; e3edaD: Nd6TGP7f1 ~ APR 2003 The invention relates to a conpressor
arrangenment for conpressing a fluid, such as natural gas. Mdtor vehicles,
operating with conpressed natural gas as an engine fuel, require the gas to
be conpressed to around 200 bar in order to store sufficiem:qw:ntit in a
vol une conparable with liquid fuel. Conventionally reciprocat 3
conpressors have been used of the type using rotary novenent to reciprocate
the piston. Such reciprocating gas conpressors usually operate with a
nunber of stages in sequence such that the conpression ratio in each stage

is between 3:1 and 7:1. The operating speed of the piston in this t
conpressor may be around IOI-WPEM s provided bet \mﬁmmﬁmw“““”“l

conpression stage to dissipate the heat generated when the gas
conpressed. In these relatively high speed conpressors, designs to+*aehteve
gas tight_sealin nsive particul arl ressures to 200 bar.
The invenTﬁ%WVF’ég%Ff’iaé g’da PRSI ATEP Bt fa pfoEs aéf‘ﬁ%ﬁj‘é At with
ot her adva taPes over the known arrangenents. According to a first aspect
of the in B there is provided a fluid conpressor having tw stages of
conpression including first and second chanbers, each for receiving a first
fluid to be conpressed; neans for receiving a second fluid under pressure

ot by Mldiuehldiey oRBMALGARLoRPATRAL Borti £1J ROIn GRARS ARE SRR mbIe 111 ot
chanber tgas%p@é %I%Bfegsedf fo’ &b éoé%prﬁg drlidhl t?l stoegﬂﬁlgﬁelgmaé a}na%sin g first

stage pis has a piston are or the first rger than the
pi ston aresuk doiparibfswithilR@ fledi ond&Mlionally reciprocating gas compressors

have been used of the type using rotary movement to reciprocate the piston. Such
reciprocating gas compressors usually operate with a number of stages in sequence
such that the compression ratio in each stage is between 3:1 and 7:1. The operating
speed of the piston in this type of compressor may be around 10Hz and intercooling is
provided between each compression stage to dissipate the heat generated when the gas
is compressed. In these relatively high speed compressors, designs to achieve gas

tight sealing are expensive particularly at pressures up to 200 bar.

The invention is concerned with providing a reduced cost arrangement with other

advantages over the known arrangements.

According to a first aspect of the invention there is provided a fluid compressor
having two stages of compression including first and second chambers, each for
receiving a first fluid to be compressed;

means for receiving a second fluid under pressure in each of the first and

second chambers to effect compression of the first fluid by reducing its volume;

T
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each piston is driven by a ramrod and the ramrods have differing

di aneters. Preferably the conpressor includes switching neans to allow the
source of pressurised fluid to alternate between each chanber to conpress
the first fluid in the first and second chanbers alternatelyﬁ)gwmggi ng
on the pistons. The two chanbers of the conpressor nmay be constructe
within a single body to assist with cooling. The two chanbers of the
conpressor may be interconnected by a passageway so that the fluid fromthe
first chanber delivered during its del2very stroke may enter the second
chanber during it intake stroke to provide two stages of gas conpression.
The passageway anpigtoneproxitded naleach chimebernmmopamtate fisy andcdevatel Howk, ng
means for assisting in cooling the fluid. According to a second aspect of
t he i nvenwhsrein ehlsasl 4 Brspstage pistonsasatpision afea dontbe disssifhwgd avhidhr is tlargerui d
conprising the steps of providing the first fluid to be conpressed to a
first or h@IPfSFQ]li%e%?ﬁghbéfe,SSWG@ﬂHldmgﬂé source of pressurised second
fluid to the first or second chanber to reduce the volunme of the first
fluid within tigachpisionds dyencdyawse: rodsnd thgragsreds havgdiffgres diameterpi ston i s
provi ded in each chanber to separate the first and second fluids and
wherein at least a first stage piston has a piston area for the first fluid
which is Larger.than the pistaon area of fhe pressurised fluid and each
st on & s PARERRH 5° Lottt roeneihiE, RetRt l Aoy cltishSodPe e or s

fl 2 APR refera t th i ncl ud st.e f.aall.on ng the
first cha %?urfsgﬁofgxécﬁ %ﬂe\r{’%%gigstgﬁef ﬁgg‘fl} (;:hsat‘ﬁ{}eﬁ? %1&%? Eﬁésr g‘%ffﬁgtrﬂlggdﬁﬁeng t he
size of t f i i g{ébo%r : ress the fluid by
means of t Setagggécr?%hgpglggﬂ?%ggﬁaﬁyut}ﬂ(?peg% at t%l %glsfsbgl% time allow ng the
first fluid into the second chanber; and thereafter reducing the vol unme of
the first fluid portion of the second chanber to conpress the fluid by
neans of trike tHRCERHRIELEE td %ﬁ%ﬁe&éék Gnay?Bél cBhstildRdSREintd BRgh b fo t he
first fluid into the first chanber. Hence in order to reduce the

manuf act unksig widstooling. Mhi hke BRAABerE 66 thel cOPREssbiOhay bept@senntgteddyal | vel y
smal | volunes of gas, a slow noving hydraulically operated piston type
conpr essompaskagew®y ss thatothedhdd fiidm the ffirsti dambeheelvdred dyring itsodglavety
hydraul ic punps to deliver significant energy with a | ow volune fl ow ate of
fluid at atrpkeswprestesithg segond chaniher iduring itgatakp seskatoeproeidaitwe dtageoof bar) .
In the proposed design, the speed of operation of the pistons may be

conf i gur ed?s 60TBRIesHORr She Bassageaviyuaxbhe peiemel of ihe chambers and mayneclude

cycles/mn, rather than 10 cycl es/sec t&%.e. 60 tines slower) thus reducing
the wear caelingmeansiorassishingin eamling the H@df or heat to dissipate. A higher

speed version, with additional |iquid cooling, for nounting on the vehicle
coul d be enployed but still of significantly 'l ower speed. A further
advant age

f th desi is th h i st l.s h i f
pressures %@%‘Q’g‘gs ﬁﬂe%%ﬁﬁ{']‘ﬁ %ﬁi’gdggé Bt gg‘ge:??lgg’gg}seﬁeg lﬁs)é’lr‘g‘f\ﬁ%g%[ogle Q)'gi i Imar or
\ hi gh | J | Wi ! ‘igm i th
ceal's. TnoPBERE T Hofl BUFRTE F ofobr SO, WECKRIR AT,
fluidto agfippdsséd) @ aCHBE bl Recdn@Oid. chafhbér, AiBviadE3a 4ofirdeVOF SleGfised
conpressor, Wth up to 15:1 conpression ratio in each stage 1s possible

with the adend AgiMaRtBe dir&f orl R061d bivanked tb Gedide tht QN Bf ARdfitse TRideak

power requirement, than in a single stage version, typically 1L/ m n of oil

flow for ey tid JeBpaetios clsanstier t(ga&n%‘éhdﬁlﬁﬁnd Whereiny gi3tdndB préviddd idhétat ed by

t he acconpanying drawings in which Figures |, 3 and 4 are conparative and

do not f orcivembert togkpirbe thd firstmet sdcurd fluids andwdorein dt lsdspwdirst ssapegiizmbdn C

sinplified diagram of a hydraulic gas conpressor as a conparative exanpl e;
has a piston area for the first fluid which is larger than the piston area of the

pressurised fluid and each piston is driven by a ram rod and the ram rods have

different diameters.



Figure 2 shows a two stage conpressor in nore detail; Figure 3 shows a
singl e stage conpressor as a conparative exanple; and Figure 4 shows
details of a supercharger for a single stage conpressor. The ainplified
conpressor systemof Figure 1 shows as a conparative exanpl e i SNB
enpl oyed to produce the slow noving conpressor operated by hydraulic power
by means of a bi-directional hydraulic punp 7, typically electrically
driven. The hydraulic conpressor is envisaged as a direct replacenent for
any size of conventional nufti-stage r&ciprocating conpressor, however, in
the proposal under consideration, the aimtypically is to fill a 16 litre
vehicle t é?mﬁemblmﬂ)@ompﬁheésmlu@@sthe isteps @ dalbesing dhe disyl| ohamber to ppARsto Low
pressure gas. via valve 30 is drawn _into cylinder A, _ through a Non Ret urn

Val ve (NRUgeeivs, thesfimst fuid; thereipgreduging ﬁtﬁrﬂé@i of dhey fas Yud wmomy thesecond

cyl i nder B and NRV 16 int icle fu tank 2 wth a volume reduction of
240: 1 (t hEheBhgriacamyyess the uxdry smsems o ¢ fmesom preﬁ%lﬁ?%ﬂugﬁénata %b’o bar) .

The hi gh pressure . del.ivery conncedtot | et 2a via a

U ok Dol BHBE tpisapiorting S tmaning fred ﬁl?r?ﬁc‘? P ahd Freecti irdbihe

el "t ank ARRRCD! T, 01 AR DO R B HRL3hePhe P gusr%@ W o
Control | el BRt bF oo Ghn pibsstka BT 8T 10 b 5&“1““‘%“% THE PR e

t he fuel %ﬁﬂ%h%ﬁﬁf 0 bar (240 volunes of gas at NPT). In the

arr angenent urd 1s always conpressing gas and the punp noves only
the m ni num anount of fluid; 240 x 16 = 3,840 litres. For a fill time of 8
hours, the punping rate is 8 litres/mnute. This approach is adopted into
the nore hinge ik drdendirgdtioat the ifanifachiriiig esst And ithisiendricd UeGuitenidno ST a
conparative exanple of a single stage version and Figure 2 shows a two

st age ver sompressing relatively small volumes of gas, a slow moving hydraulically operated

piston type compressor device is proposed. This utilises the ability of compact
hydraulic pumps to deliver significant energy with a low volume flowrate of fluid at a
pressure similar to the final gas pressure required (200 bar). In the proposed design,
the speed of operation of the pistons may be configured to be no greater than 20
cycles/minute such as around 10 cycles/min, rather than 10 cycles/sec (i.e. 60 times
slower) thus reducing the wear rate on seals and allowing time for heat to dissipate. A
higher speed version, with additional liquid cooling, for mounting on the vehicle
could be employed but still of significantly lower speed. A further advantage of these
designs is that the piston seals have more uniform pressures across them with the gas
pressure being balanced by a similar or even higher hydraulic fluid pressure
eliminating gas leakage across the seals. The second fluid may act as a seal at an

interface to the first fluid to assist in preventing leaks.



As above, the system consists of an hydraulic power circuit linked directly
and integrally with a gas conpression circuit. A-flexible hose delivery
mechanism 1 wth qui ck rel ease coupling 3 is provided to deliver conpressed
gas to an external storage cylinder or tank 2 (partially showB 2i APRr2008en

| i nes). The hydraulic power circuit consists of a small electric notor 4
coupled to an hydraulic gear or piston punp 7. H gh pressure fluid output
fromthe punp is connected to a spool type shuttle valve 8, pressure relief
val ves and two hydraulically opposed cylinders A B. Each cylinder has one
fluid connection for flow discharge to 0 z aP>? zoo 6 the shuttle valve.
The | ow pressure or discharge fromthe shuttle valve is connected to a sunp
5, containing a reservoir of hydraulic fluid. The hydraulic punp intake is
connect ed Avtwo stagé borepregsorowith upitntl Sdncdrhgressiorpratioi in leacts stageisi aasiblenal |y
wel | below the fluid | evel. The gas conpression circuit consists of the two
opposed gadthcthenedded advantags ofHpwr aydraihe e'Jg]r ﬂIOWWtatth and dessypéakidpowers, B.
Each chamber 12,15 has two_gas connecti ons. is for. the gas inlet and
the ot her I§auitepientyithein ﬁr%w@gea@rsmrsdmpw ILimiw of ok flow fomieyery13 or 17

is fitted i inlet an non return valve 16 is at the outl et
connect i oﬁig'f‘mégéweata%aséﬂ&%ee 12, 15.

The invention is illustrated by the accompanying drawings in which Figures 1, 3 and
4 are comparative and do not form part of the claimed invention.

Figure 1 shows a schematic simplified diagram of a hydraulic gas compressor
as a comparative example;

Figure 2 shows a two stage compressor in more detail;

Figure 3 shows a single stage compressor as a comparative example; and

Figure 4 shows details of a supercharger for a single stage compressor.

The simplified compressor system of Figure 1 shows as a comparative example the
mechanisms employed to produce the slow moving compressor operated by hydraulic

power by means of a bi-directional hydraulic pump 7, typically electrically driven.

The hydraulic compressor is envisaged as a direct replacement for any size of
conventional multi-stage reciprocating compressor, however, in the proposal under
consideration, the aim typically is to fill a 16 litre vehicle tank with compressed gas

from a domestic supply as follows:-

Low pressure gas via valve 30 is drawn into cylinder A, through a Non Return Valve
(NRV) 13, as fluid via pump 7 is pumped to push gas out by a second cylinder B and

NRYV 16 into a vehicle fuel tank 2 with a volume reduction of 240:1 (the compression



The hi gh pressure gas delivery pipe is of a small bore flexible type fitted
with a quick release coupling 3. A Q2 APR 2003 7 matching coupling is
fitted to each high pressure gas storage cylinder. For notor vehicle
applications, the storage cylinder is usually mounted under th2 AP&N9003 e
body. To facilitate easy uncoupling fromthe storage cylinder, a bypass and
relief circuit is provided to reduce the gas pressure in the delivery hose

after filling of the cylinder is conplete. The hydraulic punp notor 4 is
electrically operable and is energised by neans of a trip relay switch (not
shown). Hydraulic oil is drawn fromthe sunp 5 at atnospheric pressure, via

the filterat®, for natural gas #\2@0dar) Thedvigh messmee delivery lufsetllie cepaweted ¥@ thei n t he
punp forces oil to flow into the spool valve 8 at high pressure. If the
pressure 3okdales 2 vinea quigk geleaseyeoppling 3 Wisnghe pumnds ravieesed dhe duty 08l ve 9
opens to allow oil to bypass the spool valve and f]ow back to the sunp. The
spool val ¢&h wligdenhapgds sofbataes arawpsingrawe iy spushethqutrintoihe fuphiaske port
and return to%he (!)j%ger oyt or vice vErsa g‘g‘? di rection of f|OV\i_liS

det er mi ned"h§t thaeylRster i ydralicsetianis shargrd wih low pressrg gas may fordhey
pressure Q device. Wen.the d

Ceaches. anR LER SRRl 15 BECHRY ropShin ol B AGaRBnE G Bl ol o
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NPT).

In the arrangement, the fluid is always compressing gas and the pump moves only the
minimum amount of fluid; 240 x 16 = 3,840 litres. For a fill time of 8 hours, the

pumping rate is 8 litres/minute.

This approach is adopted into the more detailed configurations of Figures 2 and 3.
Figure 3 shows a comparative example of a single stage version and Figure 2 shows a

two stage version.

As above, the system consists of an hydraulic power circuit linked directly and
integrally with a gas compression circuit. A flexible hose delivery mechanism 1 with
quick release coupling 3 is provided to deliver compressed gas to an external storage

cylinder or tank 2 (partially shown in broken lines).

The hydraulic power circuit consists of a small electric motor 4 coupled to an
hydraulic gear or piston pump 7. High pressure fluid output from the pump is
connected to a spool type shuttle valve 8, pressure relief valves and two hydraulically

opposed cylinders A, B. Each cylinder has one fluid connection for flow/discharge to



port Il reaches the pressure set by its relief valve 22, whereupon the flow
reverts back to the original direction. Low pressure oil entering the spool
valve 8 is returned back to the sunp 5 for cooling and continuous supply to
the punp 7 whilst the punp notor 4 is running. High pFESSLHEEﬁQ|Aﬁ§ t he
spool valve flows into the oil chanber 10 in cylinder A This pushes1he
piston in cylinder A and simultaneously pulls the piston in cylinder B by
means of the ramrods 11 and 19. The piston in cylinder B noves so as to
enl arge the volume of gas chanber 12 inh cylinder B. This induces gas to
enter cylinder B via the non return valve 13 and | ow pressure gas supply
line to the system Wen the piston in cylinder A reaches the end of its
perm ssible stroke 18, the oil pressure to oil chanmber 10 in cylinder A

ri ses rapitiel shuttteenadven grheHewppesstirevagidissh@ge froohtha ghuttle valye isorennegteftopr essur e
oil now flows fromthe spool valve 8 into cylinder B at region 14. This
pushes t he qungi SNcontaifiyiki AeteervBirastthyriranlict fuig.o UBHeyhyalshllk: piiep pintakeois i n
cylinder A by neans of the ramrods 11 and 19. The piston in cylinder A

moves so %énﬁééte%ﬂ)li@ﬁ Qi?tf% @?oné{@b}ﬁ%n Fhe SRS FRRAGE EratRatidhafly WdlldRlovNd

reduce the oil volune yl'itnder A "This catses | ow pressure oil to

fl ow back ffudfehgl spool valve at port | fromcylinder A D2 AP R 2003 9
The novemént. of °t he pi ston in cylinder B reduces the volunme in gas chanber

12 and

The gas compression circuit consists of the two opposed gas chambers 12, 15 which
are integral with the cylinders A, B. Each chamber 12,15 has two gas connections.
One is for the gas inlet and the other is for higher pressure gas discharge. A non
return valve 13 or 17 is fitted to the inlet and a non return valve 16 is at the outlet

connection of each gas chamber 12,15.

The high pressure gas delivery pipe is of a small bore flexible type fitted with a quick

release coupling 3. A



conpresses the volune of gas induced on the previous stroke. The inlet non

return val ve 13 prevents gas returning to the supply line.

(I'n Figure 3,

the outlet non return valve 16 allows the conpressed gas to fUQWAFQZHHG

di scharge). Wen the piston of cylinder, B reaches the end of iIts
perm ssi bl e stroke 18, the oil pressurg to cylinder Brises rapidly to 270
bar causing the spool valve 8 to change direction again. The reversed oi

fl ow pushes, ,sﬂéthﬁnﬂhi%élHﬂgefiétgga%QbaggCEeQH- S éﬁ%ﬁéﬂ}ev %gne 14 in

cylinder B. uses 'l ow’pressure ol t ow back t

e spo val ve at

port 1l froé‘&&ﬁ'ééé‘d%@lﬁnh‘éfrgonpﬂ"@f eg\BESrCX{#elgi.cofe tQ@f?@Ef&ﬁQ[- thd the

singl e stage arrangenent of Figure provi as a

nparative exanple, the

cylinders Asgpgade and, itihpidr rfsgpﬁ%hhiﬁtyh%@r%é& Ahle@Ndc 1AS veRaphers are

identical in size. The maxi num pi ston

ravel distance or stroke 18 is the

same for eashdpi Sstone FaeidasadHt lRlsy fhRBbERENNGT firdmh Chhé NdebTafeand B
are connected 1n parallel to the high pressure gas discharge hose 1. Wen
the pistol efliydéngera Abypassdugidgrgdseft heiphsivoniel Eydviged Bo S
conpressing gas and vice versa. The volunme flowates of hydraulic oil to

i nduced gasredecéyptical lgad npirkesnaki 0ifl: Sthdhedpkike ty ditandd C aftessure i s
slightly larger than the peak gas discharge pressure, typically in the
ratio 9: 8. Ebilangasfdibehaybengeesssireompl@@S. bar, the peak oil pressure

m ght be 253 bar. 0 2 AP R 2003 10

The hydraulic pump motor 4 is electrically operable and

is energised by means of a trip relay switch (not

shown) . Hydraulic o0il is drawn from the sump 5 at

atmospheric pressure, via the filter 6,

into the

hydraulic pump 7. Rotation of the gears within the pump

forces o0il to flow into the spool valve 8

at high

pressure. If the pressure exceeds a set value,

typically 275 bar, then the relief valve 9

opens to

allow oil to bypass the spool valve and flow back to the

sump.

The spool valve is a shuttle operated type whereby oil

may flow from one port and return to the other port or

vice versa. The direction of flow is determined by the

position of the spool inside the valve. This is a

pressure operated bistable device. When the

discharge

pressure at port I reaches a set pressure, typically 270

bar, a relief valve 21 allows o0il at this pressure to

actuate the spool. This reverses the direction of flow

through the outlet ports until the outlet pressure at



In the two stage arrangenent of Figure 2, the pistons of cylinders A and B
and their respective hydraulic oil 10, 14 and gas 15, 12 chanbers are
different in size. In the follow ng description, the oil and gas vol unes
and their respective volune ratios refer to the maxi mum or swegt ARRI20es.
The piston of cylinder B has a |l arge dianeter providing a |large volune in
gas chanber 12. The oil volune in cylinder B is nuch smaller than the gas
vol ume since the connecting rod 19, atgthis point, is of |arge dianeter
creating an annulus of small hydraulic volune 14. The high ratio of gas to
oil volu I f i t high
oressur e, HoypH e s bresmuE SRR Rl Rive Y5 e Bon MEIAVW cblerBbhell |
pressure, |caII (éS har . AIthough t he ﬁ&XIﬁUﬁ]plSton stroke 18 is al so

t he sanme f8F‘E§EHn%- 6HOni n the two stage arrangenent, the piston of
cylinder A has a smaller dianeter than the piston of cylinder B so that the
ratio of volunme in gas chanber 12 to volune in gas chanber 15 is typically
1 S:1. The volunme in hydraulic oil chanber 10 of cylinder Ais slightly
smal | er t Magw pregsure bilreateding YasspobBvd1es 8 iidreturhédbladk té theyduingab lfor dopliighe rati o
21: 25 since the connecting rod 11, at this point, is of small dianeter.
Thus, a SmaldlcoN AT sBEpIPtd tRlpultipI RIS RS Enp MGRHCAK 2GS bar, is able to
conpress gas fron1ned|un1pressure typically 15 bar, to high pressure,
typically 22S bar. 0 2 APR 2003 11

High pressure oil from the spool valve flows into the oil chamber 10 in cylinder A.
This pushes the piston in cylinder A and simultaneously pulls the piston in cylinder B
by means of the ram rods 11 and 19. The piston in cylinder B moves so as to enlarge
the volume of gas chamber 12 in cylinder B. This induces gas to enter cylinder B via
the non return valve 13 and low pressure gas supply line to the system. When the
piston in cylinder A reaches the end of its permissible stroke 18, the oil pressure to oil

chamber 10 in cylinder A rises rapidly, causing the spool valve 8 to change direction.

High pressure oil now flows from the spool valve 8 into cylinder B at region 14. This
pushes the piston in cylinder B and simultaneously pulls the piston in cylinder A by
means of the ram rods 11 and 19. The piston in cylinder A moves so as to enlarge the
volume of gas chamber 15 in cylinder A and reduce the oil volume 10 in cylinder A.

This causes low pressure oil to flow back to the spool valve at port I from cylinder A.



The gas outlet fromcylinder B, the first stage, is connected via
passageway 20 and a non return valve 17 to the gas inlet to cylinder A the
second stage. Wen the piston of cylinder B is inducing gas, the piston of

cylinder A is conpressing gas. Wien the piston of cylinder B b§ gmﬁ@ssi ng
gas, the gas flows into the gas chanber 15 of cylinder A such Ch

maxi mum conpression ratio of stage 1 is defined by the area ratio of

pi stons B: A 0 2 APR 2003 12 Typi cal 4Performnce Dat aSt agesSi ngl eTwoGas
Fl ow ratelL/ m n88Gas Di scharge Pressur e%ar 225225Del i vered gas volunme in 8

hour cycl el 3, 8403, 840Equi val ent petrol volu i n.8 hour

Cyol oL 6aeaBPRASHOF Ehepirion FgRipcey B A-Grres Do GHEBh D B bt 1 Bidhge
pressureBar 15Peak hydraulic pressureBar 253268Hydr aul i c_power i nput

( peak) kViBGompressssothe fvopsak op seseindpesdgl e prowgous sitnkee. BB e nge setym
symmetry ensures that the pressure ratio across the piston is always | ow -

t he pi st orvahetli3ngreaentagad repireinpas theesupplgtlivee (It Rigutey3irthe butdet froniretuand t he
gas . This feature reduces piston | eakage and the need for high integrity

pi ston sealafrel 1 dlfdhg the BSiApreysedGhd RUI0W & A8 dALhARYETENT .

When the piston of cylinder B reaches the end of its permissible stroke 18, the oil
pressure to cylinder B rises rapidly to 270 bar causing the spool valve 8 to change
direction again. The reversed oil flow pushes the piston of cylinder A again and
reduces the oil volume 14 in cylinder B. This causes low pressure oil to flow back to

the spool valve at port II from cylinder B to complete one cycle of the compressor.

In the single stage arrangement of Figure 3 provided as a comparative example, the
cylinders A and B and their respective hydraulic oil and gas chambers are identical in
size. The maximum piston travel distance or stroke 18 is the same for each piston.
The gas outlets from each of the cylinders A and B are connected in parallel to the
high pressure gas discharge hose 1. When tﬁ; pistol of cylinder A is inducing gas, the
piston of cylinder B is compressing gas and vice versa. The volume flowrates of
hydraulic oil to induced gas are typically in the ratio 8:9. The peak hydraulic pressure
is slightly larger than the peak gas discharge pressure, typically in the ratio 9:8. For a

gas discharge pressure of 225 bar, the peak oil pressure might be 253 bar.



0 2 APR 2~3 13 In the single stage arrangenent of Figure 3 provided as a
conparative exanple, an alternative can be provided as shown in Figure 4 to
deal with clearing remaining gas by venting into the oppositﬁ ch E& . This
deals with the trapped vol unme of high pressure gas remnaining Vi P‘ﬁ ﬁ@ither
conpressi on chanber at the end of the conpression stroke - a feature caused
by the basic geonetry of any such assenbly. As the di scharge pressure

buil ds, the residual volune of high pressure gas renmining at the end of

t he conpression stroke (neasured as an effective linear displacenent) wll

i ncreasingly reduce the swept volune of the next stroke. At a discharge
pressure of 200 bang, the effective stlfoke will reduce by 0.24 netres for
every 1 mmof effective residual volunme - because it is necessary to get

t he induction chanber pressure |ow enough through the displacenment of the
piston in order to allow a new charge of |ow pressure supply gas in. The
nodi fication is intended to relieve the residual gas pressure by venting it
into the opposing conpression chanber at the point of fluid reversal when

15 TOLE O, QU Lo RN p 0B R
respective hydraulic oil 10, 14 and gas 15, 12 chambers are different in size. In the
following description, the oil and gas volumes and their respective volume ratios refer
to the maximum or swept volumes. The piston of cylinder B has a large diameter
providing a large volume in gas chamber 12. The oil volume in cylinder B is much
smaller than the gas volume since the connecting rod 19, at this point, is of large
diameter creating an annulus of small hydraulic volume 14. The high ratio of gas to
oil volume, typically 15:1 enables a small volume of hydraulic oil at high pressure,

typically 225 bar, to compress a large volume of gas to medium pressure, typically 15

bar.

Although the maximum piston stroke 18 is also the same for each piston, in the two
stage arrangement, the piston of cylinder‘A";las a smaller diameter than the piston of
cylinder B so that the ratio of volume in gas chamber 12 to volume in gas chamber 15
is typically 15:1. The volume in hydraulic oil chamber 10 of cylinder A is slightly
smaller than the volume of gas chamber in cylinder A typically by the ratio 21:25
since the connecting rod 11, at this point, is of small diameter. Thus, a small volume
of oil at high pressure, typically 268 bar, is able to compress gas from medium

pressure, typically 15 bar, to high pressure, typically 225 bar.



14 incorporating a valve 20 within the piston (inner piston 21 and outer

pi ston shell 22) which is opened at the instant of fluid reversal by the
trapped pressure and renmi ns open as the piston 21 is towed through its

i nduction stroke - allowi ng high pressure trapped residual gds2 APR20he end
of the conpression stroke to pass along a holl ow piston connecting rod 23
to supercharge gas in the opposing chanber which at the tinme of fluid
reversal has conpleted its induction ﬁﬁroke. The opposing split piston
re-seals as the hydraulic pressure buil’ds for the conpression stroke

all owi ng the next charge of gas to be drawn in by the induction stroke -

t hereby mai ntaining an effective high swept volune at all pressures of
conpression and providing a small supercharge to the induction gas charge
and t hus dhsgas ogtled foing bylndep Bn theefiifst sthgm asyconfbhated vt possdgswapianéd by clip
24 and abuts the soft seat 25. A nunber of ring seals 26 prevent unwanted

fluid flowon Félus dahee ETROME 58S iletd8 T§ihde A, aRO¥RoAE Blagy e WIRS (ROPRIASS] ON
Wi th conpression ratios well in excess of conventional values in at |east

one stage I:QF - US| J Gt i d | ow

novi ng hy8 |is gﬂﬁ{dgf Igalg ﬂbﬁé%ngr#agg%% #’g%%?éﬁagﬁg%b‘g?{gé%%e%é@ gés t eergtct)%nect i ng
rod being rigid, the rans of 0.2 AP R 2003.15 the single sta devi ce
coul d be P ehvitdee B B Fomnrrpssisiots. fhenge) LW e e B2 thnteRd S Hamber s
need not be_ in line, or sone other nechani smcould be enployed to operate
the rans fMiRder Aovuchthat thewmaximusn sompresHien syl stage 1qH ﬁgﬁmdy byt the appidr aul i ¢
fluid fromthe conpressor could be passed to an external cooling device (e.
g. heat exaheofgestonsB:@ooling coil) to further assist in cooling this fluid.
This woul d be expedient at speeds in the region of 20 cycles/mn. The

pi ston areas for hydraulic fluid could be identical or larger in the second
stage conpression portion to provide a |longer stroke period to assist with
cool i ng~of the high pressure conpression chanber. The settings of valves 21
and 22 may be set at different values to allow the systemto operate at two
di stinct control pressures. The conpressor, although shown horizontally in
the drawi ngs, nmay typically operate in a vertical node. In an alternative
configuration the entire hydraulic circuit including the spool valve,

relief valves and associ ated pi pework could be enclosed within the external
shell of the conpressor so that any | eakage of hydraulic fluid would only
occur if the punp shaft seal failed or the external shell fractured. fl 2
APR 2003 16 Wth the quick release coupling, the hose could be configured
to include coaxial bores so that any high pressure gas remaining on
decoupling can be vented back to the conpressor system or when the tank
beconmes full.




0 2 APR 2003 17 CLAIMS 1. A fluid conpressor having two stages of
conpression including first and second chanbers, each for receiving a first
fluid to be conpressed; nmeans for receiving a second fluid und%r R?ﬁs e
in each of the first and second chanbers to effect conpression(% e Tlrst
fluid by reducing its volune; a piston provided in each chanber to separate
the first and second fluids, wherein | east a first stage piston has a

pi ston area for the first fluid whichis larger than the piston area of the
pressurised fluid; and each piston is driven by a ramrod and the ram rods
have differing dianmeters. 2. A conpressor according to claim1, including
swtching neans to allow the source of pressurised fluid to alternate

bet ween eacfiy Perto | o | second
chanbers al fethate yeby operating on the pistons. 3. A conpressor| accordi ng
toclaim1l aL_cLaLnL2T_mheLeL£L4inL44ul4umn_;ads_aLj j dto
provi de continuous fluid delivery at di schal§eageesistirgler gAene | chamber
whi | st the pther chanber is being recharged| 4. A clonpressqr according to
claim 3, whegginridie fawe chanbers Tre on a Ceph{@l gt s andgihey jare
interconnected via the interconnected ramrpds. 5. A conprgssor akcording
to cl ai m 4, bhwhereih—t-he—int-erconnest-ed—+am-fods

o

Gas Discharge Pressure Baxr 225 225
Delivered gas volume in 8 hour L 3,840 3,840
cycle

Equivalent petrol volume in 8 L 4,65 4.65

hour cycle

Hydraulic oil flowrate L/min 7.11 0.98
Compressor interstage pressure Bar 15
Peak hydraulic pressure Bar 253 268
Hydraulic power input ({peak) kW 3 0.44
Ratio of peak power (single:two 6.85

stage)

The design symmetry ensures that the pressure ratio
across the piston is always low - the piston acting as a
simple barrier between the hydraulic fluid and the gas.
This feature reduces piston leakage and the need for
high integrity piston seals in this 1linearly acting

piston arrangement.



include a hollow fluid passage arranged to interconnect the first fluid
portions of the chanbers at particular positions of the interconnected ram
r ods. ~ 2 APR 2003 18 6. A conpressor according to any one ﬂg éﬂ,@llz@ lto
5, including venting neans for allow ng any conpressed fluid |*€dr ance
vol une of the first chanber to be automatically vented into the second
chanber when the second chanber is being supplied with fluid at supply
pressure towards the end of the int akel3stroke. 7. A conpressor according to
any preceding claim in which the two chanbers are constructed within a

single bo 0 assist with cooling. 8. A conpressor according tqQ claim3 or
clai m 4, %éﬁ%ﬁlﬁg@hﬁazwwws%& %fg Higare §pspvidathact eamsﬁlraﬂrﬁ%ﬁgafm%,aan
passageway so that the first fluid fromthe first chanber delivered during
its deliveliprmetiveokan beprovadedias sbewn il Figuaerth de dealrwithycleadng remaing geoke t o
provi de two stages of gas conpression. 9. A conpressor according to claim

8, wher ei byt Veaiting d6@oheayppositecotiagibenl Tafs ddas withrthe tappeddvilmak wddsgic ool i ng
means for assisting in cooling the fluid. 10. A conpressor according to any

one of t hg)réysﬁ%egpﬁé‘%ﬁbﬁiiﬁ? 1wi’t’l{1‘1?ré?{hgrn Q{%ﬁrgarééaﬁa‘i{b%aﬂlﬁeri deRhd GAH b R ze and

t he degree of conpression effected first flurd is 1dentical within

each chanber. 11. A conpr or accqrdi to an ne Lof th eceaedi ng
claims, whPEIREPREREE RS TRt sl by btk bmertyro R0y SR BTV {0 enabl e
a small volune of second fluid to conpress a |arger volune of first fluid.

0 2 AP R 2003 19

As the discharge pressure builds, the residual volume of high pressure gas remaining
at the end of the compression stroke (measured as an effective linear displacement)

will increasingly reduce the swept volume of the next stroke.

At a discharge pressure of 200 barg, the effective stroke will reduce by 0.24 metres
for every 1 mm of effective residual volume - because it is necessary to get the
induction chamber pressure low enough through the displacement of the piston in

order to allow a new charge of low pressure supply gas in.
The modification is intended to relieve the residual gas pressure by venting it into the
opposing compression chamber at the point of fluid reversal when its induction stroke

is complete and thus providing a small supercharge.

This feature is achieved, typically as shown, by



12. A conpressor according to any of the preceding clains, including a sunp
within the body of the conpressor to effect storage and cooling of the
second fluid used for conpressing the first fluid. 13. A conpressor
according to any preceding claims, wherein the operating spe@gd Asr 2n08
configured to be no greater than 20 cycles/mnute. 14. A conpressor
according to any preceding claim wherein the second fluid acts as a seal

at an interface to the first fluid tbdassist in preventing | eaks. 15. A
conpressor according to claim?2, including valve neans operable to all ow

t he second .fl ui c a er.,al ter el | | st | owi ng the
non conpre&gggrgfég%ﬁéggggﬁﬁivgogPiﬁ?a&ﬁ}ﬁj?%gSPESEt(¥ﬁ%%gi§%féghA nmet hod of
conpressi n@ia fid sbuddMi gi Spriding 3he sheds of Bpevédipg the first fluid
to be conpressed to a first or second fluid chanber, providing a source of
pressuri sednseaand ofl uilohildo ddverkhil Stbyortise carappedanthesstiver @addce t he
volume of the first fluid within the respective chanber to conpress it and
wherei n a piesednsi sogatovidedhien pbstiPrchdbbdrs t Bowepathrevgihe iftisr st and
second fluids and wherein at |east a,firsEﬂshage giston has a pi ston area
for the firdQ@uctdPl wWAFERKS s T aryeroWiien (8 pi BEBRSHrea OPPRPRE pressuri sed

o SASGRATLBhe' B R " DAt ARG e
pass along a hollow piston connecting rod 23 to
supercharge gas in the opposing chamber which at the
time of fluid reversal has completed its induction
stroke. The opposing split piston re-seals as the
hydraulic pressure builds for the compression stroke
allowing the next charge of gas to be drawn in by the
induction stroke - thereby maintaining an effective high
swept volume at all pressures of compression and

providing a small supercharge to the induction gas

charge and thus ensuring a high pumping efficiency.

The piston 1is retained by clip 24 and abuts the soft
seat 25. A number of ring seals 26 prevent unwanted

fluid flow.

Thus the embodiments described above achieve gas
compression with compression ratios well in excess of
conventional values in at least one stage compression by
using high pressure hydraulic fluid in a slow moving

hydraulic/gas piston compression chamber.

Instead of the connecting rod being rigid, the rams of



20 17. A nethod according to claim 16, including the steps of allow ng the
first chanber to open to receive the first fluid; thereafter reducing the
size of the first fluid portion of the chanber to conpress thgélMsiR

means of the second pressurised fluid, and at the sanme tine al'low ng the
first fluid into the second chanber; artd thereafter reducing the vol une of
the first fluid portion of the second chanber to conpress the fluid by
means of the second pressurised fluid, and at the sanme tine allow ng the
first flui dhentsinfeefiststgechdebiece IdulA neehathEeomwrdiaardd bliaian 17 or
claim 18, including the step of interconnecting the two chanbers so that
the first flexdbleomensd e membelramserthias déld \arambahs inged troddbe very
stroke to the second chanber during the intake stroke of the second chanber
to provi deifwol BR@ge8LofSEEhR ST omechaniammahitd abeorcdirdgves ctai m 17 or
claim 18, including the step of automatically venting any conpressed fluid
in a cl ear 8REEAFA ukdSof TARE f FRaFhchAfHRY T-%?o FPRAEREONE cHanbe?e t owar ds

th d of the. intake stroke of th d mb 20, A_fluid

Subst ant | APPSR or FBERRES ei Hhand WRRER ot Br i  AEoHecotfny ng
dr aw . 21. A net hod of ' fluid substantiall d i bed
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The compressor, although shown horizontally in the

drawings, may typically operate in a vertical mode.

In an alternative configuration the entire hydraulic
circuit including the spool valve, relief wvalves and
associated pipework could be enclosed within the
external shell of the compressor so that any leakage of
hydraulic fluid would only occur if the pump shaft seal

failed or the external shell fractured.
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With the quick release coupling, the hose could be
configured to include coaxial bores so that any high
pressure gas remaining on decoupling can be vented back

to the compressor system or when the tank becomes full.
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second chambers, each for receiving a first fluid to be compressed;
means for receiving a second fluid under pressure in each of the first and
second chambers to effect compression of the first fluid by reducing its volume;
a piston provided in each chamber to separate the first and second fluids,
- wherein at least a first stage piston has a piston area for the first fluid which is larger
than the piston area of the pressurised fluid; and

each piston is driven by a ram rod and the ram rods have differing diameters.

2. A compressor according to claim 1, including switching means to allow the
source of pressurised fluid to alternate between each chamber to compress the first

fluid in the first and second chambers alternately by operating on the pistons.

3. A compressor according to claim 1 or claim 2, wherein the two ram rods are
interconnected to provide continuous fluid delivery at discharge pressure from one

- chamber whilst the other chamber is being recharged.

4, A compressor according to claim 3, wherein the two chambers lie on a central

axis and they are interconnected via the interconnected ram rods.

5. A compressor according to claim 4, wherein the interconnected ram rods
include a hollow fluid passage arranged to interconnect the first fluid portions of the

chambers at particular positions of the interconnected ram rods.
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6. A compressor according to any one of claims 1 to 5, including venting means
for allowing any compressed fluid in a clearance volume of the first chamber to be
automatically vented into the second chamber when the second chamber is being

supplied with fluid at supply pressure towards the end of the intake stroke.

) 7. A compressor according to any preceding claim, in which the two chambers

are constructed within a single body to assist with cooling.

8. A compressor according to claim 3 or claim 4, wherein the two chambers are
interconnected by means of a passageway so that the first fluid from the first chamber
delivered during its delivery stroke enters the second chamber during its intake stroke

to provide two stages of gas compression,

9. A compressor according to claim 8, wherein the passageway is external of the

chambers and includes cooling means for assisting in cooling the fluid.

10. A compressor according to any one of the preceding claims, wherein each
chamber is identical in size and the degree of compression effected on the first fluid is

identical within each chamber.

11. A compressor according to any one of the preceding claims, wherein the
means for effecting compression is configured to enable a small volume of second

fluid to compress a larger volume of first fluid.
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16. A method of compressing a first fluid comprising the steps of providing the
first fluid to be compressed to a first or second fluid chamber, providing a source of
pressurised second fluid to the first or second chamber to reduce the volume of the
first fluid within the respective chamber to compress it and wherein a piston is
provided in each chamber to separate the first and second fluids and wherein at least a
first stage piston has a piston area for the first fluid which is larger than the piston
area of the pressurised fluid and each piston is driven by a ram rod and the ram rods

have different diameters.



(190 10%"& ()- (Y. 10%"& ()-__.awecd|[obW( ($10% & ()- 10 ( LS
10% & ()-( (LS 10%& ()-( ( 10%& ()- ( 10%& ()-& ( 10% & ()- Normal"
"Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" " déﬁ‘? gﬁ] c"
"Headi ng 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Dé&f 2
Par agr aph Font! &%, 27w9S<&A, FIKQV] af hj | nprtvxz| ~! *b4<GOYdGH JKLMNO
., Ng! x"-$3$' ) +- #/ n0d2b4g597j 9: <<<<=S=} ===%>c?MAC6D- | "LNOQQSTWYnZ\] _dPQRSTU
VWKYZ[\ ]~ _"abcdef ghi j kl mopgr st uvwxyz{| } ~6Ti mes New RonmanAri al Courier New'h
Root Ent r yWor dDocunent " #$UR' ()*+,-./0123456789: ;
<=>?@\BCDEFGH JKLMNOPQRSTUVWKYZ[\]"_° azl())cdef ghi j kl mopqr st uvwxyz{| } ~

17. A method according to claim 16, including the steps of allowing the first

chamber to open to receive the first fluid; thereafter reducing the size of the first fluid

portion of the chamber to compress the fluid by means of the second pressurised fluid,

and at the same time allowing the first fluid into the second chamber; and thereafter

reducing the volume of the first fluid portion of the second chamber to compress the

fluid by means of the second pressurised fluid, and at the same time allowing the first

fluid into the first chamber.

18. A method according to claim 17 or claim 18, including the step of
interconnecting the two chambers so that the first fluid from the first chamber is
delivered during its delivery stroke to the second chamber during the intake stroke of

the second chamber to provide two stages of compression.

19. A method according to claim 17 or claim 18, including the step of
automatically venting any compressed fluid in a clearance volume of the first chamber

into the second chamber towards the end of the intake stroke of the second chamber.

20. A fluid compressor substantially as described herein and with reference to the

accompanying drawings.

21. A method of compressing a fluid substantially as described with reference to

the embodiments herein.



