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MULTI-PORT VALVE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority pur-
suant to 35 U.S.C. §119(e) of U.S. provisional application
No. 61/219,705 filed 23 Jun. 2009 entitled “Multi-port valve,”
and is a continuation-in-part of U.S. design patent application
No.29/339,063 filed 23 Jun. 2009 entitled “Multi-port valve,”
each of which is hereby incorporated herein by reference in its
entirety.

BACKGROUND

[0002] A typical valve with more than two ports consists of
a passageway formed through a rotating bushing connecting
one port to another. The rotating bushing within the valve also
acts as the seal to prevent leakage between other ports. How-
ever when it is desired to have fluid media pass to more than
two ports, typical designs provide a rotating bushing with
several passageways therethrough to meet this need. Typical
low pressure or low volume stop cock or plug valve designs
consist of a press fit bushing or plug housed inside a molded
body with two to four fluid entry or exit ports. Lubricants are
infrequently used, but sometimes are required to aid in ease of
rotation of the plug. In some applications fluid media passing
through the stop cock cannot be contaminated by lubricants
or other external fluids. However many current designs for
such multiple port plugs cannot be used for such an applica-
tion due to the high force required to rotate the plug.

[0003] The information included in this Background sec-
tion of the specification, including any references cited herein
and any description or discussion thereof, is included for
technical reference purposes only and is not to be regarded
subject matter by which the scope of the invention is to be
bound.

SUMMARY

[0004] A new design for a multi-port valve is disclosed
herein. The valve is composed of two primary components, a
valve body and a directional. In one implementation, the
valve body is a short-walled, annular cylinder formed of a
co-polymer or other suitable plastic material. Two, three,
four, or more inlet or outlet ports may extend either radially,
tangentially, or as an outward projection of a cord of the
cylinder from an external sidewall of the cylinder. A second
elastomer or rubber material is molded within a center bore of
the hollow cylinder and is affixed to the interior sidewalls of
the cylinder. The rubber or elastomer may be molded within
the cylinder to form the valve body. During the molding
process, apertures may be formed in the elastomer overmold
to coincide with apertures in the interior sidewall of the cyl-
inder body forming a valve. The apertures are the interior
openings of the lumens formed within the inlet and outlet
ports.

[0005] The directional is a cylindrical component that
rotates within the valve body. The directional may be driven
by a shaft attached to a motor or it may be driven manually by
a handle or lever attached to a shaft. The shaft fits through a
center opening of the directional that is a receptacle for the
shaft.

[0006] A channel is formed within the outer circumferen-
tial surface of the directional. The channel wraps around a
portion of the outer surface of the directional in a pattern
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designed to connect two or more of the inlet and outlet ports
with each other in different combinations. As the directional
is rotated within the valve body, the channel aligns with the
apertures in the elastomer seal corresponding to the lumens of
the ports to allow the flow of fluid media between two or more
ports simultaneously. The elastomer overmold on the valve
body provides a seal interface between the valve body and the
directional that prevents the fluid media from escaping from
or leaking out of the valve assembly.

[0007] This Summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter. A more extensive
presentation of features, details, utilities, and advantages of
the present invention is provided in the following written
description of various embodiments of the invention, illus-
trated in the accompanying drawings, and defined in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG.1 is an isometric view of an implementation of
a multi-port valve.

[0009] FIG. 2 is a front isometric view of a directional
component of the multi-port valve of FIG. 1.

[0010] FIG. 3 is a side isometric view of the directional
structure in the multi-port valve of FIG. 1.

[0011] FIG. 4 is an alternate side isometric view of the
directional structure showing a back face of the directional.
[0012] FIG. 5 is an isometric view of a valve body of the
multi-port valve of FIG. 1.

[0013] FIG. 6 is a cross-section view of the valve body of
FIG. 5 taken along the line 6-6 as shown in FIG. 5.

[0014] FIG. 7A is a partial cross-section view of the multi-
port valve of FIG. 1 depicting the valve body in cross-section
to reveal the position of the channel in the directional. The
directional is in a first position and the second port and the
third port are in fluid communication.

[0015] FIG. 7B is a partial cross-section view of the multi-
port valve of FIG. 1 depicting the valve body in cross-section
to reveal the position of the channel in the directional. The
directional is in a second position and the second port, the
third port, and the fourth port are in fluid communication.
[0016] FIG. 7C is a partial cross-section view of the multi-
port valve of FIG. 1 depicting the valve body in cross-section
to reveal the position of the channel in the directional. The
directional is in a third position and the third port and the
fourth port are in fluid communication.

[0017] FIG. 7D is a partial cross-section view of the multi-
port valve of FIG. 1 depicting the valve body in cross-section
to reveal the position of the channel in the directional. The
directional is in a fourth position and the second port and the
fourth port are in fluid communication.

[0018] FIG. 7E is a partial cross-section view of the multi-
port valve of FIG. 1 depicting the valve body in cross-section
to reveal the position of the channel in the directional. The
directional is in a fifth position and the first port and the third
port are in fluid communication.

[0019] FIG. 7F is a partial cross-section view of the multi-
port valve of FIG. 1 depicting the valve body in cross-section
to reveal the position of the channel in the directional. The
directional is in a sixth position and the first port and the
fourth port are in fluid communication.
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[0020] FIG. 7G is a partial cross-section view of the multi-
port valve of FIG. 1 depicting the valve body in cross-section
to reveal the position of the channel in the directional. The
directional is in a seventh position and the first port and the
second port are in fluid communication.

[0021] FIG. 8 is an isometric view of an implementation of
a multi-port manifold valve.

[0022] FIG. 9 is an exploded view of the multi-port mani-
fold valve of FIG. 8.

[0023] FIG. 10A is a top plan view of the multi-port mani-
fold valve in the off position.

[0024] FIG. 10B is a cross-section view of the directional
similar to FIG. 11B, but in the off position wherein all the
ports are disconnected from the inlet.

[0025] FIG. 11A is a top plan view of the multi-port mani-
fold valve in a second position.

[0026] FIG. 11B is a cross-section view of the directional
taken along line 11B-11B in FIG. 8 in the second position
wherein the first port is open.

[0027] FIG.12A is atop plan view of the multi-port mani-
fold valve in a third position.

[0028] FIG. 12B is cross-section view of the directional
similar to FIG. 11B, but in the third position wherein all the
ports are open.

[0029] FIGS. 13A and 13B are isometric views of a second
implementation of the directional for the multi-port manifold
illustrated in FIG. 8.

[0030] FIG. 14 is an isometric view of a second implemen-
tation of a multi-port manifold valve.

[0031] FIG. 15 is an exploded view of the multi-port mani-
fold valve of FIG. 14.

[0032] FIG. 15A is an isometric view of a second imple-
mentation of the knob for the multi-port manifold illustrated
in FIG. 15 in which the rotator structure is formed integrally
with the knob.

[0033] FIG. 16 is a cross-section view of the multi-port
manifold valve of FIG. 14 taken along line 16-16 as shown in
FIG. 14. The directional is in a first position and the first,
second, and third ports are in fluid communication with the
inlet.

[0034] FIG. 17 is a cross-section view of the multi-port
manifold valve similar to FIG. 16, except that the directional
is in a second position and all of the ports are in fluid com-
munication with the inlet.

[0035] FIG. 18 is a cross-section view of the multi-port
manifold valve similar to FIG. 16 except that the directional is
in a third position and the fourth, fifth, sixth, and seventh ports
are in fluid communication with the inlet.

DETAILED DESCRIPTION

[0036] FIG. 1 depicts an implementation of a multi-port
valve 2 for selectively changing the fluid flow between com-
binations of two or more ports. The multi-port valve 2 is
composed of two major components: a valve body 4 and a
directional 6. The valve body 4 is likewise composed of two
primary components: a valve hull 8 and an elastomeric seal
10. The structure of the directional 6 is presented in greater
detail in FIGS. 2-4 and the structure of the valve body 4 is
provided in greater detail in FIGS. 5 and 6.

[0037] Inthis implementation of the multi-port valve 2, the
valve body 4 is formed with four inlet or outlet ports 12a-12d
projecting from an exterior wall of the valve body 4. Further,
the central structure of the valve hull 8 is formed as a hollow
cylinder with an outer diameter greater than the thickness of
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the cylinder. The elastomeric seal 10 is formed against an
inner sidewall 36 (see FIG. 5) of the valve body 4. The
elastomeric seal 10 is formed as a ring within the valve hull 8.
The directional 6 is axially centered in the cavity defined by
the interior wall 36 of the elastomeric seal 10. The directional
6 seats axially within the aperture in the elastomeric seal 10
and against the interior sidewall 36 of the elastomeric seal 10.
The inner face between the elastomeric seal 10 and the direc-
tional 6 forms a fluid tight seal.

[0038] A moredetailed presentation of the features forming
the directional 6 is depicted in FIGS. 2, 3, and 4. As shown in
this exemplary implementation, the directional 6 is formed as
a wheel-like structure with a smooth engagement sealing
surface 28 and a narrow sidewall 29. A shaft receptacle 24 is
axially centered within the aperture of the directional 6. The
shaft receptacle 24 may be formed as any regular or irregular
shape for the reception of a shaft (not shown) to rotate the
directional 6 when mounted within the valve body 4. The
shaft receptacle 24 in the figures is shaped as a square bore for
acceptance of a complementary keyed shaft. Shafts for use
with the multi-port valve 2 may be motor-driven under a
control system or alternately formed with an external lever or
handle for turning the directional 6 within the valve body 4
manually.

[0039] The shaft receptacle 24 may be centered axially
within the directional 6 and held in place by a number of
radial spokes 26 in a web-like structure extending from the
exterior walls of the shaft receptacle 24 and attaching to an
interior sidewall of the directional 6. The shaft receptacle 24
is shown in this embodiment as square, but it may be trian-
gular, hexagonal, octagonal, elliptical, knurled, fluted, or any
other keyed shape to interface with shaft receptacle 24 of a
complementary shape and rotate the directional 6 within the
valve hull 8. The shaft receptacle 24 may alternately be cir-
cular and sized to create a friction fit with a shaft of otherwise
be affixed thereto.

[0040] A fluid channel 30 is formed within a circumferen-
tial sealing surface 28 of the directional 6. The fluid channel
30 is formed as a recess within the circumferential sidewall
28. In this embodiment, the fluid channel 30 is a single,
continuous channel that is formed across approximately half
of the circumference of the directional 6. The depth of the
fluid channel 30 may extend radially beyond a thickness of
the sidewall forming the circumferential sealing surface 28 of
the directional 6 such that an outer surface of the fluid channel
30 intersects with the spokes 26. Whereas the shaft receptacle
24 daylights to both the front and back face of the directional
6, a web (not visible in the figures) transverse to the width of
the spokes 26 may operate as a wall in the area of the spokes
26 between the front and back face of the directional 6.

[0041] In the implementation in the figures, the fluid chan-
nel 30 may be understood as composed of two sections: a
straight section 42 and a C-shaped section 44. The width and
depth of the fluid channel 30 may be selected in order to
provide adequate and constant fluid flow through the multi-
port valve 2 or to satisty any other functional considerations.
A longitudinal width of the top and base curves of the
C-shaped section 44 of the fluid channel 30 may be twice the
transverse width of the fluid channel 30. The circumferential
sealing surface 28 of the valve hull 8 is wider than the widest
part of the fluid channel 30 in order to provide both a bearing
surface and a sealing surface for interfacing with the elasto-
meric seal 10. It should be understood that the shape of the
fluid channel 30 depicted in the figures is only one possible
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embodiment for a shape of a fluid channel in the directional.
Other configurations are possible in order to accommodate
greater or fewer inlet/outlet ports, alternative combinations of
fluid communication between ports, or both (see e.g., FIGS.
14,19).

[0042] The valve body 4 is shown in greater detail in FIGS.
1,5 and 6. As previously mentioned, four inlet and outlet ports
12a-12d extend outwardly from the outer wall of the valve
hull 8. For convenience in identification hereinafter, the inlet/
outlet ports may be referred to as a first port 12a, a second port
125, athird port 12¢, and a fourth port 12d. The ports 12a-12d
may be arranged in any of a number of configurations. In the
implementation shown in FIGS. 1 and 5, three of the ports
125-12d extend radially from an outer sidewall of the valve
hull 8. The first port 12a extends from a sidewall of the valve
hull 8 as a projection of a cord that might be drawn between
two points on an inner sidewall of the valve hull 8. Alterna-
tively, an exemplary port could extend tangentially from the
outer sidewall of the valve hull 8 or at any other desirable
angle. The valve hull 8 may be formed of a substantially rigid
polymer, co-polymer, or other plastic.

[0043] The center axis through the lumens 40 of each of the
ports 12a-124 fall within the same plane. Each of the ports
12a-12d may be formed with a straight shaft 14 and form a
barb 16 on a distal end in order to assist in the reception and
retention of tubing for transporting fluid to and from the
multi-port valve 2.

[0044] The elastomeric seal 10 may be formed as an over-
molded surface adhered or affixed to the inner sidewall of the
valve hull 8. Again, the elastomeric seal 10 forms a seal
against the circumferential sealing surface 28 of the direc-
tional 6. The elastomeric seal 10 may be formed of rubber or
any suitable elastomeric polymer material (collectively “elas-
tomeric materials”) for forming a seal against an opposing
surface. The elastomeric seal 10 may be formed, for example,
by injection overmolding or compression molding over the
inner circumferential surface of the valve hull 8, e.g., as part
of a two-step process or by separately molding the elasto-
meric seal 10 for a press-in fit.

[0045] The material of the elastomeric seal 10 and of the
directional 6 are chosen in order to provide a low friction
interface to allow for ease of rotation of the directional within
the valve body 4 while at the same time providing a fluid tight
seal between the two surfaces. While the seal between the
elastomeric seal 10 and of the directional 6 may be designed
to create a low friction interface, in some implementations
lubricant may also be used. In embodiments in which an
elastomeric polymer is used, a lubricant like Teflon® can be
mixed into the elastomer material to reduce the coefficient of
friction. Respective lumen 38 are formed within an interior
sidewall 36 of the seal 10 in alignment with the lumen 40 of
each of the ports 12a-124 to provide fluid coupling between
the lumen 40 of the ports 12a-12d and the channel in the
directional 6. In other implementations, the elastomeric mate-
rial can also be molded (if overmolded) or fitted (if compres-
sion molded) onto the directional 6 such that the same seal
effect is achieved between the directional 6 and the valve hull
8.

[0046] In alternative embodiments (not shown), the elasto-
meric seal may be formed as edge seals and the directional
may interface directly with the inner wall of the valve hull to
place the apertures of the ports in direct fluid communication
with the fluid pathway defined in the directional component.
For example, the elastomeric seal may fit within circumfer-
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ential recesses formed in the edges if the directional and the
valve hull to prevent fluid from leaking therebetween.
[0047] Additional features of the valve body are shown in
FIGS. 1, 5 and 6. In this implementation, a pair of triangular
stacking wings 18 extends from an outer sidewall of the valve
hull 8 directly opposite each other. On one side of the stacking
wings 18 a recess or hole 34 is formed. On the opposite side
of'the wings 18, a stacking pin 20 extends above the surface of
the stacking wing 18. The stacking pins 20 are configured to
interface with the stacking holes 34 on the opposite sides of
the valve body 4 in order to allow multiple multi-port valves
2 to be stacked on top of each other in alignment for packag-
ing purposes or for control of a number of such multi-port
valves 2 with a single shaft inserted within the shaft recep-
tacle 24 of each.

[0048] In this implementation, a key structure 22 is pro-
vided for ease in alignment and orientation of the multi-port
valve 2 when the valve body 4 is in a housing or other module.
Additionally a number of small channels 32 are formed in the
sidewall of the valve body 4 on both sides of the valve body 4
and across both the thickness of the elastomeric seal 10 and
the thickness of the wall of the valve hull 8. These channels 32
may be tapered from narrowest to widest radially from an
inner edge of the elastomeric seal 10 to an outside edge of the
valve hull 8. These channels 32 are provided as fluid vents for
when the multi-port valves 2 are stacked together in order to
direct any fluid that might leak along the interface between
the directional 6 and the elastomeric seal 10 radially outward
rather than inward toward the shaft receptacle 24 and the
spokes 26.

[0049] A series of operational positions of a disclosed
implementation of the multi-port valve 2 based upon the
respective angular orientation of the direction 6 are presented
in FIGS. 7A-7G. In FIG. 7A, afirst position of the directional
6 within the valve body 4 is shown. The valve body 4 is
presented in cross-section while the directional 6 is presented
in its entirety in order to easily show the alignment between
the fluid channel 30 and the directional 6 and the inlet/outlet
ports 12a-12d. In the first position, the directional 6 is rotated
to provide fluid communication between the fluid channel 30
and the seal apertures 38 for the second port 125 and the third
port 12¢. As is shown, the fluid apertures 38 leading to the
lumens 40 for the first port 124 and the fourth port 124 are not
in line with any portion of the fluid channel 30, but instead are
positioned adjacent portions of the smooth circumferential
sealing surface 28 of the directional, thereby preventing fluid
flow into the lumens 40 of the first port 12a and the fourth port
12d.

[0050] FIG. 7B depicts the directional 6 rotated to a second
position. In the second position, the seal apertures 38 leading
to the second port 125, the third port 12¢, and the fourth port
124 are all in fluid communication with the straight section 42
of the fluid channel 30. However, there is no fluid flow
through the lumen 40 of the first port 12« as the corresponding
aperture 38 within the elastomeric seal 10 is positioned
against a solid section of the circumferential surface 28.
Therefore in FIG. 8 any one of the second port 125, third port
12¢, or fourth port 12d may operate as an inlet flow path while
the remaining two ports in fluid communication with the fluid
channel 30 would operate as outlet ports.

[0051] FIG. 7C depicts the multi-port valve 2 in a third
operational position. In this third position the third port 12¢
and the fourth port 124 are in fluid communication with the
fluid channel 30. In this third position, the first port 12a is
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again sealed off at the interface between the elastomeric seal
10 and the circumferential sealing surface 28 of the direc-
tional 6. Similarly the second port 125 is also sealed at its
corresponding seal aperture 38 against the circumferential
sealing surface 28 that forms the interior of the C-shaped
section 44 of the fluid channel 30.

[0052] FIG. 7D depicts a fourth position of the directional
6 in the valve body 4 for the multi-port valve 2. In this fourth
position the second port 126 and the fourth port 124 are in
fluid communication with the fluid channel 30 and are
thereby in fluid communication with each other. In this posi-
tion the first port 124 is again sealed against the circumferen-
tial sealing surface 28 of the directional 6. Also in this fourth
position the third port 12¢ is sealed against the circumferen-
tial sealing surface 28 forming the interior of the C-shaped
section 44 of the fluid channel 30.

[0053] FIG. 7E depicts a fifth position of the directional 6
within the valve body 4 providing fluid communication
between the first port 12a and the third port 12¢. As shown, the
seal apertures 38 associated with the lumens 40 of the first
port 12a and the third port 12¢ are positioned adjacent to and
in fluid communication with the fluid channel 30. In this fifth
position the second port 126 is sealed by the circumferential
sealing surface 28 of the directional 6 and the fourth port 124
is sealed by the circumferential sealing surface 28 forming the
interior of the C-shaped section 44 of the fluid channel 30.
[0054] A sixth position of the directional 6 within the valve
body 4 ofthe multi-port valve 2 is presented in FIG. 7F. In this
sixth position the first port 12a and the fourth port 124 are in
fluid communication with the fluid lumen 30 and thus with
each other. The seal aperture 38 corresponding to the lumen
40 of the first port 124 is positioned within the straight section
42 of the fluid channel 30 while the seal aperture 38 of the
lumen 40 of the fourth port 12d is positioned at the terminal
end of the C-shaped section 44 of the fluid channel 30. The
second port 1256 and the third port 12¢ are both sealed at the
interface of the elastomeric seal 10 and the circumferential
surface 28.

[0055] A seventh position of the directional 6 within the
valve body 4 of the multi-port valve 2 is presented in FIG. 7G.
In this seventh position the first port 12a and the second port
125 are in fluid communication with the fluid lumen 30 and
thus with each other. The seal aperture 38 corresponding to
the lumen 40 of the first port 12a is positioned at the terminal
end of the C-shaped section 44 of the fluid channel 30 while
the seal aperture 38 of the lumen 40 of the second port 125 is
positioned within the straight section 42 of the fluid channel
30. The third port 12¢ and the fourth port 124 are both sealed
at the interface of the elastomeric seal 10 and the circumfer-
ential surface 28.

[0056] Thus, in this particular implementation of a multi-
port valve 2 seven different fluid flow positions variously
connecting combinations of two or three of the inlet/outlet
ports 12a-12d are possible by rotating the directional 6 within
the valve body 4. In alternate implementations, the fluid chan-
nel 30 in the directional 6 may be formed in a different pattern
to provide for different fluid flow combinations between the
inlet and outlet ports 12a-12d. Further in other implementa-
tions there may be greater or fewer inlet/outlet ports posi-
tioned on the valve hull 8 of the multi-port valve 2.

[0057] FIGS. 8 and 9 illustrate an implementation of a
multi-port manifold valve 50 for selectively altering fluid
flow between two or more outlet ports and an inlet. The
multi-port manifold 50 includes a selector or knob 56, a
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directional 70, a position pin 68 and a valve 51. The valve 51
is composed of a hull 52, outlet ports 58a-58¢ radiating from
the hull 52, an inlet port 54 and an elastomeric seal 80. The
hull 52 is formed as a substantially hollow cylinder and sup-
ports the outlet ports 58a-58¢ and the inlet port 54. The hull
52 may also include ribs 84 and an inner wall 82. The ribs 84
and the inner wall 82 may be used in implementations where
it may be desired to have a lighter-weight multi-port manifold
50, as the amount of material used for the hull 52 may be
reduced. However, in other embodiments, the hull 52 may be
solid to the inner wall 82. The hull 52 may be formed of a
substantially rigid plastic or the like.

[0058] The outlet ports 58a-58g may include barbs or other
retaining devices to allow the outlet ports 58a-58¢ to receive
and retain tubing and/or other conduits. Similarly, the inlet
port 54 may include a barb or other retention features on its
distal end to allow the inlet port 54 to connect to tubing and/or
other conduits. It should be noted that although the inlet port
54 has been designated as an inlet, in some embodiments the
outlet ports 58a-58¢g and the inlet port 54 may function a dual
flow ports, similar to the ports 12a-125 in the previous
embodiments described above.

[0059] The elastomeric seal 80 is formed as a ring along the
inner wall 82 of the hull 52, and is placed within the cavity
formed by the hollow cylinder of the hull 52. The inner face
78 of the elastomeric seal 80 includes connecting apertures 86
(similar to the seal apertures 38 in FIG. 5). The connecting
apertures 86 are aligned with the outlet ports 584-58¢g and the
inlet port 54. The connecting apertures 86 fluidly connect the
inner face 78 and the ports 54, 584-58g. Similar to the elas-
tomeric seal 10 illustrated in FIG. 1, the elastomeric seal 80
may be formed as an overmolded surface adhered to or affixed
to the inner wall 82 of the hull 52 and the elastomeric seal 80
may be formed of similar materials and/or processes as the
elastomeric seal 10.

[0060] The directional 70 fits within the elastomeric seal 80
and forms a fluid-tight seal with the elastomeric seal 80. The
directional 70 rotates within the cavity formed within the
cylinder of the hull 52. The directional 70 has a recessed
portion 72, that in combination with the elastomeric seal 80,
acts to form a fluid channel within the manifold 50. The
directional 70 also has a sealing surface 74. The sealing
surface 74 disconnects the connecting apertures 86 from the
fluid channel formed between the elastomeric seal 80 and the
recessed portion 72. As with the directional 6 in FIG. 1, the
directional 70 in these embodiments may be altered to have
different shapes and/or sizes of the recessed portions 72 and
sealing surfaces 74 (e.g., directional 120 illustrated in the
embodiment of FIG. 14).

[0061] Further, as noted above, in alternative embodiments
(not shown), the elastomeric seal may be formed as edge seals
and the directional may interface directly with the inner wall
of the valve hull to place the apertures of the ports in direct
fluid communication with the fluid pathway defined in the
directional component. For example, the elastomeric seal
may fit within circumferential recesses formed in the edges if
the directional and the valve hull to prevent fluid from leaking
therebetween.

[0062] The knob 56 may be formed to include a cover 60
and a shaft 62 including a tube 64 for securing a position pin
68. The knob 56 provides a surface for a user (or machine) to
hold in order to rotate the directional 70. The shaft 62 may be
inserted within a middle aperture of the directional 70 and
through a smaller aperture 55 in a base wall 53 of the hull 52
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that fits closely to an outer diameter of the shaft 62. A retain-
ing ring 76 is placed in an annular recess 63 on a distal end of
the shaft 62 that extends below the base wall 53. The retaining
ring 76 fits snugly against the base wall 53 to retain the knob
56 against the valve assembly 51 and within the hull 52. The
shaft 62 and the directional 70 may key together such that as
the shaft 62 rotates, the directional 70 rotates.

[0063] Additionally the knob 56 includes a position pin 68
operatively connected to a spring 66. As the knob 56 is turned
the position pin 68 moves to a different position along the
base wall 53. An inner surface of the base wall 53 has recessed
areas 92 (see FIG. 10B) and as the position pin 68 is moved
over the recessed area 92 the spring pushes the position pin 68
into the recessed area 92. In this embodiment the user can feel
and/or hear the position pin 68 click as it moves to each
different position. Furthermore, the spring 66 provides a bias-
ing force that has to be overcome in order to alter the position
of the knob 56 and, hence, the position of the directional 70.
[0064] Referring to FIGS. 10A and 10B, the knob 56 (and
hence the directional 70) are in a first position. In this first
position all of the outlet ports 58a-58g are fluidly discon-
nected from the inlet port 54. In other words the multi-port
manifold 50 is in the off position. In this first position the
lumens 88 or fluid conduits for each of the outlet ports 58a-
58g are fluidly sealed from connecting with any fluid flowing
from the inlet port 54 via the inlet lumen 90. In this position,
the sealing surface 74 covers the connecting apertures 86 in
the elastomeric seal 80. As the sealing surface 74 covers the
connecting apertures 86, any fluid flowing within the recessed
portion 72 or fluid channel is substantially prevented from
accessing the lumens 88 of the outlet ports 58a-58g.

[0065] As shown in FIGS. 11A and 11B, the directional 70
is in a second position. In this second position the first port
58a is open and the other ports 585-58¢g are closed. In this
position the sealing surface 74 covers the connecting aper-
tures 86 located in front of the outlet ports 585-58g, and the
recessed portion 72 is located in front of the connecting
aperture 86 for the first outlet port 58a, allowing fluid to flow
via the recessed portion 72 from the inlet lumen 90 to the
outlet lumen 88, fluidly connecting the fluid inlet 54 and the
first fluid outlet 58a.

[0066] FIGS.12A and 12B illustrate a third position for the
directional 70. In this position all of the outlet ports 58a-58¢
are fluidly connected to the inlet port 54. In this third position
all of the connecting apertures 86 are uncovered, thus allow-
ing fluid flow from the inlet lumen 90 to the outlet lumens 88,
along a fluid channel created by the recessed surface 72. It
should be apparent that the knob 56, and thus the directional
70, may be rotated to any of eight positions (seven open
configurations and one closed configuration). As the knob 56
incrementally advances clockwise from the second position,
the first and second ports 58a and 584 are open. Then the first,
second and third ports 584, 5854, and 58¢ open with the next
increment, and so on serially until the third position of FIG.
12B is reached and all seven ports 58a-58g are open.

[0067] FIGS. 13A and 13B illustrate a second implemen-
tation of the directional that may be used with the multi-port
manifold 51 of FIG. 8. In this implementation, the directional
71 includes a recessed portion 75 having a single branch 77
extending vertically towards a top rim of the directional 71. In
this implementation, the directional 71 may be used to open a
single port 58a-58g at a time. For example, as the directional
71 is rotated via the knob 56, the branch 77 may align with
only one port 58 at a time, thus the remaining ports 58 are
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aligned with the sealing surface 73 and are fluidly sealed from
connecting with any fluid flowing from the inlet port 54 via
the inlet lumen 90. In a first position, the directional 71 opens
the first fluid port 584, in a second position the directional 71
seals the first fluid port 584 and opens the second port 585,
and so on serially, such that every port 58a-58g may be
selected, but only one of the outlet ports 58a-58g is open at a
time.

[0068] FIGS. 14 and 15 illustrate a second implementation
of the multi-port manifold. In this implementation the direc-
tional 120 has differently shaped recessed portions 124 and
sealing surfaces 122, also the multi-port manifold 100 has
outlet ports 106a-106g spaced intermittently around the hull
102, versus clustered together as with outlet ports 58a-58¢g
illustrated in FIGS. 8-12B. Furthermore, a rotator 112 may be
used to assist the rotation of the directional 120. The rotator
112 is inserted into a middle portion of the directional 120,
then a knob 104 including a shaft 110 is inserted within a
middle cavity of the rotator 112. The shaft 110' defines and
annular groove 111 for receipt of the retaining 130 as further
described below.

[0069] The rotator 112 is generally cylindrical shaped and
has complementary keying surfaces 114, 116 corresponding
to aligning surfaces 126, 128 on an inner portion of the
directional 120. The keying surfaces 114, 116 and the align-
ing surfaces 126, 128 may be complementary to each other,
such that the rotator 112 and the directional 120 may lock
together, allowing the rotator 112 to rotate the directional 120
as the rotator 112 rotates. The rotator 112 has ribs 118 that
provide support for an interior cylindrical wall of smaller
diameter that supports the shaft 110. The knob 104 may also
have key features (not shown) that interface with keyways
119 in the rotator 112. In this implementation, rotating the
knob 104 rotates the directional 120.

[0070] FIG. 15A depicts an alternate embodiment of the
knob 104' with which the rotator 112' structure is integrally
formed. The rotator 112' is generally cylindrical shaped and
has complementary keying surfaces 114', 116' corresponding
to aligning surfaces 126, 128 on the inner portion of the
directional 120. The keying surfaces 114', 116' and the align-
ing surfaces 126, 128 may be complementary to each other,
such that the rotator 112" and the directional 120 may lock
together, allowing the rotator 112'to rotate the directional 120
as the knob 104' and rotator 112' rotate. The rotator 112" has
ribs 118' that provide support for the shaft 110'. As in the
related embodiment, the shaft 110" defines and annular
groove 111' for receipt of the retaining 130 as further
described below. Additionally, a sleeve 113' is formed as part
of the rotator 112' to house the position pin 68

[0071] The directional 120 is similar to the directionals 6,
70, 71 in the previous implementations, except that the direc-
tional 120 includes an annular recess portion 124a extending
around a lower portion of the outer wall of the directional 120
and separated recessed cutouts 1245 in a sealing surface 122
that are in communication with and extend from the annular
recess 124a to a top portion of the directional 120 (i.e. the
sealing surface and fluid channels are shaped and sized dif-
ferent from the other directionals). As discussed above, with
respect to directionals 6, 70, 71 the shape and size of the
recessed portion 124 may be altered to accommodate differ-
ent port openings based on position and sizes.

[0072] The directional 120 is inserted into the cavity cre-
ated by the combination of the elastomeric seal 132 and the
hull 102. The sealing surface 122 of the directional 120 and
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the elastomeric seal 132 form a fluid-tight seal. As the
recessed portions 124a, 124b of the directional 120 are
rotated, connecting apertures 140 are fluidly connected with
the fluid flow from the inlet 108. The shaft 110 may be
retained in place within an aperture 105 in a base wall 103 of
the hull 102 via a retaining ring 130 that engages the annular
groove 111 and interfaces with an outer surface of the base
wall 103. In this implementation, an inner surface of the base
wall 103 may also include recessed surfaces allowing the
position pin 68 to click into each position, as discussed above
with regard to FIG. 9.

[0073] The hull 102 may be similar to the hull 52 in the
implementation illustrated in FIGS. 8 and 9. The hull 102
includes outlet ports 106a-106g radiating outwards from the
outer wall of the hull 102. The outlet ports 106a-106g are
selectively connected to the inlet port 108 located on the hull
102. The hull 102 may include ribs 136 connecting the outer
wall to an inner wall 134. The elastomeric seal 132 is over-
molded on or otherwise attached to the inner wall 134. The
outlet ports 106a-106g extend through the outer wall of the
hull 102 and are aligned with connecting apertures 140 in the
elastomeric seal 132.

[0074] FIG.16 illustrates the directional 120 in a first posi-
tion. In the first position, outlet ports 106e-106g are fluidly
connected with the inlet port 108. As can been seen from FIG.
20, each of the outlet ports 106a-106g includes a lumen 144
or open conduit for connecting the outlet ports 106a-106g
from the outer wall of the hull 102 to the inner wall. In the first
position the directional 120 is aligned such that the recessed
surface 124 is aligned with outlet ports 106¢-106g, thus flu-
idly connecting them to the inlet port 108. The remaining
outlet ports 106a-1064 are aligned with the sealing surface
122 and thus are disconnected from the fluid flow.

[0075] FIG. 17 illustrates the directional 120 in a second
position. In this second position the directional 120 is rotated
such that every outlet port 106a-106g is fluidly connected to
the fluid channel formed by the recessed portion 124. In the
second position the outlet ports 106a-106g are all fluidly
connected to the inlet port 108, such that fluid flows from the
inlet port 108 to each outlet port 106a-106g.

[0076] FIG. 18 illustrates the directional 120 in a third
position. In this third position the directional 120 is rotated
such that four outlet ports 106a-106d are open, i.e. fluidly
connected with the inlet port 108. In this position the remain-
ing outlet ports 106e-106g are disconnected from the
recessed portion 124 via the sealing surface 122. It should be
noted that altering the port locations, connecting apertures
and/or the sealing/recessed portions of the directional can
alter the combination of ports open/closed with each position.
Furthermore, by altering any ofthe above listed features more
positions and/or combinations of ports may be implemented.
[0077] All directional references (e.g., proximal, distal,
upper, lower, upward, downward, left, right, lateral, front,
back, top, bottom, above, below, vertical, horizontal, clock-
wise, and counterclockwise) are only used for identification
purposes to aid the reader’s understanding of the present
invention, and do not create limitations, particularly as to the
position, orientation, or use of the invention. Connection
references (e.g., attached, coupled, connected, and joined) are
to be construed broadly and may include intermediate mem-
bers between a collection of elements and relative movement
between elements unless otherwise indicated. As such, con-
nection references do not necessarily infer that two elements
are directly connected and in fixed relation to each other. The
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exemplary drawings are for purposes of illustration only and
the dimensions, positions, order and relative sizes reflected in
the drawings attached hereto may vary.

[0078] The above specification, examples and data provide
a complete description of the structure and use of exemplary
embodiments of the invention. Although various embodi-
ments of the invention have been described above with a
certain degree of particularity, or with reference to one or
more individual embodiments, those skilled in the art could
make numerous alterations to the disclosed embodiments
without departing from the spirit or scope of this invention. In
particular, it should be understood that the described technol-
ogy may be employed independent of a personal computer.
Other embodiments are therefore contemplated. It is intended
that all matter contained in the above description and shown
in the accompanying drawings shall be interpreted as illus-
trative only of particular embodiments and not limiting.
Changes in detail or structure may be made without departing
from the basic elements of the invention as defined in the
following claims.

What is claimed is:
1. A multi-port valve comprising
a valve body having
an outer circumferential wall;
an inner circumferential surface that defines a cylindri-
cal cavity surrounded by the valve body; and

a plurality of ports extending from the outer circumfer-
ential wall that define respective lumen extending
between openings in the inner circumferential surface
and openings in distal ends of the ports;
a directional component positioned in the cavity, wherein
the directional component defines a channel in an outer
circumferential surface of the directional component
that provides fluid communication between combina-
tions of two or more of the plurality of ports depending
upon an angular orientation of the directional compo-
nent within the cavity;
an elastomeric seal positioned between the directional
component and the inner circumferential surface of the
valve body, wherein
the elastomeric seal defines a plurality of apertures
respectively aligned with the openings in the inner
circumferential surface of the valve body to provide
fluid communication between the lumen of the plu-
rality of ports and the channel; and

the elastomeric seal provides a fluid-tight seal and a
low-friction interface between the directional compo-
nent and the inner circumferential surface of the valve
body.

2. The multi-port valve of claim 1, wherein the elastomeric
seal is an overmold surface on the inner circumferential sur-
face of the valve body.

3. The multi-port valve of claim 1, wherein the elastomeric
seal is a compression mold fitting press-fit on the inner cir-
cumferential surface of the valve body.

4. The multi-port valve of claim 1, wherein the elastomeric
seal is an overmold surface on the outer circumferential sur-
face of the directional component.

5. The multi-port valve of claim 1, wherein the elastomeric
seal is a compression mold fitting press-fit on the outer cir-
cumferential surface of the directional component.

6. The multi-port valve of claim 1, wherein the elastomeric
seal comprises a rubber material, an elastic, polymer, or an
elastic co-polymer.
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7. The multi-port valve of claim 1, wherein one or more of
the plurality of ports is oriented radially outward from the
outer circumferential surface.

8. The multi-port valve of claim 1, wherein one or more of
the plurality of ports is oriented outward from the outer cir-
cumferential surface as a projection of a cord of the annular
cylinder.

9. The multi-port valve of claim 1, wherein one or more of
the plurality of ports is oriented tangentially outward from the
outer circumferential surface.

10. The multi-port valve of claim 1, wherein axes of each of
the lumen of the plurality of ports lie in a common plane.

11. The multi-port valve of claim 1, wherein each of the
plurality of ports forms a circumferential barb structure adja-
cent to a distal end of the respective port.

12. The multi-port valve of claim 1, wherein the channel in
the directional component is formed of a first straight section
connected with a second, C-shaped section.

13. The multi-port valve of claim 12, wherein

the plurality of ports comprises a first port, a second port, a
third port, and a fourth port in order circumferentially
about the outer circumferential surface of the valve
body;

a first position of the directional component places the
channel in fluid communication with the second port and
the third port;

a second position of the directional component places the
channel in fluid communication with the second port, the
third port, and the fourth port;

a third position of the directional component places the
channel in fluid communication with the third port and
the fourth port;

a fourth position of the directional component places the
channel in fluid communication with the second port and
the fourth port;

a fifth position of the directional component places the
channel in fluid communication with the first port and
the third port;

a sixth position of the directional component places the
channel in fluid communication with the first port and
the fourth port; and

a seventh position of the directional component places the
channel in fluid communication with the first port and
the second port.

14. A manifold valve comprising

a hull comprising
an outer wall;
an inner cavity defined by the outer wall;

a plurality of ports extending from the outer wall defin-
ing respective conduits that fluidly connect the outer
surface and the inner cavity;

adirectional component configured to be positioned within
the inner cavity of the hull comprising
a sealing surface; and
a recessed surface recessed with respect to the sealing

surface; and wherein

the directional component selectively fluidly connects
two or more of the plurality of ports; and

an elastomeric seal positioned in the inner cavity between
outer wall and the directional component, wherein the
elastomeric seal defines a plurality of apertures that are
respectively aligned with the plurality of conduits
extending from each of the plurality of ports.
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15. The manifold valve of claim 14, wherein at least one of
the plurality of ports is an outlet port and at least one of the
plurality of ports is an inlet port.

16. The manifold valve of claim 14, wherein

the plurality of ports comprises an inlet port and multiple

outlet ports; and

each position of the directional component connects the

inlet port to one of the outlet ports per position.

17. The manifold valve of claim 14, wherein

the plurality of ports comprises an inlet port and multiple

outlet ports; and

one position of the directional fluidly connects the inlet

port with a group of the outlet ports that are adjacent
each other.

18. The manifold valve of claim 14, wherein

the plurality of ports comprises an inlet port and multiple

outlet ports; and

one position of the directional closes all of the multiple

outlet ports.

19. The manifold valve of claim 14, wherein

the plurality of ports comprises an inlet port and multiple

outlet ports; and

sequential positions of the directional component serially

open adjacent outlet ports.

20. The manifold valve of claim 14 further comprising a
knob having a shaft, wherein in the shaft is operatively con-
nected to the directional such that rotating the knob rotates the
directional.

21. The manifold valve of claim 20 further comprising a
rotator operatively connected to the knob and the directional,
such that rotating the knob rotates the rotator and the direc-
tional.

22. The manifold valve of claim 21, wherein

the rotator further comprises a key structure;

the knob further comprises a complementary key structure

that is configured to interface with the key structure.

23. The manifold valve of claim 21, wherein

the rotator further comprises a key structure;

the directional component further comprises a comple-

mentary key structure that is configured to interface with
the key structure.

24. The manifold valve of claim 21, wherein

the rotator further comprises a first key structure and a

second key structure;

the knob further comprises a first complementary key

structure that is configured to interface with the first key
structure; and

the directional component further comprises a second

complementary key structure that is configured to inter-
face with the second key structure.

25. The manifold valve of claim 14, wherein the recessed
surface covers a larger surface area of the directional than the
sealing surface.

26. The manifold valve of claim 14, wherein the recessed
surface is formed with branches that are defined by areas of
the sealing surface that partially surround the branches.

27. The manifold valve of claim 14, wherein the elasto-
meric seal forms a fluid-tight seal between the outer wall and
the sealing surface of the directional.

28. The manifold valve of claim 14, wherein the elasto-
meric seal is overmolded to the outer wall.

29. The manifold valve of claim 14, wherein one or more of
the plurality of ports is oriented radially outward from the
outer wall.
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30. The manifold valve of claim 14, wherein one or more of
the plurality of ports is oriented outward from the outer wall
as a projection of a cord of the directional.

31. The manifold valve of claim 14, wherein one or more of
the plurality of ports is oriented tangentially outward from the
outer wall.

32. The manifold valve of claim 14, wherein axes of each of
the conduits of the plurality of ports lie in a common plane.

33. A multi-port manifold valve comprising

a valve body having
an outer wall;
an inner cylindrical cavity defined by the outer wall; and
a plurality of ports extending from the outer wall that

define respective conduits extending between open-
ings in the outer wall and openings in distal ends of the
ports;

a directional component positioned in the cavity, wherein
the directional component defines a fluid-flow pathway
in an outer circumferential surface of the directional
component that selectively provides fluid communica-
tion between combinations of two or more of the plural-
ity of ports depending upon an angular orientation of the
directional component within the cavity; and

an elastomeric seal positioned between the directional
component and the outer wall of the valve body.

34. The multi-port manifold valve of claim 33, wherein the
elastomeric seal defines a plurality of apertures respectively
aligned with the openings in the outer wall of the valve body
to provide fluid communication between the conduits of the
plurality of ports and the fluid-flow pathway.

35. The multi-port manifold valve of claim 33, wherein the
elastomeric seal provides a fluid-tight seal between the direc-
tional component and the outer wall of the valve body.
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36. The multi-port manifold valve of claim 33, wherein the
elastomeric seal provides a low-friction interface between the
directional component and the outer wall of the valve body.

37. The multi-port manifold valve of claim 33, wherein the
fluid-flow pathway is formed as a channel in the outer cir-
cumferential surface of the directional component.

38. The multi-port manifold valve of claim 33, wherein the
fluid-flow pathway is formed in the outer circumferential
surface of the directional component through a combination
of

a sealing surface; and

a recessed surface recessed with respect to the sealing

surface.

39. The multi-port manifold valve of claims 33, wherein

the plurality of ports comprises an inlet port and multiple

outlet ports; and

each position of the directional component connects the

inlet port to one of the outlet ports per position.

40. The multi-port manifold valve of claims 33, wherein

the plurality of ports comprises an inlet port and multiple

outlet ports; and

one position of the directional fluidly connects the inlet

port with a group of the outlet ports that are adjacent
each other.

41. The multi-port manifold valve of claims 33, wherein

the plurality of ports comprises an inlet port and multiple

outlet ports; and

sequential positions of the directional component serially

open adjacent outlet ports.

42. The multi-port manifold valve of claims 33, wherein

the plurality of ports comprises an inlet port and multiple

outlet ports; and

one position of the directional closes all of the multiple

outlet ports.





