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(54) Pneumatically-operated cooling pump

(57) A pneumatically-operated cooling pump (10),
especially suitable for conveying and circulating coolants
in internal combustion engines, comprising a contain-
ment body (12) positioned above an underlying volute
inside which is placed a shutter which surrounds an im-
peller keyed on a rotation shaft, immersed in a fluid of
water and glycol and suitable for setting in motion said
fluid, the pump comprising pneumatically-operated me-

chanical means with axial movement to operate the shut-
ter defined by an actuator unit comprising a ring (42) and
at least three rods (44) sliding axially with respect to the
containment body (12) and static seal means defined by
shaped diaphragms (52), stabilized to the rods (44) and
to the containment body (12), positioned to separate be-
tween the containment body (12) and the underlying cool-
ant and cooperating with the actuator unit for the move-
ment of the shultter.
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Description

[0001] The presentinvention refers to a pneumatically-
operated cooling pump.

[0002] More in particular, the present invention refers
to a cooling pump preferably used for conveying and cir-
culating coolants, including but not limited to, inside in-
ternal combustion engines.

[0003] It is known that, generally but not only in the
internal combustion engine sector, during the course of
the operating process, some components and circuits of
the same engines tend to reach very high temperatures,
which are hazardous and potentially harmful both for the
operation of such components, circuits and the engine
as a whole and for its life-span or working life.

[0004] In order to prevent the occurrence of such se-
rious and hazardous effects and provide cooling, the en-
gine has a system suitable for guaranteeing the circula-
tion of coolants such as to maintain a temperature suit-
able for the correct and long-lasting operation of the en-
gine.

[0005] The types of pumps used for the purpose are
numerous and different in terms of construction charac-
teristics and as regards the way they operate (mechan-
ical pumps, electromechanical pumps, magnetic-drive
pumps).

[0006] Such and known types of pumps are character-
ised by the presence of an impeller keyed on a shaft
placed in rotation by means of a belt drive, gear drive or
the like (mechanical pumps) or the impeller is placed in
rotation by means of a magnetic field induced through
the use of permanent magnets coaxial with the rotation
shaft of the impeller itself (magnetic drive pumps).
[0007] Such known types of pumps, however, have a
major drawback correlated to the fact that in them the
coolant circulates continuously with a flow capacity ac-
cording to the number of revs per minute of the engine
and, because of this, the pump continues to operate even
when not strictly necessary, for example when the out-
side temperature is low or very low, with the result that
engine cooling is excessive and, therefore, incorrect for
its best operation at thermal speed for the control of con-
sumption and/or the limitation of emitted pollutants.
[0008] To obviate this serious drawback, cooling
pumps have been made equipped with a device for reg-
ulating the flow rate so as to allow the circulation of the
coolant only when really required by the engine. One of
these solutions is described in DE102005062200 which
makes reference to a cooling pump for internal combus-
tion engines suitable for guaranteeing continuous oper-
ation (fail-safe) even in the case of unfortunate draw-
backs and comprising a pump body, a rotation shaft to
which an impeller is connected, an annular shutter posi-
tioned in the pump body and having a series of pins or
pistons coupled with coaxial seals suitable for moving
the annular shutterin the direction of the impeller to check
the quantity of coolant.

[0009] This solution makes use of seals associated
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with shafts for ensuring its axial sliding and allowing the
opening and the closing of a shutter that opens/closes
the channels to enable the flow of the fluid and, more
specifically, the volute (i.e., the specific-geometry cavity
that surrounds the pump impeller) of the pumpitself. Nev-
ertheless, such seals, being associated with sliding ele-
ments, tend to wear easily with the consequent drawback
of causing coolant leaks.

[0010] The object of the present invention is to over-
come the above drawbacks.

[0011] More in particular, the object of the present in-
vention is to provide a pump equipped with a device for
regulating the flow rate operated pneumatically and ex-
empt from the use of seals with sliding parts typically
subject to wear and characterised by potential and un-
fortunate coolant leaks.

[0012] A further object of the present invention is to
place at the disposal of users a pneumatically-operated
cooling pump suitable for providing a high standard of
strength and reliability over time and such, furthermore,
to be easily and inexpensively made.

[0013] These and other objects are achieved by the
pneumatically-operated cooling pump of the present in-
vention, which comprises a containment body placed
above an underlying volute inside which a shutter is po-
sitioned which surrounds an impeller keyed on a rotation
shaft,immersed in a fluid of water and glycol and suitable
for putting said fluid in motion, the pump also comprising
pneumatically-operated mechanical means with axial
movement for operating the shutter and static sealmeans
positioned to separate between the containment body
and the underlying coolant and cooperating with said me-
chanical means for the movement of the shutter, the me-
chanical means and the static seals being housed in the
containment body.

[0014] The construction and functional characteristics
of the pneumatically-operated pump of the present in-
vention can be better understood from the detailed de-
scription which follows, wherein reference is made to the
attached drawing tables which represent a preferred em-
bodiment of a portion of the pump itself, provided by way
of example only and without being limitative wherein:

the figure 1 schematically represents a partial longi-
tudinal section view of a portion of the pump of the
invention according to a first operative configuration;
the figure 2 represents, at schematic level, a partial
longitudinal section view of a portion of the pump of
the invention according to a second operative con-
figuration;

the figure 3 schematically represents a section ax-
onometric view of a component of the pump of the
invention;

the figure 4 represents a section axonometric view
of a portion of the cooling pump of the invention;
the figure 5 represents an enlarged section sche-
matic detail of a portion of the pump of the invention
according to the view of figure 4.
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[0015] With reference to the mentioned illustrations,
the pneumatically-operated cooling pump of the present
invention, indicated by 10 in the illustrations as a whole,
comprises a containment body 12 closed at the top, pref-
erably but not only, by a lid 14 stabilized to the top front
of the containment body 12 by means of screws fitted in
holes 13 or by calking, gluing or equivalent known reten-
tion means.

[0016] Said containment body 12 is stabilized with its
bottom front, opposite to the top front, closed by the lid
14, to an underlying volute (not shown in the illustration)
inside which a shutter is positioned which surrounds an
impeller keyed on a rotation shaft (the shutter and the
impeller are not shown in the illustration either); with said
shutter which opens/closes the channel for the flow of
cooling fluid (water and glycol) in which the impeller is
immersed.

[0017] The containmentbody 12 is defined, preferably
but not only, by a discoid base 16 which centrally devel-
ops, in a vertical direction and substantially starting with
its top front, a portion 18 centrally provided with a blind
annular cavity 20 formed starting from the top front of the
portion 18 itself. Inside said annular cavity 20 are formed,
starting from the bottom of the cavity and partially devel-
oped in this in the direction of the top front of the contain-
ment body 12, at least three bodies 22, arranged angu-
larly at 120°, provided inside with an axial chamber 24
with differentiated diameters, the function of which will
be explained below; said axial chamber 24 communi-
cates at the top with the annular cavity 20 and at the
bottom with the bottom of the containment body 12.
[0018] The annular cavity 20 circumscribes a central
portion 26 of the portion 18 of the containment body 12
extended vertically in the direction of the top front 12’ of
the portion 18 of the mentioned containment body 12 and
for a height corresponding to that of the same portion 18.
[0019] The central portion 26 has an axial hole 27 suit-
able for defining the seat for housing the shaft for the
rotation of the underlying pump impeller.

[0020] Along the lateral outer surface of the portion 18
of the containment body 12 and in a radial direction, a
duct 29 is made communicating with the annular cavity
20; said duct is connected to a pneumatic supply system.
[0021] Further ducts 31 are made along the lateral sur-
face of the portion 18 in a radial direction and in corre-
spondence to each body 22; said further ducts put a spe-
cific portion of the axial chamber 24 in contact with the
outside and, consequently, such chamber is in atmos-
pheric pressure conditions.

[0022] The function of said duct 29 and further ducts
31 will be detailed below.

[0023] The annular cavity 20 is closed at the top by an
annular seal 28, made of rubber or other known material
with elastic characteristics and suitable for the purpose,
wherein the flaps are in contact with the edges of the
annular cavity 20. The annular seal 28 fits partially into
the annular cavity 20 with its vertical peripheral surfaces
in contact with the perimeter surfaces of the annular cav-
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ity itself.

[0024] Inthe configuration shown in figure 1, which de-
fines a first configuration or idle configuration of the pump
device of the invention, the section profile of the annular
seal 28 has an undulated shape or "W" shape with a crest
or dome 30 included between two parallel and opposite
grooves 32.

[0025] Intheconfigurationinfigure 2, which represents
a second configuration or operating configuration of the
pump device of the invention, the profile of the same an-
nular seal 28 takes on a "U" type shape with a groove 34.
[0026] Inside the annular cavity 20, in an intermediate
position with respect to the bodies 22 and at 120° the
one to the other, at least three possible guide pins 36 are
arranged stabilized with one extremity with respect to a
seat 38 formed on the bottom surface or base of the an-
nular cavity 20. A possible elastic element, defined by a
helical spring 40, is fitted coaxially over each guide pin 36.
[0027] In an alternative embodiment the assembly de-
fined by the guide pin 36 and by the helical spring 40 is
not present.

[0028] The annular cavity 20 defines the housing and
axial movement seat of an actuator unit comprising a ring
42, coaxial with the annular cavity 20, coupled at the top
with the seal 28 inside the crest 30 (in idle conditions)
and comprising at least three circular cavities or seats
43 with respect to which are connected at the bottom at
least three stems 44 arranged coaxially to each body 22
and partially sliding with respect to the axial chamber 24
of the bodies themselves.

[0029] Each stem 44 consists of a first rod 46 protrud-
ing from the axial chamber 24 in the annular cavity 20
and stabilized, in correspondence to its upper extremity,
in the round cavity or seat 43 of the ring 42 by means of
an elastic retention ring 45, by a truncated-cone expan-
sion 50 with a lower smaller-diameter portion or base
turned in the direction of the bottom of the axial chamber
24 and in contact with a diaphragm 52, by a second rod
54 extending starting from the smaller-diameter portion
or base of the truncated-cone expansion 50 which cross-
es the axial chamber 24 and is connected to the shutter
(not shown in the illustration).

[0030] The diaphragm 52 is cup shaped with the outer
lateral surface of the edge in correspondence to the lower
open extremity of the diaphragm itself in contact with the
lateral walls of the axial chamber 24; such diaphragm is
blocked at the lateral surface of the axial chamber 24, in
correspondence to its open extremity, by means of at
least one shaped ring 53 placed in contact with the inner
lateral surface of the seal 52 in correspondence to the
open extremity of the seal itself, said at least one shaped
ring 53 is, in turn, fastened to the lower portion of the
cavity 24 by means of stop ring 61 or by other traditional
and known means of retention.

[0031] At least one further stop ring 56, placed on the
bottom of the diaphragm 52 on the opposite side com-
pared to the open extremity, ensures a stable and safe
coupling between the diaphragm itself and the second
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rod 54 of the stem 44 of the actuator unit.

[0032] The diaphragm 52 creates the static seal be-
tween the axial chamber 24 of the containment body 12
and the lower portion of the pump wherein water and
glycol are present under pressure; said diaphragm, fur-
thermore, cooperates with the up and down movement
of the stems connected to the ring 42 of the actuator unit
without this moving in any way with respect to its housing
seat.

[0033] The first rod 46 of each stem 44 is sliding with
respect to a further seal 58 arranged inside the axial
chamber 24 in correspondence to the upper greater-di-
ameter portion or base of the truncated-cone expansion
50 of the stem 44 and to a bush 60 of the flanged type
arranged above the further seal 58 and outside the axial
chamber 24.

[0034] The upper extremity of the elastic element or
helical spring 40 (if fitted) is engaged in contact with the
bottom front of the ring 42 of the actuator unit which, in
the configuration shown in figure 1 or idle configuration,
is shown fitted inside the crest 30 of the annular seal 28.
[0035] The operation of the pneumatically-operated
cooling pump of the presentinvention, described in detail
above with reference to its technical-structural compo-
nents, is described below.

[0036] In non-operating or idle conditions, when the
shutter is open and does not prevent the fluid from ac-
cessing the volute, the pump impeller is in rotation, caus-
ing the circulation of the coolantinside the cooling circuit;
the device of the invention is in the configuration shown
in figure 1.

[0037] Starting with suchidle configuration, the air sup-
ply circuit takes air from the annular cavity 20 through
the duct 29 creating a vacuum inside the annular cavity
20 and, consequently, the annular diaphragm 28 is de-
formed with the crest 30 which drops adding onto the
grooves 32 and defining a single groove 34. Due to the
effect of such deformation the ring 42 of the actuator unit
is moved by axial sliding inside the annular cavity 20
causing the stems 44 to slide coaxially to the axial cham-
ber 24, the truncated-cone expansion 50 of each stem
44 presses on the diaphragm 52 causing a downward
deformation of the closed bottom of same, as schema-
tized in the figure 2.

[0038] The deformation of the annular diaphragm 28
and, consequently, the axial sliding of the ring 42, also
determine a compression of any elastic element or helical
spring 40 with respect to the guide pin 36 as schematized
in the figure 2.

[0039] This way, the shutter, to which the second rods
54 of the stems 44 are connected, drops and goes and
fits over the pump impeller so as to interrupt the circula-
tion of the coolant in the pump itself; the impeller, never-
theless, continues to turn without circulation of the cool-
ant inside the circuit.

[0040] When the air supply circuit interrupts the extrac-
tion of the air from the annular chamber 20, the pressure
of the coolant in the region below the containment body
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12, acting on the diaphragm 52, together with the return
force of any elastic elements or helical springs 40, returns
the system to the idle configuration schematized in the
figure 1.

[0041] In an alternative embodiment, the elastic ele-
ments or return-action springs 40 and, consequently, the
guide pins 36 are not present; the return action or axial
sliding reversal of the ring 42 and of the stems 44 of the
actuator unit is defined by the pressure of the liquid in
the part below the containment body 12 applied on the
diaphragm 52. As can be seen from the above, the ad-
vantages achieved by the pneumatically-operated pump
of the invention are evident.

[0042] The pneumatically-operated cooling pump of
the invention advantageously allows separating the por-
tion of the pump immersed in the fluid (water and glycol)
and the portion immersed in air, by means of the use of
static seals.

[0043] A further advantage is the fact that the pump of
the invention uses static seals defined by the diaphragms
52; these define static seals which are not subject to rel-
ative movements during the sliding of the piston, and are
not therefore subject to wear by sliding and provide the
pump as a whole with a longer working life, without the
risk of coolant leaks occurring.

[0044] A further advantage is represented by the fact
that the pneumatically-operated pump of the invention
allows enabling/disabling the supply of coolant to the cir-
cuit, while always maintaining the rotation of the pump
impeller.

[0045] Although the invention has been described
above with particular reference to one of its embodiments
provided by means of example only and without intending
to be limitative, numerous modifications and variations
will appear evident to a technician in the field in the light
of the description provided above. The presentinvention,
therefore, intends embracing all the modifications and
variations falling within the spirit and scope of the follow-
ing claims.

Claims

1. A pneumatically-operated cooling pump (10), espe-
cially suitable for conveying and circulating coolants
in internal-combustion engines, comprising a con-
tainment body (12) positioned above an underlying
volute inside which is placed a shutter which sur-
rounds an impeller keyed on a rotation shaft, im-
mersed in a fluid of water and glycol and suitable for
setting in motion said fluid, the pump characterised
by the fact that it comprises pneumatically-operated
mechanical means with axial movement to operate
the shutter defined by an actuator unit comprising a
ring (42) and at least three rods (44) sliding axially
with respect to the containment body (12) and static
seal means defined by shaped diaphragms (52), sta-
bilized to the rods (44) and to the containment body
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(12), positioned to separate between the contain-
ment body (12) and the underlying coolant and co-
operating with the actuator unit for the movement of
the shutter.

The cooling pump according to the claim 1, charac-
terised by the fact that the containment body (12)
comprises a discoid base (16) which centrally devel-
ops, in a vertical direction and starting with its top
front, a portion (18) centrally provided with a blind
annular cavity (20) formed starting from the top front
(12’) of the portion (18) itself, inside which annular
cavities (20) are formed, starting from the bottom of
the cavity and partially extended in this in the direc-
tion of the top front of the containment body (12), at
least three bodies (22) arranged angularly at 120°
and provided inside with an axial chamber (24) with
differentiated diameters and communicating at the
top with the annular cavity (20) and at the bottom
with the bottom of the containment body (12), said
bodies (22) and axial chambers (24) being suitable
for defining the housing for the operating mechanical
means and for the static seals, the portion (18) of
the containment body (12) being provided with a duct
(29) communicating with the annular cavity (20) and
with further ducts (31) communicating with the axial
chambers (24), with said duct (29) and further ducts
(31) made in radial direction and suitable for con-
necting the annular cavity to the air supply system
and each axial chamber to the outside environment
in atmospheric-pressure conditions respectively.

The cooling pump according to the claim 2, charac-
terised in that the annular cavity (20) of the contain-
ment body (12) is closed at the top by an annular
seal (28) the perimeter flaps of which are in contact
with the edges of said annular cavity, the annular
seal (28) being partially fitted in the annular cavity
(20) with its opposite vertical peripheral surfaces in
contact with the perimeter surfaces of the annular
cavity itself, said angular seal which in idle conditions
has an undulated shape or a "W" shape with a crest
or dome (30) being positioned between two parallel
and opposite grooves (32) and which in operating
conditions has a "U" shape with a groove (34).

The cooling pump according to the claim 1, charac-
terised in that the ring (42) is coaxial with the an-
nular cavity (20) and coupled at the top with the seal
(28), the at least three stems (44) are arranged at
120°, sliding axially with respect to the bodies (22)
and stabilized below the ring (42) in correspondence
to circular cavities or seats (43) of the same, each
stem (44) comprising a first rod (46) protruding from
the axial chamber (24) in the annular cavity (20) and
the upper extremity of which is fastened with respect
to the circular cavity or seat (43) of the ring (42) by
means of an elastic retention ring (45), a truncated-

10

15

20

25

30

35

40

45

50

55

cone expansion (50) having a lower portion or base
of smaller diameter turned in the direction of the bot-
tom of the axial chamber (24) and a second rod (54)
extending starting from the portion or base of smaller
diameter of the truncated-cone expansion (50)
crossing the axial chamber 24 and connected with
the mobile element or shutter for enabling/disabling
the circulation of the coolant.

The cooling pump according to the claim 1, charac-
terised in that the diaphragm (52) is cup shaped,
with the outer lateral surface of the edge in corre-
spondence to the lower open extremity in contact
with the lateral surface of the axial chamber (24) and
fastened to this by means of atleast one shaped ring
(53) placed in contact with the inner lateral surface
of the seal (52) in correspondence to the open ex-
tremity of same, with said at least one shaped ring
(53) fastened to the lower portion of the axial cavity
(24) by means of the retention ring (61), the outer
bottom surface of the diaphragm (52) being in con-
tactwith the lower portion or base of smaller diameter
of the expansion (50) of the piston (44), with said
diaphragm having at least one further retention ring
(56) placed on the inner bottom of the diaphragm
(52) on the opposite side with respect to the expan-
sion (50), coaxial with the second rod (54) of the
piston (44) and suitable for stabilizing said dia-
phragm with respect to said second rod (54) of the
stem (44) of the actuator unit.

The cooling pump according to the claim 4, charac-
terised in that the first rod (46) of the stem (44) is
sliding with respect to one further seal (58) arranged
inside the axial chamber (24) in correspondence to
the upper portion or base with greater diameter of
the truncated-cone expansion (50) of the stem itself
and with respect to a flanged bush (60) arranged
above the diaphragm (58) and outside the axial
chamber (24) on the top front or base of the body
(22).

The cooling pump according to the claim 1, charac-
terised in that the pneumatically-operated mechan-
ical means comprise at least three possible elastic
elements or helical springs (40) each fitted coaxially
over a guide pin (36) arranged inside the annular
cavity (20) in intermediate position with respect to
the bodies (22) and with the lower extremity stabi-
lized with respect to a seat (38) formed on the bottom
the upper extremity of the elastic element or helical
spring (40) resting on the bottom front of the ring (42)
of the actuator unit.
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