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?nt?C.F15?27/04?B01á59/10,?3/00 

?J.S?DI,92?79 3 C?aims 

A partition walpermittingdifusionforremovingand 
recoveringgas difusedthrougharoling diaphragm Seal 
into aliquid diaphragm Supportingcolumn,The device 
includesa meansfor maintaininga pressure diferential 
acrossthe diaphragm Sealandaliquid Storage chamber? 
The device alsomakes use of wiregauzesasa Separator 
inaliquid container? 

Thisapplication isa continuation of application Ser, 
No.514293filed Dec.16,1965and nowabandoned? 
The invention relates to a device constituting a Seal 

constructedasarolingdiaphragm betweentwo coaxialy 
arrangedelements whichare movablerelative to one an 
other,thesaidsealseparatingtwo Spaces?One ofthe Said 
spaces beingfledwithaliquidandthe otherspace being 
fled withagas? 
Examples of known devices ofthe type to which the 

Dresentinvention relates are hot-gas reciprocating en 
gines,compressorsandexpansion machines.Inthese ma 
chinestherolingdiaphragmisprovidedasa Sealbetween 
the piston and the cylinderand formswithits one side 
partofthe boundary ofthe workingspace.Withitsother 
side the roling diaphragmengages liquid which serves 
asa supportfortherollingdiaphragm,Itis desirablein 
these casesthatthesaidiquidisatleastsubstantialyin 
compressible? 

It has been found that during operation a certain dif 
fusion ofgasoccursoutofthe workingspace throughthe 
roling diaphragminto the liquid,This difusion greatly 
increasesasthe temperaturerises.Aftersometimeifno 
preventative measures are taken,the concentration of 
the gasdissolvedinthe liquidexceedsthesaturation con 
centration.Thisresultsin bubbleformation meaningthat 
the liquid nolongerisincompressible,Asa consequence 
evenata constant diferentia1pressureacrosstheroling 
diaphragm the said rolling diaphragm wilnevertheless 
vary in length?This,of course,adverselyinfuencesthe 
life ofthe roHingdiaphragm? 
To preventthe occurrence of bubbleformationin the 

liquiditis known to regularly refresh the liquidin the 
Space under the roling diaphragm,In this case a cer 
tainstream ofliquid which containslittle orno dissolved 
gasis continuously Supplied to the space whie simul 
taneously the same stream of liquid but now with a 
higher concentration of dissolvedgas,is directed away 
from said space,In this manner the concentration of 
dissolvedgas can be kept belowthe Saturation concen 
tration?However,a disadvantage of the said methodis 
that the gas difused through the rolling diaphragm is 
1ost,The cost may be considerable particularlyin case 
of more expensivetypes ofgas? 
A principle object of the invention isto provide a 

solutiontotheabove describedproblemin whichthecon 
centration of dissolved gas in the liquid space remains 
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below the Saturation concentration and the gas difused 
bythe rolingdiaphragmisnotlost. 
The device accordingtothe inventionischaracterized 

in thatitincludesa separatortoremove andreceive gas 
difusedthroughtheroling diaphragm outoftheliquid? 

Thegasseparatedoutoftheliquidcansubsequently be 
Suppliedagain to the workingspace, 
One embodiment of the device accordingto the in 

vention comprisesa separatorthatisformed byatleast 
partof the wal ofthe space which containsthe liquid, 
which part ofthe walis manufactured from a material 
which permits difusion of the gas concerned,the said 
part of the wallmakinga boundary withitssideremote 
from theliquidspaceastorage containerin whichapres 
sure prevais which is lower than the pressure in the 
liquid Space, 
Thegas difused from the workingspace through the 

rolingdiaphragmwilthen eavetheliquid Spacethrough 
thesaid part ofthewall,Inthismannerthe endin view, 
namelyrecovery ofdifused medium,isachieved with an 
extremely simple construction,Under certain circum 
stancesthe partofthe walwhich permits difusion may 
be constituted byasecondrolingdiaphragmwhichfaces 
theliquidspacewithitsconcaveside. 
Afurtherembodiment ofthe device accordingto the 

invention,in which at east one liquid Supply ductand 
atleastone liquid exhaust duct communicate with the 
liquidspace,comprisesaseparatorwhichisconstitutedby 
acontainerconsistingofatleasttwo parts,the partsbeing 
separatedfromoneanotherbyawalpermittingdifusion 
ofthegasconcerned,theliquidexhaustductcommunicat 
ingwith thefrst part ofthe containerwhichisprovided 
with a further duct which communicates,if required, 
throughacontrolmechanism with the supply ducttothe 
liquid space?Apumping device isfurther provided for 
transportingliquid out of the frst part ofthe container 
backto the liquid space anda pressure prevaisin the 
secondpartofthe containerwhichislowerthanthe pres 
sureinthefirst part of the container. 
Insaidfurtherembodimentliquidisalwayscirculated 

by pumping,in whichthepump need overcome onlythe 
resistancetofow oftheductsinquestion.Whentheliquid 
spaceisconstructedsothatthe volume ofthatspacere 
mains constant when the elements move relative to one 
anotherand no leakage occurs,no further control de 
vices orliquid supplementing device need be provided? 
However,in practice some leakage alongthe piston wik 
alwaysoccursothattheliquidwilhavetobeaugmented? 
Since theadditionalliquidisalways morethan the leak, 
a controldevice also wiberequired to ensure thatthe 
diferential pressure across the roling diaphragm does 
not Vary. 
Whenthe pressure levelin the working spaceis con 

trolable,measuresaretakentorapidyadaptthe quantity 
of iquidin the1iquid space belowtherolingdiaphragm 
torapidvariationsofthe pressurelevel, 

Another embodiment of the device accordingto the 
invention which meets the above describedrequirement 
comprisesa further duct which communicates the frst 
part of the container withitsotherendand opensinto 
aliquid storage container which communicates,through 
a controlmechanism,with the liquidspaceandin which 
a pressureprevailsthatis higherthan the pressureinthe 
liquid Space belowtherolingdiaphragm,Inthismanner 
a certain bufer store of liquidis formed from which 
liquid can be transported to the liquid space belowthe 
rolingdiaphragm whenthepressurelevelin the working 
Space Varies. 
Wheninafurtherembodimentofthe devicethespace 

on the side of the roling diaphragm remote from the 
liquid Space contains hydrogengas,the part ofthewali 
Permitting difusion is manufactured from paladium? 
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Afurther embodiment of the device accordingto the 
invention comprisesa structurein which the ends Of the 
liquid exhaust ductand liquid Supply duct remots fon 
the liquid space open into aliquid Storage containerin 
which at1east on an average a lower presSure prevais 
thanin the liquid Space below therolingdiaphragm,the 
openingofthe Saidiquid supply ductin the storage con 
tainerbeingseparatedfrom the opening of the liquidex 
haust ductin the Said container by Ore or more wire 
gaUZeS? 

Because the liquidin the Storage containeris undera 
1ower pressure,the gas dissolved in the liquid wilsep 
aratein bubbleform. Before the liquidis returned to the 
liquid Space,however,it must pass the wire gauzes,the 
gas bubblesappearinginthe wiregauzeandescaping Out 
ofthe liquidalongthe wiregauze? 
Anotherembodiment of the deviceaccordingtothein 

Ventionin whichthe rolingdiaphragmengagesthe liquid 
with its concave side comprisesa structure in which a 
preSSure prevailsin the Storage container which atleast 
Substantialy correspOndsto the average pressure which 
prevailsin the Space on the side ofthe rolingdiaphragm 
remote from the liquid Space,a controlvalve being pro 
videdin the liquid exhaust ductand a pumping device 
being provided in the liquid supply duct?To hold the 
roling diaphragm taut,a higher pressure will prevai1in 
the liquid Space thanin the Spaceonthe otherside ofthe 
roling diaphragm.The liquid from that space wil be 
reducedin pressure whenit passesthe controlvalve,the 
difusedgas beingreleasedin bubbleform.Thesebubbles 
deposit on the wire gauze andescape out of the Iiquid? 
The depositedgascanbereturnedagaintothegasspace. 

In anotherembodiment of the deviceaccordingtothe 
invention in which the roling diaphragm engagesthe 
liquid withitsconvexside,apressure prevaisinthestor 
age containerwhichisatleastsubstantialyequaltothe 
minimum presSure occurringin the space on theside of 
the roling diaphragm remote from the liquid space,a 
controlvalve beingarrangedintheliquidexhaustduct 
anda pumping device being providedin theliquidsup 
ply duct? 
According to a further embodiment of the device 

meansareProvided to bringthe liquidin the frst part 
ofthe container orinthestorage containerinwhichthe 
wiregauzesarearrangedatatemperatureand/orpres 
Suresuchthatthe saturation concentration ofthegasin 
questioninthe liquid concernedis1owerthanthesatura 
tion concentration associated with the temperature and 
presSure which prevaisinthe iquid spacebelowtherol 
ing diaphragm·Accordingto afurtherembodimentthe 
Gevice comprisesone ormoreheatingelementswhichcan 
heattheliquidinthefrstpart ofthecontainerorinthe 
Storage Container provided with wiregauzes?Asaresult 
ofthe Said heatingthesaturation concentrationdecreases 
whichmeansthatmoregasescapesoutofthe liquidin 
bubbleform Sothata“cleaner”iquidis Supplied tothe 
liquid Space? 

Jn orderthattheinventionmayreadybecarriedinto 
efectafew embodmentsthereofwinowbedescribed ? greater detai,byway ofexample?withreferenceto 
theaccompanyingdrawings,inwhich 
FIG,1diagrammaticalyshowsa piston-cylindercom 

bnatonin whicharoingdaphragmisusedasasä 
?ndinwhic?part ofthewaloftheiquid Space below 
therolngdaphragmismanufactured fromama? 
whichpermitsdifusion ofgas, 
FIGS.2and3show dagrammaticalytwopiston-cylin 

der combinationsin whicharoling diaphragmis used 
asa Sealandinwhichfurthermeansareprovidedforcir 
Culatingliquid from the liquid space belowthe rolling 
daphragmalongaseparatorconsistingoftwocontaine? 
Separatedbyawalpermittingdifusionofgas, 
FIGS.4and5showdiagrammaticalytwo Piston-cylin 

der combinationsin whicharolingdiaphragmisusedas 
asealandin whichfurtheraliquidstoragecontairerwith 
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4 
wire gauzesis provided for Separatingandreceivinggas 
difusedthroughtherolingdiaphragm? 

In FiG?1 reference numeral1 denotesa cylinder in 
which a piston2 reciprocates.The piston 2isconnected 
through a piston rod 3 to a driving mechanism(not 
Shown),The seal between the piston andthe cylinderis 
formed bya rolingdaphragm 4which withitsone side 
alSO bounds a workingspace 5 and with its otherside 
engagesliquid containedinaspace 6.Becausethe piston 
2andthe cylinder1 hayesteppedconstructions,thespace 
6 hasa constant volume when the piston2movesinthe 
cylinder?This means that a diferential pressure across 
the rolingdiaphragm4whichisonceadjustedisthereby 
maintained,The roing diaphragm 4is manufactured 
from a fexible Substance,for example a polyurethane 
rubber?This Substance ingeneral permitsa certain dif 
fusion of the gasin the workingspace 5to the working 
Space 6.The gas difused through the rolingdiaphragm 
wildissolvein the liquid untilthe saturation concentra 
tionis reached?Then the gas wilappearas bubblesin 
the iquid?This hasthe disadvantage thatthe liquid be 
Comes more orless compressible sothatata fuctuating 
preSSure in the working space 5the roling diaphragm 
willShow variationsinlength. 

In Order to prevent the occurrence ofgas bubblesin 
theliquid,apart8ofthewaHsofthespace6ismanufac 
turedfroma material which permits difusion ofthegas 
in question,Thispart of the wal may be manufactured 
from the Same materialasthe rolingdiaphragm.When 
the workingspace contains hydrogen,the partofthewal 
may be manufactured,forexample from palladium.The 
part 8 of the Walformsa boundary withitssideremote 
from the Space 6 ofacontainer19.Thiscontainercom 
municates,througha duct12anda checkvalve14ar 
rangedtherein,with theworkingspace5.Thismeansthat 
in the container19at most the minimum pressure can 
prevailwhichoccursintheworkingspace.Whengashas 
difused through the rolingdiaphragm 4to the?iquid 
space éthis difuSedgaswildifusethroughthepart8of 
the_Walto the container19asa resultoftheaverage 
higherpressureinthe Space6withrespecttothepressure 
in the container10.The gas maythen beretürned to 
the working Space5 out ofthesaid container10.Inthis 
Pe?yeysimplemannerithasbeenachievedthatnogas 
bubblesareformedin the liquid whiethe difused gaS 
isalsorecovered? 
FIG·2again showsa piston-cyindercombinationas 

shownin FIG,1,The corresponding COmponents have 
lkereferencenumerals,Thewalsofthe iquid Space 6, 
however,inthiscasearemanufacturedfromamaterial 
whichpermitsno difusion.Inthisembodimentthe liquid 
SPace 6 communicates with a liquid exhaust duct i5 
which,withits otherend communicateswitha part16 
ofacontainer17.The container17isseparated?tothe 
?rts 168nd 19 bya partition 18 permittingdifusion… 
The part16againcommunicateswiththe liquid space 6 
throughafurtherduct20whichincludesa DUmp and a 
controldevice21… 
Thecontroldevice21comprisesthree Spaces22,23and 

24.Thespace22communicatesthroughanarrowdnet 
with the workingspace5sothatinthät Space the same 
averagg_P?SSure prevalsasin theworkingspace,The 
spa°23asocommunicatesthroughanarröwductwith 
?elquidspace 6sothatinthatspacethesame aVerage 
P°?e Prevaisasinthe liquid space8.Thespaces22 
and23are Separatedfrom oneanother by a diaphragm 
2°towhichthevalvespindeofavalve26isco?g? 
In ordertomaintainagivendiferentia preSSure between 
thespages.5and6and22and23 reSpectivehy,a pressure 
Spring27isprovided, 
The devicefurthercomprisesanadditional liquid pump 

29 whichSupplies iquidtothespace6 throughaduct30? 
Asa result of theaction oftheiquid pumpin the duct 
20lquidfowsoutofthe space 6intothepart16ofthe 
COntainer17, 
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Sincea pressureismaintainedinthe space19whichis 
lower than the liquid pressure,gasin the space16wi1 
difuse through the partition 18which permits difusion 
intothespace19.Thegasdifused tothe space19can be 
conductedawaythroughduct31.The space16includesa 
heatingelement32Which heatsthe liquidinthatspace, 
AsareSultof the heatingoftheliquidthesaturation con 
centration ofthegasin questionintheliquidwilbecome 
lowerasareSult of whichmoregaswildifusethrough 
the partition18.The liquidfowsbacktotheliquidspace 
6 out of the space 16through duct20.Asa result of 
the Seal between the piston 2andthe cylinder1,some 
liquid mayleakawayunderconditionsoutofthe space 
6into the Sump.The liquid pump29supplies iquid to 
thespace6tocompensatefortheleaklosses.Inpractice 
the pump29 wil Supply more liquidthan has leaked 
away,The excessliquid hasto be conductedawayagain 
since otherwisethe diferentia1pressureacrosstheroling 
diaphragm 4may vary,In orderto ensurea constant 
diferential pressure across the roling diaphragm 4a 
9ontroldevice21isprovided,Whenthe pressureinthe 
liquid Space 6 becomes higherthan correspondstothe 
desired diferential pressure,the diaphragm25wilshow 
a defection upwards,asaresultofwhichthevalve26is 
lifted and liquid can fow backtothe sump outofthe Space24throughtheduct33. 
Inthismanneritisachievedagainthattheliquidin 

the Space6remainsincompressibleinwhichthegasdif? 
fused throughtherolingdiaphragmisnot1ost? 
FIG·3showsthesamepiston-cyindercombinationas 

dsclosedinFIG.2.The diferenceisthatinthisembod 
?ent a Storage container35is providedinthe duct20 
betweenthespace16andthe controldevice21.Onits 
?per side the Said Storage container communicates 
throughanarrow duct46with theworking Space 5So 
thattheaverage pressure of the workingspace5wi1 
Preyaljnthestorage container35,Inthestoragecon 
taner thelquidandthe gasare separatedfrom one 
anotherbyaJight-weightpiston-shaped body36which 
permisnodfusion.Theoperatingconditionofthesaid 
?ston-shaped body36is determined byanexhaust37 
The Storage container contains a comparatively large 
guantiy oflquid whichenablesthepressurelevelin?e 
?yge to Vay Comparativeyrapidywithouttheroling 
diaphragm4beingadverselyinfuenced byit? 
FIG·4shows apiston-cyindercombinationinwhich 

he roling_daphragm4Servesasasealfacingthework 
?gsP3Ce5 withitsconvexside.Aliquide?haustduct 
40Whichincludesacontroldevice21communicateswih 
thelquidspace,Thesaid controldeviceissimilartothe 
controldeviceshownin FIGS.2and3asfarasstructure and9perationare concerned,withtheunderstandingthat 
inthisembodimentthespring27isconstructedasaten 
sion Springasa result of the fact thattherolingdia 
Phragmfacestheworkingspacewithitsconvexside.The 
reSult ofthisarrangementisthattheaverageliquidpres 
Sureinthe Spaces 6and23nowishigherbyacertain 
amount thantheaverage presSure prevailinginthe work 
ingspace.The duct40communicateswithaliquidcon 
tainer41througha controlvalve.The vaporspace ofthe 
said container communicatesthroughanarrow ductwith 
the workingspace5sothatin thatcontainertheaverage 
Dressure prevails which prevailsin the workingspace 5. 
One ormorewals42 of wire gauze arearrangedin the 
container41.The containerfurthercomprisesaliquidex 
haust duct43which opensinside the wal of wiregauze 
42.The exhaustduct43includesa pump44which brings 
the iquidtothepressure prevailingin the space 6.There 
fore the iquid is circulated by pumping of the pump 
44.Inthiscaseareductionin pressure occursacross the 
Valve26from theaverage liquid pressure tothe average 
gaspressure?Gas,ifany,dissolvedinthe iquidwilsep 
arate.When passingthe wiregauzesthesaid bubblesare 
retainedonthewiregauzesinthe iquid containerand75 
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6 
rise upwards.Inthismannertheyagainreachthe work 
ingspace.Toobtainareduction ofthesaturation concen 
tration a heating element 32 isincluded in the liquid 
container? 
FIG,5showsa devicewhich correspondstothe device 

shownin FIG.4.However,inthisembodimenttheroling 
diaphragm 4facesthe workingspace 5with itsconcave 
side.Toobtainadiferential pressureacrossthe valve26 
the minimum pressure which occursinthe workingspace 
5 prevaisin the container41?This can be achieved by 
communicatingthe vaporspacewith the workingspace 5 
through a duct50 havinga check Valve 52 and further 
communicatingthe vapor space with a Supplement con 
tainerin whichthe minimum gaspreSSure prevails?Asa 
result of this structure the liquidis reducedin pressure 
acrossthevalve26whichentailsareduction ofthesatura 
tion concentration?Afurtherreduction of the saturation 
concentrationisobtainedbyraisingtheliquidtoahigher 
temperature.Inthismanneragreatquantity ofthegasin 
the iquidisseparatedwith extremelysimple means.The 
Hquid whichisdirected backtotheliquid space onlycon 
tainssolittlegasthatthere existsnodangerforsurpassing 
the saturation concentration associated with the pressure 
and temperature prevailingin the Space 6? 
Whatis claimedis: 
1.Apparatuscomprising: 
acylinder; 
a piston reciprocalymovable withinthe cylinder; 
arolingdiaphragm sealsecured betweenthe cylinder 

andpiston,thereby Separatingafirstspace for con 
tainingliquidfroma Second Space forcontaininggas, 
a quantity ofthegasbeingdifusiblethroughthe seal 
and beingsolubleintheliquid, 

meansin communication with Saidgasand iquidfor 
maintaininga pressure diferentialacross Said Seal, 
and 

a separatorin communication with Said liquidandin 
cludingmeansforseparatingsaiddissolvedgas from 
the liquid,Said Separator comprising 

(a)a container, 
(b)apartitionthroughwhichsaidganisdifusible, 

the partition defningin the containerathird 
space fora quantity of Said liquidanda fourth 
space,the dissolvedgas beingdifusiblethrough 
the partitioninto the fourth space andthereby 
removedfrom the liquid 

(c)aliquidexhaustductinterconnectinganoutlet 
ofsaidfrstspaceandaninlettosaidthirdspace; 

(d)aliquid Supply ductinterconnectingan outlet 
of said third space with aninlet to Said first 
Space; ? 

(e)apumpoperativelyconnectedtotheapparatus 
formovingtheliquidbetweensaidfirstandthird 
SpaceSand, 

(f)additionalmeansformaintainingthe pressure 
in Said fourth space lowerthan in saidthird 
Space? 

2,Apparatus as defned in claim 1 and includinga 
liquid reservoir belowthe piston,wherein said meansfor 
maintainingthe pressure diferentialacross Said Sealin 
cludesa controidevice comprising: 

(a)achamber, 
(b)a diaphragmin Saidchamberdefningagas Space 
andaliquid Space, 

(c)a first ductinterconnecting Said liquid space and 
said frst Space(adjacent the seal)formaintaining 
Substantialythe sameaverage pressurestherein; 

(d)a Second ductinterconnectingsaidgas space and 
Said second Space formaintaining substantialythe 
Sameaverage pressurestherein 

(e)athird ductinterconnectingsaidliquid space and 
said iquidreservoir, 

(f)said Supply duct comprisinga frst partintercon 
nectingsaidthirdspace ofthe separatorandaninlet 
to Saidliquid Space of the controlmeansanda Sec 
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ond part interconnecting an outlet of Said liquid 
Space and SaidfirstSpace,and 

(g)a valve operatively connected to Said diaphragm 

8 
let,a Storage chamber outlet and a control meanS 
inlet,and a controlmeans Outlet and a first Space 
inlet? 
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