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Description

The present invention relates to devices for the dis-
placement of liquids and particularly a device for pump-
ing liquids provided with a diaphragm pump which is re-
ciprocated by a hydraulic circuit operatively connected
to a rotary positive-displacement pump.

In some thermodynamic apparatus such as, for ex-

ample, absorption heat pump, in particular water-am-
monia heat pump, the most critical component is the
pump of the near-saturated solution which must have
requirements of reliability, high head, capability of oper-
ating with a near-saturated liquid, and capability of op-
erating under "dry" conditions, i.e. without liquid to be
pumped.
At the present state of art several pumping devices for
satisfying the requirements listed above are known; in
any case, however, there are a lot of drawbacks due to
several problems such as the extreme mechanical com-
plexity with the result of high cost, the insufficient relia-
bility, the poor capacity to the "dry" operation, and the
high overall dimensions.

The invention seeks to provide a device of the type
mentioned above having all of above requirements and
being of reliable operation ad easy construction.

In the USA patent No. 3,357,203 (Briggs) there is
disclosed a pump operating under water-ammonia cool-
ing cycles and generally comprising a diaphragm hy-
draulically operated with pressurized oil, two check
valves for suction and delivery, respectively, and a cy-
lindrical tank for stocking cooling liquid for starting.
Avery similar pump has been used by ARKLA Company
producing refrigerating absorption machines. In such
case, a hydraulically operated diaphragm pump is con-
nected to a hydraulic circuit operated by a rotary pump
in order to take advantage in the same machine of the
operation of a diaphragm pump and a rotary pump which
are, as known, cheaper, strong and reliable in the oper-
ation of a piston-connecting-rod-crank system used in
the conventional diaphragm pumps.

In adiaphragm pump the pumping operation is executed
by a strong diaphragm which divides the head of the
pump in two sections, the chamber for the liquid with its
suction and delivery valves and the chamber for the oil,
so that the outer motor does not pump directly the liquid
but an intermediate hydraulic fluid with the advantage
of a sealed circuit for the liquid. In the pump employed
by ARKLA the device coupling the rotating system hav-
ing unidirectional flow with the diaphragm pump having
reciprocating flow is formed of a rotary distributor oper-
ating only in order to expose to the atmosphere the pipe
in which the oil is flowing in the suction stroke of the
diaphragm pump.

Such solution, however, has the serious problem that
the diaphragm of the pump can be lowered for the suc-
tion of the liquid to be pumped only if the suction pres-
sure is higher than the atmospheric pressure (passive
suction).
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US-A-2 843500 (Harper) discloses a pumping de-
vice comprising a reciprocating diaphragm pump and a
rotary pump connected to said diaphragm pump through
a distributor cyclically inverting the suction and delivery
strokes so as to transmit said reciprocating motion to
the diaphragm. However the rotary distributor does not
exibit any high performance and does not reach high
operating pressures. This is due to the lack of suitable
sealing devices and an automatic slack taking up device
installed between the moving components of the distrib-
utor.

To overcome these inconveniences, according to
the present invention there is provided a pumping de-
vice, in particular for absorption heat pumps, comprising
in combination a diaphragm pump, an oil stock tank, and
a rotary pump coupled to a rotary distributor, wherein
said rotary distributor consists of two metal disks for the
automatic shim adjustment of the wear clearance hy-
draulically provided by the delivery pressure of the ro-
tary pump.

Said rotary distributor connected to the rotary pump
takes out oil from the tank and delivers it under pressure
below the diaphragm, thus causing the liquid above the
diaphragm to be pumped, and then sucks it back to the
tank with the resulting suction stroke of the liquid above
the diaphragm.

The connection between oil tank and the suction valve
of the rotary pump allows a vacuum suction stroke to be
provided so that the diaphragm pump may operate even
if the liquid to be sucked is at a lower pressure than the
atmospheric pressure, as may be the case with a liquid
having a low boiling point.

Thanks to the automatic shim adjustment of the wear
clearance, this pumping device is able to operate at high
pressure without sealing problems.

This invention will now be described with reference
to the accompanying drawings which show by way of an
illustrative, non-limitative example a preferred embodi-
ment of the invention.

In the drawings:

Figs. 1 and la show schematically the operation of
the device during the delivery and suction strokes of the
liquid to be pumped, respectively.

Figs. 2 and 2a show the whole assembly during the
strokes mentioned above.

Fig. 3 shows a detail of the reducer-distributor as-
sembly in partial section along an axial plane.

Fig. 4 is a graphic comparing the absorbed power
and the instant flow rate of a conventional alternative
connecting-rod-crank pump with those of a reciprocated
diaphragm pump according to the present invention.

With reference to Figs. 1 and 1a the device includes
adiaphragm pump 10 located in the pipes of delivery 11
and suction 12 of the liquid to be pumped which are con-
nected to the upper room 13 of said pump above the
elastic diaphragm 14.

A pipe 16 is connected on one end to the oil-containing
tank 17 and on the other end to the lower room 15 of
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pump 10.

Rotary pump 18 is inserted in pipe 16 and connected to
a rotary distributor 19 which is provided with two curved,
slantwise disposed rooms 20 and 21 defining two differ-
ent flow passageways A,B and C,D.

When the system is under the conditions of Fig. 1 the
oil taken out from tank 17 flows through pipe 16 and the
passageways in the directions A-B and C-D and is fed
to lower room 15 of pump 10. Diaphragm 14 is pushed
upwards so as to cause the liquid to be pumped to pipe
11.

When the rotary distributor 19 is in the position of Fig.
1a the oil flows in the directions C-D and A-B to tank 17,
the diaphragm 14 is lowered, and the liquid to be
pumped is sucked to pipe 12.

In Figs. 2 and 2a, in which already described parts are
designated by the same numerals, tank 17 is sealed and
provided with dip stick 34, and includes rotary pump 18
whose output shaft drives distributor 19. The operation
is similar to that described above; in Fig. 2 there is
shown the delivery stroke with the diaphragm 14 of
pump 10 pushed downwards. A safety valve 23 is pro-
vided on the delivery side of rotary pump 18.
Preferably, the reducer-distributor assembly may be
formed by one compact piece shown in detail in Fig. 3.
Rotary distributor 19 provided with the passageways for
the flow and the downflow of the oil is rotated through
gear reduction unit 22 comprising gear wheel 24 and
worm screw 25. Such gear reduction unit 22 is secured
directly to valve casing 26 and is connected to disk 19
through stem 27 which is in turn supported to distribution
flange 28 by ball bearing 29. Two sealing 0-rings indi-
cated at 30 are placed between stem 27 and valve cas-
ing 26.

Four pipe fittings of the oil pipes connected to the four
already described passageways A-B-C-D are secured
to distribution flange 28.

An O-ring indicated at 31 seals the distribution flange 28
to valve casing 26, while the oil pressure onto the disk
seals the plane of rotary disk 19 to the plane of distribu-
tion flange 28; the initial position of disk 19 contacting
flange 28 is determined by rubber seal 32 having a suit-
able length so as to provide a preloading on the disk
during the assembling. A shim adjustment washer 33
has the function of avoiding that seal 32 is subjected to
a torque moment during the operation of the valve.
The above-described device, as already mentioned at
the beginning, can be used in all such cases where a
positive-displacement high-head pump is used with the
following advantages of the coupling of a diaphragm
pump with a rotary pump: feasibility of easy inspection
without influencing the process; greater economy; high
reliability; small overall dimensions, especially in the
vertical direction; lower vibrations transmitted to the
pipes and the down-stream equipment; use of lower-
power motors under the same efficiency.

As shown in Fig. 4, the plots of the instant flow rate and
the absorbed power has the form of a square wave in
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contrast with the plots of a conventional alternative con-
necting-rod-crank pump. Therefore, both the absorbed
power and the consumed power are constant and equal
to the mean value of the corresponding sinusoid. As can
be seen, the mean value is equal to 64% of the maxi-
mum peak.

The present invention has been illustrated and de-
scribed according to a preferred embodiment thereof,
however construction modifications can be made by one
skilled in the art without departing from the scope of the
present invention.

Claims

1. A pumping device, of the type comprising a recip-
rocating diaphragm pump casing (10) and a rotary
pump (18) connected to said diaphragm pump cas-
ing trough a distributor (19) cyclically inverting the
suction and delivery strokes so as to transmit said
reciprocating motion to the diaphragm (14), charac-
terized in that said rotary distributor (19) consists of
two metal disks (19,28) for the automatic shim ad-
justment of the wear clearance hydraulically provid-
ed by the delivery pressure of the rotary pump.

2. Pumping device, of the type comprising a recipro-
cating diaphragm pump casing (10), a rotary pump
(18) and a rotary distributor (19) that transmits said
reciprocating motion, said diaphragm pump (10)
being operated by a hydraulic circuit formed of an
oil stock tank (17), said rotary pump (18) being lo-
cated between the tank (17) and the lower room
(15) of the diaphragm pump casing (10), and said
rotary distributor having the function of delivering
and sucking said oil in reciprocating motion to said
diaphragm pump casing (10) so as to cause a puls-
ing delivery and suction motion of the liquid to be
pumped flowing to the upper room (13) of said dia-
phragm pump casing, said rotary distributor (19)
consisting of two metal disks (19,28) for the auto-
matic shim adjustment of the wear clearance hy-
draulically provided by the delivery pressure of the
rotary pump.

3. Pumping device according to claim 1 or 2, charac-
terized in that the suction stroke of the liquid to be
pumped is assisted by the rotary pump (18), thus
allowing liquids having a lower suction pressure
than the atmospheric pressure to be pumped.

4. Pumping device according to the preceding claims,
characterized in that said rotary distributor (19) is
operated through a gear reduction unit (22) by the
same drive stem (27) of the rotary positive-displace-
ment pump (18).

5. Pumping device according to the preceding claims,



5 EP 0 627 555 B1 8

characterized in that the mechanical assembly
comprising the positive-displacement pump (18),
the gear reduction unit (22) and the rotary distributor
(19) is located in a sealed tank (17) contained the
oil of the hydraulic circuit operating the diaphragm
pump casing.

Pumping device according to the preceding claims,
characterized in that said rotary distributor (19)
comprises a pair of symmetrical rooms (20,21) lo-
cated along opposite circle sectors which alterna-
tively cause the delivery of the oil to the diaphragm
pump casing and the flow of the oil from the pump
back to the tank.

Pumping device according to the preceding claims,
characterized in that all of the rotary components
are driven by only one motor (M) located outside
said tank (17).

Patentanspriiche

1.

Férdervorrichtung eines Typs, der ein Gehause mit
einer hin- und hergehenden Membranpumpe (10)
und eine Rotationspumpe (10) besitzt, die mit dem
Gehaduse der Membranpumpe Uber einen Verteiler
(19) verbunden ist, der zyklisch die Saug- und Fér-
derhiibe zur Ubertragung der hin- und hergehenden
Bewegung auf die Membran (14) invertiert, dadurch
gekennzeichnet, daB der Drehverteiler (19) aus
zwei Metallscheiben (19, 28) fiir die automatische
Abstandseinstellung des hydraulisch durch den
Férderdruck der Rotationspumpe gelieferten Ge-
brauchspiels besteht.

Férdervorrichtung eines Typs, der ein Gehause mit
einer hin- und hergehenden Membranpumpe (10)
eine Rotationspumpe (18) und einen Drehverteiler
(19) besitzt, der die hin- und hergehende Bewe-
gung Ubertragt, wobei fur die Membranpumpe (10)
eine Betatigung mittels eines hydraulischen Schalt-
kreises vorgesehen ist, der aus einem Olvorrat-
stank (17) gebildet ist, wobei die Rotationspumpe
(18) zwischen dem Tank (17) und dem unteren
Raum (15) des Gehauses der Membranpumpe (10)
angeordnet ist, und wobei der Drehverteiler die Auf-
gabe hat, das Ol in hin- und hergehender Bewe-
gung derart an das Gehause der Membranpumpe
(10) zu liefern und wegzusaugen, daf3 eine pulsie-
rende Férder- und Saugbewegung der zu pumpen-
den Flussigkeit, die zu dem oberen Raum (13) des
Gehauses der Membranpumpe (10) strémt, veran-
laBbar ist, wobei der Drehverteiler (19) aus zwei
Metallscheiben (19, 28) flr die automatische Ab-
standseinstellung des hydraulisch durch den Fér-
derdruck der Rotationspumpe gelieferten Ge-
brauchspiels besteht.
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3.

Férdervorrichtung nach Anspruch 1 oder 2, da-
durch gekennzeichnet, daf fir den Saugdruck der
zu pumpenden Fliissigkeit eine Unterstiitzung
durch die Rotationspumpe (18) vorgesehen ist, da-
mit Flassigkeiten mit einem niedrigeren Saugdruck
als der atmospharische Druck pumpbar sind.

Férdervorrichtung nach den vorangehenden An-
sprichen, dadurch gekennzeichnet, daB der Dreh-
verteiler (19) durch denselben Antriebsstutzen (27)
der Rotationsverteilungspumpe (18) Uber eine Un-
tersetzungsgetriebeeinheit (22) betrieben ist.

Férdervorrichtung nach den vorangehenden An-
sprichen, dadurch gekennzeichnet, daf3 die me-
chanische Anordnung, die die Rotationspumpe
(18), die Untersetzungsgetriebeeinheit (22) und
den Drehverteiler (19) umfaBt, in einem abgedich-
teten Tank (17) angeordnet ist, der das Ol des hy-
draulischen Schaltkreises enthalt, der die Mem-
branpumpe betreibt.

Férdervorrichtung nach den vorangehenden An-
sprichen, dadurch gekennzeichnet, daB der Dreh-
verteiler (19) ein Paar symmetrischer Rdume (20,
21) aufweist, die langs gegenuberliegender Kreis-
abschnitte angeordnet sind, welche alternierend
die Férderung von Ol zu dem Gehéause der Mem-
branpumpe unddie Strémung des Ols von der Pum-
pe zurick zu dem Tank veranlassen.

Férdervorrichtung nach den vorangehenden An-
sprichen, dadurch gekennzeichnet, daB3 alle Dreh-
bestandteile von nur einem Motor (M) angetrieben
sind, der auBerhalb des Tanks (17) angeordnet ist.

Revendications

Un dispositif de pompage du type comprenant un
boitier de pompe a diaphragme en va-et-vient (10)
et une pompe rotative (18) reliée audit boitier de
pompe a diaphragme par l'intermédiaire d'un distri-
buteur (19) inversant de maniére cyclique les cour-
ses d'aspiration et de décharge de maniére a trans-
mettre ledit mouvement de va-et-vient au diaphrag-
me (14), caractérisé en ce que ledit distributeur ro-
tatif (19) se compose de deux disques métalliques
(19, 28) pour le réglage automatique du calage du
jeu d'usure fourni de maniére hydraulique par la
pression de décharge de la pompe rotative.

Dispositif de pompage du type comprenant un boi-
tierde pompe a diaphragme en va-et-vient (10), une
pompe rotative (18) et un distributeur rotatif (19) qui
transmet ledit mouvement de va-et-vient, ladite
pompe a diaphragme (10) étant actionnée par un
circuit hydraulique formé d'un réservoir de stockage
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d'huile (17), ladite pompe rotative (18) étant placée
entre le réservoir (17) et la chambre inférieure (15)
du boitier de pompe a diaphragme (10), et ledit dis-
tributeur rotatif présentant la fonction de décharger
et d'aspirer ladite huile dans un mouvementde va- &
et-vient audit boitier de pompe & diaphragme (10)
de maniére a assurer un mouvement de décharge
et d'aspiration pulsé du liquide & pomper qui passe
vers la chambre supérieure (13) dudit boitier de
pompe a diaphragme, ledit distributeur rotatif (19) 70
se composant de deux disques métalliques (19, 28)
pour le réglage automatique du calage du jeu d'usu-
re fourni de maniére hydraulique par la pression de
décharge de la pompe rotative.

15
Dispositif de pompage selon la revendication 1 ou
2, caractérisé en ce que la course d'aspiration du
liquide & pomper est assistée par la pompe rotative
(18), en permettant ainsi que soient pompés des li-
quides présentant une pression d'aspiration infé- 20
rieure a la pression atmosphérique.

Dispositif de pompage selon les revendications pré-
cédentes, caractérisé en ce que ledit distributeur ro-

tatif (19) est actionné par l'intermédiaire d'un réduc- 25
teur de vitesse (22) par la méme tige d'entraine-
ment (27) de la pompe rotative a déplacement po-

sitif (18).

Dispositif de pompage selon les revendications pré- 30
cédentes, caractérisé en ce que I'ensemble méca-
nique comprenant la pompe a déplacement positif
(18), le réducteur de vitesse (22) et le distributeur
rotatif (19) est placé dans un réservoir étanche (17)
contenant 'huile du circuit hydraulique actionnant 35
le boitier de pompe & diaphragme.

Dispositif de pompage selon les revendications pré-
cédentes, caractérisé en ce que ledit distributeur ro-
tatif (19) comprend une paire de chambres symé- 40
triques (20, 21) placées le long de secteurs circu-
laires opposés qui provoquent alternativement la
décharge de l'huile vers le boitier de pompe a
diaphragme et le passage de I'huile depuis la pom-
pe en retour vers le réservoir. 45

Dispositif de pompage selon les revendications pré-
cédentes, caractérisé en ce que I'ensemble des élé-
ments rotatifs est entrainé par un seul moteur (M)
placé a l'extérieur dudit réservoir (17). 50
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