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The present invention relates to a device for
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conveying fluids.

In conveying fluids, devices are often employed
which have one or more flexible walls or dia-
phragms, -In this case .these wals are recipro-
cated by a driving device; for instance, by a
crank mechanism, an electric’ oscillating arma-
ture drive or the like, whereby the working
chamber volume of the device is alternately in-
creased and decreased. A suction conduit and a
pressure conduit are connected to a suitable
point of the working chamber. In the case of a
direct drive cooperating with such flexible walls
difficulties are encountered if a considerable su-
per-atmospheric pressure is to be overcome dur-

- ing the pressure stroke. In this case it may hap-
‘pen that the portion of the flexible wall lying be-
. tween the hub, arranged in most cases in its
central portion, and the firmly clamped wall edge
warps out of the desired shape owing to the su-
per-atmospheric pressure. To avoid this, de-
‘vices have hitherto been employed in which the
desired motion is imparted to the operating por-
tions of the flexible wall by reinforcing plates

and corresponding articulated rods connected :

with the affected portions of the wall. The de-
vice according to the invention avoids such ad-
ditional guide rods for the portions of the flexi-
ble wall lying between the hub and the edge of
the wall.

According to the invention the preferably cir-
cular flexible ‘wall has such a shape that the

- forces acting during the pressure stroke on the.

wall between the point of application of the driv-
-ing force and the peripheral support of the edge
cause a deflection of the wall only toward the
working chamber. In this manner the material
of the wall supports itself during the pressure
stroke, so that no strengthening means are nec-
essary to prevent the wall from warping away
from the opposite wall of the working chamber.
The particular shape of the flexible wall is de-
. termined by the forces (inner pressure and outer
driving force) acting on the wall.
The invention may be used in connection with

metallic diaphragms as well as with arrange-

ments whose flexible: walls are made of rubber
or of a similar -resilient material. 'The use of
rubber diaphragms presents the advantage that
-the ring stresses occurring in the material upon
the reciprocating motion may be easily absorbed
owing to the elasticity of the material so that
the risk of fracture is considerably reduced. Ac-
cording to the invention the rubber wall and the
wall of the working chamber opposite thereto are
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given such a shape that during the pressure
stroke the volume of fhe working chamber is
gradually reduced towards a given point, prefer-
ably towards the portion of the working chamber
in which are arranged the suction conduit and
the pressure conduit. ‘Since strengthening plates
need not be at all arranged on the side of the
rubber portion facing the working chamber, the
working chamber of the device may be utilized,
to such an extent that the clearance or dead
volume is practically reduced to zerc. The de-
vice is preferably so designed that the side of
the rubber portion facing the working chamber
is cambered in the position of rest of the device.
During the pressure stroke the rubber is stressed
in compression, whereas the known rubber dia-
phragms are stressed in tension both during the
pressure stroke and suction stroke. According
to the invention the rubber member is so shaped
that a warping of the rubber toward the outside

‘cannot occur in operation. In case reinforce-

ments are necessary in some points -elements
made of less resilient material, such as sheet; iron,
metal wires, fibrous material or the like may be
vulcanized in the rubber diaphragm, care being

" preferably taken in ‘this case to maintain its
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surface defining the working chamber elastic so
that it may snugly fit against the opposite wall
of the working chamber at-the end of the com-
pression stroke. The device according to the in-
vention may, for instance, be so designed that
the working chamber is enclosed by the rubber.
wall and a stationary wall opposite thereto, in .
the central portion of which are arranged the
suction conduit and the pressure conduit, How-
ever, it is also possible to design the gas-com-
pressor or pump according to the invention with
two opposite walls of rubber or of a similar res1l-
ient material.

In many cases homogeneous rubber may be
employed for the driving parts. Under certain
conditions, it may, however, also be advanta-
geous to arrange in the construction of the rub-
ber walls layers differing in elasticity; for in- -
stance, in such a manner that the parts of the

.rubber wall adjacent to the working chamber

consist of a more elastic material than the parts
lying further away or vice versa.

In the accompanying drawing are shown var-
ious embodiments of the invention.

In this drawing—

Figs. 1 and 2 show in sectional elevation two
modifications of the compressor according to the
invention,




11(

2

Fig. 4 shows a sectional elevation of Fig. 3 at
right angles to that in Fig. 3, and

Fig. 5 represents a fourth embodiment also in
a sectional elevation.

Fig. 1, more particularly, shows a gas compres-
sor which may, for instance, be employed in &
domestic refrigerator. The compressor consists
substantially of a stationary wall | and a flexible
wall 2 which may be raised and lowered with re-
spect to wall 1 and consists of rubber or & similar
substance and is provided with a neck or hub
portion 3. In engagement with the latter Is &
rod 4 which may be reciprocated, for instance,
by & crank mechanism or the like (not shown).
The walls 1 and 2 are held together at their outer
rims by clamps 5 provided with screws § exerting
a pressure on clamping elements 1. In the cen-
tral portion of the wall { are arranged a suction
conduit 8 and a pressure conduit 9. 18 denotes
cooling ribs by means of which the waste heat of
the gas compressor is dissipated to the atmos-
phere. The other parts of the refrigerator are
not shown in Fig, 1.

The working chamber 10 of the compressor en-
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closed by the walls | and 2 has the greatest vol-

ume in the position of rest shown. During the
pressure stroke the average diameter D of the
working chamber 19 decreases gradually—owing
to the particular shape of the walls { and 2—to-
wards the central portion of wall 1 where the
conduits 8 and 9 are arranged, as is shown by
the various positions of the rubber wall 2 indi-
cated in dotted lines. The shape of walls 1 and
2 just referred to and as apparent from Fig, 1 1s
as follows. The hub portion 3, the clamped mar-
ginal portion, and the intermediate portion of
the movable wall, formed of an integral body of
rubber or the like, has -a continuous inner sur-
face. The wall body 2 is cup-shaped when in
the relaxed position shown in Fig. 1, so that
its inner surface is concavely curved away from
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" lar to the stationary plate 21.
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the opposite inner surface of the rigid and sta- .

tionary wall I. The inner surface of wall | is
also substantially continuous and has a flat
shape. Consequently, the inner wall of the wall
body 2, having no projections or the like, is flat-
tened out during the pressure strokes of the
crank-operated rod 4 and at the end of {he stroke
is contiguous with the inner surface of the sta-
tionary wall { substantially throughout the en-
tire extent of both walls. The entire wall body
2 is self-supporting and its thickness increases
from the clamped and stationary marginal por-
tion towards the reinforced hub portion 3, as is
apparent from Fig. 1.. It will be noted from Fig.
1 and any of the other figures that the entire
intermediate portion of the body 2 lies within an
angle or triangle having its apex at the point
of attack of rod 4 and determined by any two op-
posite points at the clamped periphery of the
marginal portion, this angle being directed from
its apex towards the stationary wall. Due to this
design, the intermediate portion of the material
of the body is stressed by a compressive force
directed mainly from the hub portion 3 towards
the clamped marginal portion and towards the
surface of wall 1. As a result, the working cham-
ber is constrainedly reduced in diameter towards
its center as shown by the dotted lines already
mentioned.

In Fig. 2, 10 denotes the working chamber, i

' and 12 the rubber walls enclosing the working

chamber and 13 the neck of another gas com-
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. Fig. 3 shows partly in sectional elevation a
third form of the invention,

8 denotes t.ie suction conduit and 8 the
pressure conduit which pass through the wall 11.
In this case the compressor is secured to a sta-
tionary plate {4 with the aid of a pressure rim
{5 and clamping screws 16. Also in this case
the diameter of the working chamber 10 de-
creases during the pressure stroke owing to the
special shape of the walls 11 and 12 gradually to-
wards the central portion of the container where
the suction conduit and pressure conduit are ar-
ranged so that the clearance space of the com-
pressor is practically eliminated. In this em-
bodiment the valves and the suction conduit 8
and pressure conduit 9 are preferaby associated
with the rubber member by vulcanization. {7
denotes the ventilation holes arraged in the
plate i4.

In the embodiment shown in Figs. 3 and 4 the

.compressor consists, as shown in Fig. 1, substan-

tially of a stationary wall 21 and amovablerubber
wall 22 provided with a neck 23. The walls2i and
22 are held together by means of clamping screws
24 and clamping plates 25. 26 denotes a con-
necting rod whose lower part 27 is attached to
the rubber body 22, 23 by vulcanization. The
upper end of rod 26 is pivoted on crank pin 28 -
fixed on the disk 29 which is driven with the aid
of a shaft 3! and pulley 30 by an electric motor
34. In this embodiment the rubber body is
caused to oscillate in the plane of the drawing
upon the rotation of the disk 29. In the end po-
sitions, both of the suction stroke and pressure
stroke the driving rod 26 is, however, perpendicu-
32 denotes the
pressure conduit and 33 the suction conduit. 490
is a support plate secured to the rod 26 and in
engagement with the neck 23.

The gas compressor is driven by the electric
motor 34 with the aid of the belt drive 30, 35, 36.
On the motor shaft is mounted a ventilator 31
serving to cool the compressor and other parts
of the refrigerating apparatus. 38 are cooling
ribs arranged at the lower part of the stationary
wall 21. 39 is a support for the compressor. The
rubber parts shown in the various embodiments
may be so dimensioned that when slackened they
just fit in their supporting plates 1 (Fig. 1) and
14 (Fig. 2). The rubber parts may also have a
larger outer diameter than their supporting plate
and be inserted into the plate rim with a cor-
responding initial tension. In the embodiment
according to the invention the suction stroke may
under given conditions be extended beyond the
normal position of the rubber piston shown so
that the rubber parts become stressed in tension
in the last portion of the suction stroke.

The flexible rubber wall of the above-described
compressors may be composed of various rubber -
layers of different elasticity. The embodiment
shown in Figs. 3 and 4, for instance, contains a
second layer 63 forming an integral part of the
wall 22 and having an_ elasticity different from .
that of the main portion of the wall. It may fur-
ther be of advantage to reinforce the flexible wall
by strengthening means, such as the reinforce-
ment 81 in Figs. 3 and 4, which are vulcanized
in the rubber body.

Fig. 5 shows an embodiment of the invention
in which & metallic diaphragm is employed in
the construction of the compressor for a refriger-
ating apparatus. The compressor consists sub-
stantially of a stationary body 51 provided with
an annular recess the bottom 58 of which forms
the stationary wall of the pump. From this re-
cess rises a central cone §9, the outer surface of
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‘ble shape, said flexible wall having a reinforced

which forms the continuation of this stationary
wall.

Over this cone and recess 58 is placed a

metal -diaphragm 52 forming the movable wall -

-~ and shaped similarly but not the same as recess
58 and cone 59, so that when the diaphragm is
fixed at its rim by & clamp 54 to the rim of body
51, a chamber §7 is normally formed between the
diaphragm and the bottom 58 of the recess, as
shown. Since this chamber extends to and over
the top of cone 59, wall or diaphragm 52 may be
raised and lowered with respect to body §1. A

driving rod 63 which may be set in motion by &

crank mechanism, oscillating armature drive or
the like (not shown) is attached to the central
portion of the movable wall §52. A suction con-
duit 55 and a pressure conduit 56 extending cen-
trally through corie 59 and terminating in the
upper portion of chamber 51 lead to parts of the
refrigerating apparatus not shown. The mov-
able wall 52 is shown by a heavy line in the posi-
tion of rest corresponding to the end of the suc-
tion stroke. An intermediate position of the
movable wall is shown in dot and dash lines, from
which it will be apparent that the wall is con-
vexly bent on the side facing the working cham-
ber 5§71 on the suction stroke so that, at the end
of the latter, wall or diaphragm 52 lays itself
entirely against the contoured surface 58 of body
51 :

. Owing to the particular shape of diaphragm 52
warping of portions of it lying between the driv-
ing rod 53 and the clamping device 54 is rendered
impossible even without the employment of ad-
ditional strengthening means., The forces acting
on the movable wall 52 during the pressure stroke
merely cause the wall to assume such a shape as
to snugly fit into the annular recessed portion of

- the stationary body 51 and to thus expel the con-

tents of chamber 57. The invention may also be

employed in compressors and pumps in which are
employed two movable diaphragms lying opposite
to each other. The invention is not limited to
the use of a particular material. The movable
wall may consist of any of the suitable materials
hitherto employed. :

What is claimed is:

1. In a device for conveying fluids, comprising

& reciprocatory drive and s container forming 8

working chamber of variable volume, said con-

tainer being formed of a stationary wall having
an inner surface of substantially invarible shape,
and a reciprocatory flexible wall of variable
shape, said flexible wall having s reinforced hub
portion connected with said drive, s marginal
portion firmly connected around its periphery
to said stationary wall, and an intermediate por-

tion, said three portions consisting of an integral

elastic body having a continuous inner surface
which is in contact with said inner surface of said
stationary wall substantially throughout the ex-
tent of said three wall portions at the end of the
pressure stroke of said drive so as to reduce the
minimum volume of said chamber - substantially
to zero, said intermediate portion of said recip-
rocatory wall lying substantially within the angle
directed towards said stationary wall and deter-
mined by the point of attack of said drive at said
hub portion and any two opposite points of the
periphery of said marginal portion.

2. In a device for conveying fluids, comprising
& reciprocatory drive and a container forming
& working chamber of variable volume, said con-
tainer being formed of a stationary wall having
an inner surface of substantially invariable
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hub portion connected with said drive, a mar- .
ginal portion firmly connected around its pe-

riphery to said stationary wall, and an inter-

mediate portion, said three portions consisting of
an integral elastic body having a continuous in-
ner surface and being shaped to have said hub
portion and sald marginal portions stand away
from said inner surface of said statlonary wall
when said body is in relaxed position, said inner
surface of said stationary wall and said inner sur-
face of said body being shaped relative to each
other to be substantially in contact with .each
other throughout the extent of said three wall
portions at the end of the pressure stroke of said
drive 50 as to reduce the minimum volume of said
chamber substantially to zero, said intermediate
portion of sald reciprocatory wall lying substan-
tially within the angle directed towards said sta-
tionary wall and determined by the point of at-
tack of said drive at said hub portion and any
two opposite points of the periphery of said
marginal portion. . 1

3. In a device for conveying fluids, comprising
a reciprocstory drive and a container forming s
working chamber of variable volume, said con-
tainer being formed of a stationary wall having
a substantially invariable inner surface of flat
shape and another wall of variable shape, said
other wall having a reinforced hub portion con-
nected with said drive so as to reciprocate there-

with, a stationary marginal portion firmly con-

nected around its periphery to said stationary
well, and an intermediate portion, said three por-
tions consisting of an integral body of compressi-
bly elastic material having a continuous inner
surface and being shaped so as to have said lat-
ter surface curved away from said fiat inner
surface of said stationary wall when said body is
in relaxed condition, said inner surface of said -
stationary wall and said inner surface of said
body being contiguous with each other substan-
tlally over their entire extent at the énd of the
pressure stroke of said drive. . )

*4. In a device for conveying fluids, comprising
a reciprocatory drive and a container forming a
working chamber of variable volume, said con-
tainer being formed of a movable wall of varisble
shape and a stationary wall of rigid material
having a flat inner wall surface, said movable wall .

- comprising an integral body of compressibly elas-

tic- material cup-shaped so as to have ‘a hollow
inner surface when in relaxed condition, said

* body having a reinforced hub portion connected
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with said drive to reciprocate therewith, & mar-
ginal portion firmly secured around its periphery
to said stationary wall, and an intermediate por--
tion of a wall thickness increasing in the radial
direction from said marginal portion towards
said hub portion so as to cause said drive to
maintain said material in said intermediate por- .
tion under a compressive force during the pres-
sure stroke of said drive. .

5. In a device for conveying fluids, comprising
a reciprocatory drive and a container forming a
working chamber of variable volume, said con-
tainer being formed of a movable wall of vari-
able shape and a stationary wall of rigid material
having a flat inner wall surface, said movable wall
cpmprising an integral body of compressibly elas-
plc material cup-shaped so as-to have a hollow
inner surface when in relaxed condition, said in-

" ner surfaces of said stationary wall and of said

shape, and a reciprocatory flexible weall of varia- W%

body respectively being shaped relative to each
other to be substantially in contaet with each




4 .
other throughout their entire extent at the end
of the pressure stroke of said drive so as to grad-
ually reduce during said pressure stroke the di-
ameter of sald chamber towards its center sub-
stantially to zero volume, said body having a re-
inforced hub portion connected with said drive to
reciprocate. therewith, a marginal portion firmly
secured around its periphery to said stationary
wall, and an intermediate portion of a wall thick-
ness increasing in the radial direction from said

marginal portion towards said hub portion so as.

to eause said drive to maintain said material in
said intermediate portion under a compressive
force during the pressure stroke of said drive.

6. In_a device for conveying fluids, comprising
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a crank mechanism and a container forming a .
working chamber of variable volume, said con-. -

tainer having a stationary wall -and a reciproca-

tory flexible wall, said flexible wall consisting of
a body of compressibly resilient substance and

having a reinforced central hub portion, an in-
termediate portion surrounding said hub por-
tion and a marginal portion, said marginal por-
tion being firmly connected along ifts periphery
with said stationary wall, & rigid member hav-
ing one end connected with said hub portion and
its other end engaging said crank mechanism
so as to move said -hub portion towards said sta-
tionary wall during the pressure stroke of said
mechanism and to place said hub portion sub-
stantially in contact wtih said stationary wall at
the end of said stroke, said body when in relaxed
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position being shaped to curve away from sald
stationary wall so as to gradually decrease the
diameter of said chamber towards its center dur-
ing said pressure stroke, and said intermediate
portion having a wall thickness increasing in the
radial direction from said marginal portion to- .
wards said hub portion so as to be prevented
from warping away from said stationary wall
during said pressure stroke.

" 7. In a device for conveying fluids, comprising
a reciprocatory drive and a container forming a
working chamber of variable volume, said con-
tainer being formed of a rigid stationary wall and
& movable -wall, said stationary wall having an
inner surface of a shape composed of a cone and
an annular groove surrounding the base of said
cone, and said movable wall consisting of metal
and having a cone-and-groove shape following
approximately the shape of the inner surface of
said stationary wall, said movable wall being
firmly and tightly connected around its periph--
ery with said stationary wall and having a re-
inforced hub connected with said drive for press-
ing the groove-shaped portion of said movable
wall into the groove-shaped surface portion of
said stationary wall, said groove-shaped portion
of said movable wall lying within an acute angle
directed towards said stationary wall and having

"its vertex at said hub and its legs passing through

any two opposite points of the periphery of said
movable wall. )
CARL KUHNEL.



