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(57) Abstract: A multi-mode fluid control valve that has a housing with a fluid control cham-
ber having a first end wall with at least one passage and a second end wall with at least two
passages. There is also a puck positioned in the fluid control chamber that is rotatably con-
nected to a drive shaft at a drive shaft connection aperture in the puck. The puck has a first
side facing the first end wall of the flow control chamber. The puck has at least two passages
separated by divider walls. The puck further includes at least one flow diverter extending
between the first side of the puck to the second side of the puck. The flow diverter is adjacent
one of the two passages and is configured to divert fluid in the fluid control chamber toward
the passage that is adjacent the flow diverter.



[2]

[3]

[4]

[5]

WO 2022/164010 PCT/KR2021/018622

Description

Title of Invention: MULTI-MODE FLUID CONTROL VALVE

Technical Field

The present invention relates to a multi-mode fluid control valve implementing a
rotatable control puck.
Background Art

In the field of fluid control, customers will have certain requirements for a particular
application. Typically, the requirements for fluid medium valves must meet certain
criteria for sealing, pressure drop, friction, fluid channeling and size. All of these re-
quirements must be carefully customized to the application but unfortunately, the re-
quirements can contradict themselves in many aspects, thereby requiring a compromise
when selecting a valve. For example, often times more sealing means more friction,

providing a lower pressure drop requires a larger valve size, and so on.
Disclosure of Invention

Technical Problem
Therefore, there is a need to create a fluid control valve that has modular components

that can be selected based on the requirements of a particular application.

Solution to Problem

The present invention mainly focuses on the rotating component, referred to as the
"puck", of the present multi-mode fluid control valve. The puck component is made up
of any moldable or fabricated material and is used to redirect the fluid and also carry
the sealing components. The puck assembly includes multiple sub-components
sandwiched together to form the sealing interface. The puck assembly is connected to
an actuator and as it rotates, passages open and close to redirect fluid, while sealing
fluid from entering unwanted areas. Sealing materials are also selected to reduce
friction. This solution provides multi-mode fluid control valves that can be optimized
depending on application requirements that include, but are not limited to, friction,
leak rate, pressure drop and size. The solution provided by the present invention also
provides flexibility in channeling the fluid.

The driveshaft is typically connected to an actuator or a source of power that rotates
the puck. The puck is constructed of any fabricated material such as injection molded
polymer, cast/machined aluminum, pressed metal etc. and has incorporated channels
that direct the fluid in different directions. On either side of the puck axial surfaces are
lined with a low friction element (moving ceramic discs for instance) or highly
polished surface. This enables the valve to both seal well while maintaining low

friction.
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The present invention is directed to a multi-mode fluid control valve that has a
housing with a fluid control chamber. The fluid control chamber has a first side with a
first end wall and a second side with a second end wall. The first side has at least one
port connected to the fluid control chamber and the second side has at least two ports
connected to the fluid control chamber. A drive shaft extends at least partially into the
fluid control chamber. There is also a puck positioned in the fluid control chamber and
is rotatably connected to the drive shaft at a drive shaft connection aperture in the
puck. The puck has a first side facing the first end wall of the flow control chamber.
The puck has at least two passages separated by divider walls. The puck further
includes at least one flow diverter extending between the first side of the puck to the
second side of the puck. The flow diverter is adjacent one of the two passages and is
configured to divert fluid in the fluid control chamber toward the passage that is

adjacent the flow diverter.
The formed puck has the geometry flexibility to be adapted to specific applications

which required certain flow paths between external ports. Each puck will be unique to
the application and adaptation to the covers with hold the ports.
Brief Description of Drawings

The present invention will become more fully understood from the detailed de-
scription and the accompanying drawings, wherein:

Fig. 1A is an exploded side perspective view of a multi-mode fluid control valve
according to a first embodiment of the present invention.

Fig. 1B is a cross-sectional exploded side perspective view of a multi-mode fluid
control valve according to a first embodiment of the present invention.

Fig. 2A is a perspective view of a first side a puck used in the multi-mode fluid
control valve according to the present invention.

Fig. 2B is a perspective view of a second side a puck used in the multi-mode fluid
control valve according to the present invention.

Fig. 3A is an exploded perspective view of the first side of a puck assembly used in
the multi-mode fluid control valve.

Fig. 3B is an exploded perspective view of the second side of a puck assembly used
in the multi-mode fluid control valve.

Fig. 4A is an exploded side perspective view of the puck assembly with mating
components used in the multi-mode fluid control valve according to the first em-
bodiment of the present invention.

Fig. 4B a side perspective view of the puck assembly with mating components used
in the multi-mode fluid control valve according to the first embodiment of the present

invention.
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[17] Fig. 5 is a schematic elevational view of the multi-mode fluid control valve operating
in a first mode.

[18] Fig. 6 is a schematic elevational view of the multi-mode fluid control valve operating
in a second mode.

[19] Fig. 7 is a schematic elevational view of the multi-mode fluid control valve operating
in a third mode.

[20] Fig. 8 is a schematic elevational view of the multi-mode fluid control valve operating
in a fourth mode.

[21] Fig. 9A is an end perspective view of a first side of the valve housing.

[22] Fig. 9B is an end plan view of the first side of the valve housing.

[23] Fig. 9C is an end perspective view of a second side of the valve housing.

[24] Fig. 9D is an end plan view of the second side of the valve housing.

Best Mode for Carrying out the Invention

[25] The following description of the preferred embodiments are merely exemplary in
nature and is in no way intended to limit the invention, its application, or uses.

[26] Referring now to Figs. 1-4 a multi-mode fluid control valve 10 is shown and
described. The multi-mode fluid control valve 10 includes a housing 12 which in the
present embodiment of the invention is a two piece housing having a lower cover 11A
and an upper cover 11B. When assembled the housing 12 forms a fluid control
chamber having a first side 14A.

[27] Referring also to Figs. 9A-9D greater details of the first side 14A of the lower cover

11A of the housing 12 and the second side 14B of the upper cover 11B of the housing
12 are shown and described. The terms "lower" and "upper" are used to describe the
relationship of the covers on Figs. 1A and 1B and are not intended to be limiting to the
orientation of the multi-mode fluid control valve 10. Stated another way, the multi-
mode fluid control valve 10 could be operated in any orientation. Connected to the first
side 14A of the fluid control chamber is a first port 22A, second port 22B and a fifth
port 22C, which all pass through the housing and connect to the first side 14A of the
fluid control chamber. While three ports are shown connected to the first side 14A, it is
within the scope of the invention for a greater or lesser number of ports to be im-
plemented. On the surface of the end wall 16 is a first pocket 25A formed where the
first port 22A enters the fluid control chamber, a second pocket 25B formed where the
second port 22B enters the fluid control chamber, a fifth pocket 25C formed where the
fifth port 22C enters the fluid control chamber. Additionally, there is a first closed
pocket 25D and second closed pocket 25E that are in areas of the end wall 16 where no
ports are connected. The first closed pocket 25D and second closed pocket 25E

function to achieve the different modes of operation by only permitting fluid flow
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between desired pockets, which will be described in greater detail below. The first side
14A further includes divider walls 23 A, 23B, 23C, 23D that extend between a circum-
ferential flange 21 formed on the inside surface of the first side 14A of the housing 12
and a circumferential divider wall 23E that bisects the divider walls 23A, 23B, 23C,
23D. The divider walls 23A, 23B, 23C, 23D and the circumferential divider wall 23E
separate the different pockets to control fluid flow between pockets depending on the
position of a puck 24 (described below).

Connected to the second side 14B of the fluid control chamber is a third port 20A,
and fourth port 20B, which all pass through the housing and connect to the second side
14B of the fluid control chamber. While two ports are shown connected to the second
side 14B, it is within the scope of the invention for a greater or lesser number of ports
to be implemented. On the surface of the end wall 18 is a first pocket 27A formed
where the fourth port 20B enters the fluid control chamber, a second pocket 27B
formed where the third port 20A enters the fluid control chamber. Additionally, a
closed pocket 27C that are in areas of the end wall 18 where no ports are connected.
The closed pocket 27C functions to achieve the different modes of operation by only
permitting fluid flow between desired pockets, which will be described in greater detail
below. The second side 14B further includes divider walls 29A, 29B, 29C that extend
between a circumferential flange 31 formed on the inside surface of the first side 14A
of the housing 12 and a circumferential divider wall 29D that bisects the divider walls
29A, 29B, 29C. The divider walls 29A, 29B, 29C and the circumferential divider wall
29D separate the different pockets to control fluid flow between pockets depending on
the position of a puck 24 (described below).

Referring now to Figs.1A, 1B, 2A and 2B the details of the puck 24 are now shown
and described. The puck 24 is positioned in the fluid control chamber and has a first
side 26 facing the first end wall 16 of the fluid control chamber and a second side 28
facing the second end wall 18 of the fluid control chamber. The puck 24 is formed of
any fabricated material, including but limited to injection molded polymer, case or
machine molded aluminum, pressed metal, etc. The puck 24 has at least two passages
30A, 30B with flow diverters 32A, 32B that are adjacent a respective passage 30A,
30B. The flow diverters 32A, 32B extend from the first side 26 of the puck 24 to the
second side 28 of the puck 24.

As shown best in Fig. 2B each flow diverter 32A, 32B has a stop surface 36A, 36B,
which in the present embodiment of the invention is located at the first side 26 of the
puck 24 and can completely block flow of fluid through one or both of the first port
22A, second port 22B or fifth port 22C, described in greater detail below. As shown
best in Fig. 2A, each flow diverter 32A, 32B also has a respective flow transition
surface 38A, 38B that diverts fluid flow to or from the passages 30A, 30B respectively.
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The flow transition surface 38A, 38B has a sloped or angled surface that slopes
between the first side 26 to the second side 28 of the puck 24. The stop surface 36A,
36B and shape of each flow transition surface 38A, 38B can vary depending on a
particular application. For example, the stop surface 36A, 36B could be positioned at
the second side 28 of the puck instead of the first side 26, or they could be arranged in
an alternating manner. It is also within the scope of the invention for there to be more
than two stop surfaces and flow transition surfaces. Additionally, it is within the scope
of this invention for the flow transition surface 38A, 38B to have a different shape
depending on the need of a particular application. The flow transition surface can have
a different shape, angle, and differ from one another. Additionally, there can be more
than two flow transition surfaces and passages in the puck depending on the number of
ports and desired modes of operation of the valve. Further provided is at least two
divider walls 34A, 34B separating the at least two passages 30A, 30B and the flow
diverters 32A, 32B. It is within the scope of this invention to have a greater or lesser
number of dividers depending on a particular application.

During operation, the puck 24 is configured to rotate within the fluid control chamber
to control the flow of fluid between the ports 20A, 20B, 22A, 22B, 22C. The rotation
of the puck 24 is provide by a connection with a drive shaft 40 that extends at least
partially into the fluid control chamber. The puck 24 includes a drive shaft connection
aperture 42 to which the drive shaft 40 extends through and connects the puck 24 to the
drive shaft 40. Rotation of the drive shaft 40 causes movement or rotation of the puck
24. To facilitate the transfer of rotational force between the drive shaft 40 and the puck
24, the drive shaft 40 has a fluted outer surface portion that connects with a mated
fluted inner surface portion of the drive shaft connection aperture 42. The fluted shape
helps to align or key the drive shaft 40 to the puck 24.

Referring now to Figs. 3A, 3B, 4A, 4B the details of a puck assembly 44 and mating
components 46A, 46B are shown (whole assembly is shown in Figs. 4A and 4B). The
puck assembly 44 includes a first moving friction disk 48A connected to and rotatably
with the first side 26 of the puck 24, between the first side 26 of the puck 24 and the
first end wall 16 of the fluid control chamber. The first moving friction disk 48A
prevents friction as the puck 24 rotates in the fluid control chamber. There is also a
second moving friction disk 48B connected to and rotatable with the second side 28 of
the puck 24, between the second side of the puck 24 and the second end wall 18 of the
fluid control chamber. The second moving friction disk 48B prevents friction as the
puck 24 rotates in the fluid control chamber. The first moving friction disk 48A and
second moving friction disk 48B are connected to the puck 24 using different con-
nections based on the need of a particular application. For example, adhesives,

welding, over molding or other suitable connection methods can be used as long as the
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friction disks are secured to and rotate with the puck 24. The first moving friction disk
48A and second moving friction disk 48B are formed of any type of friction reducing
material such as, but not limited to ceramic or some other type of material. Alter-
natively, there is a coating or polished surface on the puck 24 that replaces the first
moving friction disk 48A or second moving friction disk 48B.

Connected within the fluid control chamber is a first stationary friction disk 5S0A and
second stationary friction disk 50B that are connected to the respective first side 14A
and second side 14B of the housing. The first stationary friction disk S0A and second
stationary friction disk 5S0B are secured to the housing 12 using different connections
based on the need of a particular application. For example, adhesives, welding, over
molding or other suitable connection methods can be used as long as the first stationary
friction disk 5S0A and second stationary friction disk S0B are secured and do not rotate
within the housing 12. The first stationary friction disk SOA and second stationary
friction disk 50B are formed of any type of friction reducing material, such as but not
limited to ceramic or some other type of material. Between the first side 14A and the
first stationary disk 50A is a stationary seal 52A, and the second side 14B and the
second stationary friction disk 50B is a stationary seal 52B. The stationary seals 52A,
52B, which help to provide a fluid seal between the respective first stationary disk 50A
and the first side 14A of the housing 12; and the respective second stationary disk SOB
and the second side 14B of the housing 12. The first stationary disk SOA and first
stationary seal 52A are shaped to align with and rest on the circumferential flange 21,
divider walls 23A,23B,23C,23D and circumferential divider wall 23E. The second
stationary disk 50B and second stationary seal 52B are shaped to align with and rest on
the circumferential flange 31, divider walls 29A,29B,29C,29D and circumferential
divider wall 29E.

Referring now to Figs. 5-8 the method of operation of the multi-mode fluid control
valve 10 will now be described. For all of the different methods shown the different
ports 20A, 20B, 22A, 22B, 22C are described as being ON with a fluid communication
path or OFF with no fluid communication between the port that is OFF and any other
ports connected to the fluid control chamber. The direction of flow through the multi-
mode fluid control valve 10 is not described, because the flow of fluid between ports
that are ON can be any combination or direction depending on the actual application of
the multi-mode fluid control valve 10. Also it is within the scope of this invention for
there to be a greater or lesser number of ports depending on a particular application.

Fig. 5 depicts the multi-mode fluid control valve 10 operating in a first mode 100.
When in the first mode 100 the puck 24 is rotated in the housing 12 to the position
shown on a schematic puck 124 that is representative of a plan end view of the puck 24

when viewed from the top side of puck 24 within the housing 12 shown in Fig. 5. The
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position of the schematic puck 124 corresponds to the position of the puck 24 within
the fluid control chamber. When in the first mode 100, the first port 22A, the second
port 22B and the fourth port 20B are ON so that there is a fluid communication path
123 schematically represented, between the fluid control chamber, the first port 22A,
the second port 22B and the fourth port 20B. The third port 20A and fifth port 22C are
OFF and there is no fluid communication with other ports connected to the fluid
control chamber.

Referring now to Figs. 2A, 2B and 5, in the first mode 100 the puck 24 (also rep-
resented by the schematic puck 124) is positioned so that flow deflector 32B is
adjacent the first pocket 25A of the first side 14A of the housing 12 and deflects fluid
to and from the first pocket 25A, which is also connected to the first port 22A, across
the flow deflector 32B to the passage 30B. The passage 30B is open and positioned
between second pocket 25B and first pocket 27A of the second side 14B of the housing
12, thereby allowing fluid to flow vertically between the second port 22B and fourth
port 20B. The stop surface 36A and stop surface 36B blocks the second pocket 27B
and to render the third port 20A OFF. Also, the passage 30A is positioned between the
closed pocket 27C first closed pocket 25D of the first side 14A of the housing, which
isolates the fifth port 22C rendering it OFF.

Fig. 6 depicts the multi-mode fluid control valve 10 operating in a second mode 200,
which happens when the schematic puck 124, and puck 24 are rotated ninety degrees
clockwise relative to the position of the schematic puck 124 in the first mode 100.
When in the second mode 200 the puck 24 is rotated in the housing 12 to the position
shown on a schematic puck 124 that is representative of a plan end view of the puck 24
when viewed from the top side of puck 24 within the housing 12 shown in Fig. 6. The
position of the schematic puck 12 corresponds to the position of the puck 24 within the
fluid control chamber. When in the second mode 200 there are two separate fluid com-
munication paths 223A, 223B. The first port 22A and the third port 20A are on and
define the fluid communication path 223A that is schematically represented, between
the fluid control chamber, the first port 22A, the third port 20A. The second port 22B
and the fourth port 20B are on and define the fluid communication path 223B that is
schematically represented, between the fluid control chamber, the second port 22B and
the fourth port 20B. The fifth port 22C is OFF and is not in fluid communication with
any other port connected to the fluid control chamber.

Referring now to Figs. 2A, 2B and 6, in the second mode 200 the puck 24 (also rep-
resented by the schematic puck 124) is positioned so that passage 30B is adjacent and
between first pocket 25A, second pocket 27B allowing fluid communication path 223A
between first port 22A and third port 20A. Passage 30A is adjacent and between
second pocket 25B and first passage 27A allowing fluid communication path 223B
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between second port 22B and fourth port 20B. Stop surface 36A blocks closed pocket
27C and renders the fifth port 22C OFF.

Fig. 7 depicts the multi-mode fluid control valve 10 operating in a third mode 300,
which happens when the schematic puck 124, and puck 24 are rotated ninety degrees
clockwise relative to the position of the schematic puck 124 in the second mode 200.
When in the third mode 300 the puck 24 is rotated in the housing 12 to the position
shown on a schematic puck 124 that is representative of a plan end view of the puck 24
when viewed from the top side of puck 24 within the housing 12 shown in Fig. 7. The
position of the schematic puck 12 corresponds to the position of the puck 24 within the
fluid control chamber. When in the third mode 300 there is a fluid communication path
323. The first port 22A, second port 22B and the third port 20A are ON and define the
fluid communication path 323 that is schematically represented, between the fluid
control chamber, the first port 22A, second port 22B and the third port 20A. The fourth
port 20B and the fifth port 22C are OFF and are not in fluid communication with any
other port connected to the fluid control chamber.

Referring now to Figs. 2A, 2B and 7, in the third mode 300 the puck 24 (also rep-
resented by the schematic puck 124) is positioned so that flow deflector 32A is
adjacent the second pocket 25B of the first side 14A of the housing 12 and deflects
fluid to and from the second pocket 25B, which is also connected to the second port
22B, across the flow deflector 32A to the passage 30A. The passage 30A is open and
positioned between first pocket 25A and second pocket 27B of the second side 14B of
the housing 12, thereby allowing fluid to flow vertically between the first port 22A and
the third port 22A. The stop surface 36A blocks the first pocket 27A on the second side
14B of the housing and renders the fourth port 20B OFF. Stop surface 36B blocks the
closed pocket 27C and renders the fifth port 22C OFF.

Fig. 8 depicts the multi-mode fluid control valve 10 operating in a fourth mode 400,
which happens when the schematic puck 124, and puck 24 are rotated ninety degrees
clockwise relative to the position of the schematic puck 124 in the third mode 300.
When in the fourth mode 400 the puck 24 is rotated in the housing 12 to the position
shown on a schematic puck 124 that is representative of a plan end view of the puck 24
when viewed from the top side of puck 24 within the housing 12 shown in Fig. 8. The
position of the schematic puck 12 corresponds to the position of the puck 24 within the
fluid control chamber. When in the fourth mode 400 there are two separate fluid com-
munication paths 423A, 423B. The second port 22B and fifth port 22C are ON and
define the fluid communication path 423B that is schematically represented, between
the fluid control chamber, the second port 22B and the fifth port 22C. The first port
22A and third port 20A are ON and define the fluid communication path 423A that is

schematically represented, between the fluid control chamber, the first port 22A and
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third port 20A. The fourth port 20B is OFF and is not in fluid communication with any
other port connected to the fluid control chamber.

Referring now to Figs. 2A, 2B and 8§, in the fourth mode 400 the puck 24 (also rep-
resented by the schematic puck 124) is positioned so that flow deflector 32A is
adjacent the first pocket 25A of the first side 14A of the housing 12 and deflects fluid
to and from the first pocket 25A, which is also connected to the first port 22A, across
the flow deflector 32A to the passage 30A, where fluid then enters the second pocket
27B and creates the fluid communication pathway 423A between the first port 22A
and the third port 20A. The flow deflector 32B is positioned adjacent the second
pocket 25B of the first side 14A of the housing so that there is fluid communication
between the second pocket 22B that flows across the flow deflector 32B to the passage
30B. The passage 30B is open to the closed pocket 27C that allows fluid commu-
nication to the fifth port 22C creating a fluid communication pathway 423B between
through the center of the puck 24 between the second port 22B and fifth port 23C. The
stop surface 36B blocks the first pocket 27A and renders the fourth port 20B OFF.

The description of the invention is merely exemplary in nature and, thus, variations
that do not depart from the gist of the invention are intended to be within the scope of
the invention. Such variations are not to be regarded as a departure from the spirit and

scope of the invention.
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Claims

A multi-mode fluid control valve comprising:

a housing with a fluid control chamber having a first side with a first
end wall and a second side with a second end wall, where the first side
has at least one port connected to the fluid control chamber and the
second side has at least two ports connected to the fluid control
chamber;

a drive shaft extending at least partially into the fluid control chamber;
a puck positioned in the fluid control chamber, wherein the puck has a
first side facing the first end wall of the fluid control chamber and a
second side facing the second end wall of the fluid control chamber,
wherein the puck has at least two passages extending from the first side
of the puck to the second side of the puck, with each of the two
passages respectively having a flow diverter adjacent each of the at
least two passages, wherein each flow diverter extends between the first
side of the puck to the second side of the puck, and

a drive shaft connection aperture formed on the puck for connecting the
puck to the drive shaft, wherein movement of the drive shaft causes
movement of the puck.

The multi-mode fluid control valve of claim 1 wherein the puck further
includes at least two stop surfaces on the second side of the puck, each
one of the at least two stop surfaces is adjacent a respective one of the
at least two passages.

The multi-mode fluid control valve of claim 2 further comprising at
least one divider wall separating the at least two passages and the flow
diverter adjacent the respective one of the at least two passages.

The multi-mode fluid control valve of claim 1 wherein the drive shaft
rotates the drive shaft and rotates the puck to two or more prede-
termined positions.

The multi-mode fluid control valve of claim 1 wherein the first end
wall has a pocket formed thereon that is connected to the at least one
port and the second end wall has a pocket formed thereon that is
connected to each of the at least two ports.

The multi-mode fluid control valve of claim 5 wherein the first end
wall further includes at least one closed pocket formed thereon.

The multi-mode fluid control valve of claim 1 further comprising:

a first moving friction disk connected to the first side of the puck
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between the first side of the puck and the first end wall of the fluid
control chamber, wherein the first moving friction disk prevents
friction between the puck and the fluid control chamber;

a second moving friction disk connected to the second side of the puck
between the second side of the puck and the second end wall of the
fluid control chamber, wherein the second moving friction disk
prevents friction between the puck and the fluid control chamber.

The multi-mode fluid control valve of claim 1 wherein each flow
diverter includes a respective flow transition surface that diverts fluid
flow to and from the respective one of the at least two passages,
wherein the flow transition surface has a sloped surface that slopes
between the first side to the second side of the puck.

A multi-mode fluid control valve comprising:

a housing with a fluid control chamber having a first side with a first
end wall and a second side with a second end wall;

a first port extending through the housing into the first side of the fluid
control chamber;

a second port extending through the housing into the first side of the
fluid control chamber;

a third port extending through the housing into the second side of the
fluid control chamber;

a fourth port extending through the housing into the second side of the
fluid control chamber;

a fifth port extending through the housing into the first side of the fluid
control chamber;

a drive shaft extending at least partially into the fluid control chamber;
a puck positioned in the fluid control chamber, wherein the puck has a
first side facing the first end wall of the fluid control chamber and a
second side facing the second end wall of the fluid control chamber,
wherein the puck has a first passage extending from the first side of the
puck to the second side of the puck, a second passage extending form
the first side of the puck to the second side of the puck, a first flow
diverter adjacent the first passage and a second flow diverter adjacent
the second passage, wherein the first flow diverter and the second flow
diverter extend between the first side of the puck to the second side of
the puck; and

a drive shaft connection aperture formed on the puck for connecting the

puck to the drive shaft, wherein movement of the drive shaft causes



WO 2022/164010

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]

[Claim 15]

[Claim 16]

12

PCT/KR2021/018622

movement of the puck.

The multi-mode fluid control valve of claim 9 wherein the puck further
includes a first stop surface on the second side of the puck adjacent the
first passage and a second stop on the second side of the puck adjacent
the second passage.

The multi-mode fluid control valve of claim 9 further comprising at
least one divider wall separating the first passage and first flow diverter
from the second passage and the second flow diverter.

The multi-mode fluid control valve of claim 9 wherein the drive shaft
rotates the drive shaft and rotates the puck to two or more prede-
termined positions.

The multi-mode fluid control valve of claim 9 further comprising:

a first pocket formed on the first end wall where the first port enters the
first side of the housing;

a second pocket formed on the first end wall where the second port
enters the first side of the housing;

a third pocket formed on the second end wall where the third port
enters the second side of the housing;

a fourth pocket formed on the second end wall where the fourth port
enters the second side of the housing, and

a fifth pocket formed on the first end wall where the fifth port enters
the first side of the housing.

The multi-mode fluid control valve of claim 13 further comprising a
first closed pocket and a second closed pocket formed on the second
end wall of the second side of the housing.

The multi-mode fluid control valve of claim 9 further comprising:

a first moving friction disk connected to the first side of the puck
between the first side of the puck and the first end wall of the fluid
control chamber, wherein the first moving friction disk prevents
friction between the puck and the fluid control chamber;

a second moving friction disk connected to the second side of the puck
between the second side of the puck and the second end wall of the
fluid control chamber, wherein the second moving friction disk
prevents friction between the puck and the fluid control chamber.

The multi-mode fluid control valve of claim 9 wherein the first flow
diverter and the second flow diverter each include a flow transition
surface that diverts fluid flow to and from the respective first passage

and second passage, wherein the flow transition surface has a sloped
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surface that slopes between the first side to the second side of the puck.
A method of operating a multi-mode fluid control valve comprising the
steps of:

providing a housing having a fluid control chamber with a first port, a
second port, a third port and a fourth port each connected to the fluid
control chamber and extending through the housing;

providing a puck rotatably positioned within the fluid chamber adjacent
the first port, the second port, the third port, and the fourth port,
wherein the puck has a first side and a second side, and at least two
passages extending from the first side to the second side of the puck
and each respective one of the at least two passages has a flow diverter
adjacent each respective one of the at least two passages, wherein the
flow diverter extends between the first side of the puck to the second
side of the puck, the puck further includes at least two stop surfaces on
the second side of the puck, each one of the at least two stop surfaces is
adjacent a respective one of the at least two passages and at least one
divider wall separating the at least two passages and the adjacent flow
diverter;

rotating the puck within the control chamber to a first mode position,
wherein the first port, the second port and the fourth port are ON so that
there is fluid communication between the fluid control chamber, the
first port, the second port and the fourth port, and the third port is OFF
so there is no fluid communication between the fluid control chamber
and the third port;

rotating the puck within the control chamber to a second mode position,
wherein the first port and third port are ON so that there is fluid com-
munication between the fluid control chamber, the first port, the second
port and the second port and the fourth port are ON so that there is fluid
communication between the fluid control chamber, the second port and
the fourth port independent from the fluid communication between the
first port, the third port and the fluid control chamber; and

rotating the puck within the control chamber to a third mode position,
wherein the first port, the second port and the third port are ON so that
there is fluid communication between the fluid control chamber, the
first port, the second port and the third port, and the fourth port is OFF
so that there is no fluid communication between the fluid control
chamber and the fourth port.

The method of claim 17 further comprising the steps of:
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providing a fifth port in the connected to the fluid control chamber; and
rotating the puck within the control chamber to a fourth mode position,
wherein the first port, the second port and the fourth port are ON so that
there is fluid communication between the fluid control chamber, the
first port, the second port and the fourth port, wherein the third port
OFF so that there is no fluid communication between the fluid control
chamber and the third port.

The method of the claim 18 wherein when the puck is in any one of the
first mode, the second mode and the third mode the fifth port is OFF so
that there is no fluid communication between the fluid control chamber
and the fifth port.

The method of claim 18 wherein the first mode position further
includes at least one of the two passages of the puck positioned in the
fluid chamber between the second port and the fourth port, while the
adjacent flow diverter provides fluid communication with the first port
and one of the at least two stop surfaces blocks fluid communication
with the third port.
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