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ROLLING DIAPHRAGM SEAL MEANS FOR RE-
MOVING AND RECOVERING DIFFUSED GAS
Roelf Jan Meijer, Henricus Cornelis Johanines Beukering,
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Eindhoven, Netheriands, assignors, by mesne assign-
ments, to U.S. Philips Corporation, New York, N.Y., a
corporation of Delaware
Continuation of application Ser, No. 514,293, Dec. 16,
1965, This application May 21, 1968, Ser. No. 732,492
Claims priority, application Netherlands, Jan, 14, 1965,
6560403
Int. CL F15b 21/04; B01d 59/10, 13/00
U.S. CL 9279 3 Claims

ABSTRACT OF THE DISCLOSURE

A partition wall permitting diffusion for removing and
recovering gas diffused through a rolling diaphragm seal
into a liquid diaphragm supporting column. The device
includes a means for maintaining a pressure differential
across the diaphragm seal and a liquid storage chamber.
The device also makes use of wire gauzes as a separator
in a liquid container.

This application is a continuation of application Ser.
No. 514,293 filed Dec. 16, 1965 and now abandoned.

The invention relates to a device conmstituting a seal
constructed as a rolling diaphragm between two coaxially
arranged elements which are movable relative to one an-
other, the said seal separating two spaces, one of the said
spaces being filled with a liquid and the other space being
filled with a gas.

Examples of known devices of the type to which the
present invention relates are hot-gas reciprocating en-
gines, compressors and expansion machines. In these ma-
chines the rolling diaphragm is provided as a seal between
the piston and the cylinder and forms with its one side
part of the boundary of the working space. With its other
side the rolling diaphragm engages liquid which serves
as a support for the rolling diaphragm. It is desirable in
these cases that the said liguid is at least substantially in-
compressible.

It has been found that during operation a certain dif-
fusion of gas occurs out of the working space through the
rolling diaphragm into the liquid. This diffusion greatly
increases as the temperature rises. After some time if no
preventative measures are taken, the concentration of
the gas dissolved in the liquid exceeds the saturation con-
centration. This results in bubble formation meaning that
the liquid no longer is incompressible. As a consequence

even at a constant differential pressure across the rolling,

diaphragm the said rolling diaphragm will nevertheless
vary in length. This, of course, adversely influences the
life of the rolling diaphragm.

To prevent the occurrence of bubble formation in the
liquid it is known to regularly refresh the liquid in the
space under the rolling diaphragm. In this case a cer-
tain stream of liquid which contains little or no dissolved
gas is continuously supplied to the space while simul-
taneously the same stream of liquid but now with a
higher concentration of dissolved gas, is directed away
from said space. In this manner the concentration of
dissolved gas can be kept below the saturation concen-
tration. However, a disadvantage of the said method is
that the gas diffused through the rolling diaphragm is
lost. The cost may be considerable particularly in case
of more expensive types of gas.

A principle object of the invention is to provide a
solution to the above described problem in which the con-
centration of dissolved gas in the liquid space remains
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below the saturation concentration and the gas diffused
by the rolling diaphragm is not lost.

The device according to the invention is characterized
in that it includes a separator to remove and receive gas
diffused through the rolling diaphragm out of the liquid.

The gas separated out of the liquid can subsequently be
supplied again to the working space.

One embodiment of the device according to the in-
vention comprises a separator that is formed by at least
part of the wall of the space which contains the liquid,
which part of the wall is manufactured from a material
which permits diffusion of the gas concerned, the said
part of the wall making a boundary with its side remote
from the liquid space a storage container in which a pres-
sure prevails which is lower than the pressure in the
liquid space.

The gas diffused from the working space through the
rolling diaphragm will then leave the liquid space through
the said part of the wall. In this manner the end in view,
namely recovery of diffused medium, is achieved with an
extremely simple construction. Under certain circum-
stances the part of the wall which permits diffusion may
be constituted by a second rolling diaphragm which faces
the liquid space with its concave side.

A further embodiment of the device: according to the
invention, in which at least one liquid supply duct and
at least one liquid exhaust duct communicate with the
liquid space, comprises a separator which is constituted by
a container consisting of at least two parts, the parts being
separated from one another by a wall permitting diffusion
of the gas concerned, the liquid exhaust duct communicat-
ing with the first part of the container which is provided
with a further duct which communicates, if required,
through a control mechanism with the supply duct to the
liquid space. A pumping device is further provided for
transporting liquid out of the first part of the container
back to the liquid space and a pressure prevails in the
second part of the container which is lower than the pres-
sure in the first part of the container.

In said further embodiment liquid is always circulated
by pumping, in which the pump need overcome only the
resistance to flow of the ducts in question. When the liquid
space is constructed so that the volume of that space re-
mains constant when the elements move relative to one
another and no leakage occurs, no further control de-
vices or liquid supplementing device need be provided.
However, in practice some leakage along the piston will
always occur so that the liquid will have to be augmented.
Since the additional liquid is always more than the leak,
a control device also will be required to ensure that the
differential pressure across the rolling diaphragm does
not vary.

When the pressure level in the working space is con-
trollable, measures are taken to rapidly adapt the quantity
of liquid in the liquid space below the rolling diaphragm
to rapid variations of the pressure level.

Another embodiment of the device according to the
invention which meets the above described requirement
comprises a further duct which communicates the first
part of the container with its other end and opens into
a liquid storage container which communicates, through
a control mechanism, with the lignid space and in which
a pressure prevails that is higher than the pressure in the
liguid space below the rolling diaphragm. In this manner
a certain buffer store of liquid is formed from which
liquid can be transported to the liquid space below the
rolling diaphragm when the pressure level in the working
space varies.

When in a further embodiment of the device the space
on the side of the rolling diaphragm remote from the
liquid space contains hydrogen gas, the part of the wall
permitting diffusion is manufactured from palladium.
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A further embodiment of the device according to the
invention comprises a structure in which the ends of the
liquid exhaust duct and liquid supply duct remote frO}n
the liquid space open into a liquid storage container in
which at least on an average a lower pressure prevails
than in the liquid space below the rolling diaphragm, the
opening of the said liquid supply duct in the storage con-
tainer being separated from the opening of the liquid ex-
haust duct in the said container by ore or mcre wire
gauzes.

Because the liquid in the storage container is under a
lower pressure, the gas dissolved in the liquid will sep-
arate in bubble form. Before the liquid is returned to the
liquid space, however, it must pass the wire gauzes, the
gas bubbles appearing in the wire gauze and escaping out
of the liquid along the wire gauze.

Another embodiment of the device according to the in-
vention in which the rolling diaphragm engages the liquid
with its concave side comprises a structure in which a
pressure prevails in the storage container which at least
substantially corresponds to the average pressure which
prevails in the space on the side of the rolling diaphragm
remote from the liquid space, a control valve being pro-
vided in the liquid exhaust duct and a pumping device
being provided in the liquid supply duct. To hold the
rolling diaphragm taut, a higher pressure will prevail in
the liquid space than in the space on the other side of the
rolling diaphragm. The liquid from that space will be
reduced in pressure when it passes the control valve, the
diffused gas being released in bubble form. These bubbles
deposit on the wire gauze and escape out of the liguid.
The deposited gas can be returned again to the gas space.

In another embodiment of the device according to the
invention in which the rolling diaphragm engages the
liquid with its convex side, a pressure prevails in the stor-
age container which is at least substantially equal to the
minimum pressure occurring in the space on the side of
the rolling diaphragm remote from the liquid space, a
control valve being arranged in the liquid exhaust duct
and a pumping device being provided in the liquid sup-
ply duct.

According to a further embodiment of the device
means are provided to bring the liquid in the first part
of the container or in the storage container in which the
wire gauzes are arranged at a temperature and/or pres-
sure such that the saturation concentration of the gas in
question in the liquid concerned is lower than the satura-
tion concentration associated with the temperature and
pressure which prevails in the liquid space below the roll-
ing diaphragm. According to a further embodiment the
device comprises one or more heating elements which can
heat the liquid in the first part of the container or in the
storage container provided with wire gauzes. As a result
of the said heating the saturation concentration decreases
which means that more gas escapes out of the liquid in
bubble form so that a “cleaner” liquid is supplied to the
liquid space.

In order that the invention may readily be carried into
effect a few embodiments thereof will now be described
in greater detail, by way of example, with reference to
the accompanying drawings, in which

FIG. 1 diagrammatically shows a piston-cylinder com-
bination in which a rolling. diaphragm is used as a seal
and in which part of the wall of the liquid space below
the rolling diaphragm is manufactured from a material
which permits diffusion of gas.

FIGS. 2 and 3 show diagrammatically two piston-cylin-
der combinations in which a rolling diaphragm is used
as a seal and in which further means are provided for cir-
culating liquid from the liquid space below the rolling
diaphragm along a separator consisting of two containers
separated by a wall permitting diffusion of gas.

FIGS. 4 and 5 show diagrammatically two piston-cylin-
der combinations in which a rolling diaphragm is used as
a seal and in which further a liquid storage contairer with
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wire gauzes is provided for separating and receiving gas
diffused through the rolling diaphragm.

In FIG. 1 reference numeral 1 denotes a cylinder in
which a piston 2 reciprocates. The piston 2 is connected
through a piston rod 3 to a driving mechanism (not
shown). The seal between the piston and the cylinder is
formed by a rolling diaphragm 4 which with its one side
also bounds a working space 5 and with its other side
engages liguid contained in a space 6. Because the piston

-2 and the cylinder 1 have stepped constructions, the space

6 has a consiant volume when the piston 2 moves in the
cylinder. This means that a differential pressure across
the roliing diaphragm 4 which is once adjusted is thereby
maintained. The rolling diaphragm 4 is manufactured
from a flexible substance, for example a polyurethane
rubber. This substance in general permits a certain dif-
fusion of the gas in the working space 5 to the working
space 6. The gas diffused through the rolling diaphragm
will dissolve in the liquid until the saturation concentra-
tion is reached. Then the gas will appear as bubbles in
the liquid. This has the disadvantage that the liquid be-
comes more or less compressible so that at a fluctuating
pressure in the working space 5 the rolling diaphragm
will show variations in length.

In order to prevent the occurrence of gas bubbles in
the liquid, a part 8 of the walls of the space 6 is manufac-
tured from a material which permits diffusion of the gas
in question. This part of the wall may be manufactured
from the same material as the rolling diaphragm. When
the working space contains hydrogen, the part of the wall
may be manufactured, for example from palladium. The
part 8 of the wall forms a boundary with its side remote
from the space 6 of a container 10. This container com-
municates, through a duct 12 and a check valve 14 ar-
ranged therein, with the working space 5. This means that
in the container 10 at most the minimum pressure can
prevail which occurs in the working space. When gas has
diffused through the rolling diaphragm 4 to the liquid
space 6, this diffused gas will diffuse through the part 8 of
the wall to the container 16 as a result of the average
higher pressure in the space 6 with respect to the pressure
in the container 19. The gas may then be returned to
the working space 5 out of the said container 10. In this
relatively simple manner it has been achieved that no gas
bubbles are formed in the liquid while the diffused gas
is also recovered.

FIG. 2 again shows a piston-cylinder combination as
shown in FIG. 1. The corresponding components have
like reference numerals. The walls of the liqnid space 6,
however, in this case are manufactured from a material
which permits no diffusion. In this embodiment the liquid
space 6 communicates with a liquid exhaust duct 15
which, with its other end communicates with a part 16
of a container 17. The container 17 is separated into the
parts 16 and 19 by a partition 18 permitting diffusion.
The part 16 again communicates with the liquid space 6
through a further duct 20 which includes a pump and a
control device 21.

The control device 21 comprises three spaces 22, 23 and
24. The space 22 communicates through a narrow duct
with the working space 5 so that in that space the same
average pressure prevails as in the working space. The
space 23 also communicates through a narrow duct with
the liquid space 6 so that in that space the same average
pressure prevails as in the liquid space 8. The spaces 22
and 23 are separated from one another by a diaphragm
25 to which the valve spindle of a valve 26 is connected,
In order to maintain a given differential pressure between
the spaces 5 and 6 and 22 and 23 respectively, a pressure
spring 27 is provided.

The device further comprises an additional liquid pump
29 which supplies liquid to the space 6 through a duct 30.
As a result of the action of the liquid pump in the duct
20 liquid flows out of the space 6 into the part 16 of the
container 17.
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Since a pressure is maintained in the space 19 which is
lower than the liquid pressure, gas in the space 16 will
diffuse through the partition 18 which permits diffusion
into the space 19. The gas diffused to the space 19 can be
conducted away through duct 31. The space 16 includes a
heating element 32 which heats the liquid in that space.
As a result of the heating of the liquid the saturation con-
centration of the gas in question in the liquid will become
lower as a result of which more gas will diffuse through
the partition 18. The liquid flows back to the liquid space
6 out of the space 16 through duct 20. As a result of
the seal between the piston 2 and the cylinder 1, some
liquid may leak away under conditions out of the space
6 into the sump. The liquid pump 29 supplies liquid to
the space 6 to compensate for the leak losses. In practice
the pump 29 will supply more liquid than has leaked
away. The excess liquid has to be conducted away again
since otherwise the differential pressure across the rolling
diaphragm 4 may vary. In order to ensure a constant
differential pressure across the rolling diaphragm 4 a
control device 21 is provided. When the pressure in the
liquid space 6 becomes higher than corresponds to the
desired differential pressure, the diaphragm 25 will show
a deflection upwards, as a result of which the valve 26 is
lifted and liquid can flow back to the sump out of the
space 24 through the duct 33.

In this manner it is achieved again that the liquid in
the space 6 remains incompressible in which the gas dif-
fused through the rolling diaphragm is not lost.

FIG. 3 shows the same piston-cylinder combination as
disclosed in FIG. 2. The difference is that in this embodi-
ment a storage container 35 is provided in the duct 20
between the space 16 and the control device 21. On its
upper side the said storage container communicates
through a narrow duct 46 with the working space 5 so
that the average pressure of the working space 5 will
prevail in the storage container 35. In the storage con-
tainer the liquid and the gas are separated from one
anoth_er by a light-weight piston-shaped body 36 which
permits no diffusion. The operating condition of the said
piston-shaped body 36 is determined by an exhaust 37.
The storage container contains a comparatively large
quaptity of liquid which enables the pressure level in the
dt_avme to vary comparatively rapidly without the rolling
diaphragm 4 being adversely influenced by it.

FIG. 4 shows a piston-cylinder combination in which
'fhe rolling diaphragm 4 serves as a seal facing the work-
ing space S with its convex side. A liquid exhaust duct
40 which includes a control device 21 communicates with
the liquid space. The said control device is similar to the
control device shown in FIGS. 2 and 3 as far as structure
and operation are concerned, with the understanding that
in this embodiment the spring 27 is constructed as a ten-
sion spring as a result of the fact that the rolling dia-
phragm faces the working space with its convex side. The
result of this arrangement is that the average liquid pres-
sure in the spaces 6 and 23 now is higher by a certain
amount than the average pressure prevailing in the work-
ing space. The duct 40 communicates with a liquid con-
tainer 41 through a control valve, The vapor space of the
said container communicates through a narrow duct with
the working space 5 so that in that container the average
pressure prevails which prevails in the working space 5.
One or more walls 42 of wire gauze are arranged in the
container 41, The container further comprises a liquid ex-
haust duct 43 which opens inside the wall of wire gauze
42. The exhaust duct 43 includes a pump 44 which brings
the lquid to the pressure prevailing in the space 6, There-
fore the liquid is circulated by pumping of the pump
44. In this case a reduction in pressure occurs across the
valve 26 from the average liquid pressure to the average
gas pressure. Gas, if any, dissolved in the Hquid will sep-
arate. When passing the wire gauzes the said bubbles are
retained on the wire gauzes in the liquid container and
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rise upwards, Tn this manner they again reach the work-
ing space. To obtain a reduction of the saturation concen-
tration a heating element 32 is included in the liquid
container.

FIG. 5 shows a device which corresponds to the device
shown in FIG. 4. However, in this embodiment the rolling
diaphragm 4 faces the working space 5 with its concave
side. To obtain a differential pressure across the valve 26
the minimum pressure which occurs in the working space
5 prevails in the container 41. This can be achieved by
communicating the vapor space with the working space 5§
through a duct 50 having a check valve 52 and further
communicating the vapor space with a supplement con-
tainer in which the minimum gas pressure prevails. As a
result of this structure the liquid is reduced in pressure
across the valve 26 which entails a reduction of the satura-
tion concentration. A further reduction of the saturation
concentration is obtained by raising the liquid to a higher
temperature. In this manner a great quantity of the gas in
the liquid is separated with extremely simple means. The
liquid which is directed back to the liquid space only con-
tains so little gas that there exists no danger for surpassing
the saturation concentration associated with the pressure
and temperature prevailing in the space 6.

What is claimed is:

1. Apparatus comprising:

a cylinder;

a piston reciprocally movable within the cylinder;

a rolling diaphragm seal secured between the cylinder
and piston, thereby separating a first space for con-
taining liquid from a second space for containing gas,
a quantity of the gas being diffusible through the seal
and being soluble in the liguid,

means in communication with said gas and liquid for
maintaining a pressure differential across said seal,
and

a separator in communication with said liquid and in-
cluding means for separating said dissolved gas from
the liquid, said separator comprising

(a) a container,

(b) a partition through which said ga+ is diffusible,
the partition defining in the container a third
space for a quantity of said liquid and a fourth
space, the dissolved gas being diffusible through
the partition into the fourth space and thereby
removed from the liquid

(c) a Hquid exhaust duct interconnecting an outlet
of said first space and an inlet to said third space;

(d) a liquid supply duct interconnecting an outlet
of said third space with an inlet to said first
space; i

(e) a pump operatively connected to the apparatus
for moving the liquid between said first and third
spaces and,

(f) additional means for maintaining the pressure
in said fourth space lower than in said third
space.

2. Apparatus as defined in claim 1 and including a
liquid reservoir below the piston, wherein said means for
maintaining the pressure differential across said seal in-
cludes a control device comprising:

(a) a chamber,

(b) a diaphragm in said chamber defining a gas space

and a liquid space,

(c) a first duct interconnecting said liquid space and
said first space (adjacent the seal) for maintaining
substantially the same average pressures therein;

(d) a second duct interconmecting said gas space and
said second space for maintaining substantially the
same average pressures therein

(e) a third duct interconnecting said liquid space and
said liquid reservoir,

(£) said supply duct comprising a first part intercon-
necting said third space of the separator and an inlet
to said liquid space of the control means and a sec-
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ond part interconnecting an outlet of “said - liquid
space and said first space, and

(g) a valve operatively connected to said diaphragm
for controlling flow of liquid from said liquid space
into said third duct whereby excessive pressure in the
first space will cause the liquid in the liquid space
of the control means to deflect the diaphragm, there-
by open said valve, and discharge liquid through the
third duct to said reservoir, and relieve the pressure
in said first space.

3. Apparatus as defined in claim 1 wherein said means

for maintaining the pressure differential across the seal
includes a control device comprising:

a reservoir for the liquid, and

a liquid storage chamber including therein a piston for
separating liquid below and gas above the piston, the
gas being in communication with said second space,
and the liquid in communication with the reservoir,
said supply duct having three parts respectively inter-
connecting said third space and a storage chamber in-

8

let, a storage chamber outlet arid a control means
inlet, and a control means outlet and a first space

inlet.
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