2017157472 A1) 000 0 00O 10 0 0

<

W

(43) International Publication Date
21 September 2017 (21.09.2017)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2017/157472 Al

(51

eay)

(22)

(25)
(26)
1

(72

74

31

International Patent Classification:
B60K 11/02 (2006.01) F16K 11/085 (2006.01)

International Application Number:
PCT/EP2016/056042

International Filing Date:
18 March 2016 (18.03.2016)

English
Publication Language: English

Applicant: PIERBURG PUMP TECHNOLOGY
GMBH [DE/DE]; Alfred-Pierburg-Strafie 1, 41460 Neuss
(DE).

Inventor: MAFFEIS, Jerome; 11 bis rue des Francs,
57000 Metz (FR).

Agent: PATENTANWALTE TER SMITTEN EBER-
LEIN RUTTEN; Burgunderstr. 29, 40549 Diisseldorf
(DE).

Filing Language:

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

(34

Title: AUTOMOTIVE COOLANT DISTRIBUTOR

20

72

Fig.1

(57) Abstract: The invention refers to an automotive coolant distributor (10) for selectively distributing a coolant liquid to at least
two coolant outlets (21, 22, 23), comprising a distributor housing (12) with a coolant inlet (20) and the at least two distributor out -
lets (21, 22, 23), and a rotatable and flexible valve element (30) rotatably provided within the distributor housing (12), wherein the
distributor housing (12) being provided with at least one radial housing valve opening (24, 25, 26) and the valve element (30) being
provided with at least one radial valve element opening (44, 45, 46) which interferes with the radial housing valve opening
(24,25,26) in a rotational opening position of the valve element (30), the valve element (20) is provided with a separation (48) over
the entire axial length of the valve element (30), so that the valve element (30) radially can expand or compress, and the valve ele -
ment (30) is pretensioned radially outwardly so that the outside surface (32) of the valve element (30) is in sealing contact with the
inside surtace (15) of the distributor housing (12).
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Automotive coolant distributor

The invention refers to an automotive coolant distributor for selectively
distributing a coolant liquid to at least two different coolant outlets.

The automotive coolant distributor is used for complex thermal
management of the engine and other secondary devices of an automotive
vehicle. A typical variation of an automotive coolant distributor is a rotor
valve which is provided with a distributor housing with a coolant inlet and
at least two distributor outlets. A rotatable valve element is rotatably
provided within the distributor housing. The distributor housing is provided
with at least two radial housing valve openings and the valve element is
also provided with at least two radial valve element openings which
interfere with the radial housing valve openings in a rotational opening
position of the valve element.

A typical automotive coolant distributor is disclosed in W0 2014/184783
Al. A sensitive issue is the sealing between the static distributor housing
and the rotating valve element because the coolant liquid can have an
overpressure of up to 1 bar. The sealing is realized by a separate sealing
sleeve which is radially shiftable arranged within every socket of the
corresponding housing valve opening and which is radially inwardly
pretensioned by a pretension spring. Every housing valve opening socket
is provided with a separate sealing sleeve.

It is an object of the invention to provide an automotive coolant distributor

of the rotor valve type with a simple sealing arrangement.

This object is solved with an automotive coolant distributor with the

features of main claim 1.

The automotive coolant distributor according to the invention is of the
rotor valve type, and is provided with a distributor housing with a coolant
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inlet and at least two coolant outlets. The distributor housing is preferably
cylindrical in shape, and preferably most of the coolant outlets and the
coolant inlet are provided radially, namely with a radial flow direction
through the inlet or outlet. The coolant inlet is preferably provided axially.
The distributor housing body is preferably made out of metal, but can also

be made out of plastic.

A rotatable and flexible valve element is rotatably provided within the
distributor housing. The rotation axis of the valve element defines the
axial direction of the coolant distributor. The valve element is preferably
cylindrical in shape and is provided with a separation over the entire axial
length of the valve element so that the valve element can expand or
compress radially. The separation can be provided as a longitudinal slit
over the entire axial length of the valve element. As a consequence, the
valve element is flexible in radial and/or In circumferential direction so that
the outer diameter of the vaive element can adapt to the inner diameter of
the distributor housing. The valve element is rotated directly or indirectly

by a suitable actuator, for example by a small electric motor.

The distributor housing is provided with at least two radial housing valve
openings and the valve element is provided with at least two radial valve
element openings which interfere with the radial housing valve openings in
a rotational opening position of the valve element. Since more than one
radial housing valve opening and more than one corresponding valve
element opening are provided, more than one rotational opening position
of the valve element can exist, in which none, one, numerous or all radial
valve element openings are radially in-line with the corresponding radial
housing valve openings. The coolant liquid can be selectively directed to a
plurality of distributor outlets dependent on the thermal needs of the
connected devices.

The valve element is pretensioned radially outwardly so that the outside

surface of the valve element is always in sealing contact with the inside
surface of the distributor housing. The pretensioning of the valve element
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can be realized with different means and in different manners. However,
the pretensioning can be realized for substantially the complete valve
element or for some areas only, and is In particular realized in the areas
around the valve element openings. As a result, only one single
pretensioning means is necessary to provide a sufficient and reliable
sealing quality between the inner surface of the distributor housing and
the outer surface of the valve element. The pretensioning means can be
constructed relatively simple so that a cost-effective sealing arrangement

for all distributor outlets can be provided.

Preferably, a separate spring element is provided for pretensioning the
valve element radially outwardly. The spring element is provided co-
rotatably with the valve element. The spring element is pretensioned
radially outwardly and is in radial contact with the valve element to push
the valve element radially to the outside against the inside surface of the
distributor housing. The radial contact can be realized as several punctual
contacts, as several line contacts and/or as a plane contact. The contacts
can in particular be concentrated at the opening areas and edges of the
valve element openings. Since the spring element is provided separately
from the valve element, both bodies can be optimized for their respective
function, namely providing a suitable material combination for good
sealing and good frictional quality, and providing good long term spring
quality.

Preferably, the spring element is defined by a metal sheet spring made out
of a spring metal material. Preferably, the spring element is provided
separately from the valve element and is arranged radially inwardly of the

valve element.

According to a preferred embodiment, the spring element is provided with
a separation over the entire axial length of the spring element. The
separation can be realized as a slit over the entire axial length of the
spring element. The separation allows the spring element to radially
expand or compress so that the spring element can adapt to a
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considerable variation of the diameter of the inside surface of the

distributor housing.

Preferably, the valve element is made out of plastic. The plastic body
guarantees - in combination with a metal distributor housing - a low
frictional coefficient so that only relatively low actuation forces are
necessary to rotate the valve element within the distributor housing. The
valve element made out of plastic can have a relatively complex form and
can be produced cost-effectively. The plastic valve element is also
relatively flexible and adaptable so that a good sealing quality is realized.

According to a preferred embodiment of the invention, a separate and stiff
valve support element can be provided which is stiffer than the valve
element and is co-rotatably fixed to the valve element. The separate stiff
valve support element is basically for transferring the rotational forces
from an actuation means which directly actuates the valve support
element to the valve element which is in direct mechanical contact with
the valve support element. The valve support element can be a basically
cylindrical and stiff body, for example made out of metal. The valve
support element preferably transfers the rotational forces to the valve
element over the entire axial length of the valve element so that no
toroidal forces appear in the flexible valve element so that the flexible
valve element is not twisted. In other words, the valve support element is
specialized for transferring the rotational forces from the actuation means
to the valve element. The valve support element is preferably provided
radially between the valve element and the spring element.

According to an alternative embodiment, the spring element is integrated
into the valve element. The spring element can, for example, be provided
within the valve element. The valve element can be injection molded
around the spring element. The valve element preferably is made out of
plastic and the spring element is preferably made out of a spring metal
sheet. By integrating the spring element into the valve element, a

relatively compact arrangement is realized.
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Preferably, the spring element and/or the valve element are provided with
radial protrusions to thereby provide numerous support points. Preferably,
the radial protrusions are integral part of the valve element, in particular,
if the valve element is made out of plastic. The radial protrusions
punctually transfer the radial forces directed outwardly from the spring

element to the valve element.

According to a preferred embodiment, the spring element is provided with
a radial spring element opening being radially in-line with the
corresponding valve element opening so that the coolant liquid can radially
flow through the spring element opening to the valve element opening. As
a consequence, the fluidic resistance of this arrangement is relatively low.

Preferably, the valve element is provided with an opening neck at the
opening edge of the valve element opening. The opening neck is
orientated radially inwardly. Preferably, the opening neck defines a support
structure for the spring element to transfer radial spring forces and/or to
transfer circumferential forces as a tappet so that the spring element is
reliably co-rotated with the valve element.

According to a preferred embodiment, the opening neck is provided with a
lateral neck opening cpening to an intermediate space between the valve
element and the spring element. The spring element can be provided as a
closed and opening-free body at the circumferential cylindrical body. The
fluidic connection from the distributor interior to the valve element
opening is realized by the lateral neck opening. The direction "lateral”
refers to the flow direction through the valve element opening.

Several embodiments of the invention are described with reference to the

enclosed drawings, wherein

figure 1 shows a longitudinal section of an automotive coolant distributor

in accordance with a first embodiment of the invention,

figure 2 shows, in principle, a cross section of the automotive coolant

distributor of figure 1,
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figure 3 shows enlarged part of the automotive coolant distributor of figure
1,
figure 4 shows a cross-section of a second embodiment of an automotive

coolant distributor,

figure 5 shows an enlarged part of the automotive coolant distributor of

figure 4 in longitudinal section,

figure 6 shows a cross-section of a third embodiment of an automotive

coolant distributor, and

figure 7 shows a cross-section of a forth embodiment of an automotive

coolant distributor.

Figures 1 to 3 show an automotive coolant distributor 10 for distributing a
coolant liguid coming from a coolant liquid pump 14 to three different
devices 181, 182, 183 which can be, for example, an internal combustion
engine which is liquid-cooled, a heat exchanger of an automotive heating
circuit, and another secondary device which needs to be cooled, for
example a cooled turbocharger or a heat exchanger of an exhaust

recirculation path.

The automotive coolant distributor 10 is of the rotor type and is provided
with a static distributor housing 12 defined by a metal distributor housing
body 13 which is substantially cylindrical in shape. The distributor housing
12 is provided with an axial distributor inlet 20 and three radial distributor
outlets 21, 22, 23 for the coolant liquid. The three radial distributor outlets
21, 22, 23 are fluidically connected with corresponding housing valve
openings 24, 25, 26 at the inner cylindrical surface 15 of the distributor
housing body 13.

Three separate and substantially cylindrical rotating elements are provided
with in the distributor housing 12, namely a rotatable and flexible plastic
valve element 30, a co-rotating metal valve support element 50 and a co-
rotating spring element 70 made out of a metal sheet.
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The valve element 30 is defined by a plastic valve element body 31 which
is provided with a separation 48 over the entire axial length of the valve
element body 31 so that the valve element body 31 radially can expand or
compress. The separation 48 is realized as a longitudinal slit which
extends over the entire longitudinal length of the valve element body 31.
The valve element 30 is pretensioned radially outwardly by the spring
element 70 so that the outside surface 32 of the valve element 30 is
always in sealing contact with the inside surface 15 of the distributor
housing body 13. The valve element 30 is completely open at both
longitudinal ends and is provided with three valve body openings 44, 45,
46 which interfere with the radial housing valve openings 24, 25, 26 in
different rotational opening positions of the valve element 30. In the valve
element position shown in figure 1, two distributor outlets 21, 22 are open
and the third distributor outlet 23 is closed because the corresponding two
valve body openings 44, 45 are radially in-line with the corresponding two
housing valve openings 24, 25, whereas the third valve body opening 46 is
radially not in-line with the corresponding third housing valve opening 26.
The valve element body 31 is provided with numerous radial protrusions
38 which extend radially invalidly from the cylindrical part of the plastic

valve element body 31.

The valve support element 50 is defined by a stiff metal valve support
element body 51 arranged radially inside the valve element 30. The valve
support element body 51 is completely cylindrical and is not provided with
a longitudinal slit. The valve support element body 51 is provided with
several protrusion openings 60 through which the radial protrusions 38
protrude radially inwardly. The protrusions 38 and the corresponding
protrusion openings 60 define a rotational coupling of the valve support
element 50 with the valve body 30. The valve support element 50 is
actuated by an actuator 16 which is, in the present embodiment, an
electric motor. The actuator 16 can rotate the valve support element 50
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and the co-rotating valve body 30 to selectively open and close the

distributor outlets 21, 22, 23 as required.

The valve element 30 is also provided with three opening necks 34, 35, 36
protruding radially inwardly from the opening edges of the valve element
openings 44, 45, 46. The opening necks 34, 35, 36 protrude through
corresponding openings 54, 55, 56 of the valve support element body 51.

The spring element 70 is defined by a spring element body 71 which is
made of a metal sheet spring material. The spring element 70 is provided
with a separation 72 over the entire axial length of the spring element
body 71 and is pretensioned radially outwardly. The separation 72 is
defined by a separation slit 74 which basically axially extends over the
entire axial length of the spring element body 71 but is not necessarily
completely orientated axially, as can be seen in figure 1. The spring
element 70 is provided with three radial spring element openings 74, 75,
76 which are always in-line with the corresponding valve element openings
44, 45, 46. The opening necks 34, 35, 36 also protrude through the
corresponding spring element openings 74, 75, 76 to thereby guarantee,
that the spring element 70 is always co-rotating with the valve element
30.

Figures 4 and 5 show a second embodiment of the automotive coolant
distributor 10" In this embodiment, the opening necks 35’ are protruding
through the corresponding opening 55 but are not protruding through the
spring element 70. The corresponding spring element opening 75’ has an
inner diameter which is similar or equal to the inner diameter of the
opening neck 35° so that the spring element 70 radially supports and
pushes the opening neck 35° radially outwardly. As a consequence, in

particular the sealing quality around the housing valve opening 25 is high.

The opening neck 35’ is provided with a lateral neck opening 81 opening
to an intermediate space 86 between the valve element 30 and the spring

element 70.
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Figures 6 show a third embodiment of the automotive coolant distributor
10” In this embodiment, no separate valve support element is provided.
The valve rotor is defined by the valve element 30" and the spring
element 70" The actuator directly actuates the valve element 30”.

Figure 7 shows a fourth embodiment of the automotive coolant distributor
10", The spring body 70 is integrated into the valve body 30". No
separate valve support element is provided. The valve body 30" is directly

actuated by the actuator.
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CLAIMS

An automotive coolant distributor (10) for selectively distributing a
coolant liquid to at least two coolant outlets (21,22,23), comprising

a distributor housing (12) with a coolant inlet (20) and the at least
two distributor outlets (21,22,23), and

a rotatable and flexible valve element (30) rotatably provided within
the distributor housing (12), wherein

the distributor housing (12) being provided with at least two
radial housing valve openings (24,25,26) corresponding with
the distributor outlets (21,22,23),

the valve element (30) being provided with at least two radial
valve element openings (44,45,46) which interfere with the
radial housing valve openings (24,25,26) in a rotational
opening position of the valve element (30),

the valve element (30) is provided with a separation (48) over
the entire axial length of the valve element (30), so that the
valve element (30) radially can expand or compress, and

the valve element (30) is pretensioned radially outwardly so
that the outside surface (32) of the valve element (30) is in
sealing contact with the inside surface (15) of the distributor
housing (12).

The automotive coolant distributor (10) of claim 1, wherein a
separate spring element (70) is provided, the spring element (70)
being provided co-rotatably with the valve element (30), being
pretensioned radially outwardly and being in radial contact with the

10
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valve element (30) to radially push the valve element (30) to the
outside against the inside surface (15) of the distributor housing
(12).

The automotive coolant distributor (10) of claim 2, wherein the

spring element (70) is a metal sheet spring.

The automotive coolant distributor (10) of claim of one of the
preceding claims, wherein the spring element (70) is provided with a
separation (72) over the entire axial length of the spring element
(70).

The automotive coolant distributor (10) of one of the preceding
claims, wherein the valve element (30) is made out of plastic.

The automotive coolant distributor (10) of one of the preceding
claims, wherein a separate stiff valve support element (50) is
provided which is stiffer than the valve element (30) and is co-

rotatably fixed to the valve element (30).

The automotive coolant distributor (10”) of one of the preceding
claims, wherein the spring element (70"} is integrated into the

valve element (307).

The automotive coolant distributor (10) of one of the preceding
claims 1 to 6, wherein the spring element (70) is provided
separately from the valve element (30) and is arranged radially

inwardly of the valve element (30).

11
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11.

12.

The automotive cooclant distributor (10) of claim 8, wherein the
spring element (50) and/or the valve element (30) are provided with
radial protrusions (38) to thereby provide numerous support points.

The automotive coolant distributor (10) of one of the preceding
claims, wherein the spring element (70) is provided with a radial
spring element opening (74,75,76) being in-line with the
corresponding valve element opening (44,45,46).

The automotive coolant distributor (10) of one of the preceding
claims, wherein the valve element (30) is provided with an opening
neck (34,35,36) at the opening edge of the valve element opening
(44,45,46), the neck (34,35,36) being orientated radially inwardly to
preferably define a support structure for the spring element (70)

and/or a circumferential tappet.

The automotive coolant distributor (10) of claim 11, wherein the
opening neck (34,35,36) is provided with a lateral neck opening (81)
opening to an intermediate space (86) between the valve element
(30) and the spring element (70).

12
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