinder is
connected to an accu whi ch | tenporari stores conpressed
gas. The 30 8cﬁﬂﬁ?%?5r°§ﬂ%quxiﬂgaﬁﬁgquqﬁgﬁowﬁl%9W9¥Fﬁ§%?n under

t he I essay@indet hes ac meambadHrabedrbdughtle shenyl efnaonpression

orifice into th I nge ' ' : gy d spra
. ‘ilsef)@%%%ckvﬁf‘ ahll 09Contichi EQEﬂHé% o nﬁftatﬁé‘ea}ﬂ pray

is controlled so ressure 1 n tor so that no
active control Wé&hﬁﬂ‘i“%ﬁ??%’-% In prRhIGed. Lianid sy spEaypRadRer ithe the

conpr essi on cylinder through a nozzle which divides the liquid into
a mist of fine droplets. The droplets travel through the
15 gas space and eventually impinge on the cylinder

surfaces. While in the gas space, the droplets provide
a heat sink which is in intimate contact with the gas
being compressed and which has a large surface area
allowing heat to be drawn efficiently from the gas and

20 permitting a reasonable rate of compression without an
appreciable rise in gas temperature.

German Patent No. DE-52528 describes a technique in
which 1liquid is sprayed over the .surfaces of the
cylinder to cool the gas during compression.

25 German Patent No. DE-357858 describes a gas
compressor which employs wet compression and uses
compressed gas to drive the liquid spray. The outlet of
the compression cylinder is connected to an accumulator
which temporarily stores compressed gas. The

30 accumulator also contains liquid which is fed, under the
pressure in the accumulator, through a single narrow
orifice into the compression cylinder via a conduit.
The liquid spray is controlled solely by the pressure in
the accumulator so that no active control mechanism is

35 required. Liquid is sprayed into the compression
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continues to be sprayed into the cylinder during
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cylinder during the whole of the induction stroke and

pressure in the cylinder reaches that in the accunulator. 5
t he ot her hwoosneérst Kk Patent No. GB-722524 descri bpeT/eB®Aass:2

conpressor in which liquid is sprayed_

t hrough a plur

French Pat ent
conpresses gas

conpression until the

On

i nto the conpression cylinder

ality of capillary orifices by an independent, hydraulic
punp. Conmpressed air fromthe conpressor is stored in an 10
accurul ator and the pressure of the accumul ator is used to activate or
de-activate the conpressor and hydraulic punp si nul taneously.

Noy 1l HRi€0 3aTdiny scheselsoke gofs the imugtiensetrokecbnd

st stage conp re55|on cylin
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side of thg piston h@; %QFheQFngPq%?kbcrﬂsi SeLlUPR 3R f? 7&3%24
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er via an
Helquid ll§a§@réi’e€ihe

conpr essi on cyllnder on the other

annul ar cyl i ndeint&hehapp.@vnps:eéeleh \Adsmahdeﬁ throuénraemh)tama@rberat ed

L;)\r/]vgrd:_lyqun?ol fﬁ; Jcsi]ej'él%oungnt_ 1 %sgggg%ﬁr‘r;?l %}f&}l r“g'g%atuﬁ'ﬁ'szrga he hol es

in the per Conpregsedngir from theUsoppreasoRo lSZM

chBses a

gas conpragsor accumymiﬁ aaar ghé Obrdgmidas ed enetaecmﬁﬁmﬁdﬂ q@hs&at 30

in a

conpressi on and J |d I S_spra i nto the her
separate chanbeF® b%‘%g]r pet % e%glﬁ °°“‘pres? %ﬁ’fyé’gﬁ E'rﬁ Schanber

or otherw se Q|pemplslmuﬂ¢anﬁou51Y> conpr essi on chanber.
case, liquid is FrofdRY SShidit0 HcSePERALEIFYX | rms*énasﬁ&r ghr 9&9*1

nozzles 35 which have an i.nternal helical passaqe whlc |
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compressor which compresses 'gas two sta es 1n
compression chambers formed either side of a single
piston. The first stage compression cylinder has a
concave, conical cylinder head with a single spray
injector nozzle at the apex thereof. The second stage
compression cylinder on the other side of the piston has
an annular cross-section and receives compressed gas
from the first stage compression cylinder via an
accumulator. A circular chamnel is formed around the
base of the annular cylinder, the upper side of which is
formed by a perforated ring. Liguid is fed around the
circular channel and is sprayed upwardly into the second
stage compression cylinder through the holes in the
perforated ring.

US Patent No. 2280845 discloses a gas compressor
whose operation is based on the principle of wet
compression and in which liquid is sprayed into the gas
either in a separate chamber before the gas is passed to
the compression chamber or otherwise directly in the
compression chamber. In the former case, liquid is
sprayed into a separate mixing chamber through nozzles
which have an internal helical passage, which imparts

In the forner
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- 3 - rotary notion to water entering the nozzle, so that

wat er ejected fromthe nozzle spreads out into a cone. Thi s pre-m xing
of water with air prior to conpression allows the spray to be operated
conti nuous| wosmtbmt than 5 intermttently, i.e. only sericegss2
conpression, which in turn allows ghe flow capacity of the nozzles to
be reduced. In the latter case, Irquid is continuously i nj ected
directly into the conpression cylinder through nozzl es extendi ng

t hrough the upper end of the cylinder 10 casi ng. The nozzl es each
conprise a thin walled spheri cal head having a nunber of radially

extendi ng co- rotarypl me&doholtes watan démtenind nehepnagzihi csoertdages in a

pl ane parallel {Qrbbee§ubtddCErditathé bzl eCBPLER8E &t into £ dledlively
shal | ow zone at %he tog of fhe ggllnder.,l .This, configuration. s said to
mini m se the pef8éfit BYB-BIXINg of HALFT WAL ALK RE-PReQVFTIRISSSISM s or

pi ston head allobs | idie atpriahetodbe dperatedxcontsimpusiy ratheny thahect
since air enteri; ' [ : ] | : tq f.l ow

t hr ough thi%s shgpgg\?\}qggir:\%&yjfg’g tle. %ﬂ,&}?&‘rat&ﬁgé éégﬁ%%gg:b?n'a vbhalsfﬁlcc}#pressor
usi ng wet tuERpddamen the dEleY| FaRaFhtY apinddie PRPERLePUBPI &8t i on

No. 58-183880 amddugefne ambathereldttemrdasy, thirplidjuigl continudisdly i s used

Lo compress e 435t 8 WALRYy! Bho Wi compreSBIBECS] 1Y gLy dUT 1O

conpression throu ) I njectron valves®sea ]
cylinder head. nozzles extending bhxengihdhe pePeseeniiqef dthpreplingera neans
of troansf eakling . heatTHet QodzBas idach t BeRPPINOAH CtRPHCIwvalled CYCle.

For exanpl e, hot _ligui sprayed into a . _--€Xpapsion cylinder
cont ai ni ng corrplsgt‘ggﬁc g?gﬂ‘ﬁiéggngt?wgf ﬁga’fa(?loal[ e ﬁggn‘g’an t%%xpands.
A power cycle planagphhelesnmproyiding a tfisienisprayi whileh cemndreges nin a

EP- 0043879. | plane para Xt &scid b@ﬂﬁ.@fc@ruﬁeﬁfﬁi ghause %&m&cﬁ%ays to
35 contro ggsre&gggsg §ugﬁaligw zgée agot éeégécg% éﬁg cylinder.
15 This configuration is said to minimise the percentage of

droplets striking the c¢ylinder walls or piston head
whilst at the same time maximising the mixing effect
since air entering and leaving the cylinder is required
to flow through this shallow zone.

20 A further example of a gas compressor using wet
compression is described in Japanese Patent Publication
No. 58-183880 and in one embodiment, part of the liquid
which is used to compress the gas is sprayed into the
compression cylinder during compression through a number

25 of injection valves seated in the cylinder head.

It is also known to use liquid sprays as a means of
transferring heat into a gas in a thermodynamic power
cycle. For example, hot ligquid may be sprayed into an
expansion cylinder containing compressed gas, to

30 transfer heat to the gas as it expands. A power cycle
which employs this technique is described in
EP-0043879.

Examples of apparatus which use liquid sprays to
35 control gas temperature in both compression and
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- 4 - expansi on processes are described in J. Gerstmann et al

21st Inter-Society Energy Conversion ENngineering Conf erence, Vol .
1, pages 377-382, U. S. Publication No. 3608311 by Roesel, and the
Appl i cant' sweadneRmat ent Nos. 5 GB 2283543, (GB 2287992 rcareBoiAasi2300673,
the contents of which are incorpogated herein by reference.

There are nunerous different known techni ques and types of spray
nozzle for generating a spray of I|iquid, such as multiple hole
spargers as used in fire 10 protection and shower systens, plain
orifice, as used in diesel injectors, fan jet nozzles using two

i mpi ngi ng ekpansHIn |Nnpgegses npee tdencriibed nie onGengrhing ethradssur e

swirl nozzles, pakati ”ﬁnféd:lfls%i&(ie&Qt atExﬂ&g@' Sl%&lwfé“f‘si%&xs Eng:.neéi:l t,{gasoni c
atoni sers, electro tatic ato sers and t fl ui nozz es o vari ous

ki nds i nvol vi ng 8H SFFNgy- o 1, pa?ﬁ%nﬁﬂﬂ?&ﬁ? JsSusBiPiie NSyr ayer s
and aerosol 360mepe]bjra!uesgastam the Applicantl's UsKanPaJtI:nthan‘ t he

present inyenti %ngﬁeﬁ’ﬁ & 2287993 érﬂ?re%v%o%%r atHs &% dte%PJsa)Qf”g

liquid into a cha to control enperature uring
conpr essi on or Which é%ﬁaﬁ%??ﬁP??ﬁﬁ%ﬂﬂhereln by refeygniftding to the present

invention, there is There arevautsirass ajiffezent koowii secinbquodme for
contai ning gas, t?PQBS&?”saéﬂ% %Bégﬂénﬂox{]'b%n‘é@a‘&qﬁ OL $§? g?5°f 18457d,n said

chanber, a plura an ape ure for
adnlttlng I|qU|@uFﬁeréﬁhr5H§hlple ?#ﬁ()%ﬂ%ﬂﬂe§ﬁanﬁér uged righnELims
deliveringo fl| @#ocebction ard @hbWet OspeticthadPPLAL Q&mﬁ[eer eas wssd 1a¢ om ser

further C e efenin | ath for ar

rotary notion tgpghlg ﬁpgggggrgqu| gggu§°?%%gaX$ 5t tég) &% Ilélperture
so that on | eaviie§ssaf dlipuid,uimpane or 1mpungsmeatdn9zab651rmxﬁssuqa'ay in
said cylinder. swirl nozzld¥lVakagenyStip ahdi Sodt B ATBR! abb@Vs&tas, a Spray

apPRraCUS ) o3 RRBARL i LR LA I PRk baladRa, Uit ON
. 158 fluid nozzles of wvarious kinds involving an air or gas
propellant, as used in paint sprayers and aerosol
propellant systems.

It is an object of the present invention to provide
an improved apparatus for spraying liquid into a chamber

20 to control the gas temperature during compression or
expansion thereof..

According to the present invention, there is
provided an apparatus comprising a chamber for
containing gas, a piston for changing the volume of the

25 gas in said chamber, a plurality of atomisers, each
comprising an aperture for admitting liquid therethrough
into said chamber, and means for delivering a flow of
liquid to said apertures, wherein each atomiser further
comprises means defining a flow path for imparting

30 rotary motion to said flow of liquid about the axis of
said aperture so that on leaving said aperture the
liquid divides into a spray in said cylinder.

Advantageously, this arrangement provides a spray
apparatus which is capable of injecting a good spatial

35 distribution of large quantities of fine droplets into



WD 98/ 16741 PCT/ GB97/ 02832

-'5 - . a volunme of gas, and which enables the spray to reside

in the gas for a substantial length of tine, thereby achi eving highly
efficient heat transfer. This enabl es the piston to be driven at

hi gher ratewobsms7srtas 5 hitherto been possible while mirtwemmnogigood
control over the gas tenperature.. Mpreover, the spray apparatus
consunes only a nodest anmount of energy as it can be driven with only
nodest pressures. The apparatus may conprise a gas conpressor,
with 10 the liquid sprays being used to absorb the heat of

conpr essi on. In this arrangenent, the induced rotary notion of
the |iquid abouta t¥rlupg $HigagacRndpwhichpenraites dhs&pray tor Kesideuid to

SPr ead Outh into gntbhe §iﬁbrrmbef ar %_uho@;aghgga_ﬁlenghn afﬁ_ettmge afae{:élsjnThon
eaving the apertyre, . the. .qul yl ges_1n In roplLets. e

I nduced rotary ac"i’u.évr;mpi g‘ﬁig%}%oeécfﬁ%g‘g?tt %aEi%fﬁ"hé Nod 'emﬁ.'rhdg g?%%‘?%ﬁl

poi nt s ar otinel tHistenr cbof deendrivent B aptgher erat@ser dihan has

provi ding egch apaiidi¥ts Wddh dpddidiie’ AlnA leA B8 nlta@Wial d8oa cbhetbfl into
the cylinder. This cqonbination of snall droplet size and large liquid
flow are requir V¥ the gas,temeerature:. - Mayeqyssi:| ﬁgeo?p’f% a@&?”ﬂﬁ&? ng
conpr essi on. consumes | ogly daemedgsngahownt t bE epergyiras ginecah | pef or ns

a hollom1conicaldf§g§?u ﬂgﬁfdﬂI@VhﬁhQBtoﬁréséﬁfEéﬂ ity of 25 apertures,
a cﬂY I cal a

each providing ow cofi ca sprpg ] rovides an efficient
means of introduci ng % ARPATALYE mAY COPPERifera 193 IAMRNCEEST nVitR he
conpr essi omocyl i tiser ldghhd spraysodesingenesey tonabspirborthe heat of A

further advanta ddU §,8r rangement is that 30 each spray aperture can
provi-de a Iargeg§?@éfcﬁg§§rke droEIets w th nodest velocities,

all owing the time of In thisg ayangsmepke Bhepiaduced, Bataryympsder €5 be
sufficiently | onghd dizhdar hbble tieataxik e@npacksspray raperture chligegas

gk L R e

PCT/ GB97/ 02832 the aperture so that, on leaying the aperture, the

liquid divides into fine droplets. The induced rotary

motion also causes the liquid to emerge from all points

around the circumference of the aperture, thereby

providing each aperture with a relatively large flow of

20 ligquid into the cylinder. This combination of small

droplet size and large ligquid flow are required to

achieve efficient cooling of the gas during compression.

Liquid emerging from the aperture generally forms

a hollow conical spray. The provision of a plurality of

25 apertures, each providing a hollow conical spray

provides an efficient means of introducing a very large

flow of fine droplets into the compression cylinder with
modest energy consumption.

A further advantage of this arrangement is that

30 each spray aperture can provide a large flow of fine

droplets with modest wvelocities, allowing the time of

flight of the droplets 1in the cylinder to be

sufficiently long to absorb the heat of compression from

the gas effectively before the droplets impinge on the

35 surface of the cylinder or piston. This modest ejection



velocity results fromthe fact that the energy used to create the

spray includes a conponent of velocity which I's orthogonal to the
outward, axial flow of |iquid t hrough t he aperture. However, the
provision of a 5 plurality of such apertures, in accordance with the
present invew9saerdl | ows the residence tinme of the dreaicaiowedsse t he gas
to be increased even further. Ingr%aging the nunber of injection
apertures allows the liquid to be injected with a nore nodest
differential 10 pressure, so reducing the energy transfer to the liquid
Spray. Preferably, the spray apertures are arranged so t hat
sprays from adj acent apertures intersect one anot her and preferably so

t hat adj acent sprely®iityt eesaltslbromngie fidut thaesphet energy omsadto

t . The j t Jﬁi)tl:?.'] d
ﬁgteri g{ 2fsect © dr@ét‘égoefééosgeratyoq?égué%%:?u% e eglr%ebggggg(?%}r'%ivﬁg?ylsi t?l e
interference betifeeprthegenakt £ag the a9atwardhdj aktst flow afeligwid so

that the spray fumpeuwyle ehe@nNapeitGad. 20 HowdRal, atite WokbvitibiBbf a
ObStI‘UCtIOﬂSI ntqQ .t he.hqallo

val u encl osed by a .nei ghbayri spray,
t her eby i MO h i grrh b APESRUEFT by B &“X’P’?ﬁf“s‘gdi"s‘%\/gﬁ?
can be useful | y pasienit: ethventiaip allewmatbet epaidence tiwmgi off vihenin each
gom cal spray frdlfﬂﬂééf_bs'ﬁ?rth%‘:’ gaé‘{‘QéPQISéeq,hﬁ%ceEEQ&eteﬁfeﬁ ﬁ@s?ihezf‘.Pe”Ufe
y arranging adj,acent sprays j nf ersect near eir.respective
apertures, e.g. Ié’tctf?gsjﬂﬁgt'fq%e d&“&?\éra?gv\m%?f’tﬂ?é‘ FPETFYres al{?‘fé),ﬁ eaks
into droplets. liquid to Y efgeaiiled witpl ar mortymoflespr dyf figeentukads are 30
posi ti onedy @roung-Jddaeey! 5§ 1&(]5 CeRL dhe-REN fd to theC g bet ween
the wall and theriq:end ggytﬁed%/ql n gre éﬁﬁiﬂgggl‘r%r ange?rentehie){%?to
maxi m se the pat¥P¥%&hgth of the droplets through the cylinder to
prolong their tine Prefexhbly glthearmpriayc rageyrruries tanee amesmgdd odo t hey

can 35 effecti h )
PCT/ GB97/ 02832 iy %B§'QS’Q £24m adjacentv‘[%ﬁé#@lﬁ?eﬁsl intersect one

another and preferably so that adjacent sprays intersect
15 near their respective atomiser apertures. The inventors.
have found that, as long as the sprays do not intersect
too close to the aperture, there is surprisingly little
interference between intersecting sprays of adjacent
apertures, so that the spray from one atomiser can
20 penetrate with minimal obstruction inte the hollow
volume enclosed by a neighbouring spray, thereby
improving the distribution of dropletg. This discovery
can be usefully exploited to help eliminate the dry
region within each conical spray from a position
25 unexpectedly close to each aperture by arranging
adjacent sprays to intersect near their respective
apertures, e.g. close to the point at which the liquid
film breaks into droplets.
Preferably, a plurality of spray apertures are
30 positioned around the cylinder adjacent the peripheral
corner between the wall and the end of the cylinder.
This arrangement helps to maximise the path length of
the droplets through the cylinder to prolong their time
of flight and increase the time over which they can
35 effectively absorb heat.



In a preferred enbodi nent, the apertures are arranged such that the
angle of the axis of at Ieast one, and preferably a plurality of the
apertures relative to the axis of the cylinder is different from 5
the angle of the axis of at |east one other, and preferably a
plurality owaodshersrapertures, relative to the axis peoi/GEdbhezss2

cyl i nder. Advant ageously, this arrangenent enhances the evenness
of the distribution of dropl ets algng the cylinder. 10 In a
preferred enbodi nent, the axis of at |east one and preferably a
plurality of apertures is oriented such that the flow of that part of
the spray nearest the end of the cylinder is substantially aligned

t herew t h. Thi $naraarmmﬁreensumbcdirﬁm—tt at theasapectrer e spray
the droplets i r a0Epaoss, BB ERAE' cHeliand) oel neY shdi®r A 1eape i 10
maxi mi se their paeh | angt hpvém%p@hm val PlurallthYrEOFEn t:lh% gaa@rtures

Preferably, theraiheiok 8b tﬁa%xp@&;ﬂmheo@ﬁe_ﬁaékylaodlffékd@iturfarbtnty of
apertures |5s or |t§1 nt ed SilCh t. f1ow,of ray nearest the

ar .t of theﬂfﬁ
wal | of thée cyl i"ifer?Pd® Resf2ABi 85 y3% i &ﬁgﬁ tHET eRFERE 7 0PPSt | east
sone of the prefiprabiyes nlnr@htantcafd @@erhaperh@rwqmejlasqmv&y tpust

skims the cylingse wauls ofNi gnarr . notAa%ﬂtag*‘eousw PS th3gensure
that there are a suff |C|ent adj acent

Lo the oyl i nder SfaRRoRGeRt eihanies Fhe ayenoefh bt e, AlakAEAER @ ch-ar e
travel ling drepbetanailahgytieareytligidem.t h t he cylinder wall do not

| npi nge t hgy eon and ;ﬁetlv eh¥e iR g2 ﬁﬂééirﬂén%“t tﬁ@%&@% A 1ea§t' Tael N this

region to provide ef heat _a

t1an
Preferably, a 2PBFuPReFeyaPlne P Hﬁ%}’c&é’g‘- aPﬁF"e“res is E?Fil%‘g GEuchi al |y
spaced around t lthaaxthe ofldwefcyhatdeirt of thendpray negpestbathscemdt he axi s

Chanea ! O"ogE e ryptaaber 10 Voibdtaliabay. o gt A 1ol
- 8 - This arrangement ensures that at least some of the spray
15 is directed into the endmost region of the cylinder, and
that the droplets travel substantially parallel to the
cylinder head to maximise their path length and survival
time in the gas.

Preferably, the axis of at least one and preferably

20 a plurality of apertures is oriented such that flow of
part of the spray nearest the wall of the cylinder is
substantially aligned therewith, or at least some of the
apertures are oriented so that the liquid spray just
skims the cylinder wall. This arrangement not only

25 helps to ensure that there are a sufficient number of
droplets in the region adjacent to the cylinder wall but
also ensures that these droplets, which are travelling
substantially parallel with the cylinder wall do not
impinge thereon and thereby have a sufficient residence

30 time in this region to provide effective heat absorption
from the gas.

Preferably, a plurality of apertures are
circumferentially spaced around the axis of the cylindexr
and the angle between the axis of at least one, and

35 preferably a plurality of the circumferentially spaced



apertures and the cylinder axis is different fromthe angl e bet ween

the axis of a respective adjacent, circunferentially spaced aperture
and the cylinder axis. Orienting axes of adjacent circunferentially
spaced 5 apertures at different angles relative to the cylinder axi s
renoves theywrpdsik74ef | Nterference between adj acent C GigtricdoToesys from
the vicinity of the apertures, t hereby reduci ng the probability

of dr opl et aggl onerati on and consequential reduction in heat 10
transfer efficiency. Preferably, the axes of the
circunferentially spaced apertures are directed through a range of

angl es relative to the cylinder axis with the difference in angl e

bet ween axes of sapfrmards ame ttheeeylldndgrgargdseis 18iffetemt t froomli fHeer ence
bet ween t he ang'afi%%f ‘i:'e‘ﬁ%@ﬁt ethe a,ar;erweg Aﬁ%&iﬂ%"“&ﬁ’aeéﬂs

configuration pro enent of circ erentia
apertures \M?é%‘@%ﬁﬁgnﬁ#@-]& |98F}F6@ FRETFUTEc2P] Fha %ipﬁeasra:&sa s

O\d/er a range of cigmSng taxes nbﬁumdjﬁﬁﬂwreﬂﬁ@dﬂHMaaﬂy SPU RS dfrom
adj acent erture Pref.er. ug.at apbplied to
nost of thggaper%pue%é:su it ?& d@?ﬂrené Ar?rﬁleerserﬁec'l%lré §/’g s%gc{égga%’?l =1‘7lent

In a preferred aW&diremaves Lths moam:t of cintgrfenance betweear@dmnq oned
around the wall éﬁnﬂd’éﬂ. cyﬂaﬁwr £2Bf &Ene aﬂd:ﬂ&fw o0 tHe Sp&rtwpdsof or
positioned int unfere corn o; t he Cg%l nd&g alE)letween t he
val | and t QﬁRX A Q&Sgous%? t hP&° ?ﬁ b%%ent 1l o

very | arge nunbeaggifomgrattigonesand beonsegmnidaled reiduption im |heaje -
vari ety of glffegfaﬁsfgy %&E@Ehgﬁéyto provide a 30 good distribution of
droplets throughout t I and allo the spr to be

mai ntained in the cylf ﬁ‘ﬁfct?%l"aﬁ the ; jqxes; s?JB %r&&fﬁgg‘ggﬁ%nﬁﬂucﬁ t he
conpressi on strokmeced apertures lareadprefeed cthmougidiameanget b€ angbkesf at -

| east one, » &g PPl €4 abhy gyi)iﬁa&uyl@f ?@@réh@eaifféré%e firected

so as not to intercept the cylinder axi 8/16741
PCT/ GB97/ 02832 angle between axes of adjacent ag:ertures elggrg;ngt;%| Y, t he

inventors have frhan that diffferbhcagbetweehhehex emgifest hef salegrmpes t ur es
to one or other gidg Qfks. advantageously, this configuration provides
an arrangement of cilrcumferentially spaced apertures

whose axes are oriented relative to the cylinder axis

.over a range of angles with minimum interference between

20 sprays from adjacent apertures. Preferably, this

configuration is applied to most of the apertures in the
circumferentially spaced arrangement.

In a preferred embodiment, a plurality of apertures

are positioned around the wall of the cylinder and

25 adjacent to the end thereof or positioned in' the

circumferential cormner of the cylinder between the wall

and the end. Advantageously, this arrangement allows a

very large number of apertures to be accommodated with

a large variety of different orientations to provide a

30 good distribution of droplets throughout the cylinder

and allows the spray to be maintained in the cylinder as

the piston approaches the end of the compression stroke.

In a preferred embodiment, the axis of at least

one, and preferably a plurality of apertures, is

35 directed so as not to intercept the cylinder axis.



the cylinder axis inproves the evenness of the di stribution of the

droplets within the cylinder. In one 5 enbodi nent a plurality

of apertures are circunferentially spaced around the axis of
the cylinder with the axes of the circunferentially spaced apertures
bei ng of f sewdmnéfae sane side of the cylinder axis as PCTIGBOMRE32f rom a
respective aperture. The inventors have_,10 further discovered that

of fsetting circunferentially spac%d apertures to the sane side of the
cylinder axis further inproves the distribution of droplets in the
cylinder. Preferably, the axes of adjacent circunferentially 15
spaced apertures are offset to the sane side of the cylinder axis as

viewed from a rgapprisieylanechar tnvynhtors hatel fonndt treatglcﬁsetﬂhg
i nventors havethgo égs éfh va %g_,@h&eggtgxg e O acgyht?ecrer;t Etur es by
nts can | s? v¥a oF

di fferent anou honogenel e drop e Sin 20
the cylinder evEhefupyhdépder "hxis 1m9¥9%tﬁéﬁerﬁ¥@@mﬁéﬁt oft kbgst two

and preferably qistriButiod afi tMeOdrdﬁl@thWQ&ﬁ{ 120 298enddA i Bnd
di rection E@f)@l |lel _to the axi e cyliznder. The apertures may

of . t
be circunf & ent SRPPHERREe araoundpﬁﬁﬁa]c§/?¥ ndePSin a®BE T UM r al PES of rows
separated in a direumferentdadlyespaced around hthe \axilsdoE tlke scydriddpref er abl y

L o it e SRS L byt
this arrangerrengjer"@gué’ggg?ﬁegf’eﬁﬂ?hsﬁ‘f'e ?/#‘ileno%é ’éd'n%n gﬁf&f”r@ to

accomodat e a plvuleabdt groh a ovespEcthiver pezture. Tlamch.mmm:en:saebatrbe nunber

of aperturgs of g, ghuen cﬁs%%vered el PR i3t tflla t he
cylinder, which in i ncr asestheflowr eof Vetsmto
t he cyli nc?@PceéSaPert“resrrfep c"%"-u‘ FAEe fAfe Qfyt %rﬂ]r’s‘tde& G'P‘gﬁal ity of
WO 98/ 16741 further improves the distributiolCofCH2GHPDE682in the

- 10 - : diSGhaEe parts, at |east one of which contains a

plurality of atomsers. In one embodiment, the cylinder cQ |ses a
ring, the inner facePSeEQHARYY qEhenRXes Ak adjacept checuniqrantd and

whi ch conti ns applcedaldagertafres are offset to the same side of the
v cylinder axis as viewed from a respective aperture by
different angles. The inventors have found that
offsetting axes of adjacent apertures by different
amounts can improve the homogeneity of the droplets in

20 the cylinder even further.
In another embodiment, at least two and preferably
a plurality of apertures are spaced apart in a direction
parallel to the axis of the cylinder. The apertures may
be circumferentially spaced around the cylinder in a
25 plurality of rows separated in a direction parallel to
the cylinder axis and preferably apertures of at least
one row are circumferentially positioned between
adjacent apertures of an adjacent row. Advantageously,
this arrangement reduces the length of cylinder wall
30 required to accommodate a plurality of rows of apertures
and increases the number of apertures of a given size
that can be accommodated within the cylinder, which in
turn, increases the flow rate of the droplets into the

cylinder.

35 The cylinder wall may comprise a plurality of



5 circunferentially spaced spray apertures. The ring may al so

I ncl ude a channel which is arranged to deliver liquid to at |east two
or nore of the spray apertures. I n anot her enbodi nent, the apertures
may be contained in one or nore plugs, wherein each plug preferably
contains 10woggneidturality of atomsers. Preferably, pot/cesingss
apertures in the plug are arranged in_a)eﬁo_rrpact array and, preferably,
the axes of at |east two of the apertures within the array are angl ed
differently. In a preferred enbodi ment, the apparatus further 15
conprises control means arranged to control the flow rate of liquid

t hrough at | east one and preferably a plurality of spray apertures as

a pul sed flow dla:.ism:g'ete pa:nm),r eati obea#t efomveabbf, wHimhcoobnbhimears i s

arranged te e ap u at 20
the fPow rate | IEEALIEE St ronTlerd, © dif ol efibodRieh P Ehb by fhd
conpr essi on thaﬂwlﬁ&st ﬁeream |‘é‘ile el’(‘)f ace °ch#BPBs@‘F%¥PeS part

Advant ageousl y, dmtt&ﬁd@llﬂﬂdérhWSDBraﬁd G¥hich cdmtaensnaoplmpﬁgar@m on
cylinder d |ngthe tter ared to the

earlier part of gc Sﬁ%?téjsas]ilgngﬁﬁgege%‘?‘ﬁ res gl p?(ﬁ)vC Ele’%ﬁaé' cool i ng
of the gas duri r@mm@g&mrﬁmhmn@lfwhmg P-He mesi to de

? g{llh ficant savimnguia TtBeanléhs@”W:tB'toﬁfmdfélldfd the spraf%éﬁ_chres

urt hernore, as n

particul arly fas{‘l‘ §§ﬁ§ Q%é' 53 g"a\s(?per\'fvé'ffﬁss'ﬂﬁ“f &5’8 FBnBﬁi'%%%l M ow It
has al so been f cuned othmore plugs{,huhsnem e&aqihelpglwfamblyesmtammference

there is 19  hetueRR-4tes Seati r&oﬁﬁ%ﬁé' SPEéférmprOVﬁrfa NG
dropl et di strlbutlon and nore_effective heat ab <ggl%llon | S rreans

that the spray i3PSFMEeSs fOcthge P1UI, 388 arTRRYS uP eCOMRAFs FARTA¥Rdi um
when generated andr paeferably, WOhe8/4Xd=llof at least two of the

PCT/ GB97/ 02832 tures within the re bhgled differedi3fler pulse
duration which, af(fvrarﬁragseous aF?om%rréW are goe ress‘?%nerate to be

i ncreased wi t hout neddssnrRygferred I%f\’PPF'E;‘“FBtr nEh@a@Ep?ﬁ%t%sfsuﬂW of -
liquid intnsthe comprimdd netertrdol neaiisai ardangedan® tconmicdt wie Hlow

In preferred e”tE&HéW%%51££Giéﬁ¥ﬂf8u8ﬂ“5ﬁ*&eégt one and preferably a
plurality of spray apertures as a pulsed flow during
compression. Preferably, the control means is arranged.
to control the flow rate to the or each aperture so that

20 the flow rate is substantially higher during the latter
part of compression than during the earlier part of
compression. Advantageously, introducing a higher flow
rate into the compression cylinder during the latter
part of compression as compared to the earlier part of

25 compression has been found to provide adequate cooling
of the gas during compression while offering the benefit
of a significant saving in the total amount of liquid
required. Furthermore, it has been found that the swirl
atomiser has a particularly fast response time and is

30 well suited to pulsed flow. It has alsc been found that
the shorter the pulse, the less interference there is
between intersecting conical sprays so providing better
droplet distribution and more effective heat absorption.
This means that the spray is more effective as a

35 temperature transfer medium when generated over a



nozzles with smaller apertures will be fitted into the m ni mum space

to achieve the desired flowate for a specified pressure drop. Snaller
apertures will produce smal ler droplets that are nore efficient in
their heat 10 transfer capability. The greater nunber of sprays wl|

al so i npr ovwyolobge7di Stribution of droplets and reduce the peomgroiysgger of
dry zones. I'n preferred_ ,enbodi nents, at | east ten
atom sers/spray apertures are provided™n a single 15 cylinder, and may
all be arranged in a circunferenti al row. However, a smaller nunber
may be used dependi ng on the size of the cylinder. Preferably, each
row will contain ten or nore atom sers, for exanple between ten

and twenty-fiveshorttey gpuisd dardtizyl whdeh, nagvinavagemrsly? @llowshaheone row,
e.g. between t ve. o of, ts of
Che i nventton viroation 28" fo ke ngrapeat ATEMERC nlERRRERED. 0k,
i n which: - having ftpgdneresss) tifd MasF HEW Qosiideid| dnkP Hhews of
one enbodi nent e{lin@ELStsdimaisiiain ehansane tagrivuge.0 25 the prior

art; S of pr ool pEebrBld WhboBIANLEL ORhes SELLANA Mu&%p POE art:

anot her form of pressur m ser accor
Fi gures 3(a) an§°§%}e%m¢1€rﬂi‘§§3§é‘cﬁpéﬁ‘éurwé«fx;sl:bfb%(fltt%dm@r ther m of

pressure swrl aiﬂﬂmﬁrﬁrsgaeer@bngadlﬁe%e the deepirféb‘f fléwrate for a

Figures 4(a) and Show cross-s tlon known
pressure swirl %ﬁ# pressure q'-'l g W%ﬂse tgrgﬁh‘@’mtolpdmdﬂgfespect i ve

vi ew of one 35 Smabhﬁbddrmnle&ﬁ thag preswareieffigient in their Weme8/ 16741
PCT/ GB97/ 3832 transfer capability. The greateﬂznumber of sprays whigure 6

shows a scherratl ram o r.essi,on I nder _and. two_ possi bl e
ori entations of® ‘a{% L‘Qe g"é?’if'&‘ﬁ%&%‘ %fpr%ﬁpp?iéltﬁt ADR ¥AUGR tBS| | nder
axi s; nﬁmgereoﬂ dtxwapnssschenatlc view along the axis of 5 a

conpressi on cylinderpgccopgdifgrid ONcerniiiadierel! Of ar  1EhEtPreggnt

|nvent|on . .
atomisers/spray apertures are provided in a single

15 cylinder, and may all be arranged in a circumferential
row. However, -a smaller number may be used depending on
the size of the cylinder. Preferably, each row will
contain ten or more atomisers, for example between ten
and twenty-five or more and each cylinder may have more

20 than one row, e.g. between two and five or more.

Examples of ewbodiments of the invention will now
be described with reference to the drawings, in which:-

Figures l({a) and (b) show cross-sectional views of
one embodiment of a pressure swirl atomiser according to

25 the prior art;

Figures 2(a) and (b) show cross-sectional views of
another form of pressure swirl atomiser according to the
prior art;

Figures 3({a) and (b) show cross-sectional views of

30 another form of pressure swirl atomiser according to the
prior art;

Figures 4(a) and (b) show cross-sectional views of
another known pressure swirl atomiser;

Figure 5 shows a schematic, perspective view of one

35 embodiment of the present invention;



Figure 8 shows a schematic view along the axis of a conpression
cylinder in accordance w th anot her enbodi nent of the present

i nvention; 10 Figure 9 shows a schematic view along the axis of

a conpression cylinder in accordance with anot her enbodi ment of the
present i nVgiplosRctar Figure 10 shows a schemati Cpep@poranend t he
axi s of a cylinder in accordancq?#trlanother enbodi nent of the 15
present invention; Figure 1 %fows a cross-sectional view of a
conpression cylinder and atom ser arrangenent according t o anot her
enbodi mrent of the present invention; Figure 12 shows a
cross-sectional view through a 20 menber containing at | east one atom ser
according to an Figu®»d Bhows0d ddIRemBtes ediadrine o ancompress:l.on

Flour e 13 SNoNe0) SH885 At Bhayliel |QHO0.B8AL of che Yrieer pi

conpr essi on accor
present |nvent|99le€1 spray yelalize to tbﬁoqxllﬂdﬁraﬁﬂéhgenent of

atom sers accopdiiigetp éﬁbﬁm@dm&ht% {rlﬂewpéwttﬂé”'\ﬁﬁfsl O

Figure 15 shows_an alternatlve @%ﬁenen 4;? c gf g ording to
anot her entodi nBnfeBPrEREIOR % t§OHERRI <O °nﬁﬁ h8fs the
front view of anhenpndsqnhtimﬂention. a plug arrangenent containlng a

pl ur ﬁl ity of at?rg Sekfgqure 8 shows flsq;h@ﬁlauctsw&ﬁtamn d Ny al\ﬂ:l.%Won

anot her enbodi nent o rrangenment cqntaining .a plur

of atomisers; 38 compre?ﬁiﬁﬁ gggﬁ ék r@p@ﬁp %%R) odlnent
WO 98/ 16741 embodiment of the present 1nvent16ﬁHYGB97/02832

- 18- 49 - of ayﬁgugﬁférmts&g&me' B RLUEQ MY i of

atom sers; and jgure 19 shows, a grap ustrtating t
vari ations 3 n°9?PFﬁﬂ%+°’ba§Yﬂ#§§§Er el%n(quQ?f'lS]iaEPcPI ¥ttt @nafhexihe 5
conpressi on cyl endediment of atrikes hafdsemtgliavention; Figures 1 to 4

illustrate a number giggfé f£) GHows a sdWdBER e vEBRVR1BAGSSUE S8 Ut

atom sers whi ch may
a cyllnder in accordance with another embodiment of the

15 present invention; .

Figure 11 shows a cross-sectional view of a
compression cylinder and atomiser arrangement according -
- to another embodiment of the present invention;
Figure 12 shows a cross-sectional view through a
20 member containing at least one atomiser according to an
embodiment of the present invention;

Figure 13 shows a cross-sectional view through part
of a compression cylinder according to another
embodiment of the present invention;

25 Figure 14 shows an arrangement of atomisers
according to an embodiment of the present inventionm;

Figure 15 shows an alternative arrangement of
atomisers according to another embodiment of the
invention;

30 Figure 16 shows the front view of an embodiment of
a plug arrangement containing a plurality of atomisers;

Figure 17 shows the front view of another
embodiment of a plug arrangement containing a plurality
of atomisers;

35 Figure 18 shows a front view of another embodiment



used in various enbodi nents of the present invention. Each of the
atonm sers conprises a casing or housing 1 10 encl osi ng a chanber 3 having

a spray outlet aperture 5. The forward part 7 of the chamber wall is
general ly symetrical about the axis 9 of the spray aperture 5 and

I ncl udes a WOBsH6MLy coni cal section which tapers t O\RETAZBIT/#2832S pr ay
aperture 5. Each of the atom sers 15. i3 further conprises a plurality of
liquid inlet ports 13 in the rear 15 of the chanber 3 which direct

liquid into t he chanber so as to cause the flow of liquid to rotate
wi thin the chanber about its axis 9 and the main di fference between

the atom sers shown in Figures 1 to 20 4 is howthis is achieved.
Referring to Fi §fired 1pind 2arpapgemait ofcomgraping apoplurabityr e of

posi tioned arouadomfgdetgnogdially with the circunference 17 of the
cylindrical chanber hown ,i.n Fi qure 1, Jthe casing

inlets 19 are 25 éh%‘lé{]eaﬁ‘t ngsn%r%p eéliﬁ%tﬁﬁmlt %‘-’bat’m& eas in

the atoni ser shdwncihindenraa prersuxeiang ilakuid i@ourveate into the
su?stant A aléﬁ %babgs%ﬁi@nt{ﬂm@h t int@%(bilaﬁksﬁﬁf@ Aheve of l'tﬂu' gl -
enters e chanber rou e tangentia , e flow
is bent into a circuFiF* e hlpye3d * tﬁﬁﬁﬁbérqﬂﬁ%e rég)éﬁ éﬁ%ﬁﬁ to
rotate about thé&ypes ofcﬂ:m:bmr ressWe Asrigfle dtiomiiserk| elw.chamalyl de to t he

chanber axis 9, utsQWara.ﬂs vhBSoR" @iﬂﬁb@@§ﬁt&ﬂ£§ of the ﬂ:i‘&é’éﬁt J.nvenﬂ Smf or ced
into an |ncrea5|ng§y tighter circle tapered, forward part 7 of

the chanber, in&R sPﬁg ﬁea§9mlse§ﬁgéP@Pr%%ﬁ§xﬁt%P ing (¥ |hQaidgsd t hat
t he |iqui A | owenclosing a\BhaBbes /34 lhaving a spray outlet aperture 5.

PCT/ GB97/ 02832 gugp e spray
aperture 5 as aTt i nfocr alrl“lidl’larﬁ 7 of tﬁ‘e Ch%é%)ereg\ﬂl% tshe aper b’h t he
thin cylindri caISYmmEtr%‘Ff@etab@Ptl FH%l%F"sﬂJPe&éstB%tSHrrﬂYo aé?eEBHEGZE_L angds’' shown

by way of dxedplesi na Flgﬁeram,lyandoﬂi«arlegedth@na ehiey cﬁapfers fine
droplets. wg.ré }fh%%ukg B, gura%c% s éaé‘“a(@&ﬁl
inlet ports defln y a ser cal posi tio

circunferéhti al Ifyréhﬁﬁnﬂmﬂlh’él?%%racﬁ Y 1tY °f 11quld Intet ports 13
in the rear 15 of the chamber 3 which direct ligquid into

the chawmber so as to cause the flow of liquid to rotate

within the chamber about its axis 9 and the main

difference between the atomisers shown in Figures 1 to -
20 4 is how this is achieved.

Referring to Figures 1 and 2, a number of inlet
ports 13 are positioned around and tangentially with the
circumference 17 of the cylindrical chamber 3. In the
atomiser shown in Figure 1, the casing inlets 19 are

25 substantially normal to the chamber axis 9, whereas in
the atomiser shown in Figure 2, the casing inlets 19 are
substantially parallel to the chamber axis 9. 2As a flow
of liquid enters the chamber 3 through the tangential
inlet ports 13, the flow is bent into a circular path by

30 the chamber wall and is forced to rotate about the
chamber axis 9. As the liquid flows parallel to the
chamber axis 9, towards the spray aperture 5, the liquid
is forced into an increasingly tighter circle by the
tapered, forward part 7 of the chamber, increasing the

35 angular velocity of the liquid so that the liquid flows



chanber 3. The helical slots inpart rotary notion to 10 the liquid as it

fl'ows through the rear inlet ports 15 at the rear of the atomser into
t he chanmber 3. As | iquid propagates towards the spray outlet it
S deflected into increasingly tighter circles by the coni cal
forward porwoms/néss transformed into a thin 15 conical BOHEBYZE8S2eEr gES
fromthe spray aperture 5 as a holjgpw conical spray, simlar to that
shown in Figure 1. The atom ser shown in Figure 4 has a
nunber of liquid inlet ports 13 positioned circunferentially 20
around the rear of the chanber and which are defined by a ‘nunber of

hel i cal channels which are aligned with the conical forward part of

the chanber 3. ¥hiroughorfhserspray apertwes Fn af sfnithde veydinsdndesl shown
in Figure 3.  gheet. ©OngUeavinghene apﬁﬁb@f@,tlﬂié“ﬂﬂ[rﬁr&}ﬂiuﬁiﬁ@%.l25

conpressor in ac an ne_ e n pre ent nvention.
Referring to Fi 5& Q E'ﬁff@“@% sprea&fbo%& ?%Sr %Qﬁe 211 se% &"r]l? essi on
cylinder 33 wautebf n@saﬂmlealvyl“igw@ yaland3givhdes %qu Rl esptRya @£37.

A gas inlets ports33Q agg?geggs outlet port 41 are 30 provided to allow gas

to be drawn into and_ou cylinder 33 I n_this_enbodi nent
are located in the The “Pﬁ&é'r shexg 3R Fai‘r%gﬂ gﬂ 8 oBh&MTLREo Athent s
they may Heletcapertat detfimedpdsy t imonseriesomfl ebelboapi slmtsd3

i s provided to 3, E&Egagfah%l%%mtarshelgf%r s§§ﬁﬂa $he Fodd NdEr 3 and may

be driven by any_sujtable neans
PCT/ GB97/ 02832 chamber 3. The helical slots 1:5mpart rotarymtg)tﬂ.loglt &R may be
coupl ed taom rothey ldguideassiichfhsws throughr zhksheat imlet kpnsrukawsce SO

that movement ofythge read! gOEhéSBEBH£§Q£'?Ht&h{:ﬂ&g@hémﬂ?ﬁhﬁn'C

coupling or the |ston ree-pi ston driven
suitabl e means SdeRtiss PReEPaFREYS m&sl ntlaefIQH"{f‘Y outlet’ J-tl'hé-sg;;as

conpressor 31 f@eflecteanpintes incpbasimgly tightet priakwee Bw rthe

atom sers 45 spaaed dhf HILALAUSH o, 10 L ML-BARFILALS S iRl 0P Of

the cylinder 33 %fnera es a coni cal spra
causing the& 10 comigaild shgek oaRd cenprdash Tuem ShEnBRPERY a3PeHEUES Se

a hollow conical spray, similar to that shown in Figure.
1.
The atomiser shown in Figure 4 has a number of
liquid inlet ports 13 positioned circumferentially
20 around the rear of the chamber and which are defined by
a number of helical channels which are aligned with the
conical forward part of the chamber 3. This atomiser
operates in a similar way to that shown in Figure 3.
Figure 5 shows a schematic diagram of a gas
25 compressor in accordance with one embodiment of the
present invention. Referring to Figure 5, the gas
compressor 31 comprises a compression cylinder 33
defined by a cylinder wall 35 and a cylinder head 37.
A gas inlet port 39 and a gas outlet port 41 are
30 provided to allow gas to be drawn into and out of the
cylinder 33 and in this embodiment are located in the
cylinder head 37, although in other embodiments they may
be located at other positions. A compression piston 43
is provided to compress the gas in the compression
35 cylinder 33 and may be driven by any suitable means.



descri bed above with reference to Figures 1 to 4. Each atom ser 45 is
positioned so as to direct its spray into the cylinder, and are
positioned sufficiently close so that the sprays of adjacent atom sers
45 intercept. 15 Advant ageously, this arrangenent can collectively
provi de woosierdt di stributed, dense nmist of fine dropl ®#CT/GBY7/02832

t hroughout the volunme of the conpressi @i ¢ylinder and provi des an
effective and efficient heat sink by which to absorb heat fromthe gas
during conpression. In the 20 preferred arrangenent, each atom ser is
arranged to generate droplets of sufficiently small mean di aneter so
as to provide a very, | arge surface ar ea of l'iquid per unit vol une,

given the restheRIHRD mgy bgierHried to a FPEREY FRYEFS pSHAE 8nd the
nmaxi num desi r abbearkeha£on o25 othet odetrice sbowharr malemmi oSf zehdepends

on e Lo . BiEEBRCLEY cOLekbe: 8 OBt ' kLR Bh UkBrdgs €51 N9

with decreasin npensat es
for this dependBhey Rﬁs"d?fbpﬁét ‘Eﬂ&ebén 3| cfwee‘Pls'é%a@lI’theﬁf B¥heaBVoni ser

by providisg a F?iasblewmnansﬁsdﬂh asdthei snesghétdrdd ial %OfQdeUCIVE to
generating a we Ay [0 Qu

cyl i nder. Furt er b‘g%ﬁgg%%glng ?%hggtg??ﬁé%résehgso ?ﬂ g

coni cal sprays Pfoﬁfﬁﬂ?‘a%%mwwlorﬁtm@elrﬁt épsepaced Clrcqwfﬁl@m&bla}hﬁear

their reSpeCt'Vﬁraﬁﬁ&tdhasadgéeéhet%hérﬁﬁ§35f thBe cPlloRBssr 3penekghahe into
t he vol ume enclo ed. b th
PCT/ GB97/ 02832 om:n.s r generates a con:|.c s_pray by CaHB?.Tl%W Esne Of

an adj aceA@ spr agguidertsbyretawes f wdthihy the atowimesi rap t fierdiestampheat i on of
droplets in thajjesegindd above Am@merrefee\éaeteaes ﬁigﬁféé @rd@qgeﬁeabhl > that
t he pressure dro%) \}goss each €Hg\ser 8UI[’

coni cal spray i 8-PBISRT AR ¢8| BRELNHPISLESY 4Rct oﬂ%ﬁ?‘r"ers 1 SHfr?IYy 1&t9nal I
anount of ener gyheTky3indeonsandngreupbsitioned ouffEcsientlyye clsed wot h only
modest ener gy CQHﬁH”ﬁ'_tHeons%rays of a ﬁﬁmafz&'\fééﬂ'g e4§d g%%ace Sers

are arransr around the perigher%/ﬂ of the C |ncer t “the 10
cylinder Head, Afvantageusizysth ngereRl ﬁ@h 11F§7t1"e 4 %’(9"’& € the
cylinder. This arraedénedisentsbuesd} hademée mist of £fine droplets

throughout the volume of the compression cylinder and
provides an effective and efficient heat sink by which to

absorb heat from the gas during compression. In the
20 - preferred arrangement, each atomiser is arranged to
generate droplets of sufficiently small mean diameter so
as to provide a very large surface area of ligquid per
unit volume, given the restrictions on atomiser
differential pressure and the maximum desirable ejection
25 velocity. However, droplet size depends on the flow
capacity of the atomisers with droplet size decreasing
with decreasing flow capacity. The arrangement
compensates for this dependency of droplet size on flow
capacity of the atomiser by providing a large number of
30 atomisers which is also conducive to generating a well
distributed spray of droplets throughout the cylinder.
Furthermore, by arranging the atomisers so that the
conical sprays from adjacent atomisers intersect,
preferably near their respective apertures, droplets from
35 one atomiser penetrate into the volume enclosed by the



path Iength of the droplets is as |long as possible at all positions

of the piston. Arelatively long path | ength and nodest exit velocity
of the droplets fromthe spray 15 aperture both help to maxim se the
dropl et residence tine in the gas so that the droplets can absorb
nore heat. woesneince the droplets inpact onto one of thepevicnodneesafi aces
within the cylinder, their ability to aksarb heat from the gas is
significantly reduced. 20 The included angl e of the conical spray
from each spray aperture is typically between about 70[err] and
80[err], depending on the flow rate and anbi ent pressure.
Advantageously positioning the spray apertures adjacent the cylinder

head prevents t heliper core sof rasm assiangnts sprayeckberehy tFiomsificantdat i | t he
piston is virtughh¥néing the EQ@tﬂmﬁtﬁﬁﬂtdﬂ? dropietid e ARAte SAEgaenQf gas
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cylinder is achaEUBﬂsewsltcsﬁe usadpkuﬂahmﬂy méde&tnanazgy possunpied.ar ound

the periphery VOL2Rh6441 ry 5, the atomi
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~i-nportant to ensur e&Hehadad heo | tighd deltl ot Rilet’d &an absorb more heat.

Once the droplets impact onto one of the solid surfaces
within the cylinder, their ability to absorb heat from
the gas is significantly reduced.

20 The included angle of the conical spray from each
spray aperture is typically between about 70° and 80°,
depending on the flow rate and ambient pressure.
Advantageously, positioning the spray apertures adjacent
the cylinder head prevents the apertures from being

25 blocked by the piston until the piston is virtually at
top dead centre. As the compression of gas will
generally be completed before the piston reaches the top
of its stroke, at least the upper edge of the spray,
which for at least some atomisers is aligned with the

30 piston head can pass into the c¢ylinder without
obstruction until compression is complete. -

Another important characteristic of the arrangement
shown in Figure 5 is that a well distributed spray of
fine droplets throughout the cylinder is achieved with

35 a plurality of atomisers positioned around the periphery



di stributed honobgenously throughout the gas volune. 15 Variations in the
concentration of droplets have a detrinental inpact on performance. A
| ow concentration of droplets reduces the heat absorption capacity
W t hin that region resulting in poor |ocal cooling of the gas.

On the ot hewolsrigdsr Whi |l e excessively high concentrations gfricBomtssdr opl ets
may give good | ocal cooling, they will s so | ead to dropl et

aggl oneration so that the |iquid becones | ess effective over the
remai ning part of its travel, possi bly to the point whereby the
liquid falls out of the gas space before it reaches the cylinder
wal | . The 25 atom sers used in the present arrangenent each generate

a hol | ow coni caPEsphgyChigfer phirdh i inaviesnats least "the, Rapfd@ie 3L and

whi ch does not bgaghe yeyFitdiert hehd dvailable ﬁbQVtHenﬁrcwimirmg@’qu&sSpf ay
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of ef enred
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t he spr ay ahdonephindennheed i mayr dept Sormed i n-tﬂéilegé'ﬁéé‘,va Qh as t he
spray fromgan a@bﬁﬁ?&&eabaﬁléeéndrhﬁg(HHbﬁMQeEEOMhﬁeelther B Gheiteawi t hin

th th d Ho,
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arrangenent resdft
from adj acent spray aﬂﬁsgéflﬁﬁd&atomlsers may be oriented in various
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spray for the r &z oreder. Sdﬁﬂ@e eTﬁep} &Psmﬂﬁﬁ' 8t &ddd t hat
t he evennass of below.t he dlstrlbution of droplets throughout the cylinder
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spray axes of the atom ser ers
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provi de effecti Geteambhogl Gimpadee pAspertiniidedl | B LowlSoncémeraribm! the
CONPressi on Str Qe g, o6 & W iesSPh&Vheat absorption capacity within

that region resulting in poor local cooling of the gas.

On the other hand, while excessively high concentrations
20 of droplets may give good local cooling, they will also
lead to droplet agglomeration so that the liquid becomes
less effective over the remaining part of its travel,
possibly to the point whereby the liquid falls out of
the gas space before it reaches the cylinder wall. The
25 atomisers used in the present arrangement each generate
a hollow conical spray which, by definition is
inhomogeneous, and which does not readily lend itself to
providing a homogenous spray within the enclosed volume
of a cylindex. In the preferred embodiment, the
30 atomisers are arranged sufficiently close so that the
spray from one atomiser intercepts and interferes with
the spray from an adjacent atomiser in order to provide
droplets within the otherwise droplet-free hollow
conical region. However, this arrangement results in
35 regions of high concentration where sprays from adjacent



generated by pressure swirl atom sers have a typical cone angl e of
about 70[err]. Therefore, at the sane tine as spray liquid is directed
across the top of the cylinder, droplets are also directed down into
the cylinder 20 through a spread angle of about 70 and in one

enbodi ment , wiolegiérapOssi bl e to rely upon the droplets PCEicBOM28s3 | nto
the bulk of the cylinder over this spr angle to provide a

reasonabl e di stribution of droplets "t hr oughout the cylinder,

i ncludi ng the volune of gas 25 adj acent the cylinder walls. However, in
a preferred enbodi nent, the axes of at |east some of the spray
apertures are oriented such that sone of the droplets are directed
paral | el and adganmineﬂa)1nhercgptruhnd which omi [k detdipentak aal vheo t hat

the extreme edgge0tobhigncld oeCONEabpBRyDEd:o ah_»esgoggd ieachuy the
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coul d be agh! eVEd Do Alaghty S hypodd By 0RL) Ehg AL | i fend H1cH\BEP! © N

the other Side ©
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Referring to qarets IR Ol epidly HeRLLEhMG CBhs volume £o 0 o4 in
each corner 47, Egvﬁg%rﬁg%ﬁ%t %% %%f ot é&ﬁ %ﬁ.?ﬁﬂﬁ?ﬁqﬁ$§H3YIlﬁder head
37. In thils exanpéegnaSOf thheceppradsimyg| stfake.] ddhéatdnicmll apragpr ays

51, 53 1is 70[er§| e?traﬁan dE? P%Veelsau% %ﬁ&ea&ag&xeegehs%e aOfeydi@adt OM ser

situated in the r. 4/ is oriente
cone angle of about 70°. Therefore, at the same time as

spray liquid is directed across the top of the cylinder,
droplets are also directed down into the cylindex
20 through a spread angle of about 70° and in one
embodiment, it is possible to rely upon the droplets
directed into the bulk of the cylinder over this spread
angle to provide a reasonable distribution of droplets
throughout the cylinder, including the wvolume of gas
25 adjacent the cylinder walls. However, in a preferred
embodiment, the axes of at least some of the spray
apertures are oriented such that some of the droplets
are directed parallel and adjacent to the cylinder
walls, and preferably so that the extreme edge of the
30 conical spray is parallel and adjacent the cylinder
walls. In this way, the volume of gas adjacent the
cylinder walls is filled with droplets from the spray
aperture which is nearest that volume so that the volume
is filled much faster than could be achieved by droplets
35 from another aperture, for example on the other side of



angle [err] =90 - [err]/2 = 55[err] relative to the cylindrical axi s
57 so that the upper edge 59 of the conical spray 20 Is parallel to the
surface 61 of the cylinder head 37. The axis of the spray
aperture located in the upper right-hand corner 49 of the cylinder is
oriented atwomsnérsr angle y = [err]/2 = 35[err] rel ati vePCrvGedmn2832| i nder
axis 57 so that the edge of the ggnical spray closest to the 25
cylinder wall 31 is directed along the cylinder wall. The

speci fic angl es nentioned above are quoted sinply for the purposes of
il lustration only. As previ ously nmentioned, the actual cone angle

I s dependent on factors such as flow rate, the geonetry of the 30
atomi ser and btiiewkindgressThis enghgesthat phecvelume adjagentnthei on of
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10 to the cy&#g‘gﬁiggﬁig}gss tﬁ%’?ﬁ%ﬁ%ﬁaf#ﬁ&d on the basis of the

maxi mum cone ang ) . e illustrative enbodi nent
shown in Fi gurReferying sorFigurenf .t BEray | apfiiunesadngt @hewnh t he
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either |ed§ the tspireast angle @ infh botherepicaly sprpyscibe, 53 He H08s of the

The axis 55 of the spray aperture of the atomiser
situated in the left-hand corner 47 is oriented at an
angle o = 90 - 8/2 = 55° relative to the cylindrical
axis 57 so that the upper edge 59 of the conical spray

20 is parallel to the surface 61 of the cylinder head 37.
The axis of the spray aperture located in the upper
right-hand corner 49 of the cylinder is oriented at an
angle y = 9/2 = 35° relative to the cylinder axis 57 so
that the edge of the conical spray closest to the

25 cylinder wall 31 is directed along the cylinder wall.
The specific angles mentioned above are quoted
simply for the purposes of illustration only. As
previously mentioned, the actual cone angle is dependent
on Efactors such as flow rate, the geometry of the
30 atomiser and ambient pressure, and the precise
orientation of the atomiser to provide alignment with
the edge of the conical spray either with the cylinderx
head or the cylinder wall will depend on the cone angle
from a particular atomiser and therefore may be
35 different to the angles mentioned above in relation to



spray apertures would be oriented at appropriate angles 20 relative to
the cylindrical axis to ensure that part of the spray is directed
generally along the surface of the cylinder head and cylinder walls.

I n one enbodi nent, the axes of the spray apertures may be oriented so

t hat t he upwomsmerge of the conical 25 spray of every OPUPGBIX02832
alternate spray aperture is direggged al ong the cylinder head and the
edge of the conical spray fromthe spray apertures in between is
directed along the cylinder wall. In a preferred enbodi nment, the
axes of sone of the spray aperture is 30 relative to the cylinder axis
are also oriented at at | east one further angle between the two
extrenes. For Figurex#énpl &n tpreachdas. oftheomengr amgdes payy vagsr withs nay be

oriented at a ph%alahbas Q&ofnntt% e%ttﬁrén9| Q% ge¥ticular, xABPlRnat three
I nt ernedi at e an suc

50[er as we as the
two extrenme ang Bg fm?,g[é?r]]u% ‘?Jr? el SIF %J e With
PCT/ GB97/ 02832 tendency to decrease further awap,l as shown intFiguger angenent
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Thus, by eR§UuthB%miRahu ,hh<fe° Eﬁ%%m nts of interference bet ween

t he conical sprays 1s_renove S region, t he probability of
droplet  aggl oner at fdRhough in th§| gﬁﬂ-‘ﬂ?%’éﬁ*ﬁ#‘iﬁ reRhpddgnentd shewms dngy |
di stribution 15Figuppreyathe surface of HheL¢9linddr Headl BANGEERIY tieere the

axes of the | oyREREEY AP S0 benAllathed: el el Byh ndli Rlinder

axis over a pl urdl er ne
matter torrangé- tH’é’} r°6h¢7énPaPPéH§e%feﬁ:t he Qﬁas‘itﬁepeﬁl#-@ﬁeﬁ'@e then
orientation of cgigfdef siAeRRA not be flat and the angle between the -

cylinder head and the cylinder walls may be either less

than or more than 90°. 1In this case, the axes of the.

spray apertures would be oriented at appropriate angles

20 relative to the cylindrical axis to ensure that part of

the spray is directed generally along the surface of the
cylinder head and cylinder walls.

In one embodiment, the axes of the spray apertures

may be oriented so that the upper edge of the conical

25 spray of every other, i.e. alternate spray aperture is

directed along the cylinder head and the edge of the

conical spray from the spray apertures in between is

directed along the cylinder wall. In a preferred

embodiment, the axes of some of the spray aperture is

30 relative to the cylinder axis are also oriented at at

least one further angle between the two extremes. For

example, the axes of some of the spray apertures may be

oriented at a plurality of intermediate angles, for

example at three intermediate angles such as 40° 45° and

35 50° as well as the two extreme angles of 35° and 55° in



apertures is maximsed to achieve this inproved distribution. This is

because if the angul ar separation bet ween two adj acent apertures is
maxi m sed, i.e. the axes are wi dely divergent, then the angul ar
separation 25 bet ween the axes of the next two apertures is likely to
be m ni nal . wiéwsagmt, this problem can be overcone by PCAIGESTIgESRY t he
spray apertures so that the angular - 21 -separation between alternate
apertures is less than the angul ar separation between adjacent
apertures. For 30 exanpl e, a suitable sequence of angles relative to
t he cylinder axis for a series of circunferentially spaced

apertures in the above exanmpl e ul d be "35 50, 40, 55,

etc.” which is CREn FIFOIEHGNEFFhOWR, 1 F1guye, ' 6- P%ﬁﬁﬁﬁéﬁ&KfC&@Fd be
applied to the aiffesetce 430 the dhgle JFE orcliantlat:.errborlemmae deowthel N

Figure 5. QQQRHﬁér axis, ofmgé?yégﬁé4§pra¥2apertures is %ﬁ)%?rﬁg

PCT/GBQ7/02832
there may be noR€ PREFibAE-r ofhéf ApERpgemant Ser%ﬂﬁnﬁﬂi%WR¥QﬂSPcG#Ference
of the cylisder ddbsahOGEHetween Peiedlgcdintt oft hateyEepdree axt sadjlateiti s case,

2SI AT e oREBAGCBOULD BeoRX ROfPC-ONSLoRl AT SELSY bR, 1T © ©

adj acent oses F OXI
C|rcunferentlalﬁﬁtbﬁuﬁkl¥ﬂl¥F éﬂﬁ@%ﬁ?@ﬁrﬁhﬂﬁ Ghe FBFaY conegyintsnEerehe next

angle in the segdencens Gidthee a8pthad dropletboaﬁ:'éeaBEér@cStreﬁd!iﬂt%%r in the

dj lu Th h I f
350 orr] woul d bE"E3I8 SE,Ehe ARG LA oRPUEP!  HE ahi L DR er 1|

woul d be 10 dppipet densehdnnthe extgiazmonesrest oche apneergardl e SBhugy,
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next nearest at L gure % an axial view
t hr ough a cylingpkwginagbe CQQ&SFHQSEFﬂﬂﬁM¥ﬁ /At Bﬂms is pegion,
circunferential lthe  probphdddtyaroofid ¢hepleeri pagglometsdrienl. is In
this enbod;gRRE i chhE1§XCPe@bcdde MOM Ekd S%@élyap&{éwﬂﬁx %

are all directed So as _to intercept the cylinder axis . e extrene
edges of the coﬁﬂ@ﬁPv§ﬁray from each 20 atomi ser 45 are shomn by t he
solid straight |inesH6Wwesest, in anaperssgemsritedvimpren ttheneaxes]lof [terer] whi ch

in this enmbodi "gRfray apertures are oriented relative to the cylinder
axis over a plurality of intermediate angles, it is not

_ a simple matter to arrange their orientations so that
20 the difference in orientation of axes of adjacent
apertures is maximised to achieve this improved
distribution. This is because if the angular separation
between two adjacent apertures is maximised, i.e. the

axes are widely divergent, then the angular separation

25 between the axes of the next two apertures is likely to
be minimal. However, this problem can be overcome by
arranging the spray apertures so that the angular
separation between alternate apertures is less than the
angular separation between adjacent apertures. For

30 example, a suitable sequence of angles relative to the
cylinder axis for a series of circumferentially spaced
apertures in the above example would be “35, 50, 40, 55,

45, ... etc.” which is then repeated. For example, this
sequence could be applied to the atomisers 45a to 45e,

35 of the embodiments shown in Figure 5. In another



>

I's about 70[err], although in other enbodi nents the cone angl e may be
disfferent. It can be appreciated from Figure 7 that this
configuration provides a relatively 25 hi gh concentration of droplets in
an annul ar region 67 at aradius of r[err] =(tan [err]/2)R = 0. 7R
where R i s wio®snérdlr radius of the cylinder. The concent r BCT/GBIM283Ri N t he
central zone of the cylinder with a radi,us rs rferr] is relatively

| ow and the region 71 outside the annular 30 zone 67 will include
zones which are al so poorly supplied with |iquid. To

| nprove the evenness of the distribution of liquid droplets
transverse to the cylinder axis, the axes of the atom ser spray
apertures are oémisedinEmtas tBére maytbet morrat tharpdine hrove\dfi mexrtaxes. This
may apply to 98

PCT/ GB97/ 02832 around ‘MHe98LiPddiference of %?? cylinder dﬁs lggﬁg or all
of the atoni serBarallgl fo,theccylipder axéﬁbod?’?re‘hl?ls ¥ pRafiBhdRtures of
adj acent at onm sgeguence cduddobé settdmiedhevennscuiigersl it hews Wy mdee axi s
and as vie eshegc | e u f i

enbodi rrents mc%?%ora ::%w%uéﬁ g‘&\é \a&gagd} bF éf ses%?ggmfty %e §shown I n
Figures 8 to 10the c:.rcumferq@?rzglrl,yn@rt éxFﬁéhYeSWcQ%éheB@éZ% ofoxl | of

t he Sprayeﬁwwreﬂzwhekb&axagmmeeae%@i@c@f f:aalda;se fplled angl e
[err] = 10 rel a;: e%toethe gect %*‘ eé r adi i each
aperture. This 3rPEnJEiRSe 535&“ g @ Jacenlg’oﬁyeﬂ%ﬂ butlon
of droplets witREhuage Makbﬁ sequeneenebmep.ataroramso oW wekdd be a

radius rbig R applléan(-.b[ ar ghlvan[ a&siniserR A4 elCBf %&' %6R1anget he
ot her being at 5+10) = 1R

,
OLher BEING 2 amphigBLER! rp, SesthckeakbEARE” Fh. it o Toptmaaaet
concentration zwhédsh row it wasRdfier they tan Rngike @f #Ae weeids5keof the
[or1] = 20 ol arT o r TR T eapant ee et araneas 8¢ 3 °“‘°7§“dram from
= |V ive cy _
the spray aperture. {’%S“’f%r{tsifg cﬁ’ﬁé‘ﬂ‘t"lew E%s% indeE 81 all the
apertures lare ohbvingt @ tplamrality sfhatomisers t4%e cy:tq:umﬁaremtllsli? as -

gloewed fran €aClpaced aRBLLH' CtndY pREiPASHPI Lherésgi al offsetpligrr] to
Lerr] € embodiment, the axes of the atomiser spray apertures 53

are all directed so as to intercept the cylinder axis
57. The extreme edges of the conical spray from each

20 atomiser 45 are shown by the solid straight lines 65 and
are separated by a cone angle 6 which in this embodiment
is about 70° although in other embodiments the cone
angle may be different. It can be appreciated from
Figure 7 that this configuratidn provides a relatively

25 high concentration of droplets in an annular region 67
at a radius of r, =(tan 6/2)R = 0.7R, where R is the
radius of the cylinder. The concentration within the
central zone of the cylinder with a radius rs r, is
relatively low and the region 71 outside the annular

30 zone 67 will include 2zones which are alsc poorly
supplied with liquid.

To improve the evenness of the distribution of
liquid droplets transverse to the cylinder axis, the
axes of the atomiser spray apertures are offset so as

35 not to intercept the cylinder axis. This may apply to



outer concentration zone di sappears, since the droplets 25 I ntercept the
cylinder wall before they can converge. An inner concentration zone
occurs at rd = R tan(35-20) = 0.27R This arrangenent gives good
‘penetration of the droplets into the region near the centre of the
cyl i nder wo9saemi1 provides liquid to outer areas of the ®griapswesehi ch 30
are not well covered by the adjacent copjcal spray. I n ot her
enbodi ments, the radial offset angle [err] may be different for
different atom sers. In such an arrangenment, it is inmportant to
avoi d convergent axes of nei ghbouring or nearby spray apertures to
avoid large 35 variations in concentration, for exanple in which nore
WD 98/ 16741 only some or all of the atomis@C¥/ BIW R8BLeferred
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aperture axes |iduyfinento Hocidatlls Bich i SIS AXESoben ¥ cved
Brafifg Soch M alae AREotPRLY

froma respective aperture: lon in
may, for exanpl &4f ShoMRedn Ebguredod f?]11%nd 20[err], and an exanpl e
of such an arrangeneReferrifgmtol Fibuger 6, 18hellxes 53 ofREAEIrofoch® Figure

10, the di ffere ergqp éﬁ%%ret% %fngggeseétcﬁnp }Sbe,;tg/ve agﬁssﬁq_f j%ent
di

spray apertures i act Fsetan , of
t he axes of afgi@ewafom saedanigvpetagthe reapedtdveagydinderssadikrr] of

o]g][lertadj am]p]g aiprﬁtx@?r 8adB dRirteréQ| erhis Maﬁg&ﬁ\énatpml&ls al WoB&1gul ar
of fset is sufficien Q.She U r nu
concentration Ckbr%°§en°usTh€Isrfor &m%lof’hlgg arq"%t??% g‘ q: oV?%léirl ess

annul ar concent reanegntyatipn zonemy copeerbafing r abutd onat&ma)sy,,t ke R
cylinder. To enhaif®/2- m) ihe &Mﬁ@@e;:awi é hﬁ?fd'aﬁiirtbé'tdﬂiézebéﬂné%é her,

t he 20 atom sers ca ar ha pertu W|th axes
whose radial of f’%ﬁet=a:}§ Zagﬁgh ?t %ﬁ’%%@g’s& :[ "to CBWerge can
be ori ent etb at aargtaes:agaomsnye tbe offsenedcyh.dﬂdethaxﬂ.sqeudhbebueem hei r
axes are nore  eywo Hote@RhchBnt Bbgedirection, and vice versa, in order to

25 mnimse the overall SOWVYIWGY SPAS LIONSP'Y the spray
apertures of the atomisers 45 are each offset to an
angle @ = 20° relative to the respective cylinder radius

20 73 drawn from the spray aperture. Aas for the embodiment
shown in Figure 8, all the apertures are offset to the
same side of the cylinder axis 57, as viewed from each
aperture. By increasing the radial offset o to 20° the
ocuter concentration zone disappears, since the droplets

25 intercept the cylinder wall before they can converge.
An inner concentration zone occurs at ry = R tan(35-20)
= 0.27R. This afrangement gives good penetration of the
droplets into the region near the centre of the cylinder
and provides liquid to outer areas of the cylinder which

30 are not well covered by the adjacent conical spray.

In other embodiments, the radial offset .angle & may
be different for different atomisers. In such an
arrangement, it is important to avoid convergent axes of
neighbouring or nearby spray apertures to avoid large

35 variations in concentration, for example in which more



apertures whi ch are cl ose together. Thus, it can be appreciated
t hat applying a radi al offset to the spray axes of the atom sers can
significantly inprove the distribution of droplets 30 t hroughout the
cylinder. A further advantage of applying a radial offset and in
particul ar wosaéaet to the same side of a respecti per/cashings2 i s t hat
It encourages a rapid circulatio% of the gas in the cyl i nder
which tends to snear out or disperse 3 “circunferential non-uniformties,
particularly in the WO 98/ 16741

PCT/ G397/ 02832 - 25 - out er regions of
the cylinder. The atom sers nmay conprise discrete conponents and
may be indivi dushter Nt edppmaad ﬁdmeoaiarcarrfharaa:nceegfnent tHdie eyl i nder,

in the cylinder and/ or. | i nder lor_in the

peri pheral cor naP° %ié?ﬁéen In °ﬁe$ ec%e n‘%g ggm ‘?ﬁsers ffSBe
arranged i n onevariatigm ma,saéi%brqﬁf@eﬂnanglma:wméyeéew rithey spiray f or med
and may be suppip&stdd) Widhi ghé rﬁigﬂaeomaeﬁmﬂg apph@aﬁ%l tnar

channel . In one enbodinent, the at.omsers 10 are e a ring or
collar witR an ?m'%r&%ﬂfectim cﬂ%%@ %ﬁ’re‘i?rgryoﬁ?&rt %ﬁﬁ res@Bpl'yi ng
liquid to thehsamenside. of Abhe ntplindan aﬁzsnnhenawmmmedn@enmna i's
shown in Fi gureréépev_xéul% alpByPard | c%%r vabs?aﬁai ArDehe radiaP &fHfs@R through
the ring transverse to he r|£g g E Referri gzto Flgure 11, the
ring 75 conpris®¥a Eor S¥RER{ Bt ﬁﬁﬁ??n7§b??th9cﬁnﬁi Soudp

plurality of examp Dexi cﬁrmcﬂs an Arhnaqgeuienupj:ﬂ; ysodvam nigd F&i_:;ulre fior med -
of the cylonder caci Rer=Ely f‘%*ﬁo 1 dBpdipcs, i Ry Part
Li qui d |)s/ fed i AEEsethanglsy & Ween iesn pE| adi: a‘fﬁﬂ%ﬁ@ﬁaanaﬁ’?ﬂ"'é%regoﬁ-ﬁ 83
fornmed in the ombekith th@aﬁml?&admdl coffiser 8hglerepofpting dsteduiot to the

aLomsers 49 1 SaGRNGELALLL 30 aloac oo e A Liizn orbORL BorTne

swirl atonisers rise entl & conponents separate
fromthe ring, ©FEhar F@&é?en"— at?i@rﬁter@f mhbeapengef s lelsg Vamigitionyt er naI
body portii@ns in angular offset is sufficient to smear out or disperse

the annular concentration 2zones. Therefore, this
arrangement provides less annular concentration and a
more even distribution across the cylinder. To enhance
the evenness of the distribution even further, the

20 atomisers can be arranged so that spray apertures with
axes whose radial offset angles are such that the axes
tend to converge can be oriented at angles relative to
the cylinder axis such that their axes are more
divergent in this direction, and vice versa, in order to

25 minimise the overall convergence of sprays from spray
apertures which are close together.

Thus, it can be appreciated that applying a radial
offset to the spray axes of the atomisers can
significantly improve the distribution of droplets

30 throughout the cylinder. A further advantage of
applying a radial offset and in particular an offset to
the same side of a respective radius, is that it
encourages a rxapid circulation of the gas in the
cylinder which tends to smear out or disperse

35 circumferential non-uniformities, particularly in the



may be formed integrally with the ring 75. The use of di screte

atom sers or at |east atom ser conponents, particularly interna
conponents may be nore conveni ent 30 and | ess expensive as they can be
manuf act ured and supplied separately and would be i ndi vi dual I'y
repl aceabl ew0 9814746 accordance with the preferred PCHGBITM28RNT S,
both axial and radial offsets are applb%d to the axes 53 of the spray

apertures 5 of the atom sers 35 45 s6that, collectively, the atonisers
di stribute WD 98/ 16741

PCT/ GB97/ 02832 - 26 - liquidin
substantially equal concentrations across the cyl i nder, and with
the desired owgeratedqions iof the ceglhindetration along the cylinder.

In another enbodi ”e”{an? ta[&%m&b@?s R bc%n%&?i}éladﬁ%érete\f’“é{?:}p%n%h raéh gy of

fluid inlet ports an eren spacedar ound
the ring. The HNHQMKH}Hleldué mnyatpﬁoaﬁpuﬁéréhﬂl%kﬁqamiemegpeoﬁ e.g.

Segmel[llts dinl tBacCryldvides, a seﬁarﬁﬂee hygm&%ﬁe&dmhml rarmhoaaeor |
nor e ul inlets er enoyv.e an r,e a S|ng e
Toit oS chThhias O TR e SRR ety 2Ruged

i ndi vi dual | y r e etwo orhmmre cfforatomlseresmangb@rarmga@empne

Figure 12 s homo@”m@ﬂ‘godhgﬁfétéfuﬁh@é ovsﬁxae%a}p rb@fmtegraltwe Folr@d/5_Shown
in Figure 11 along the the face 78 of

ne X-X
Lhe 1ong 75 dof RHBsRE, Pe ubplipa; fath, Asaudy 508 8, Comnon. sEppiNGe: 33
Figure 13 shomscandunssosechannel vi B ¢he cemibodiiment, the eftomieersl i nder

where the,gyl i ngdeg Qﬁ%n%édl 0 RS al NBing or %l'lﬁ@erwi’@l | a1, Jﬁx‘@emai spray

aperture Iocated I n eri heral Qorner 89 between _.t.he cyl i nder
head 37 and - Chagyf n%%?“%l roypd then TiRgSERRLBUPREAIS LikRid)ther -
conprises a facea&@ attondlserxs aAgIembdﬂﬂmaaﬂnofhsuehrénuaxrangemenmflshe

cylinder wall. P@@xg iher Ly l!’li'é.'% g:g\ 34n %Qf‘tlcular% 5-face

which, if the cy IS TIrc an 1 nner usto conlcal
surface may be E%FF%%H fyrough th? &1§€r§Fén§EﬁﬁEﬁtt9|9ﬂ? FB“QSPNFPar to that
describedis . abovRefietrhinefedeRitqute Eiguthelkring 75 comprlbesaalng t he.

spray apert uresdi@c{'g?e %&Q@r% in which are mounted a plurality of
atomisers 45. A liquid supply channel 81 ig E£formed
between the ring 75 and an outer wall 79, which may be
formed by part of the cylinder casing, to supply each

20 © atomiser 45 with liquid. Liquid is fed into the supply
channel 81 through an inlet port 83 formed in the outer
casing 79 and a pump 85 for pumping liquid to the
atomisers 45 is connected to and adjacent the outlet

port 83. The swirl atomisers 45 may comprise entirely

25 discrete components, separate from the ring, or at least
part of the atomisers, e.g. their external body portions

may be formed integrally with the ring 75. The use of
discrete atomisers or at least atomiser components,

particularly internal components may be more convenient
30 and less expensive as they can be manufactured and
supplied separately and would be individually
replaceable. In accordance with the preferred
embodiments, both axial and radial offsets are applied
to the axes 53 of the spray apertures 5 of the atomisers
35 45 so that, collectively, the atomisers distribute



corner 89 of the cylinder enables the apertures to be 30 positioned so

that the top 6 of the spray aperture 5 is near or substantially flush
with the surface 38 of the cylinder head and the | ower part 8 of the
aperture 5 1is near or substantially flush with the cylinder wall 87.
Mor eover, twessitggdted corner face allows the face of the 3IBCT/GBY/0283Y
apertures tolie nore nearly in the plage of the WO 98/ 16741

PCT/ GB97/ 02832 - 27 - cyl i nder surface
in which they are acconmodat ed. Preferably, the parts defining the
spray aperture are conpletely recessed behind the corner face and the
head of the piston is preferably shaped to match the shape of 5 t he

pi ston head, irﬂiquﬁdhgntbabstanumauigrEQnalscom¢ﬁntratioﬂdmacmbsbonhés free
to travel, If nepesaly, abhalNewyel che {0gkbErLaP dfadiiiod | ndr.

The corner -1 ocat torisers may conprise, di SCr nmponent's,
i ndi vi dual | y notPReaptgasdor alengy Fhageylinger. Alternatlvely or in

addi tion, they may bEn nanetlesk | embodiment, athl! ind i ngy bar pexaiped as
shown in Fkgur féh Vwﬁﬁﬁ}alﬁng o%a*gggdaagiégréﬁf%é”ﬁﬁé“ﬁﬁé%%rﬁggegé

shown in Flgure e cyl1nde
head. 15 cmm@eaylawtmdnayOWathw@éw i n e Fingamay

Wi thin the row, cérisraRe ity &% mxteeahbefeb@ é@&d&{é,ye g. segaeﬁed apart or

arranged in clust There nay either atom sers
or o prurali 1y 1% av il = BbdRark ddania sB8a% RRHET B8 G hP"
single row of 2@ore fSmidyinpersur &he Mnghnamﬁae fremousd naid deplioeded in
part of ampannujgra rélfi'ﬁlésuﬁb@%‘r'ﬁ' Etgeeﬁérﬂées'ﬂadn&aber of discret&i gure 15

shows an alternatjve arrange spray apertures, in
whi ch each aper{®t%®s £3¢ oh g‘agelﬁ%llr’@rlv\tgﬁﬁﬂl}%&eé"?ﬁ f?ﬁ ?—%&Pﬁg Ef and
which are 25 peskioly cubspdacesmeng.within the same space. :
advantage of a ”Ult'ﬁﬁMbl SRR taH %m&amw a_cross GAUBRACH d|F

single larger apertuye arra ement 1§ |tiple
aperture arrangefentn’ é}g?'ﬁ{é‘n Flguthéls%%%ngm m!'116\ﬁ Eﬁ‘xdroEPets from
the sane aBea ashiﬂuembodxment, the face 78 of the ring 75 defines part

of the inner surface 87 of the cylinder 31.

yI|nder

Figure 13 shows a cross-sectional view through part
of the cylinder where the cylinder head 37 joins the
. cylinder wall 31, with a spray aperture located in the
20 peripheral corner 89 between the cylinder head 37 and
cylinder wall 31. In this embodiment, the corner
comprises a face 89 which is angled between the surfaces
of the cylinder wall 87 and the cylinder head 38. The
angled corner face which, if the cylinder is circular,
25 forms an inner frusto-conical surface may be defined by
a discrete support ring 75, similar to that described

above with reference to Figure 11.
Locating the spray apertures in the peripheral
corner 89 of the cylinder enables the apertures to be
30 positioned so that the top 6 of the spray aperture 5 is
near or substantially flush with the surface 38 of the
cylinder head and the lower part 8 of the aperture 5 is
near or substantially flush with the cylinder wall 87.
Moreover, the angled corner face allows the face of the
35 spray apertures to lie more nearly in the plane of the



30 single aperture but wwth smaller droplets. Anot her advant age
off the multiple smaller spray aperture arrangenent is that adjacent
apertures can be angl ed differently. In the case of a nultiple row
arrangenent, t he upper row can be angled so that the upper edge of 35
t he spray cwo=98/16748l i gned with the cylinder head and the PCI/GB97/02852

98/ 16741 - a7 - PCT/ GB97/02832

- 28 - | ower row of spray apertures can be angled so that the

| ower edge of the spray cone is aligned with the cylinder wall. In
anot her enbodi nent, the spray apertures may be grouped together in
clusters and each 5 cluster may be fornmed within a plug which may be

i nserted into tkgliaderor shefakcef irhe whildhndéheyEagbe accaimesdstredor pl ug

may have a co su y t%?gﬁgq§§ YRvi de a
conmon out er m%%f%g%g% efle pé‘fa@ghggﬁlhdlﬂln d%m% %f% rs nvenj ently,
each cl uster Ocomﬁﬁ?tf%Yr¥9ﬁ9§§8 i PRbind) e Forpes) FaGe card e iheddect i on
alnd repl agement oanhellwrﬁlﬁr n db preferdbly mhipeé o mireth the scsimamtdfer in a
cl uster pr r ra 1 RRCLALT € ed, sqithat as
many apertulétres %1% %l}_ h %e% é %gﬁl g@c%%lmd&f@édte\ﬁ% % 8:9 g"f a
given 15 sizethe a¥§§9¢riﬂMﬁn§ﬁ Fﬂet%ﬁRQ%y dfcPEGRESALYN %kaQhQHﬂﬁY
Figures 16 to 18ceagl gbgwb@mg“pqwaﬂﬂd%rqluster arrangenent within a

cylindrical plug 95.,,The s ertures are arranged ing.a
triangular pitch to The < é&'c85ﬁ%a. °§i%5ﬂ§|ﬁ§ysﬁ Eﬁg%téghﬁﬁ§qﬁhnber of
20 atomisers @@mppaeacsomaén@u@llw mowntkgd Axepreh the rcylinderhe
exanpl es, jtohe clusbehatuty, '&r':h.ﬂué&dllﬁcﬁpn%ﬁéﬁsmay be mBLRLedPirdYan

a

apertures, the cluster shomn n Figure 17 S._seven_sp ertures
and the clusteragﬁﬂaﬁrlﬁ k i?(ﬁﬁdﬂ*@@slﬁlﬁégﬁﬁﬁ g€9rq§fg§
In a preferred MObEnend;SQMET uumtaxtqucqmcaheumt.oas shown hin gdgumker |s

controlled so that di cma}ﬁ bé BOFRIEUin the bﬂ‘zﬁdéf‘%aﬁwa‘c@fluﬁﬂﬁ’
during conpres%oagla preferably t flowrate of Iiquid into the
rled during

cylinder is conpression, with the flowrate |ncrea5|ng
30 wi t-h Iifhcr easi ng Thas spraysapertutes tays beaprrangeddinsa row, and .

within the row, the apertures may either be regularly
spaced apart or arranged in clusters. There may either

be a single row of atomisers or a plurality of rows of
atomisers. Figure 14 shows part of a single row of

20 spray apertures, which may, for example be formed in
part of an annular ring as shown in Figures 11 and 12.
Figure 15 shows an alternative arrangement of two

rows of spray apertures, in which each aperture is
smaller than those shown in Figure 14 and which are

25 packed substantially within the same space. One
advantage of a multiple small aperture arrangement

compared to a single larger aperture arrangement is that
the multiple smaller aperture arrangement can generate
the same mass flow of droplets from the same area as the
30 single aperture but with smaller droplets. Another
advantage of the multiple smaller spray aperture
arrangement is that adjacent apertures can be angled
differently. In the case of a multiple row arrangement,
the upper row can be angled so that the upper edge of
35 the spray cone is aligned with the cylinder head and the



only injected into the conpression cylinder during that part of the

cycle in which it is required and only in quantities over that part
of the cycle which are specifically necessary to provide sufficient
cooling of 35 t he gas. Such control both minimses the anmobunt of

WD 98/ 16741 WO 98/16741 PCT/ GB97/ 028GF/GB9702832

- 29 - |l iquid used per cycle_agg Lhe energy consuned in cooling
the gas. One particularly inmportant advantage of the present spray
apparatus is its ability to form and switch off the spray very

qui ckly. Furthernore, the 5 liquid flow fromthe spray apertures changes
rapi dly with changes in the pressure of liquid fed to the

at oni ser . | n cidwer meowioLf spiey apentyres ¢an bee@pgled spethabsthe to

changes in flowprssuetgeFust h%heor@pray coh8e€ i gﬂvamigﬁéahwenfw t hat
there is a surprisin 10 2' gprove i n,.the srﬁ%a%l Stg gtlon bet ween
adj acent cd “por as th dﬁVﬁFPﬁﬁ of P ¢
This is parti culaentuasamayybeugrasped h@gﬁtheﬁuxntdﬂysters hedteaﬁmorption
characterisiics Qfyddier SRR ) baPER¥REdASwithin L4 pwgaywﬁyé@t knap reases
permtting the conpressjoyn rat to b |ncreas h | er
i ncrease in gas ineer e‘re‘#rp’r—?’f ’R/\S\?Ia& °5t|tr f”"\/\A"%r in %r t R ase.
Ther ef or e, thereclusuarpartptwgamusﬁasegg datnore 1 ighid usipply feefl amd
arrangenent of t | r

d sy HRRS UG %%g%dé 2"Sfich outer’bbly! E&f Sy

sprays and pul se ays
an exanpl e of h&¥ bf‘i\? Apgirideal |a§°mlser§ar|(‘é?§1VGPéFn51360r?@CtPs§FBﬁt%§/cl e and
i s conparetow t hmdyhéde removedididinriduallyl todeXlow essier of Baspeenich and

180Ler ] of oS nankndnD] CadGubst Ak UkRERS-L "l HA° kOl (he 25

cylinder at top entre bot t om
dead centre, andcFeERe%asin ntdo lq;lr@ster, b‘}"Fl Rreferaly t KBega8PTRY et

Vﬁl ve cl oses neadpé_:lhﬁlresl ardOhkPahgédt B6 Thhaekas ofiny hep@itirys r@yes ihnto
o sors sronciS A S0, doshikaels SIORIACR bU6%RE Fldith. |
and is prelérabl%lifq | ggegolpmhn.ch the spray apertures can be formed
Figures 16 to 18 each show one possible cluster
arrangement within a cylindrical plug 985. The spray
apertures are arranged using a triangular pitch to
achieve compact grouping so that a large number of

20 atomigers can be accommodated within each plug 95. In
the examples, the cluster shown in Figure 16 contains
three spray apertures, the cluster shown in Figure 17
has seven spray apertures and the cluster shown in
Figure 18 cowprises nineteen apertures.

25 In a preferred embodiment, the flow of liquid into
the cylinder is controlled so that liquid is sprayed
into the cylinder only during compression, and
preferably the flow rate of liquid into the cylinder is
varied during compression, with the flow rate increasing

30 with increasing gas pressure. In this way, liquid is
only injected into the compression cylinder during that
part of the cycle in which it is required and only in
quantities over that part of the cycle which are
specifically necessary to provide sufficient cooling of

35 the gas. Such control both minimises the amount of



which is required to absorb the relatively | ow heat energy rel eased

during the early stages of conpression. As the conpression continues,
the energy rel ease 35 i ncreases and the spray flowis increased to

I ncrease WD 98/ 16741

PCT/ GB97/ 0288»98/16741 - 30 - PCT/GBYH02832 or pt i on
capacity of liquid within the cylinderL. 59 . At a predeterm ned point
during conpression, the spray flowis increased to a predeterm ned

|l evel K and is mai nt ai ned at around that |evel for at |east part of
the 5 | atter part of conpression. As there is a finite period

between the tinme at which droplets enter the cylinder and the tine at

whi ch the transfliquid kead peomiudie gad the energyocehsumkdihereoling
conplete, i.e. whah §de. te@ﬁ@f%éﬂ{fﬂlarly AmpbReatt ORbGhAL 4GS ChESLRdE

anbi ent gas tenperature, the 1 ow rate,is genfral I* controlled so
that droplets arRFesent SBray.RPRRFAFNS: 18 4RT naRELLFY gfPl B A ¢ hei r
addi ti onal absorgptiteh cafficthg sprapquergdquitielef or Eurthermoxd, athe

predet er m ngd poj ] FBbw PELSR tRet B dagbre CRGREES S04 he
sprays are shut Ojb, %%dfltﬁ% ﬂr,ow ra(tee ‘%59 a?agiglre?fa_l I séf% izrggnc"f.ﬁl}The

pi ston continue'i'h cGRprgee in the,prgssury Gfe éﬁ“’cﬂ E8FptessER®, the
addi ti onal heat atomisedf. confiesstitsr baiordsabsohdedatpymilder Nist veeent |y

i ntroduced dropl At ?% L. t:he i t he gas
outlet valve opexﬁéssspf[?c?%e t{obles on g%(? h gg’%ﬁ?%ﬁ%&# Sl'up\f/aurrgil%?lgg\}é "to push
the gas® and sprahe inventexg dhavie Spundethpki fdhere HrudhsBERYHBinSr e gas
ou; | et p_or}Lle. kst dNeeridiits ﬂnidme sbb&yg@ﬁatﬁﬁmﬁiﬂl oh betweehegaj aéerfn: ] -
substantially con nt-, I.ndi_ca e rt.ion P t he
cyl i nder pressur%gé%%/le.s%l.’s 2% Eﬁgl ?Xfé@%%o% atrﬁe_ﬁ%l&t%%t ﬁsg %%?%%1 l er for
control ling Thisdlg partisudardyt pdvaptageous A dthasansethat |ty to

control the fl ovhdat QbERAYtRER Ceisiatteri St Y [JC hal spray imprBoes0a$ T Ol | er
shoul d preferably be able Lo rov%% a ul sed f QW rate with
oredet er m ned vaTiRTRRRY SPERFIRR S5Cr0apsp ORI, F15, COUPEESS 9
exanpl e shd®n i nc#tguree be inaPased avigphefeersmallamobnersase tie gamtrol | er:
conprises temperature than would otherwise be the case. :

Therefore, there is a particular synergy between the use

of an arrangement of multiple pressure swirl atomisers

with interfering sprays and pulsed activation of the

20 sprays.

Figure 19 shows an example of how the flow rate is
varied over a compression cycle and is compared with the
variation in cylinder pressure. Between 0° and 180° of
the crank angle, the piston travels from the top of the

25  cylinder at top dead centre, to the bottom of its
stroke, at bottom dead centre, and draws gas into the
cylinder until the gas inlet wvalve closes near the
bottom of the stroke. As the piston moves into the
compression cylinder it starts to compress the gas and

30 the atomisers are activated. Initially, the spray flow
is relatively low and is preferably limited to that
which is required to absorb the relatively low heat
energy released during the early stages of compression.
As the compression continues, the energy release

35 increases and the spray flow is increased to increase



a_hydraulically actuated punp, in which the novenent of t he punp

piston follows a preset pattern. In another enbodi nent, the
controller conprises a nechanically 35 actuated punp in which novenent
of the punp piston is WO 98/ 16741

PCT/ GB97/ 02W998/16741 - 31 - PCT/IOBYTN28R2ed by a
cam whi ch causes the piston to nove _ according to a prescribed
pattern. In other enbodi ments, the punp may be actuated
pneumatical |y (e.g. with air or other gas) or by el ectromagnetic 5
means, although it m ght be harder to control the novenent of the

pi ston punp and to provide the high I njection pressures that are

needed towards the shdopption casexhitiynjefcliigqni@uviehin the cylirdeef.erably,
the punp is sitggtgdygh b L§€ ST L,re del ay
bet ween operatiagn p g?‘??ﬁgi%%& ar?c}-' ﬁ%‘g‘q}lﬁj é;é:rfl %%égo rF'} aﬁ}%%ﬁhh woul d
ot herwi se be calid¥ bhe | HiereRgnd itres2 predeterminagelevel Keasdnisit is

al so i nportant whdhtained ratoargend! el level fdit aitt heaptppar®rde akween the
punp and atzom z S j on,_of as ogkets w.l.l . again
cause t50si g%lg?' F%grsﬁg)lﬁ:l r?eft_ %gfng%%%dsi j o%}llerf% tll?egp%ﬁﬁl‘é% RE408

to the atoni ser ¥ek¥egnsshp| simpsataybichsdrepistd mntiew the cyltinder
possibility of andi the |t @e whidhttdtrankkeri 6f heat f¥5ﬂ'ﬁﬂ% gakrom t he

int of vi osinplicity.to dgi 2 th t i th ,
olural ity of Sakpche diokasfalis Stilers’ (§-Sy M P HRE S RpS OF

one or ~ mopPE bhendwamletsTheaches |thel kobieit foasetempernpisutey inae
control | edd n dighbar eate VBY Sg&fe @l 1 dUnR¥ollEed £6CERI gropletld Qe ate
profiles and/or different, flowr Ifferent atom sers.

For exanple, spPRyYhfectidhn ¢ te%%%f#‘%?%l&g}x%y?éé% g8 Tof
atoni sers whi chadddeional ammﬂbgt eApHTisyr ¢adrefquilrepl etThexdedoget he
are Intended tos i besadtituladd Holdt o a o Py e e e
may be consi derﬁgF‘Br?‘F%’;ﬁ”bM F?‘/? PRTRYR are shut; affand the fdowokatsr the
vari ous atlém serspiflly diedls to zenbodiThenpistdercontdyube o pddkiprlesby Of
rows of the gas to the end of compression, the additional heat
of compression being absorbed by the most recently
introduced droplets. At the end of the compression
stroke, the gas outlet valve opens and the piston

20 continues ite upward travel to push the gas and spray
liguid out of the cylinder through one or more gas
outlet ports. During this time, the gas pressure
remains substantially constant, as indicated by the flat
portion P of the cylinder pressure curve.

25 It is important that the controller for controlling
the flow rate to the spray nozzles has the ability to
control the flow rate very precisely. In particular,
the controller should preferably be able to provide a
pulsed flow rate with predetermined variations of flow

30 rate within the pulse as, for example shown in Figure
18. In a preferred embodiment, the controller comprises
a hydraulically actuated pump, in which the movement of
the pump piston follows a preset pattern. In another
embodiment, the controller comprises a mechanically

35 actuated pump in which movement of the pump piston is



atom sers displaced along the cylinder axis and in which a |lower row

iS at least partially blocked by the piston 35 during conpression. I n
this case, it mght be WO 98/ 16741

PCT/ GB97/ 02832 - 32 - beneficial to
shut of f WMl y to the | ower row - bef or e shutti NRRCRHEBI7TION32 suppl y
to the upper row at the end of cogpression. I n anot her
enbodi ment, the sprays fromthe 5 atom sers in a |lower row nay be shut
of f by the piston. | f adj acent rows are fed by a common supply, '
closing off the |l ower spray apertures could be used to automatically
I ncrease the flowrate through the upper row spray apertures during

the latter par tcofttdblednpyessicam Mhich stausless the piston to wmawveher
embodi ment, thegl mﬁéﬂ&ﬂ g Cotbechi Valdiinea RARAGMLY MRYrhe Brayided by

t hose aton1sers ose are directed into thenﬂ%li pace near the
end of the ‘?ﬁig?s'adfla%eﬁ’ﬁ"mphé“aéﬁlll?%dérc thatgd P “?tl‘rgﬁiéyto 15
ensure that the(engreaﬂlthg afiemaod fothelri gais) dow i by tdlectromaghetier part
of conpresgion ﬁéaﬁ%‘e %ﬁ%h%ﬁ?ﬁ r#ij néh{:h%e hard&y! £3de&ogH NI EHSSb can

be net. one Of npre atom sers ma
arranged to genBPYEBERt spfafhRaRiffoR PWMperanst &ePTeYide thecBighangl e
than one or mrmyédsnej:oratmwrz&s dhpendraoneeded towar@eamhec el bbeir

relative positi n Such an arrangenment nay be used to
| nprove the é’ac%‘ s?lré%t%t k)hci%edropl ets in the gas at various points in
the cycle. 25 Prq:ﬁf-@glym the ouEBdikenestyusted| Kd@sgbdive, ths wel |

ﬁs ot her &u‘]podlae&af §seﬂ£1Q:<9rm1lﬂ1|hﬁs@L ahbetﬁgnaémﬁ etveen ope&éﬁh.bhona: ly
ave neans or a spray, | t hel, e |ve ow C I Cca
sprays. Such an® gdg}‘ Shgp @ and 't $ rleil)?ecﬁéﬁn 85 ifplé' ?‘ #h epar ate
orifice 30 sgbbeami$alb9 eeaaeéleAﬂhnghplnslsn@# thEOEOHhGaBamgray
aperture and foggBgohl ihelat ambéeimp&%:&rWtwa ai®y or gas addkki onally

e oLher 1 YPesEh EETLREL W S Lo, e, A SRS 10T
at om ser s 18r the formation of gas pockets will again cause - -
significant time delays. Positioning the pump as close
to the atomisers as possible also assists in minimising
the possibility of air leakage. Although it is
desirable from the point of view of simplicity to drive .
20 the atomisers with only one pump, a plurality of pumps
may be arranged to drive individual groups of one or
more atomisers. This will allow different pumps to be
controlled in different ways so as to provide different
flow rate profiles and/or different flow rate timings
25 for different atomisers. For example, spray injection
could begin early for one group of atomisers which give
a fairly even spread of droplets along the cylinder and
could begin later for another group of atomisers which
are intended to give more flow to the top part of the
30 cylinder. There may be considerable flexibility in the
timing of injection for the various atomisers. 1In one
embodiment, there may be a plurality of rows of
atomisers displaced along the cylinder axis and in which
a lower row is at least partially blocked by the piston
35 during compression. In this case, it might be



35 ot her spray injectors which produce a flat spray may be WO

98/ 16741 PCT/ GB97/ 02832

- 33 - arranged to spray liquid across the space near the end

of the cylinder. Advantageously, the use of flat sprays directed
substanti alWQowss74dl | el to the cylinder and pi st on hepci/epyriozgses, can.
provide an efficient nmeans of 5 i Nj.gcting heat transfer liquid into the
shal | ow gas space as the piston approaches the cylinder head, and,

may be only activated in that part of the cycle, or in ot her parts of
the cycle as well. Ref erences herein to circunferentially spaced
10 apertures nean spaced generally around an axis w thout any

limtation on theneffstimicetér stmtheofdfki she supply topaHe Cll:bv@ér Trbe

di stance i s not d xampl e,
circunferenti al zif&%%&&ltrges?{c?a;H%pg{rl?ﬂl%sté h’ﬂneg)dﬂf% ar’fggd agen t he

centre of the | GIRRKESHA9cy | i nder wall, e.g. in the cyli nder head.
The spray |iquid nmaylie angtyldred duiwaimentsui thbl esprayssogeém agHeat any

desired terer ab by sad ¢ g{ag P&'fe 5°wr ﬁgg ﬁ%l gﬁ&d tﬁr Qggcggghgexchanger

and/ or coo ve any cro&g
geonetry, 20 &f adiaceas| ?i@wss%ftﬁarf@d PEca seapmony supbly ptdlesingoedf, any

pol ygonal geonehé Yiower &pgsy adpert%é‘resV\ﬁbﬁldélfe uskleto autou&@:‘i@ﬁliges

Al t hough enbodi e Invention cribed wit
reference to gaggg%%%gees%g’& fr3‘t e Eﬁ’%ygggwglépﬁla’f‘at‘???e&es’&?"l’ bEB*A¥r ei n can
al so be used asaReneures ofiuring the) detitey |dagpr dof ntbea coppradeiono

provi de aibeat serdkes. for expandi ng gas, for exanple in an isothernal

expansi on procgss arat.us_ for gener ower. wWhi ¢h are drlven

by the injection of ﬁbt@Aﬁ‘EFdﬂf‘#ﬁ “Eﬁltexﬁgﬁs 9@% iSeddecEhve §

described in <¢apagigy mexnbe proReided bikoshoseGatAmisers Wé@rays

GB- A- 2300673 anQrQBdArgggzaggntBh%hﬁoﬁkﬁn$ﬂ§Ee neaﬁMEHH1§¥ gﬁgorated
odi

herein by referen catigns to e e ment s
desclrl be)é f’e‘?‘he’w ??Jﬁ%e’htpp‘é]l’%nf:yrt{on?ﬁ%séeéﬁrISI s BedPsir B 35

15 ensure that the increasing demand for liquid during the
latter part of compression as the gas space within the
cylinder diminishes, can be met.

In another embodiment, one or more atomisers may be
arranged to generate a spray having a larger or smaller

20 cone angle than one or more other atomisers, depending
for example on their relative position and orientation.
Such an arrangement may be used to improve the
distribution of droplets in the gas at various points in
the cycle.

25 In any of the embodiments described above, as well
as other embodiments, one or more of the atomisers may
additionally have means for forming a spray in their
respective hollow conical sprays. Such an additional
spray may be formed from a separate orifice

30 substantially coaxial with the axis of the conical spray
aperture and formed in the atomiser. Any embodiment may
additionally have other types of atomisers for spraying
liquid into the c¢ylinder which do not operate on the
pressure swirl principle. For example, atomisers or

35 other spray injectors which produce a flat spray may be
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-°34 - CLAI V5 1. An apparatus conprising a chanber for
cont ai ni ng gas, a piston for changing the volunme of the gas in said
5 chanber, a plurality of atom sers, each conprising an aperture
for admttiwgebaer d t heret hrough into said chanber peiigaénia’
delivering a flow of liquid to said _ apertures, each atom ser further
conpri si ng nmeans defining a flow™path for inparting rotary notion to
said 10 flow of liquid about the axis of said aperture so that on

| eaving said aperture the liquid divides into a spray in sai d
chanber, and wherein a said aperture is positioned adj acent anot her
sai d aperture aatramgedixes syrasaildquid acRdh8CERé Sdd Weds &he epient ed
such that their I L.ve ' e a si4i.0n_proxi mate at
| east one of sa?%%alﬂe efgéﬁ'?' %ﬁért%&e@ﬁde%ﬁ?' e rslgafg)gé%ﬁtufp%?l’gl ai ned
in Claimil, wheférected gubstantially paralde] atentthepeevlindenr endriented

such that theirp2écon MRSBESLIIScEP) Bbn 'P&beiaecan b £ STt HeBnk! 88 At
| east sone $ai | es

dj acent . aperture of., t.han tqi?]m I pum

di st ance b&t weefi %%?gl’g%j gggﬁ.t A3BPEGFediquid intp € ﬁgﬁﬁ%‘t’ugaas
clained in d ai ﬁpéce)rail,thméfiéWYQ?-PProsghdscphatmylmqn iheasi,aandl i nder.
4. An appar at Ugapshé| TP hdtivatdidnia chhe’ 8hie IO the oyl eohetpeen the
axis of at Ieasttonre of tsal%g:?‘g]turis Jﬁd a line parallel to the axis
of said cylinde?*Pe RPFERyG £YErGnPE ¥ ahyl e bet ween the axis of at
| east one ot herRetgnerages t theraimd &d i neipamddrentiallipe apasedf
said cylinger. apertures mean spaced generally around an axis without’

any limitation on the distance from the axis. In

particular, the distance is not limited to the radius of

the cylinder. For example, circumferentially spaced

spray apertures may be arranged between the centre of the.

15 cylinder and cylinder wall, e.g. in the cylinder head.

The spray liquid may be supplied from any suitable
source and at any desired temperature, and may be:
recirculated through a heat exchanger and/or cooler.

The cylinder may have any cross-sectional geometry,

20 e.g. circular, square, rectangular, elliptical, oval, any
polygonal geometry, irregular, as well as other
geometries.

Although embodiments of the invention have been

described with reference to gas compressors, the spray

25 apparatus described herein can alsoc be used as a means of

injecting liquid into a cylinder to provide a heat source:

for expanding gas, for example in an isothermal expansion

process. Apparatus for generating power which are driven

by the injection of hot liquid into an expansion cylinder

30 are described in the Applicant’s Patent Nos. GB-A-

2283543, GB-A-2300673 and GB-A-2287992, the content of-
which are incorporated herein by reference.

Further modifications to the embodiments described

herein will be apparent to those skilled in the art.
35



5, An apparatus as clainmed in claim4, wherein said one 35 aperture is

‘adj acent said one other aperture. WO 98/ 16741

PCT/ GB97/ 02832 - 35 - 6. An appar at us
as claimed in daim3, 4 or 5 wherein the axis of at |east one of
sai d apert uwesihenpri ent ed such that the flow of parpcpfg spray
nearest the end of said cyli nder_ijf substantially aligned wth said
end. 5 7. An apparatus as claine tn any one of Clainms 3 to 6,
wherein the axis of at |east one of said apertures is oriented such
that the flow of part of said spray nearest the wall of said cylinder
I's substantially aligned with 10 said wall. B. An apparatus as
claimed in any auaing Clains 3 to 7, wherein a plurality of
sai d apertures are circunferentially spaced around the axis of

said cylinder 15 and the angl e between the axis of at |east one of said
apertures and a¥:i neApar@PRERtUS CREPHLBINGf asahamber fQ;yId!(pmini&g

different from Gae,aagpstid Feenchiegiig &Héf volume 88 @Hé?é‘é‘t:m
e

circunferentiall ed _aperture. and al | othe aX|s of
said cyli ng’fa f%‘am%% Fi’elm 31‘6‘5 r taoénltﬁeglsr’ref%ictlu‘ GEBRSIngh&%in t he
di fference in t[R@exkyres f@fr t admiting f laquiéastlevetmmugh into m‘amdj acent

apertures rel at ichambera h\éaﬁsp%f" Ji@iﬁ@rﬁf&ch flow A E fzgﬁ
greater than the _difference in th angl es of the axes, of one ot said

adj acent apert uPESTEHE®S,  eaghe ﬁﬁ?‘f‘l%?)’ért VECRSY o FAMRERING | yrefngced
fromthe other definiggial Hdwapeth fperimpastiabarbtaryometidme-pagadld el to

sai d cylinder atisw of3ﬁqu1dlgbou€‘nt}?é)%ﬁ%t Bfaéﬁl&'agie'ﬁﬁré” S W&, Of

Clainms 3 to 9, e lural ity of s tures are p03|t|oned
around the wal | 18?"%9?05"&4 |a|9&§ UL thee il qugd g ﬁé"éﬁﬂs into 3 fpxay in

said chamber, and wherein a said aperture is positioned
adjacent another said aperture and the axes of said
adjacent apertures are oriented such that their

15 respective sprays intersect at a position proximate at
least one of said adjacent apertures.

2. An apparatus as claimed in Claim 1, wherein the axes
of said adjacent apertures are oriented such that their

20 respective sprays intersect at a distance from at least
one said adjacent aperture of less than the minimum
distance between said adjacent apertures.

3. An apparatus as claimed in Claim 1 or 2, wherein
25 said chamber comprises a cylinder.
4. An apparatus as claimed in Claim 3, wherein the

angle between the axis of at least one of said apertures
and a 1line parallel to the axis of said cylinder is

30 different from the angle between the axis of at least one
other said aperture and a line parallel to-the axis of
said cylinder.

5. An apparatus as claimed in claim 4, wherein said one
35 aperture is adjacent said one other aperture.

I ———
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35 11. An apparatus as clainmed in any one of Clains 3 to WO
98/ 16741 PCT/ GB97/ 02832

- 36 - 10, wherein the axis of at |east one of said apertures is
directed so as not to intercept said cylinder axis. 12. An apparat us

as cl ai med woofgdugm 11, wherein a 5 plurality of said apef&himagnc! udi ng
said at | east one aperture are circunferentially spaced around the

axi s of said cylinder and the axi S$Df said at |east one
circunferentially spaced aperture is offset at an angle relative to a
line intersecting said aperture and the 10 axis of said cylinder.

13. An apparatus as clained in daim112, wherein the axes of at |east

two or nore saig.CirgHdganichel b¥ claimedSRACCUadRES | W S & © wiichkeldh tO the
sane side of a ghne 15 int riecthg a rgsgec i ve said apertur.e %ng t he
i of SEPE BFiEnger ot leastdpd SETEEfY Rerillied BE (qHiEntady o
13, wherein thesuch thatkdtheofflaw ¢epartt wf saidosprayljnesysst the end

circunferential by 2013 SPacREAraps’ bibRS18194f atighdatarr B Sleda.of a
l'ine I ntersecting ‘a respective said apefture and the axis of

said cyli nder . 15. An apparatus as clained in Caim13 or 14,
wherein 25 t h@.axi Anodpperdtaas is ockaimeds dndanry esriel ioEs Chhaind 3 o 6,

oL 101 SRR W A B A Soercugd b

respective said [ ne whic rent to_t gf )
axi s of at |easProfBted Htchyfthak; he feaw pEspart of gRighsprayineazesto t he
sane side is of thet waklabfveaid eyBlhder rigspabbtift$ally laliyned with

10 said wall.

B. An apparatus as claimed in any one of Claims 3 to 7,
wherein a plurality of said apertures are
circumferentially spaced around the axis of said cylinder

15  and the angle between the axis of at least one of said
apertures and a line parallel to the axis of said
cylinder is different from the angle between the axis of -
an adjacent, circumferentially spaced aperture and a line
parallel to the axis of said cylinder.

20
9. An apparatus as claimed in Claim 8, wherein the
difference in the angles of the axes of at least one pair
of adjacent apertures relative to a line parallel to said
cylinder axis is greater than the difference in the

25 angles of the axes of one of said adjacent apertures and
the next aperture circumferentially spaced from the other
said adjacent aperture relative to a line parallel to
said cylinder axis.

30 10. An apparatus as claimed in any one of Claims 3 to 9,
wherein a plurality of said apertures are positioned

around the wall of said cylinder adjacent to the end
thereof.

35 11. An apparatus as claimed in any one of Claims 3 to

* 4 L M s *




16. An apparatus as clainmed in any one of Clainms 3 to 15 arranged

such that the spread angle of the conical spray fromat | east one of
said apertures is different fromthe 35 spread angl e of other apertures.
WD 98/ 16741 PCT/ GB97/ 02832

- 37 - wo9sné¥i. An apparatus as clained in any one ofpéiepyymgzt o

16, wherein at |east two or nore of §abg apertures are spaced apart in
a direction parallel to the axis of sai cylinder. 5 18. An
apparatus as clainmed in Claim1l7, wherein a plurality of said
apertures are circunferentially spaced .around the cylinder wall with a
plurality of said circunferentially spaced apertures being spaced

apart in 10 ewl: Whieke O o alvi@l ofOat hbeaitd Snef oﬁaéﬁdl)dﬂe&dﬁfez is - 19.
An appar at us as,.cl ai I.n i s ' . . wo_ adj acent
apertures are sdpl c%d:rg;agasﬂ ‘-’llglnﬁ%’\{:‘n {=_L§ légél]%%#o%taﬁgr é’Vﬂ'é‘ﬁa%% % e axis of said
cylinder. 15 20. An apparatus as clained in any preceding claim

wherein said megns 09 depa¥SFidJabNdlidaRed® GPNEUAImald, wherdiRl Ugality
of said atom sers are conne 0_receive liquid frgmlsal d conduit.
3

cteq t .
20 . APHBRAE a§a&SaPR§‘d”tPﬁe%n’gP‘blﬂéd’d}g & pgst one 7o,
wher ei n sai d cydpeutarreceonprcibmmunfepentially spaced arcindc theeapastef at

| east one of Wgé&facqmﬁinta%ra and tid Urlid Vool 8aidl aRertidLgs agge
respective sai d neans_"25 diﬁll ni ngﬁgéflow athnif or ,sai d apertures,
' 13P%H

22. An appar at [SiERunferentdallyceR 2 w6 it A5Fsst at an ppgle one
part further indlakeikven twnalulinandnaepbecting ysaid aperture and the

10 axis of said cylinder.

13. An apparatus as claimed in Claim 12, wherein the
axes of at least two or more said c¢ircumferentially
spaced apertures are offset to the same side of a line

15 intersecting a respective said aperture and the axis of
said cylinder.

14. An apparatus as claimed in Claim 13, wherein the
axes of at least two or more adjacent circumferentially

20 spaced apertures are offset to the same side of a line
intersecting a respective said aperture and the axis of
said cylinder.

15. An apparatus as claimed in Claim 13 or 14, wherein
25 the axis of at least one of said apertures which is

offset to the same side is offset at an angle relative to

a respective said line which is different to the angle at

which the axis of at least one other of said apertures

which is offset to the same side is offset relative to a
30 respective said line.

16. An apparatus as claimed in any one of Claims 3 to 15

arranged such that the spread angle of the conical spray

from at least one of said apertures is different from the
35 spread angle of other apertures.
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of said neans defining are connected to said conduit. 30 23. An

apparatus as clained in Caim2l1 or 22, wherein said at | east one
part conprises a renovably nounted transverse section of said
cylinder. . 35 24. An apparatus as clained in any one of Clains 21 to
WO 98/ 1674 kw0 98116741 PCT/ GB97/ 028CHGRY7/02832

- 38 - 23, wherein said at Iqagg one part conprises a renovably
nount ed pl ug. 25. An appar at us claimed in Caim?24, wherein the 5
peri phery of the face of said plug containing said apertures is
substantially circular. 26. An apparatus as clainmed in any one of
Clains 3 to 25, conprising a gas conpressor and including control 10

nfeanS_ grranged 1. ci ragpadditud QN rAladmell Ehqahg bfléOUQhCIaimsaB ptarality
of said apertur S t e ini tial .pa si on,
the flow rate i%%‘r e‘glg%%é%?t% digd&?h% e é“§§en§Epr%g§§u%éegpugggpéﬁgsai d
conpr essi on spaged apart dma idivesthoni perpbielotabdec axigr ofesaidi ned 15
rate in the |atépriggd, of conpression and is stopped before the
pressure of gas in said cylinder reaches a maxi num val ue. 27.
An apparatus as clainmed in Caim26, wherein said 20 control neans is
arranged to dell&er An gaeppanates hiagherlaimed in oGlaidme U7hr owhgreiperaur es

whose sprays argngif19¢428s said dg¥rRuibs YPbUSE ARG 118 yeRgaBbgsai d
cyl i nder than glpertures y\ggse %Jorgys are di reft ed @\Nay fr m?s.fsld
vol ume. 25 argund a\rhe,  gylinder walli JetER b 3 DIpFRieel n@lcl Sr47
circumferentially spaced apertures being spaced apart in
10 a direction parallel to the axis of said cylinder.

19. An apparatus as claimed in Claim 18, wherein at
least two adjacent apertures are sgpaced apart in a
direction parallel to the axis of said cylinder.

15
20. An apparatus as claimed in any preceding claiﬁ,
vherein said wmeans for delivering includes a conduit and
a plurality of said atomisers are connected to receive
liquid from said conduit.

20
21. An apparatus as claimed in any one of Claims 3 to :
20, wherein said cylinder comprises a plurality of
discrete parts, at least one 'of which contains a
plurality of said apertures and respective said means

25 defining a flow path for said apertures.

22. An apparatus as claimed in Claim 21, wherein said at

least one part further includes a conduit and a plurality

of said means defining are connected to said conduit.
30

23. An apparatus as claimed in Claim 21 or- 22, wherein

said at least one part comprises a removably mounted

transverse section of said cylinder.

35 24. An apparatus as claimed in any one of Claims 21 to

R A



conprising a gas conpressor. 29. An apparatus as clainmed in claim
28 including 30 control neans arranged to control the flow of |iquid
through a plurality of said apertures such that liquid is sprayed

t hrough said apertures during conpression and is st opped before the
pressure ofwgasnerdl sai d chanber : reaches a maxi num vRCT/6BI7H2832

WD 98/ 16741 18 PCT/ GB97/ 02832

- 39 - 30. An apparatus as clalned in any preceding claim

i ncludi ng nmeans for cooling the liquid before being sprayed into said
chanber . 5 31. An apparatus as clained in any preceding claim
conprising a gas expander and conprising neans for del i vering
pressurised gaszjfnwhexduﬁ shadbstr lemsd onetpatrt compiiemes af semspabyyng
liquid into saigy, ‘erlng expansi on of gas therein. 10 32.
An appar at us conpr|5|n§;a cyllnder for containing gas, a piston for
changi ng the volune of the gas in said cylinder, a plurality of

at om sers, eachzsonmﬁasapgamtus as aptaimed inr Chdint 24 pgwhegein the

t heret hr ough | nt 0 ﬁ? én%g npan aggr C}QﬁH V%ﬁ@&zﬁr{l oyagé l'iquid

£ C
to said each é%on1ser furt
defining a flowﬁmﬁxtpﬁeﬁ iﬁnﬁEHQQQytﬁéiéchh@@¢¥#F{o sald fIOM/of
| i quid about the axis of said aperture so that on | eaving said

the angle bty ¢ iR aapeagptus’ s “Bdnad (e g ek BF' LAEShe 20Eq1 1" "
line parallel t235iheomprisingi @ gassaichpreesateands igiclidisgt conbreihe
angl e betwgen means ({1%rafed 65 Gént:RASENANEIS) NRIteSBENLERMY WheodgH a | ine
parallel to theaagf%é§15¥§ckfykhﬁg aper%ures such that, during the
initial part of compression, the flow rate increases with
the increasing pressure of gas in said compression
cylinder, and is maintained at or above a predetermined
15 rate in the latter part of compression and is stopped
before the pressure of gas in said cylinder reaches a-:

maximum value.

27. An apparatus as claimed in Claim 26, wherein said
20 control means is arranged to deliver ligquid at a higher
flow rate through apertures whose sprays are directed
into the volume adjacent the end of said cylinder than
apertures whose sprays are directed away from said
volume.
25 .
28. An apparatus as claimed in any preceding claim
comprising a gas compressor.

29. An apparatus as claimed in claim 28 including

30 control mearis arranged to control the flow of liquid
through a plurality of said aperxrtures such that liquid is
sprayed through said apertures during compression and is
stopped before the pressure of gas in said chamber
reaches a maximum value.

35
-
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33. An apparatus as clainmed in claim32, wherein said one aperture is

adj acent sai d one other aperture. 34. An apparatus as clained in
any one of Clainms 32 or 30 33, wherein a plurality of said
apertures are circunferentially spaced around the axis of said
cyl i nder angwg9sgaémngl e between the axis of at |east one per/cBOf2ssl d
apertures and a line parallel to the a§9s of said cylinder is
different fromthe angle between the 3 axis of an adjacent,
circunferentially spaced aperture WO 98/ 16741
PCT/ GB97/ 02832 - 40 - and a line
parallel to the axis of said cylinder. 35. An apparatus as clained
: n Gt aim 3?31, whaogi n.?hh?pparattdbf fﬁt eﬁQaiinéclit He am;}t e@rlei:eamﬁga@?iﬁif at
east one pair .of .adj acen ertures.re ve.to a. lin aral l.e
to said oyl i ndernsiReifd’ BBl B9 OB, g chichdy, beZo¥e| Peifig oo of
the axes of onespraygaddiatip ssaid chsmbesr.es and the next aperture
circunferentially spaced fromthe ot her said adjacent aperture

oot ) S P lardfe o R 0 Spmeimp sl
of at |east onecompgsasdingpe t gres expanddrs anfercamprdwing haeande forow of
part of said SpiRYiverind§edshribds Gl idkoSahild OHnPAe, hiqSethabditially
aligned with said end. 7. . apparatus as claiped in apy one of
Claims 32 to “‘ean§6,f%erséﬁrﬁyiﬁ‘g %‘E‘Pﬁ gf“‘?ea%ﬁ’-"on@%@%ﬁi di] ures
20 I S orient ecpanstiohhaf ¢dee tHemeiof. part of said spray near est
the wall gfy said cylinder is substantially aligned with said wall.
32. An apparatus comprising a cylinder for containing
gas, a piston for changing the volume of the gas in said
cylinder, a plurality of atomisers, each comprising an
aperture for admitting liquid therethrough into said
15 - cylinder, means for delivering a flow of liquid to said -
apertures, each atomiser further comprising means
defining a flow path for imparting rotary motion to said
flow of liquid about the axis of said aperture so that on
. leaving said aperture the liquid divides into a spray in -
20 said cylinder, and wherein the angle between the axis of
at least one of said apertures and a line parallel to the
axis of said cylinder is different from the angle between
the axis of at least one other said aperture and a line
parallel to the axis of said cylinder.
25
33. An apparatus as claimed in claim 32, wherein said
one aperture is adjacent said one other aperture.

34. An apparatus as claimed in any one of Claims 32 or
30 33, wherein a plurality of said apertures are
circumferentially spaced around the axis of said
cylinder and the angle between the axis of at least one
of said apertures and a line parallel to the axis of
said cylinder is different from the angle between the
35 axis of an adjacent, circumferentially spaced aperture
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38. An apparatus as clainmed in any one of Clainms 32 to 25 37, wherein a
pfurality of said apertures are positioned around the wall of said
cylinder adjacent to the end t her eof . 39. An apparatus as
claimed in any one of Clains 32 to 30 38, wherein the axis of at |east
one of sai dwopsidrn es Is directed so as not to intepcrnebo7nesd

cyl i nder axis. 40. An appar at ug as clainmed in Caim39, wherein a
plurality of said apertures including 8 d at 1east one 35 aperture are
circunferentially spaced around the axis of WO 98/ 16741

PCT/ GB97/ 02832 - 41 - said cylinder and

the axis of said at | east one circunferentially spaced aperture is

of fset at an angh® a lind @aalielt Goathé nexigteh sdid eylsaddraperture and

t he axis of said cylinder. 5 41. An apparatus as clained in Caim
40, wherein the axes of at least two or nore said circunferentially
spaced apert ur e35 ar Anfapparatus Re akadnsdddnoClaim 34, wherehnetBecting a

respective sai dafpeetenceanfl the angded®fofOthe SRéE 6! a0UBEast one  42.
An apparat ys as_cl ai "ﬁﬂ? n east two

c a}:lam 4%#_ wher eig t he axes of i#‘ L
or nore adfacenP2tf @ A ARFrEures Iplative £Q 4 A48, PATE{188t to the
sanme side of a tq:rmixiilcylihdeer@s'rﬁt i:imggaeaespethawd:fmidd-f:ipe'gnqee.iand the
axi s of sehdl Sd1dMISE: the axes oF3onédofRRAPEMFadentC!petRdrts C ai m
41 or 42, wherein the axis of at Ie%st one f{ Sai d %p%rtures which is
and the next aperture circumferentially space rom the
other said adjacent aperture relative to a line parallel

10 to said cylinder axis.

36. An apparatus as claimed in any one of claims 32 to
35, wherein the axis of at least one of said apertures
is oriented such that the flow of part of said spray

15 nearest the end :of said cylinder is substantially
aligned with said end.

37. An apparatus as claimed in any one of Claims 32 to
36, wherein the axis of at least one of said apertures

20 is oriented such that the flow of part of said spray
nearest the wall of gaid cylinder is substantially
aligned with said wall.

38. An apparatus as claimed in any one of Claims 32 to

25 37, wherein a plurality of said apertures are positioned
around the wall of said cylinder adjacent to the end
thereof.

39. An apparatus as claimed in any one of Claims 32 to
30 38, wherein the axis of at least one of said apertures
is directed so as not to intercept said cylinder axis.

40. An apparatus as claimed in Claim 39, wherein a
plurality of said apertures including said at least one
35 aperture are circumferentially spaced around the axis of

I
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20 offset to the sanme side is offset at an angle relative to a
réspective said line which is different to the angl e at which the
axis of at |east one other of said apertures which is offset to the
sanme side is offset relative to a respective said line. 25 44,
An appar at uwo®8agmMi Si ng a cylinder for containing gRET/GRYO28520Nn f OrF
changi ng the volune of the gas in said a1 - cylinder, a plurality of
atom sers, each conprising an aper%ure for admtting liquid

t heret hrough into said 30 cylinder, neans for delivering a flow of
liquid to said apertures, each atom ser further conprising neans
defining a flow path for inparting rotary notion to said fl ow of

i quid about theaddi scplimsdexi apdrtthe sotitshadbf said oatl eheasiy mied
aperture the |iqui byl das J1qL,0 Is i AR r d
wherein the axi glick)g u‘gitig* easta-'Lg?{esf}aéé)(i %é\?\%ugg/ li'(%?é:iifgeg ad " ang

PCT/ GB97/ 002832 relative to a line intexsecting said aperture gndsthe

apertures is di paikcdfspadd eplinderdntercept the cyl i nder axis.

45. An appgratus as clainmed in Caim44, wherein a 5 plurality of said
apertures i'ncluding said at |east one_ aperture are circunferentially
spaced around t K4d.axP8 @pPparatugapf elpimedrimnglaie 40« whereim ¢het | east

onle _ ci rculrrfaec@%ntdﬁl Ay &eaﬁedtﬁgerdmrmfé Qéidéeﬁig%@feﬁénﬂ_ i&lfly -
relative to a line Intersectli ng sal ertyre,and the 1 S .Ql_ _Ssal
eyl i nder sPRged,APRERUFEY Ar e OHt B Ae TRECPAPR 4508 i i ehe
axes of at | eastintewsecting & ssspective faid apextuye and thecstia®d t ures

are offsetyd o t iz 13hderof a line 15 intersecting a respective said
aperture and the axis of sai d cylinder.

42. An apparatus as claimed in Claim 41, wherein the
axes of at least two or more adjacent circumferentially
spaced apertures are offset to the same side of a line

15 intersecting a respective said aperture and the axis of
said cylinder.

43, An apparatus as claimed in Claim 41 or 42, wherein
the axis of at least one of said apertures which is
20 offset to the same side is offset at an angle relative
to a respective said line which is different to the
angle at which the axis of at least one other of said
apertures which is offset to the same side is offset
relative to a respective said line.
25
44. An apparatus comprising a cylinder for containing
gas, a piston for changing the volume of the gas in said
cylinder, a plurality of atomisers, each comprising an
aperture for admitting ligquid therethrough into said
30 cylinder, means for delivering a flow of liquid to said
apertures, each atomiser further comprising means
defining a flow path for imparting rotary motion to said
flow of liquid about the axis of said aperture so that
on leaving said aperture the liquid divides into a spray
35 in said cylinder, and wherein the axis of at least one

alL I
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47. An apparatus as clained in C aim46, wherein the . axes of at |east
two or nore adjacent circunferentially 20 spaced apertures are offset to
the sane side of a line i ntersecting a respective said aperture and

t he axis of sai d cylinder. 48. An apparatus as clained in
Claim 46 orwddgnesper ei n 25 the axis of at |east one of pElEnPRsEUr €S
which is offset to the sane side.is offset at an angle relative

to a respective said line which is différént to the angl e at which
the axis of at |east one other of said apertures which is offset to
the sane side is offset 30 relative to a respective said |ine.

49. A spray apparatus conprising a body adapted for connection to the
cylinder housi ngs afaidl RRrRGLEA id@irected OS5 ROMPELEES Ointekdelpr 8héty Of
atom sers nounted, in.35 _said body and arranged circunferentially around
the axis YRRy B

PCT/ GB97/ 02832 - 43 - of said cylinder
when in use, eagh sapdl appaLaLhs NAY¥I Blaimea 3R aADYiIrés ArgROASh LN Use,
to spray liquid into said . ,cylinder and 1u { her co rliln% nmeans

defini ng af| owplurality pf gpid GuEE s, 4BG ’;‘:‘Smi%ﬁf s 2®85F1 8P of
liquid 5 aboapetrthereare ofircumfbrmeiblly spadedaaromwnd dche rgxisaoh
aperture the |iguigd diyidefed NhAa2 &Y A4xkB SO dgaia &Y il 8pd wherein
a said aperture IS positioned adj acent anot her_said aperture_and the
axes of said °1r%RW§ﬁ§§ﬂF1§B%Yt%ﬁﬁﬁ?daPEeBFPﬁﬂt%ﬂ Qffget ’%t aphepsleo
respecti ve sprayelabieesect aalife phstérsactimXisaide aperture ahdagheone of
sai d adj aggnt a UL LS . . A spray apparatus conprising a body
‘adapt ed fg? Qﬁi%o%ﬁe%?%%nf%%}ﬁﬁ%%'cyIinder housi ng of a reciprocating 15
gas conpressor, a plurality of atom sers nounted in

46. An apparatus as claimed in Claim 45, wherxein the
axes of at least two or more said circumferentially
spaced apertures are offset to the same side of a line

15 intersecting a respective said aperture and the axis of
said cylinder.

47. An apparatus as claimed in Claim 46, wherein the
axes of at least two or more adjacent circumferentially

20 spaced apertures are offset to the same side of a line
intersecting a respective said aperture and the axis of
said cylinder.

48. An apparatus as claimed in Claim 46 or 47, wherein
25 the axis of at least one of said apertures which is

offset to the same side is offset at an angle relative

to a respective sald line which is different to the

angle at which the axis of at least one other of said

apertures which is offset to the same side is offset
30 relative to a respective said line.

49. A spray apparatus comprising a body adapted for
connection to the cylinder housing of a reciprocating
gas compressor, a plurality of atomisers mounted in
35 said body and arranged circumferentially around the axis

N
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said body and arranged circunferentially around the axis of said
cylinder when in use, each said atom ser having an aperture arranged,
in use, to spray liquid into said cylinder and further conprising
means defining a flow 20 path for inparting rotary notion to said flow of

l'iquid woadetda the axis of said aperture so that on |mayesgosssz d
aperture the liquid divides into a spr i_n said cyl i nder, and

wherein the angl e between the axis of a | east one of said apertures
and a line parallel to the 25 axis of said cylinder is different fromthe
angl e between the axis of at |east one other said aperture and
aline parallel to the axis of said cylinder. 51. A spray

appar at us as cl ef nealid rcydliader Séhenhior eise, 36ach said atomizmesr havdngs

adj acent said 05 GpLARAPYbiGed. in uss %o eRe3pI BCARPAAISSATP! | 81 NG

a body adapted connection to the cyli
reci procating ¢cylindgx epfpfasther EOTEH“EFr%Hqgc stald&#\lﬁpg AodAP¥d in 35

sa}d body and apaghgest c:impatl&ﬁﬁgeféua}yi ynoaﬁoundothemm&aw of 11qu‘ﬂ)@
98/ 16741 / /
- 44 - 3 ab?usal cy n grs?i\’hd aper:]:t&é'ee g;e)l-ac Sald a "o f aﬂ'aw ng

an aperture arr8RgESUTEn the, ldguidr fivides dinkeo asaPB-"'aY lfé:ylslaﬁéer and
further conpriscpainaers Geid nigredn | ®Weaid apaibuter ib”ﬁ:’t{sh.lt%néﬁt ary

notion to said fl.qw of, Ii ut t he _axl_s pof, .sai ergure. o t hat
on | eavi ng sai d® d Jaceq eﬁgﬁ#gefhgall Lﬂp(?r&u\;l d@?qonrt}be a’§%$ % §
cyl i nder, and m/ndnecnnt:heammums atar@aswrxﬁm‘-ed sughy Cltﬂrl’a&r emhlea-hfl y

spaced apeyg! Ur e eBpatEs0l Sbrdfs Mfldtacct akChapbifeidh Puidiitudcdl gEsecting
said aperture a axis_of_ said . X i nder . . A spray

apparatus as cl Q‘FP@B Pﬁec?gl 39 adjRcent, SPeTtUreR. 5y e of at | east two or

nore said circunferentially
50. A spray apparatus comprising a body adapted for
. connection to the cylinder housing of a reciprocating
15 = .gas compressor, a plurality of atomisers mounted in
said body and arranged circumferentially around the axis
of said cylinder when in use, each said atomiser having
- an aperture arranged, in use, to spray liquid into said
cylinder and further comprising means defining a flow
20 path for imparting rotary motion to said flow of liquid
about the axis of said aperture so that on leaving said
aperture the 1liquid divides into a spray in said
cylinder, and wherein the angle between the axis of at
least one of said apertures and a line parallel to the
25 axis of said cylinder is different from the angle
between the axis of at least one other said aperture and -
a line parallel to the axis of said cylinder.

51. A spray apparatus as claimed in claim 50, wherein
30 said one aperture is adjacent said one other aperture.

52. A spray apparatus comprising a body adapted for
connection to the cylinder housing of a reciprocating
gas compressor, a plurality of atomisers mounted in
35 said body and arranged circumferentially around the axis
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spaced apertures are offset to the sane side of a line 15 I ntersecting a
respective said aperture and the axis of sai d cylinder. 54.
An apparatus as clainmed in claimb53, wherein the axes of at |least two
or nore adjacent circunferentially 20 spaced apertures offset to the sane
side of a |wo®sneémr intersecting respective said apertur ecraadinasnxi s of
sai d cylinder. 55. A spray appq*g[ys as clainmed in claimb53 or 54,
25 wherein the axis of at |east one ot said apertures which S
offset to the sane side is offset at an angle relative to a
respective said line which is different to t he angle at which the
axis of at |east one other of said apertures which is offset to the
sane side .is 30of 8hidaiylisidalri wkenh aira usespeathveaidi atdmiwer having 56. A

spray apparat us _as 'Hﬁg i 0 cl ai + 49: § O inglyudi ng a
condui t arrangegﬁtgﬁéﬁ%p yﬁﬁgag$§d'QElq£FB SFHPBESY %ﬁ%&%%qﬁggésggﬂd
circunferential kylipdesdang fugpberypemprising means defining a flow

path for imparting rotary motion to said flow of liquid
5 about the axis of said aperture so that on leaving said
aperture the 1liquid divides into a spray in said
cylinder, and wherein the axis of at least one
circumferentially spaced aperture is offset at an angle
relative to a line intersecting said aperture and the

- 10 axis of said cylinder.

53. A spray apparatus as claimed in claim 52, wherein
the axes of at least two or more said circumferentially
spaced apertures are offset to the same side of a line

15 intersecting a respective said aperture and the axis of
said cylinder.

54. An apparatus as claimed in claim 53, wherein the
axes of at least two or more adjacent circumferentially

20 spaced apertures offset to the same side of a line
intersecting respective said aperture in the axis of
said cylinder.

55. A spray apparatus as claimed in claim 53 or 54,
25 wherein the axis of at least one of said apertures which

ig offset to the same side is offset at an angle

relative to a respective said line which is different to

the angle at which the axis of at least one other of

said apertures which is offset to the same side is
30 offget relative to a respective said line.

56. A spray apparatus as claimed in any one of claims

49 to 55 including a conduit arranged to supply liquid

to at least two or more said circumferentially spaced
35 apertures.
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