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DIAPORAGM COMPRESSOR WITH AN OBLONG SHAPED CHAMBER

Field of the invention
The present invention relates to a high pressure diaphragm compressor comprising a
corpressor head having an oblong shaped chamber, the use of such compressor in a

hydrogen refuelling station and a refuelling station with such compressor.

Background of the invention

Industrial compressors are known for various different purposes and the pressure
ranges of these corapressors vary according to the purpose of the compressor. In the
same way the design of the compressors are also sometimes customized to a specific
purpose. However when a compressor are to provide a high pressure e.g. starting
from above 1MPa but particularly above 10MPa the physical size and energy
consumption of such high pressure compressors start to increase. When increasing
the volume of the compressor bead, at a point the bolts fastening the two compressor
head parts would have difficulties holding the compressor head parts together due to
the increased pressure load resulting from the increased volume of the compressor

chamber.

Summary

It is an object of the present invention to overcorne these problems. The invention
relates to a high pressure diaphragm compressor for pressurising a gaseous fluid to a
pressure of at least 10MPa, the compressor comprising a compressor head having an

oblong shaped chamber,

According to an embodiment of the invention, the chamber is defined by an upper
head and a lower head of the compressor head, wherein the chamber comprising an
upper chamber and a lower chamber separated by a diaphragm, wherein the upper
head comprising an inlet valve facilitating a fluid connection between the upper
compartroent and a first gaseous system, wherein the upper head comprising an

outlet valve facilitating a fluid connection between the upper compartraent and a
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second gascous system wherein the lower head comprising a plurality of ports
tacilitating a fluid connection between the lower compartment and a hydraulic
system, wherein the hydraulic systern comprising a piston facilitating moving the
diaphragm in the chamber by circulation of a hydraulic fluid, and wherein the
corpressor further comprising leakage detection system detecting leakage of
gaseous fhuid or hydraulic fluid from the chamber. Preferably the pressure ratio
between the first and second pressure 1s at least 1:1,05 with examples of 1:1,1 and
1:1,2 thereby facilitating increasing a first pressure of the first fluid system to a

second pressure of the second fluid system.

By making a chamber having an oblong shape it is possible to obtain a larger
chamber volume with the same material as compared to other shapes such as
traditional circular shaped chambers. Hence due to increased clamping force and
improved gas and heat distribution the pressure vs volume ratio, obtained by the

present invention is higher than traditional circular chamber designs.

By the term compressor should be understood an apparatus configured for
pressurising a fluid preferably a gaseous fhuid hence such apparatus could also be
referred to ¢.g. as a pump and is used for industrial purposes i.e. not medical or

dosing purposcs.

By the term first gaseous system should be understood as a part of a gaseous fluid
system coraprising a storage where the gas is stored at a one pressure. The second
gaseous system should be understood as part of a gaseous fluid system comprising
cither another higher pressure storage or ¢.g. an outlet for delivering the gas to an

external fluid system such as e.g. a vehicle or storage.

By the term oblong should be understood a spherical form which is elongated in one

direction t.¢. a shape which is not circular nor a square.
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Having an oblong shaped charaber 1s advantageous in that the distance between the
nearest fastening points across the compressor head is reduced. Hence for an oblong
compressor head having a given pressure limit / volume this leads to a reduction of
material thickness required for such compressor head compare to a compressor head
having a traditional circular shaped cavity. Hence an oblong shaped chamber allows

higher pressure with less material.

The specific geometry of the oblong shaped chamber has several advantages. One
advantage of the oblong shaped chamber is that it improves the stress distribution of
the diaphragm as compared to a diaphragm of prior art cavities. The stress
distribution of a diaphragm of prior art cavities is focused at the ends of the
diaphragm leading to a high degradation of material due high stress. This problem is
solved by the oblong shaped chamber in which the load of the diaphragm is
distributed more evenly over the entire diaphragm. Hereby is obtained a more even
deterioration of the diaphragm leading to less maintenance and longer lifetime

hereof.

Further, an advantage of the oblong shaped head cnables an improved flow
distribution especially of the hydraulic fluid. This allows an increased mass flow
through the chamber without increasing the size of the compressor head. Thercby the
capital cost per unit of capacity is reduced in that the mass flow, the lifetime of

components such as diaphragm, volumetric efficiency, etc. is increased.

Further, the oblong shaped chamber is advantageous in that the effective surface area
¢.g. considering heat transfer to volurme ratio of the chamber is increased, thus
facilitating an increased potential for heat transfer and thevefore a better efficiency of
corapression. Further, the oblong charnber facilitates separation of inlets and outlets
to the chamber which then facilitates a less turbulent gas flow in the chamber from
inlet to outlet. This linear gas flow is advantageous in that there is less friction in the

gas flow path froro inlet to outlet in the chamber.
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The design of a gas compressor or compressors for handling a gas face problems
with leakage which are not present to the same extent in relation to liquid

compressors due to the different nature of gas and Higuid.

It is advantageous to be able to detect leakage 1u that leakage at also at high pressure
may indicate that something is wrong iL.e. a component may be malfunctioning and
therefore has to be fixed or replaced before major damage happens to the

compressor, release to atmosphere or contamination of the gas stream happens.

According to an embodiment of the invention, the ratio of depth Z to width Y of the
upper compartment 3a is between 1:10 (Z:Y) and 1:100, preferably between 1:25 and
1:85, most preferably between 1:45 and 1:65. Such dimensions define an
advantageous relationship complying with derands in relation to volume, speed and
pressure. Heonce according to an advantageous embodiment of the mvention if the
depth is 3 mm measured from resting plan of the diaphragim E to point I and the

width of the chamber is 150 mm measured from point B to point D the ratio is 1:50.

The resting plan E of the diaphragm is defined as the plane wherein the upper and
lower heads meets when assembled and therefore if the diaphragm is not pre-formed
¢.g. to reduce stress, then this planc is also the positon of the diaphragm when the

compressor is not in used.

According to an embodiment of the inveuntion, the ratio of the width Y to length X of
the chamber is at least 1:1,2 (Y:X). In an embodiment if the width is 100mm (Y)
measured from point B to D and the length 1s 250wm (X) measured from point A fo

D the ratio 18 1:2,5 ratio (Y:X).

According to an embodiment of the invention, the inlet valve and the outlet valve are
both located in a plance F in the upper head. According to an alternative erabodiment

of the invention the openings may be openings from the side of the upper head and
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thereby at least partly entering the upper head non-perpendicular to the resting

positon of diaphragm.

Further it should be mentioned that the output opening is typically less in diameter

than the inlet opening.

According to an embodiment of the invention, the distance R between the center G of
the opening comprising the inlet valve and the center H of the opening comprising
the outlet valve is at least 35% of the length X of the chamber. It should be
mentioned that he distance R easily could be up to and above 50% of the length X of
the chamber. This is advantageous in that thereby is defined a predefined flow path
which are leading the gascous fluid directly from the inlet valve to the outlet valve.
This 15 in contrary to e.g. circular chambers which to increase useful chamber

volume locates the valves as close to cach other in the top of the chamber as possible.

This leads to not direct flow path between the valves.

According to an embodiment of the invention, the oblong shape is an elliptic shape,
preferably a super elliptic shape. Preferably the shape is elliptic which should be
nterpreted as any kind of elliptic shape possible to calculate by mathematic formulas
including super clliptic shape. It 1s preferred if the ends of the chamber has a super
elliptic shape i that this will reduce the stress of the diaphragm significantly

compared to a chamber having other oblong shape.

According to an embodiment of the invention, the tilt angle between the direction of
the movement of the piston and the direction of at least one of the plurality of ports is
less than 90 degrees, preferably less than 45 degrees most preferably less than 30
degrecs. The chamber of the compressor head is partly formed by an upper head and
a lower head, wherein the plurality of ports are formed in the lower head. The ports
together with the compression chamber of the fluid system define part of a flow path
for the hydrauhic fluid to follow from the hydraulic fluid system to the lower

compartment.
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It is advantageous if this hydraulic flow pathway is not in the sarmnc planc as the
diaphragm nor perpendicular to the diaphragm when the diaphragm is in a resting
position. Hence it is advantageous if this hydraulic flow path 1s straight from the
piston towards the inlet valve. This is because the flow path for the flow of the
hydraulic fluid then is optimized for maximum opceration speed in that the number of
corners or edges the hydraulic fluid has to pass on its way from the hydraulic system
chamber towards the lower chamber is minmmized. The effect of this design is an
increase of speed and thereby capacity for the same volume as compared to

traditional compressor head design.

Further by having a flow path as described the number of turns the hydraulic fhwd
has to pass 1s limited as well comers or edges can be smoothened. This is advantage

in that it facilitates as little resistance as possible for the flow of the second fluid.

Preferably all individual ports are adjusted with respect to the direction of movement
of the piston to optimize the flow, alternatively all or at least a part of the ports are

having the same angle.

According to an embodiment of the tnvention, the flow path of the hydraulic fluid
trom compression chamber of the hydraulic system towards the inlet valve is

substantially linear.

According to an embodiment of the fuvention, the hydraulic fluid nopacts a first end
of the longitudinal direction of the diaphragm before a second end of the longitudinal
direction of the diaphragra. This is advantageous in that by this design the hydraulic
fluid enters the chamber at the end where the inlet is located (a first end of) and
thereby closing the imlet before the outlet when the reciprocating racmber of the
compression chamber is moving towards the oblong chamber (discharge stroke). In
the same way the inlet is opened before the outlet when the reciprocating member is

moving away from the elliptic chamber (inlet stroke).
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The effect of this design is a wave like movement of the diaphragm facilitating a
control flow of gas from inlet to outlet of the upper chamber facilitating higher
operation speed. This wave like movement of diaphragm fror the areas of the inlet
into the chamber towards the outlet of the chamber facilitating an increase of speed
significantly e.g. up to or even above 400% compared to traditional circular

compressors leading to a more efficient compressor head.

According to an embodiment of the invention, the upper head includes cooling
channels guiding a coolant from the area around the outlet valve towards the

direction of the predefined flow path towards the inlet valve.

According to an embodiment of the inveuntion, at least one cooling channel is linear
between the mlet valve and the outlet valve. This is advantageous in that cooling

between the inlet and outlet openings 1s then obtained.

Such asymmetric cooling is advantageous in that coolant is supplied as close to the
outlet as possible and thereby the coolant at its coldest level enters the upper head as
close as possible to where the gas reaches its highest temperature i.e. when it is

compressed and on its way out of the cavity.

Further it is advantageous to lead the coolant in a preferably straight line between the
inlet and outlet, turn around the inlet and return to the outlet area. This is because due
to the elongated shape of the chamber the gas when compressed by the diaphragm s
concentrated in a flow path which is substantially linear between the inlet and the

outlet.

Hence a compressor head having straight line cooling channels are more effective at
transferring heat from the gas being compressed. This characteristic is amplified as

the diaphragm approaches the surface of the process head.
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The mmproved cooling is obtained by the inventive design of inlets and outlets of the
gascous fluid to the chamber of the compressor head allowing a definite direction of
motion of the first fluid from the inlet towards the outlet and therefore opportuntty to
achieve an increased temperature gradient between a coolant and the gaseous fluid to

be cooled.

According to an embodiment of the invention, the inner surface of the upper head
and / or the inner surface of the lower head and or the diaphragm is coated by

physical vapor deposition.

According to an embodiment of the invention, the coating is an amorphous carbon

coating.

According to an embodiment of the invention, the amorphous carbon coating is a
diamond-like carbon. According to embodiments of the invention where the inner
parts of the upper and / or lower heads and / or the diaphragm operates in dry
environment it is advantageous to coat the these parts to reduce wear and decrease
heat generation as the diaphragm moves. This is especially relevant in situations

where the first and / or second fluid is in a gaseous state.

According to an erbodiment of the fnvention, the diaphragm is a sliding diaphragm.
By the term siiding should be understood that the diaphragm is not clamped directly
to the chamber or parts forming it. The advantages hereof is that stress of the
diaphragm is reduces in that it can move more freely as compared to diaphragms

which are clamped to the chamber forming parts.

Preferably the diaphragm is made of austenitic-nickel alloy or alternatively steel,
plastics, brass, (high) nickel alloy, flexible elastomeric material and similar materials
being resistant to hydrogen embrittiement. Elastomeric materials are advantageous in

that such material is more flexible than materials such as steel or nickel alloys.
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According to an cmbodiment of the invention, the pressure in the upper compartment
is above 70 MPa and wherein the upper head and the lower head are connected by a

plarality of bolts. Preferably by ordinary bolts 1.¢. not super bolts.

According to an embodiment of the invention, the piston of the hydraulic system 18
configured for operating above 600cycles per minute. A compressor head having an
clongated chamber 1s advantageous in that traditional design using bolts for fastening
is available at higher volume and pressure limits than traditional compressor heads.
Hence by the present invention it is possible to exceed 500cycles per minute / 70
MPa compressors head without changing design and thereby avoid eg. use of
expensive super bolts or bootstrap design when volume and / or pressure increases

above these values.

According to an embodiment of the invention, the gaseous fluid 18 a low density gas

preferably hydrogen.

Moreover the invention relates to the use of the compressor according to any of the

claims 1-19 in a hydrogen fuclling station.

Moreover the invention relates to a hydrogen fuclling station coraprising a first
hydrogen storage and a second hydrogen storage and a compressor having an oblong
shaped chamber moving hydrogen in a first pressure of the first hydrogen storage to

a second pressure in the second hydrogen storage.
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Figures
In the following, a few exemplary embodiments of the invention are described with

reference to the figures, of which

Figure 1 ilustrates a compressor according to an embodiment of the
invention,

Figure 2 tllustrates a top view of the compressor chamber,

Figure 3 tlhustrates a side view of the compressor chamber,

Figure 4a illustrates a top view of part of one end of the compressor chamber,

Figure 4b ittustrates a side view of part of one end of the compressor
chamber,

Figure 5a, 5b  illustrates part of a compressor head and hydranlic system,
Figure 6 tilustrates a top view of cooling channels of the upper head,

Figure 7 illustrates a hydrogen fuclling station with a compressor as

described though out this document.

Description of the invention
A schematic overview of a diaphragm pummp | according to an embodiment of the

invention is shown in figure 1.

An upper head 12 and a lower head 13are assembled to form together a compressor
head 2, the joining surfaces of the upper head 3 and the lower head 4, respectively,
abutting cach other substantially in a plane. Inside the pump head 2, the surfaces of
the upper head 3 and the lower head 4, respectively, together form a compressor head
chamber 3. This chamber 3 is divided into two compartments by a movable
diaphragm 4 arranged in the same plane, in which the upper head 3 and the lower

head 4 arc assembled to form the pump head 2.

The compartment between the diaphragm 4 and the upper head 12 is generally

referred to as the upper compartment 3a or process flutd charsber. Similarly, the
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cornpartment between the diaphragm 4 and the lower head 4 is referred to as the

lower chamber 3b or the hydraulic fluid chamber.

As seen from figure 1 a hydraulic system 10 ts in fhuid connection with the lower
chamber 3b via hydraulic input 22 and hydraulic cutput 23. A hydraulic piston 20 1

pumping hydraulic fluid to and from the lower chamber 3b.

When hydraulic fluid is pumped into the lower chamber 3b, the diaphragm 4 is
pressed towards the upper head 12 and the volume of the upper chamber 3a
decreases. This causes the pressure of the process fluid enclosed therein to increase,
and when a certain pressure has been reached, a process fluid discharge check valve
also referred to as outlet valve 6 mounted in the upper head 3 opens and releases the
process fhuid into a second gaseous system 8. In order to drive all the residing
process fluid out of the upper chamber 3a, the piston 20 keeps pumping hydraulic
fluid into the lower chamber 3b until the diaphragm 6 is fully in contact with the
nner sarface of the upper head 12a so that the upper charaber 3a s very small. Tn
principle zero volume but typically there will be a small volume in which process

fluid is trapped.

When hydraulic fluid is sucked out of the lower chamber 3b at the backstroke or
discharge stroke of the hydraulic piston 20, the outlet valve 6¢loses, the diaphragm 4
follows the hydraulic fluid level down, the volume of the upper chamber 3a increases
and the pressure therein decreases. When the pressure 1n the upper chamber 3a has
fallen below the inlet pressure of the process tluid, a process fluid inlet check valve
also referred to as inlet valve 5 rounted in the upper head 3 opens and process fluid
flows into the upper chamber 3a from a first gaseous system 7 as long as the

hydraulic piston 20 moves back and the volume of the upper chamber 3a increascs.

When the hydraulic piston 20 starts moving forwards again (inlet stroke), the inlet

valve 5 closes, and the cycle of operation 18 repeated.



10

p—
i

30

DK 2015 70293 A1

The first fluid system 7 may be a gaseous fluid storage 29 preferably at a first
pressure {¢.g. 20-50MPa) hydrogen storage and the second fluid system 8§ may also
be a gaseous fluid storage 30 preferably a second (e.g. 50-100MPa) pressure
hydrogen storage. The first fluid system 7 may be part of a hydrogen refuclling

station 18 and the second fluid system & may be a hydrogen storage of a vehicle 31.

It 1s important to keep the diaphragm 4 in phase with the hydraulic piston 20 further
it is desired to make sure that the lower chamber 3b is completely filled so that the
diaphragm 4 is actually in contact with the inner surface of the upper head 12a at the
end of the discharge stroke of the hydraulic piston 20. In order to eusure this, the
hydraulic system 10 may comprise injection pumps, inlet valves, outlet valves
control valves, and the like. Information about the arount of discharged hydraulic
fluid can be used for adjusting the settings of the diaphragm compressor 1
appropriately. In other embodiments, however, other (possibly non-synchronised)

methods can be used for adding additional hydraulic fluid into the lower chamber 3b.

Figure 1 further illustrates a leakage detection unit 19 which serves the purpose of
detecting if any of the gascous fluid or hydraulic fluid escapes the chamber 3. The
leakage detection unit 19 may be implemented as a pressure valve activated in case
of lcakage. No matter how fluid escapes the chamber 3 it is preferred that the leakage
detection unit 19 detects it. Alternatively more than one leakage detection unit 19 1s

used.

Valves 5, 6, 19 and the hydraulic system 10 including the piston 20 and other not
iHustrated corponents may together with the first and second gaseous fluid systems
be control together or individually by not iHlustrated control systems. Such control
systems are state of the art control systems for controlling compressors and is

therefore not described any further.

Figure 2 iHustrates the upper chamber 3a part located 1o the upper head 12 seen from

diaphragm 4. Preferably the chamber 3 has an elongated oblong shape meaning that
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it is longer that it is wide and preferably the upper and lower chamber 3a, 3b are
equal in geometry however the volume of the lower chamber 3b may be larger in the
volume of the upper chamber 3a. This is roainly because the stress of the diaphragm
4 is higher at the end of a discharge stroke where the diaphragm 4 preferably is in
contact with the inner surface of the upper head 12a which is preferably not the case
at the end of an inlet stroke i.¢. here the diaphragm 4 is preferably not in contact with
the inner surface of the lower head 13a. The length X of the chamber 3 is measured
between opposite endpoints A, C which respectively represents the end points of the
chamber 3. In the same way the wide Y of the chamber 3 is measured between
opposite endpoints B, D which respectively represents the side points of the chamber

o}
3.

Hence the length X is defined as the longest distance between two opposing end
points A, C preferably measured in a direction parallel to a line between the inlet
valve 5 and the outlet valve 6. And the width is defined as the longest distance
between two opposing side points B, D preferably measured in a direction

perpendicular to the line between the inlet valve 5 and the outlet valve 6.

It is preferred that the ratio between the width Y and length X is at least 1:1,2
meaning that the length X is twice the width Y (e.g. Y=100, X=150). In examples of
a 1:1,5 ratio the width Y vs lengths X ratios could be width Y at least from 120mm-
180mm and length X at least from 180mm-270mm. But as mentioned the width Y vs

the length X ratio could also be higher such as e.g. 1:1,6, 1:1,7 ete.

Figure 3 illustrates a side view of the upper chamber 3a part located in the upper
head 12 with a length X measured between endpoints A, C. The side view is at the
linc AA of figure 2. The depth Z is illustrated as the distance between the point |
perpendicular to the plane E. The plane E is defined by the position of the diaphragm
4 when it 1s in a resting position i.e. when the pressure in the upper and lower
chambers 3a, 3b is the saroe. The pomt 1 1s defined as the top point of the upper

chamber 3a 1.c. the point between which the perpendicular distance to the planc E s
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longest. Preferably the point 11s located at an equal distance between inlet and outlet

valves 5, 6.

It is preferred that the ratio between the depth Z and the width Y is between 1:10 and
1:100 meaning that the width Y is very much wider than the depth Z. Typically the
ratio would be around 1:40 plus minus 20 hence examples of depth Z vs width Y

ratios could be Z =3 vs Y = 60mm- 1 80mm.

Further, figure 3 illustrates the location of openings 1n the upper head 12 allowing
inlet and outlet valves 5, 6 to be mounted and thereby controlling the inlet and outlet
of process fluid also referred to gaseous fluid to and from the upper chamber 3a. As
can be seco from the figure there 1s a distance R between the ceuter of the nlet valve
opening G and the center of the outlet valve opening H. Having an oblong chamber 3
tacilitates increasing the space between the center pownts G and H coropared to
traditionally circular shaped chambers. The main advantage of this is that the gas
flow from the inlet valve 5 to the outlet valve 6 can be controlled to follow a
predefined flow path 11. This leads to less friction and facilitates asynchronous

cooling to the gas.

Preferably but not necessarily the openings for the inlet and outlet valves 5, 6 18

located in the same plane F in the upper chamber 3a.

Preferably the center G, H of the openings for the inlet and outlet valves 3, 6 is
spaced by the same distance S, T from the respective endpoints A and C of the
chamber 3. With this said it may also be possible to place the center G, H of the
openings 5, 6 so that the distances S and T are not equal. Preferably the individual
lengths § and T are less than the distance R between the center G, H of the openings

5, 6.

As can be understood from the above the geometry of the chamber 3 is of high

maportance for the volume of the cavity 3 and as mentioned below will reach an
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upper limit if not the traditional circular compressor head / chamber design is
changed. In the following an elaboration of the increased volume is found. When
considering a diaphragm compressor having a circular head, the arca and therefore
the clamping load required to hold the assembly of heads together under pressure, is
increased with the square of the diamcter of the head. This is a result of the equations
of area of a circle and load resulting from pressure combined to end in a required

clamping force on the compressor head asserably.

Considering a compressor head of substantial pressure rating (e.g. 50 — 100MPa), the
bolting load becomes large enough at a certain diameter where it becomes difficult to
physically locate the bolts around the head perimeter. This is due to the increase in
size of the bolts occurring faster than the increase in circurnference of the compressor
head. This is because the equation of perimeter or circumference of the circle having

a lincar relationship with the diameter.

Therefore when the diameter 18 further increased to physically locate the bolts on the
perimeter of the head, the distance from where the bolts clamp to where the pressure
boundary cnds becomes larger. This thercafier results in further increased head

thickness.

At this point the head thickness becomes non-linear in relation to the pressure and
therefore the designer cannot physically locate the clamping bolts in a way to satisfy

the required load without dramatically increasing the head thickness.

One mcthod to circumvent this dileroma 1n design is to alter the shape of the
compressor head 2 so as to increase the volume of the compression chamber 3a (also
referred to as upper chamber 3a) without a disproportionate increase in required
clamping force. This is done by the present invention by “cutting” the compression
head 2 through the mid-plane and separate the halves. Thereafter, the halves are
rejoined by adding roaterial between them so as to create an elongated or oblong

shaped head. In doing so, the pressurce area and volume are increased lincarly with a
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simultancously lincar increase in perimacter length to accommodate bolts for
clamping. Thereby the problem of Hmited physical space for clamping bolts is

avoided.

Hence if one imagined taking an clongated head 2 with an elongated chamber 3 and
increasing the volume by adding material to it in such a8 way as to make the head
circle. This would result in a largely increased clamping force required due to the
increased pressure area, but not a considerable ecnough increase in volume.
Furthermore this design would lead to gas that will be trapped in this volume at

corapression.

Figure 4a and 4b illustrates an end part of the charaber 3 where figure 4ais seenina
top view and figure 4b is seen in a side view at the line AA of figure 2. In figure 4a
the top view illustrates the end of a charaber 3 in an embodiment of the invention

defined as a super ellipsis. The formula of such a super ellipsis is

X

a

_ " y]'ﬂ,
1= 15+ ]b

The x,y points on a chamber having a super ellipse shaped curve form can be defined

parametrically as:
x(6) = +a cosw ¢
0<0<=
2

At figure 4b auxiliary center points J1 and J2 are defined, these points are center
points defining circles of which parts of the circumference K1, K2 defines the shape
of the chamber 3 seen 1o the side view. The radius for these circles is preferably

equal in size and the size may be between 500mm and Z000mm. In cases where the
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radius of the circles s not cqual in length often it is the radius of the circle with

center point J1 which is the longest.

The center points J1, I2 are two center points of four circle center points of which
parts of the circumferences may define the side view shape of the chamber 3

according to an embodiment of the invention.

The circle parts K1 and K2 illustrated in figure 4b are parts of elongated shaped
circles, but circular circle could also be used to define the geometry of the chamber
3.

It should be mentioned that even though in that above the description 1s made in
relation to the upper chamber 3a and one end of the chamber the same description in
relation to geometry applics to the lower chamber 3b and the other ends or “coners”

of the chamber 3.

Figure 5a tllustrates an ideal embodiment of the diaphragm compressor 1 and part of
the hydraulic system 10 in a side view at linc AA of figure 2. As can be scen figure
Sa illustrates a movement of the piston 26 which the piston 20 follows in its
reciprocal movernents. Accordingly the hydraulic fluid will follow the path of the
movement of the piston 26 as long as it does not meet resistance. Hence by having
ports 9 through the lower head 13 which are tilted with a tilt angle of 0 degrees
between the movement of the piston 26 and the direction of the ports 27 provides a
straight hydraulic flow path from the piston 20 via at least one port 9 towards the
ket valve 5 illustrated by the movement of the piston 26 Hence in this example the
directions 27 and 26 are parallel. This is very advantageous in that then there is not
resistance for the hydraulic fluid on its way to and from the inlet valve which
facilitates an increased operation speed of the piston 20 and thereby higher yield of a

compressor with similar volume having ports which are not tilted.
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Figure Sb illustrates another embodiment of the compressor according to the
invention having ports 9 tilted with an angle 25 different from 90 degrees in relation
to the movernent of the piston 26. As can be seen here, the tilt angle 25 1s between
the movement of the piston 26 and all the ports 9 are 30 degrees. An implementation
of the tilted ports 9 in such non-1deal way 1s less expensive to implement and is still
very beneficial in that it reduces the prior art angle from 90 degrees to 30 degrees
and thereby reducing the “corner” around which the fluid has to pass from its way

from piston to inlet opening 5.

It should be meuntioned that the ports 3 may vary in whatever tilt angle optiraises the
hydraulic flow the most and this may alse changes the length of the ports through the
lower head 13. By calculation and depending on desired movement of the diaphragm
4 it is possible to design the ports 9 in a way so that the hydraunlic fluid moves the
diaphragm 4 in a wave like movement from the side of chamber 3 having the inlet
valve 5 towards the side of the chamber 3 having the outlet valve 6. This is
advantageous in that by such wave like mnovement of the diaphragm 4 the gaseous
fluid is forced to follow the predefined flow path 11 between inlet and outlet valve 5,
6. Which facilitates increased speed in that there is no or limited resistance mn the
predefined flow path 11 and less tendency to turbulence flow as is the case with
circular chamabers. Further it facilitates asymumetric cooling in that the gascous fluid

will have the highest temperature around the outlet valve 6.

As can be understood from the above the dynamics of both the hydraulic fluid and
the gascous fluid in a compressor according to the present invention is improved. In
the following an elaboration of the improved dynamics is found. To understand the
improved dynamics of the compressor head 2 of the present invention one could start

by taking a look at the dynamics of a circular shaped diaphragm corapressor head.

In relation to gas dynamics, it 18 known in the art that it is of critical importance to
uncover the inlet check valve opening as carly as possible during the suction stroke

and provide ample clear arca for gas to flow into the compressor head. The method
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craployed to achieve this in the traditional circular shaped diaphragm compressor
head is to locate the inlet gas ports close to the center of the head. This provides the
most depth in the compression chamber and therefore flow area to introduce gas to
the compression chamber. ln combination with this the hydraulic fluid should be
directed in a way so as to pull the diaphragm downward at the center of the chamber

first.

Further in relation to gas dynamics of the circular shaped diaphragm compressor
head, it is known in the art that it is of critical importance to evacuate all gas from the
corapression charaber on the discharge or compression stroke in order to achieve
highest volumetric efficiency. Therefore the discharge gas ports are placed directly at
the center of the compression chamber 1n order to allow the shortest path possible for

all gas in the chamber to exit.

Further it is of critical importance not to allow the diaphragm to cover the discharge
gas ports before all gas 18 evacuated from the coropression chamber fo achieve

maximum volumetric efficiency.

These circumstances occurring within the compression chamber result in increased
tlow resistance due to diversion of the working fluid flow away from its most lincar
pathway. This increased flow resistance and delicate dynamic of diaphragm

movement place an undesirable limit on the operating speed of the compressor.

Therefore the inventive compressor head 2 described in this document is designed
such that the inlet and discharge gas ports 5, 6 are positioned away from each other
by a distance R so as to allow independent manipulation of the diaphragm 4
movernent relative to the inlet and discharge gas ports 5, 6 and the position in the

stroke of the compressor.

Once the inlet and discharge gas ports 5, 6 are separated by a siguificant distance R

as described above, the hydraulic fluid dynamics can be manipulated specifically to
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drive the diaphragm 4 away from the inlet gas ports 5 immediately at the start of the
suction stroke and alse drive the diaphragm 4 towards the inlet gas ports 5

ummediately at the start of the discharge or cornpression stroke.

In addition the design of the inventive corapressor head 2 the hydraulic fluid can be
manipulated so that the discharge gas ports 5 are not covered until the very end of the
compression stroke. By doing so the compression chamber 3a can be filled to a
maximum with gas on the inlet stroke and nearly all of the gas can be displaced from

the compression chamber 3a by the end of the compression stroke.

The above mentioned separation of inlet and discharge gas ports is accomplished by
the elongated compression chamber 3 design in such a way that the deepest portion
of the compression chamber 3a stretches over a length R, rather than occurring at a

single point.

The inlet gas port 5 is positioned at one end of the straight section in the plane F of
the elongated chamber 3 and the discharge gas port 6 is placed at the opposing end of
the straight section of the clongated cavity 3 also in the plan F. The clongated
chamber 3 design is combined with the mechanical piston driving the hydraulic fluid

attached to the lower chamber 3b at the mlet gas port 5 end.

Furthermore when the compressor head 2 and thereby also the ports 9 is positioning
at an appropriate angle relative to the movement of the piston and thereby to the
hydraulic fluid pathway 26 i.e. the tilt angle 25, the hydranlic fluid has an almost
lincar pathway 26 to the inlet gas port 5, and a diverted pathway 28 to the discharge
gas port 6. Since the hydraulic fluid then at all times during the compression cycle
has a nearly linear pathway 26 to the inlet gas port 5, most of the hydraulic fluid
flows through this section of the lower head 13 and thus flow resistance is
dramatically reduced facilitating higher speed operation of the diaphragm

COMPIessor 1.
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Further it should be mentioned that this is also the main reason for the wavelike

movement of the diaphragm 4 in the clongated chamber 3.

Now turning to figure 6 which is tllustrating an example of placing cooling channels
15 1n the upper head 12. Due to the above described controlled flow path 11 from
inlet 5 to outlet valve 6 the cooling channels can be placed so as to enter the upper
head 12 with lowest temperature coolant as close to the outlet valve 6 as possible.
This is advantageous in that if is at the area of the outlet valve 6 the temaperature of

the gas is highest.

Figure 6 only illustrates one way of locating the cooling channels but obviously the
cooling channels may be positioned in various different patterns. Preferably all so as
to have an asymmetric cooling of the upper head 12 with increased cooling at the
arca around the outlet valve 6. This 1s very advantages in that the increased
efficiency of the inventive compressor head 2 leads to an increased requirement in
relation to remove as much heat as possible during the compression process i.¢.

operation of the compressor 1.

It is known that high surface area to volume ratio, high velocity of the gas in the
compression chamber 3a to interrupt the boundary layer and cooling channels 15 in
as close proximity to the heat source as possible is beneficial to facilitate maximom

heat transfer.

With this in mind together with the gas dynamics of the circular compressor head
design, it is apparent that in the circular compressor head design the gas is swirling in
the compression chamber with varying velocity due to the positioning of both inlet
and discharge gas ports at the center of the head. This swirling of gas, does not create
a definitive pathway where the hot gas can be cooled, and also does not provide high
gas velocity which would reduce the boundary (boundary layer) to heat transfer

between the gas and the head.



10

p—
i

30

DK 2015 70293 A1

22

Also at this point the inventive clongated compression chamber 3a is advantage in
that the separation of the inlet and discharge gas ports 5, 6 directs the gas from one
end of the elongated compression chamber 3a to the other with a predefined definite
flow path 11 at considerable velocity. The separation of the inlet and discharge gas
ports 5, 6 now allows cooling channels 15 to be positioned in between the ports 4, 5
and surround the discharge port 6 more thoroughly. This is beneficial in that by this
design it 1s possible to focus on cool the compressed and thercfore hot gas as it
approaches the discharge gas port 6 thereby obtaining an asymmetric cooling and

maintaining a high surface area to volume ratio.

Now turning to figure 7 which illustrates a hydrogen fueling station 18 comprising a
diaphragm compressor 1 as described i this document 1.e. preferably including one
or more of the features mentioned in the claims. Further the fueling station I8
cornprising a first and second hydrogen storage 29, 30. The diaphragm corapressor 1
may serve several purposes in the hydrogen fueling station such as making sure that
pressure fevel is above a certain threshold of e.g. between 50 and 100 MPa in the
second hydrogen storage 30, facilitate refueling of a vehicle 11 with hydrogen at a
pressure between e, 50 and 85 MPa, assist in moving hydrogen from a

transportable storage to the first or second storage 29, 30, etc.

The hydrogen fueling station 18 may of course also include not illustrated control
units, pressure or temperature sensors, valves, additional hydrogen storages ete. in

order to make it possible for a vehicle to refuel at such station 18,

It should bc mentioned that the diaphragm 4 could both be clamped to the
compressor head 2 or sliding between the upper and lower head 12, 13 when moving

up and down 10 the chamber 3.

Further, von-Mises Stress in the diaphragm 4 is carefully controlled and preferably
limited to a threshold value of e.g. 200MPa. This is achieved through shaping of the

corpression chamber 3 in such a way as to distribute the stress necarly equally
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throughout the chamber 3. Consideration is given to the arcas which are subject to
additional stress from other factors such as friction or bending and the total stress
considering all factors is then equalized to maximize the lifetime of the diaphragm 4.
Ultimately this means that the compression chamber 3 is carefully machined with

tight tolerance and precision machining processes.

Hence from this document it is now clear that the present invention at least has the
advantages of an increased volume of the compression chamber 3 without a
disproportionate increase in required clamping force, a better gas flow with a definite
flow path 11 between input 5 and output 6 improves heat transfer and better cooling
channels positioned in between the ports 5, 6 and surround the discharge port 6
leading to added efficiency and lifetime on components and facilitate higher speed.

It should be mentioned that even though in this description only a hydraulic system
10 for driving the piston 20 and thereby the diaphragm 4 is mentioned the present
invention would also work in case the hydraulic system 10 is replaced by a non-
hydraulic systern. A nouv-hydranlic system could be any available mwotive force

including a mechanical or magnetic system.

Finally it should be mentioned that even though the diaphragm compressor 1 in this
document is described in relation the high pressure such as pressures above 10 MPa
and high speed such as above 500 cycles per minute then it works perfectly well at

pressures and speeds below these Hmits.
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List of reference numbers

L.

b

3
(¥ R

26. Movement of the piston / hydraulic flow path

Diaphragm compressor
Compressor head
Oblong chamber
a. Upper chamber
b. Lower chamber

Diaphragm

Inlet check valve, inlet valve, inlet opening

. Outlet check valve, outlet valve, outlet opening

First gaseous system
Second gaseous system

Ports

. Hydraulic system
. Predefined flow path
. Upper head

a. Inner surface of upper head

. Lower head

a. Inner surface of lower head

. Angle between plane E and ports 9
. Cooling channcls

. Upper seals

. Lower seals

. Hydrogen fueling station
. Leakage detection

. Piston

. Not in use

. Hydraulic fluid inlet

3. Hydraulic fluid outlet

. Not in use

2S. Tilt angle

DK 2015 70293 A1
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. Inlet / outlet opening direction
. Diverted hydraulic flow path
29. First hydrogeun storage

. Second hydrogen storage

. Vehicle

. Point defining a first endpoint in the lengthwise direction of the chamber 3

. Point defining a first endpoint of the width of the chamber 3

ol

Point defining a second endpoint in the lengthwise direction of the chamber 3

D. Point defining a second eudpoint of the width of the chamber 3

Plane defining the resting position of the diaphragm 4

Plane defining the location of valves 5, 6 in the upper chamber 3a

. Point defining the center of the opening comprising the inlet valve 5

. Point defining the center of the opening comprising the outlet valve 6

Point defining an endpoint of the depth of the upper compartment 3a
Auxiliary poiut defining a right angle between pomt D and C

Distance to “corner” of chamber 3

Distance defining length between points G and H i.c. center of valves 5, 6
Distance defining length between points A and G i.e. location of inlet valve 5
from the first endpoint of the chamber 3

Distance defining length between points C and H 1.e. location of outlet valve
6 from the second endpoint of the chamber 3

Length of the chamber 3 measured between points A and C

Y. Width of the chamber 3 measured between points B and D

Depth of the chamber 3 measured between plane E and point [
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Claims
I. A high pressure diaphragm compressor | for pressurising a gaseous fluid to a
pressure of at least 10MPa, the corapressor 1 cornprising a compressor head 2 having

an oblong shaped chamber 3.

2. A compressor 1 according to claim 1, wherein the chamber 3 is defined by an

upper head 12 and a lower head 13 of the compressor head 2,

wherein the chamber 3 comprising an upper chamber 3a and a lower chamber 3b

separated by a diaphragm 4,

wherein the upper head 12 comprising an inlet valve 5 facilitating a fluid counection

between the upper compartment 3a and a first gaseous system 7,

wherein the upper head 12 comprising an outlet valve 6 facilitating a fluid

connection between the upper compartment 3a and a second gascous system 8

wherein the lower head 13 comprising a plurality of ports 9 facilitating a fluid

connection between the lower compartment 3b and a hydraulic system 10,

wherein the hydranlic system 10 comprising a piston 20 facilitating moving the

diaphragm 4 in the chamber 3 by circulation of a hydraulic fluid, and

wherein the compressor 1 further comprising leakage detection 19 detecting leakage

of gascous fluid or hydraulic fluid from the chamber 3.

3. A compressor according to claim 1 or 2, wherein the ratio of depth Z to width Y of
the upper compartment 3a is between 1110 (Z:Y) and 1:100, preferably between 1:25

and 1:85, most preferably between 1:45 and 1:65.
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4. A compressor according to any of the preceding claims, wherein the ratio of the

width Y to length X of the chamber 3 is at feast 1:1,2 (Y:X).

5. A compressor according to any of the preceding claims, wherein the inlet valve 5

and the outlet valve 6 arc both located in a plane F in the upper head 12,

6. A compressor according to any of the preceding claims, wherein the distance R
between the center G of the opening comprising the inlet valve 5 and the center H of
the opening comprising the outlet vaive 6 is at least 35% of the length X of the

chamber 3.

7. A corapressor according to any of the preceding claims, wherein the oblong shape

is an elliptic shape, preferably a super elliptic shape.

8. A compressor according to any of the preceding claims, wherein the tilt angle 25
between the direction of the movement of the piston 26 and the direction of at least
one of the plurality of ports 9 is less than 90 degrees, preferably less than 45 degrees

most preferably less than 30 degrees.

9. A compressor according to claim 8, wherein the flow path of the hydraulic fluid 26
from compression chamber of the hydraulic systern 10 towards the inlet valve 5 is

substantially linear.

10. A compressor according to claims 8 and 9, wherein the hydraulic fluid impacts a
first end of the longitudinal direction of the diaphragm 4 before a sccond end of the

longitudinal direction of the diaphragm 4.

I1. A compressor according to any of the preceding claims, wherein the upper head
12 includes cooling channels 15 guiding a coolant from the area around the outlet
valve 6 towards the direction of the predefined flow path 11 towards the inlet valve

5.
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12. A compressor according to claim 11, wherein at least one cooling channel 15 1s

linear between the inlet valve 5 and the outlet valve 6.

13. A compressor according to any of the proceeding claims, wherein the inner
surface of the upper head 12a and / or the inner surface of the lower head 13a and or

the diaphragm 4 is coated by physical vapor depesition.

14. A compressor according to claim 13, wherein the coating is an amorphous carbon

coating.

I5. A compressor according to claims 13 and 14, wherein the amorphous carbon

coating is a diamond-like carbon.

16. A compressor according to any of the proceeding claims, wherein the diaphragm

4 is a sliding diaphragm.

17. A compressor according to any of the preceding claims, wherein the pressure in
the upper compartment 3a is above 70 MPa and wherein the upper head 12 and the

lower head 13 are connected by a plurality of bolts.

18. A compressor according to any of the preceding claims, wherein the piston 20 of

the hydraulic system 10 is configured for operating above 600rmp.

19. A compressor according to any of the preceding claims, wherein the gascous

tluid is a low density gas preferably hydrogen.

20. Use of the compressor according to any of the claims 1-19 1n a hydrogen fuclling

station18.

21. A hydrogen fuelling station 18 coroprising a first hydrogen storage 29 and a

second hydrogen storage 30 and a compressor 1 having an oblong shaped charaber 3
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moving hydrogen in a first pressure of the first hydrogen storage 29 to a scoond

pressure in the second hydrogen storage 30.
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