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FLOAT VALVE SYSTEM FOR A RESPIRATORY HUMIDIFICATION SYSTEM

Background

Respiratory humidification systems are used in providing respiratory therapy to a
patient. In general terms, the system includes a ventilator, humidifier and patient circuit.
The ventilator supplies gases to a humidification chamber coupled with the humidifier.
Water within the humidification chamber is heated by the humidifier, which produces water
vapor that humidifies gases within the chamber. From the chamber, humidified gases are
then carried to the patient through the patient circuit. Humidification chambers can employ
a fluid control mechanism to prévent liquid from directly passing to the patient, as this
situation can be very harmful to the patient.

Current fluid control mechanism include one or more valves that are operated 1n
response to a level of liquid in the chamber. Single valve chambers can be prone to defects
in the event of failure of the valve. As a result, some chambers employ a dual valve
mechanism having a primary valve and secondary valve that operates to stop fluid from
entering the chamber in the event of failure of the primary valve. Each of the valves are
arranged coaxially, thus requiring an inner valve to be positioned within an outer valve.
This arrangement requires a large sealing area for the outer valve as well as a relatively
large force to seal the outer valve. Due to the large sealing area and large force required to

close the outer valve, failure of the valve can result.

Summary

In one aspect of concepts presented herein, a float valve system for controlling an
amount of liquid in a chamber is disclosed that includes a first valve seat and a second valve
seat. The first valve seat is adapted to receive fluid from outside the chamber 1n a first
direction. The second valve seat 1s spaced apart from the first valve seat in a second
direction that is different from the first direction. First and second actuating members are
provided to selectively open and close the first valve seat and the second valve seat,
respectively. A first float is coupled to the first actuating member so as to close the first
valve seat upon fluid in the chamber reaching a first predetermined level and a second float

is coupled to the second actuating member so as to close the second valve seat upon fluid 1n
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the chamber reaching a second predetermined level that is different from the first
predetermined level.

In another aspect, a chamber for use in a respiratory humidification system 1is
described. The chamber includes a valve assembly having a first valve seat adapted to

receive fluid from outside the chamber in a first direction through a valve assembly 1nlet.

Furthermore, the valve assembly includes a second valve seat spaced apart from the first

valve seat in a second direction that 1s different from the first direction. The second valve
seat is fluidly coupled to the first valve seat and adapted to transfer fluid to the chamber. A
first actuating member 1s adapted to selectively open and close the first valve seat and a
second actuating member is spaced apart from the first actuating member in the second
direction. The second actuating member is adapted to selectively open and close the second
valve seat. A first float is coupled to the first actuating member so as to close the first valve
seat upon fluid in the chamber reaching a first predetermined level and a second float 1s
coupled to the second actuating member so as to close the second valve seat upon fluid in
the chamber reaching a second predetermined level that is different than the first
predetermined level.

In another aspect, a method of controlling a level of liquid in a chamber is disclosed.
The method includes providing a valve assembly in the chamber to receive liquid from
outside the chamber. The valve assembly includes a support structure, a retaining element
having a first valve seat and a second valve seat positioned therein, and a diaphragm
positioned between the support structure and the retaining element. A first float and a
second float are coupled to the support structure and fluid 1s transferred to the first valve
seat 1n a first direction. Fluid is then transferred through a flud conduit in a second
direction different from the first direction. The diaphragm is urged against the first valve
seat using the first float upon liquid in the chamber reaching a first predetermined level and
the diaphragm is urged against the second valve seat using the second float upon liquid in
the chamber reaching a second predetermined level that 1s different than the first

predetermined level.
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In another aspect, the float valve system further includes a fluid conduit
extending between the first valve seat and the second valve seat. The fluid conduit
1s adapted to transfer fluid from the first valve seat to the second valve seat in the
second direction. The fluid conduit 1s formed of a flexible diaphragm extending
between the first valve seat and the second valve seat. The diaphragm is adapted to
deflect upon actuation of the first actuating member and the second actuating
member.

In another aspect, the chamber includes a fluid conduit extending between
the first valve seat and the second valve seat. The fluid conduit is adapted to transfer
fluid from the first valve seat to the second valve seat in the second direction. The
fluid conduit is formed of a flexible diaphragm extending between the first valve
seat and the second valve seat. The diaphragm is adapted to deflect upon actuation
of the first actuating member and the second actuating member.

In another aspect, a float valve system for controlling an amount of liquid in
a chamber is disclosed that comprises a valve assembly in the chamber, a lower float
and an upper float. The valve assembly includes a support structure, a retaining
element having a first valve seat and a second valve seat therein, and a flexible
diaphragm positioned between the support structure and the retaining element. The
first valve seat is adapted to receive fluid from an inlet. The second valve seat is
fluidly coupled to the first valve seat through a valve conduit formed between the
retaining element and the flexible diaphragm. The lower float and the upper float
are coupled to the support structure. The he lower float is disposed below the valve
assembly and the upper float. The upper float is disposed between the valve
assembly and the lower float. The lower float moves upon a fluid in the chamber
reaching a first predetermined level so as to urge the flexible diaphragm against the
first valve seat. The upper float moves upon a fluid in the chamber reaching a
second predetermined level so as to urge the flexible diaphragm against the second

valve seat.

2a
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In another aspect a method of controlling a level of liquid 1n a chamber 1s
disclosed. The method includes providing a valve assembly in the chamber. The
valve assembly includes a support structure, a retaining element having a first valve
seat and a second valve seat therein, and a flexible diaphragm positioned between
the support structure and the retaining element. The first valve seat is adapted to
recerve fluid from an inlet. The second valve seat fluidly coupled to the first valve
seat through a valve conduit. A lower float and an upper float are coupled to the
support structure. The lower float 1s disposed below the valve assembly and the
upper ﬂoat.‘ The upper tloat is disposed between the valve assembly and the lower
tloat. The flexible diaphragm is urged against the first valve seat when the lower
float moves upon a fluid in the chamber reaching a first predetermined level. The
flexible diaphragm is urged against the second valve seat when the upper float

moves upon a fluid in the chamber reaching a second predetermined level.
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Brief Description of the Drawings
The accompanying drawings are included to provide a further understanding of

embodiments and are incorporated in and constitute a part of this specification. The
drawings illustrate embodiments and together with the description serve to explain
principles of embodiments. Other embodiments and many of the intended advantages of
embodiments will be readily appreciated as they become better understood by referepce to
the following detailed description. The elements of the drawings are not necessarily to scale
relative to each other. Like reference numerals designate corresponding similar parts.

Figure 1 is a schematic diagram of a respiratory humidification system.

Figure 2 is an isometric view of a humidification chamber.

Figure 3 is an exploded view of the humidification chamber of Figure 2.

Figure 4 is a sectional view of the humidification chamber of Figure 2.

Figure 5 is an enlarged view of a valve assembly illustrated in Figure 4.

Detailed Description
In the following Detailed Description, reference is made to the accompanying

drawings, which form a part hereof, and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. In this regard, directional
terminology, such as “top,” “bottom,” “front,” “back,” “leading,” “trailing,” etc., 1s used
with reference to the orientation of the Figure(s) being described. Because components of
embodiments can be positioned in a number of different. orientations, the directional
terminology is used for purposes of illustration and is in no way limiting. It is to be
understood that other embodiments may be utilized and structural or logical changes may be
made without departing from the scope of the present invention. The following detailed
description, therefore, is not to be taken in a limiting sense, and the scope of the present
invention is defined by the appended claims. It is to be understood that the features of the
various exemplary embodiments described herein may be combined with each other, unless
specifically noted otherwise.

FIG. 1 is a schematic view of a respiratory humidification system 10 including a
ventilator 12, humidifier 14 having a humidification chamber 16 and a patient circuit 18. It

is worth noting that system 10 is one exemplary environment for concepts presents herein.
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In other embodiments, system 10 can include additional components or have one or
more components removed. For example, one other exemplary environment 1s a
continuous positive airway pressure (CPAP) system. Ventilator 12 supplies gases to
humidification chamber 16 through an initial conduit 20. Humidifier 14 heats and
vaporizes water within the chamber 16. The vaporized water humidifies gas from
ventilator 12, which is then output to patient circuit 18. Patient circuit 18 includes an
inspiratory conduit (or limb) 22, a y-connector 24 and an expiratory conduit (or
limb) 26. In other embodiments, for example a CPAP system, y-connector 24 and
limb 26 can be eliminated.

Inspiratory conduit 22 transmits humidified gases from chamber 16 to a
patient through a y-connector 24. The y-connector 24 can be selectively coupled to
a patient interface such as an endotracheal tube. Other patient interfaces can also be
used, for example masks, nasal prongs, etc. After breathing in the humidified gases
transterred from chamber 16, the patient can exhale, transmitting exhaled gases
through expiratory conduit 26 back to ventilator 12. In one embodiment, inspiratory
conduit 22 and expiratory conduit 26 can be heated with a helical wire as described
in copending U.S. Application Serial No. 12/616,395 entitled "Heated Conduit for
Respiratory Humidification", filed on even date herewith. Liquid can be supplied to
the chamber 16 from a fluid source 28, which, in one embodiment comprises a bag
of liquid (e.g., water) fluidly coupled to the chamber 16. As discussed below,
chamber 16 includes a float valve system to control the amount of liquid flowing
from source 28 into chamber 16, and, in particular, the amount of liquid in chamber
16.

With further reference to FIGS. 2-4, humidification chamber 16 includes a
housing 40 coupled to a base plate 42. Positioned between housing 40 and base
plate 42 is a gasket 44, which is configured to provide a water tight seal between
housing 40 and base plate 42. Housing 40 further includes a gas inlet 46 adapted for
coupling to conduit 20 and a gas outlet 48 for coupling to conduit 22 and
transmitting humidified gas to conduit 22. During operation, gas flows into chamber
16 trom ventilator 12 through gas inlet 46. Humidifier 14 (FIG. 1) provides heat to
base plate 42, which evaporates liquid in chamber 16. From there, the gas within

chamber 16 i1s humidified and transmitted to patient circuit 18 through gas outlet 48.
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A float valve system 50 1s positioned within housing 40 to control an amount of
fluid within the chamber 16. In particular, float valve system 50 includes a lower float 52,
an upper float 54 and a valve assembly 56. Lower float 52 is coupled to valve assembly 56
through a first actuating member 58 whereas upper float 54 1s coupled to valve assembly 56
through a second actuating member 60. First actuating member 58 and second actuating
member 60 are spaced apart from one another in a horizontal direction. Lower float 52
cooperates with valve assembly 56 to prevent fluid from entering chamber 16 when a level
of liquid in the chamber 16 reaches a first predetermined level. In turn, upper float 54
cooperates with valve assembly 56 to prevent fluid from entering chamber 16 when a level
of liquid in the chamber 16 reaches a second predetermined level. In this manner, lower
float 52 and upper .ﬂoat 54 operate independently to selectively seal portions of valve
assembly 56 such that further fluid i1s prevented from entering chamber 16. In one
embodiment, the second predetermined level is greater than the first predetermined level. In
a further embodiment, the first predetermined level is greater than the second predetermined
level.

Valve assembly 56 includes a retaining element 62, a support structure 64 and a
diaphragm 66 positioned between the retaining element 62 and the support structure 64.
Both lower float 52 and upper float 54 are pivotally coupled to support structure 64.
Diaphragm 66 is formed of a flexible material (e.g., silicone) configured to seal against
retaining element 62. As liquid within the housing 40 rises, lower tloat 52 urges actuating
member 58 against diaphragm 66 and towards retaining element 62. Likewise, upper float
54 urges actuating member 60 against diaphragm 66 toward retaining element 62. As
discussed in greater detail below, liquid enters housing 40 through tubing 70, which 1is
fluidly coupled to retaining element 62. From retaining element 62, liquid flows into
chamber 16 until lower float 52 or upper float 54 operates to prevent liquid from entering
chamber 16.

If desired, a locking assembly 72 can be provided during shipment of the
humidification chamber 16 so as to retain the tubing 70 as well as lower float 52 and upper
float 54 against base plate 42. The locking assembly 72 can also protect debris and/or other
contaminants from entering chamber 16 through gas inlet 46 and/or gas outlet 48. The
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locking assembly 72 is removed from chamber 16 and disposed prior to operation of the
chamber 16.

As discussed with reference to FIG. 5, a multi-directional fluid path 78 is established
within valve assembly 56 upon entry of fluid into chamber 16. Path 78 includes a first
vertical segment 79, wherein water enters housing 40 through a water inlet 80 coupled to
tubing 70. Inlet 80 is fluidly coupled to retaining element 62, which transfers water to a
valve conduit 82 between a lower portion of retaining element 62 and an upper portion of
diaphragm 66. A valve seat 84 is positioned between retaining element 62 and valve
conduit 82. Upon lower float 52 rising with a level of liquid in chamber 16, actuating rod
58 is configured to urge diaphragm 66 against valve seat 84, preventing further water from
entering chamber 16. Lower float 52 can be positioned so as to seal valve seat 84 upon
fluid in chamber 16 reaching a first predetermined level. If valve seat 84 remains open,
fluid then passes through valve conduit 82 to a second valve seat 86 through a second,
horizontal segment 87 of path 78. Second segment 87 transfers fluid in a direction that 1s
different (e.g., perpendicular) than the direction of first segment 79. Upon upper float 54
rising with a level of liquid in chamber 16, actuating rod 60 is configured to urge diaphragm
66 against valve seat 86 to prevent further liquid from flowing into chamber 16. Path 78
further includes a third, vertical segment 89, transferring fluid from conduit 82 through
valve seat 86. Third segment 89 is in a substantially opposite direction from first segment
79. In one embodiment, valve seat 84 and valve seat 86 are substantially the same size.
After passing through valve seat 86, liquid ultimately enters chamber 16.

Upon entering chamber 16, the level of liquid will rise, causing float 52 to rise with
the level. Actuating rod 58, being coupled to float 52, will urge diaphragm 66 against valve
seat 84, thus preventing liquid from entering chamber 16 through inlet 80. In the event that
a seal between diaphragm 66 and valve seat 84 fails, liquid will continue to enter chamber
16 until upper float 54 rises to urge diaphragm 66 against valve seat 86. In any event, fluid
path 78 is substantially “U” shaped, transferring fluid entering inlet 80 to chamber 16 so as
to provide small sealing areas for valve seats 84 and 86, thereby reducing the risk of leaks
occurring in valve assembly 56.

In all, float valve system 50, through use of both lower float 52 and upper float 54,

provides a redundant safety mechanism to prevent a fluid level within chamber 16 from



CA 02780519 2012-05-10
WO 2011/059623 PCT/US2010/052342

rising too high. Thus, if one component in float valve system 50 fails, another component
can be utilized to prevent further fluid from entering the chamber 16. For example, if one of
the floats 52, 54 fail, the other float will operate to prevent fluid from entering the chamber.
[022] Although specific embodiments have been illustrated and described herein, it will be
appreciated by those of ordinary skill in the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific embodiments shown and described
without departing from the scope of the present invention. This application 1s intended to
cover any adaptations or variations of the specific embodiments discussed herein.

Therefore, 1t 1s intended that this invention be limited only by the claims and the equivalents

thereof.
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WHAT IS CLAIMED I8S:

1. A float valve system controlling an amount of liquid i1n chamber,
comprising:

a first valve seat adapted to receive fluid from outside the chamber 1n a first
direction through an inlet;

a second valve seat spaced apart from the first valve seat in a second
direction, the second valve seat fluidly coupled to the first valve seat and adapted
to receive fluid from the first valve seat;

a fluid conduit extending between the first valve seat and the second valve
seat and adapted to transfer fluid from the first valve seat to the second valve seat
in the second direction;

a first actuating member adapted to selectively open and close the first
valve seat;

a second actuating member spaced apart from the first actuating member 1n
the second direction, the second actuating member adapted to selectively open and
close the second valve seat;:

a first float coupled to the first actuating member so as to close the first
valve seat 'upon fluid in the chamber reaching a first predetermined level; and

a second float coupled to the second actuating member so as to close the
second valve seat upon fluid in the chamber reaching a second predetermined
level;

wherein the fluid conduit 1s formed of a flexible diaphragm extending
between the first valve seat and the second valve seat, the diaphragm adapted to

deflect upon actuation of the first actuating member and the second actuating

member.

2. The system of claim 1, wherein the chamber inlet 1s at a top of the chamber

and the first direction 1s vertical.

3. The system of claim 2 wherein the second direction 1s perpendicular to the

first direction.
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4, The system of any one of claims 1 to 3, wherein the first valve seat and

second valve seat are the same size.

. The system of any one of claims 1 to 4, wherein the first actuating member

and the second actuating member operate independently.

6. The system of any one of claims 1 to 5, further comprising an outlet
transterning fluid from the second valve seat to the chamber in a third direction that is

opposite the first direction.

7. A chamber tor use in a respiratory humidification system, comprising:
a valve assembly, comprising:

a first valve seat adapted to receive fluid from outside the chamber
in a first direction through a valve assembly inlet;

a second valve seat spaced apart from the first valve seat in a second
direction, the second valve seat fluidly coupled to the first valve seat and
adapted to transfer fluid to the chamber; and
a fluid conduit extending between the first valve seat and the second valve

seat and adapted to transfer fluid from the first valve seat to the second valve seat
in the second direction;

a first actuating member adapted to selectively open and close the first

valve seat;

a second actuating member spaced apart from the first actuating member in
the second direction, the second actuating member adapted to selectively open and
close the second valve seat:

a first tloat coupled to the first actuating member so as to close the first

valve seat upon fluid in the chamber reaching a first predetermined level; and
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a second tloat coupled to the second actuating member so as to close the
second valve seat upon fluid in the chamber reaching a second predetermined
level; .

wherein the fluid conduit is formed of a flexible diaphragm extending
between the first valve seat and the second valve seat, the diaphragm adapted to

deflect upon actuation of the first actuating member and the second actuating

member.
8. The chamber of claim 7., wherein the first direction 1s vertical.
9. The chamber of claim 8 wherein the second direction 1s perpendicular to

the first direction.

10.  The chamber of any one of claims 7 to 9, wherein the first valve seat and

second valve seat are the same size.

11.  The chamber of any one of claims 7 to 10, wherein the first actuating

member and the second actuating member operate independently.

12.  The chamber of any one of claims 7 to 11, further comprising an outlet
transferring fluid from the second valve seat to the chamber in a third direction that is

opposite the first direction.

13. A method of controlling a level of liquid in a chamber, comprising:
providing a valve assembly in the chamber to receive liquid from outside

the chamber, the valve assembly including a support structure, a retaining element

having a first valve seat and a second valve seat positioned therein and a

diaphragm positioned between the support structure and the retaining element;
coupling a first float and a second float to the support structure;

transferring fluid through the first valve seat in a first direction;

10
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transterring fluid through a fluid conduit in a second direction;

urging the diaphragm against the first valve seat using the first float upon
liguid 1n the chamber reaching a first predetermined level; and

urging the diaphragm against the second valve seat using the second float

upon liquid in the chamber reaching a second predetermined level.

14.  The method of claim 13, further comprising: transferring fluid through the
second valve seat in a third direction different than the first direction and the second
direction.

15. The method of claim 14 wherein the first direction and second direction are

vertical and the second direction i1s horizontal.

16.  The method of claim 14 or claim 15, further comprising: coupling a first
actuating member between the first float and the support structure, the first actuating
member configured to urge the diaphragm against the first valve seat; and coupling a
second actuating member between the second float and the support structure, the second

actuating member configured to urge the diaphragm against the second valve seat.

17. A float valve system controlling an amount of liquid in a chamber,
comprising;

a valve assembly in the chamber, the valve assembly including a support
structure, a retaining element having a first valve seat and a second valve seat
therein, and a flexible diaphragm positioned between the support structure and the
retaining élement, wherein the first valve seat 1s adapted to receive fluid from an
inlet, and the second valve seat 1s fluidly coupled to the first valve seat through a
valve conduit formed between the retaining element and the flexible diaphragm:;

a lower float and an upper float coupled to the support structure, wherein
the lower float 1s disposed below the valve assembly and the upper float, and the
upper float 1s disposed between the valve assembly and the lower float;

wherein the lower float moves upon a fluid in the chamber reaching a first

predetermined level so as to urge the flexible diaphragm against the first valve

i1



CA 02780519 2016-11-29

seat, and the upper float moves upon a fluid in the chamber reaching a second

predetermined level so as to urge the flexible diaphragm against the second valve

seat.

18.  The float valve system of claim 17, wherein the inlet is positioned toward a
top of the chamber.

19.  The float valve system of claim 17 or claim 18, wherein the flexible

diaphragm extends between the first valve seat and the second valve seat.

20.  The float valve system of any one of claims 17 to 19, wherein:

a first actuating member is coupled between the lower float and the support
structure, the first actuating member configured to urge the flexible diaphragm
against the first valve seat; and

a second actuating member is coupled between the upper float and the
support structure, the second actuating member configured to urge the flexible

diaphragm against the second valve seat.

21.  The float valve system of claim 20, wherein the first actuating member and

the second actuating member operate independently.

22.  The tloat valve system of any one of claims 17 to 21, wherein the lower

float and the upper float are pivotally coupled to the support structure.

23.  The float valve system of Claim 22, wherein the lower float and the upper

float are independently pivotable.

12
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24.  The float valve system of any one of claims 17 to 23, wherein:

the first valve seat receives fluid from the inlet in a first direction;

the second valve seat 1s spaced apart from the first valve seat in a second
direction; and

the second valve seat transfers fluid to the chamber 1in a third direction that

1s substantially opposite the first direction.

25.  The tloat valve system of claim 24, wherein the first direction and the third
direction are substantially vertical, and the second direction is substantially perpendicular

to the first direction.

26.  The float valve system of any one of claims 17 to 25, wherein the second

predetermined level 1s greater than the first predetermined level.

27. A method of controlling a level of liquid in a chamber, comprising:

providing a valve assembly in the chamber, the valve assembly including a
support structure, a retaining element having a first valve seat and a second valve
seat therein, and a flexible diaphragm positioned between the support structure and
the retaining element, wherein the first valve seat is adapted to receive fluid from
an inlet, and the second valve seat fluidly coupled to the first valve seat through a
valve conduit;

coupling a lower float and an upper float to the support structure, wherein
the lower float 1s disposed below the valve assembly and the upper float, and the
upper tloat is disposed between the valve assembly and the lower float;

urging the flexible diaphragm against the first valve seat when the lower
float moves upon a fluid in the chamber reaching a first predetermined level, and
urging the flexible diaphragm against the second valve seat when the upper float

moves upon a fluid in the chamber reaching a second predetermined level.

28. The method of claim 27, wherein the valve conduit is formed between the

retaining element and the tlexible diaphragm.

13
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29.  The method of claim 27 or claim 28, wherein the flexible diaphragm

extends between the first valve seat and the second valve seat.

30.  The method of any one of claims 27 to 29, further comprising;
coupling a first actuating member between the lower float and the support
structure such that the first actuating member urges the diaphragm against the first
valve seat when a fluid in the chamber reaches a first predetermined level; and
coupling a second actuating member between the upper float and the
support structure such that the second actuating member urges the diaphragm

against the second valve seat when a fluid in the chamber reaches a second

predetermined level.

31.  The method of claim 30, wherein the first actuating member and the second

actuating member are independently operable.

32.  The method of any one of claims 27 to 31, further comprising pivotally

coupling a lower float and an upper float to the support structure.

33.  The method of claim 32, wherein the lower float and the upper float are

independently pivotable.

34.  The method of any one of claims 27 to 33, further comprising;:
trahsferring fluid through the first valve seat 1n a first direction;
transferring fluid through a fluid conduit in a second direction; and
transferring fluid through the second valve seat in a third direction that is

substantially opposite the first direction.

14
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35. The method of claim 34, wherein the first direction and the third direction

are substantially vertical, and the second direction is substantially perpendicular to the first

direction.

36. The method of any one of claims 27 to 35, wherein the second

predetermined level is greater than the first predetermined level.
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