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(57) Abstract: A bypass filter comprising a conduit having a main pas-
sageway configured for passage of fluid from an upstream end of the con-
duit to a downstream end of the conduit; The bypass filter further com-
prises a main filter located within the main passageway and configured for
preventing passage therethrough of a predetermined substance within the
fluid, while allowing a remainder of the fluid to pass towards the down-
stream end of the conduit; The bypass filter has an upstream opening in
the conduit located upstream of the main filter and being in fluid commu-
nication with the main passageway at an upstream end of the conduit and a
downstream opening in the conduit located downstream of the main filter
and being in fluid communication with the main passageway at a down-
stream end of the conduit; The bypass filter also comprises an auxiliary
filter being in fluid communication with both the upstream opening and
the downstream opening for passing the fluid between the openings while
at least partially absorbing the substance.
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BYPASS FILTER

TECHNOLOGICAL FIELD

The present invention is in the field of humidity filters, in particular, filters used

in respiratory devices.

BACKGROUND OF THE INVENTION

In the field of capnography, it is common to obtain a CO: reading from a patient
by connecting the patient to a nasal cannula. In operation, the nasal cannula is configured
for receiving the exhaled air from the patient’s mouth/nose whereafter this air is passed
through appropriate tubing towards a downstream end and to a CO» analyzer.

Since the analyzer is configured for monitoring CO: levels, it is common to
provide the tubing with a humidity filter, usually located closer to the downstream end, in
order to absorb humidity and/or prevent it from passing into the analyzer.

Acknowledgement of the above references herein is not to be inferred as meaning
that these are in any way relevant to the patentability of the presently disclosed subject

matter.

GENERAL DESCRIPTION

In accordance with one aspect of the subject matter of the present application,
there is provided a bypass filter comprising:
- a conduit having a main passageway configured for passage of fluid from an
upstream end of the conduit to a downstream end of the conduit;
- a main filter located within said main passageway and configured for
preventing passage therethrough of a predetermined substance within said
fluid, while allowing a remainder of said fluid to pass towards the downstream

end of the conduit;
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- an upstream opening in said conduit located upstream of the blocking element
and being in fluid communication with said main passageway at an upstream
end of the conduit and a downstream opening in said conduit located
downstream of the blocking element and being in fluid communication with
said main passageway at a downstream end of the conduit; and

- a auxiliary filter being in fluid communication with both said upstream
opening and said downstream opening for passing said fluid between the

openings while at least partially absorbing said substance.

In particular, the bypass filter can be configured for allowing passage of gases
through the main passageway between the upstream end and the downstream end, while
preventing liquids from reaching the downstream end of the conduit. In this case the
bypass filter is configured to function as a humidity filter. In accordance with a specific
example, the bypass filter may be used in consumables configured for respiratory use, in
which case said liquid may be water vapor (also referred herein as moisture or humidity).
For the purpose of clarity, further examples and features will be referred to in connection
with the above example of gases and liquid (i.e. a filter preventing passage of liquids
while allowing passage of gases).

However, it should be understood that for all intents and purposes, the present
invention is not restricted to liquids (or water vapor in particular) and it is the unique
design of the bypass filter which allows for the henceforth described features, which may
be implemented for a variety of substances.

The bypass filter is designed such that when a certain amount of water
accumulates on an upstream surface of the main filter, the main passageway becomes
blocked to gases, preventing passage of said gases through the main filter. The
arrangement is such that once the main passageway becomes blocked, the fluid
(including both gases and liquids) is diverted to travel from an upstream end of the
conduit to a downstream end of the conduit via passage through the auxiliary filter,
during which passage liquids become absorbed in the auxiliary filter, allowing the gases

to travel to the downstream end of the conduit. In this specific example, the bypass filter
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is a humidity filter, the main filter can be hydrophobic while the auxiliary filter is
hydrophilic.

The conduit can further comprise one or more drainage openings being in fluid
communication with the auxiliary filter, and the main filter may be designed so as to
guide said liquid towards said auxiliary filter via said one or more drainage openings.
Guiding may be performed, for example, by the geometric shape of the main filter, where
the liquid is promoted to flow towards the one or more drainage opeings. In particular,
the main passageway can have a cross-section and the main filter may be located within
the main passageway, entirely obstructing said cross-section.

The upstream surface of the main filter may have at least one segment tapering
outwards away from the upstream end and leading to said one or more drainage openings.
In accordance with a particular example, the upstream surface of the main filter can have
at least a partially conical geometry such that the wide end of the cone is adjacent to said
one or more drainage openings, so that any water passing through the passageway and
encountering the upstream surface of the main filter will simply flow down the conical
surface towards the periphery of the conduit where the drainage openings are located.

In accordance with a specific embodiment, the auxiliary filter may surround the
conduit, at least partially, for example, be in the form of a sleeve or sleeve portion,
extending along the outer side of the conduit. Under this embodiment, the following
design variations may apply:

a) the auxiliary filter extends along the outside of the conduit such that it

overlaps the upstream opening but does not overlap the downstream opening;

b) the auxiliary filter extends along the outside of the conduit such that it

overlaps the downstream opening but does not overlap the upstream opening;
and

c) the auxiliary filter extends along the outside of the conduit such that it

overlaps both the upstream opening and the downstream opening.

The term ‘overlaps’ is used herein to denote that an inner surface of the auxiliary

filter is juxtaposed with the opening.



WO 2019/123446 PCT/IL2018/051137

10

15

20

25

30

-4 -

The auxiliary filter may also be fitted with a downstream cover preventing water
from dripping down after being absorbed within the filter. The downstream cover may
comprise one or more apertures configured for allowing the gases to escape via the
downstream end of the auxiliary filter. This arrangement allows the gases to pass through
to the downstream opening of the conduit while retaining the water within the auxiliary
filter.

In addition, when the auxiliary filter is designed as a sleeve, the bypass filter may
further comprise an external housing surrounding at least the auxiliary filter. In
accordance with a specific example, the housing may fully encapsulate the bypass filter
and extending between an upstream end located upstream of the upstream opening of the
conduit, and a downstream end located downstream of the downstream opening of the
conduit.

The auxiliary filter may be designed such that upon absorbing the water, it
increases in dimensions, e.g. swelling. In particular, in case a sufficiently rigid external
housing is used, such swelling of the auxiliary filter may cause it to extend axially.

In operation, when exhaled gases mixed with water vapor enter the main
passageway and advance towards the main filter, the gases pass freely through the main
filter while water vapor condenses on the main filter and gradually guided to flow
towards the auxiliary filter where it is absorbed. Under this mode of operation, the
pressure scheme is such that the pressure difference between the upstream and
downstream sides of the main filter is higher than the pressure difference between the
upstream and downstream side of the auxiliary filter, whereby the gases flow through the
main filter.

However, if a sufficiently large amount of water vapor or water reaches the main
filter at once, e.g. a large water drop, it may cover the main filter, thereby completely
blocking the main passageway. In this case, the gases can no longer flow through the
main filter and pressure begins to increase on the upstream end of the main filter. Once
this pressure increases sufficiently, the gases can flow through the upstream opening of
the conduit, then through the auxiliary filter and eventually, exiting from a downstream

end of the auxiliary filter, towards the downstream opening of the conduit.
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During this process of passing through the auxiliary filter, water vapor is absorbed
therein. Simultaneously, the water previously blocking the main filter is guided towards
the one or more drainage openings in the conduit and is also being gradually absorbed in
the auxiliary filter. As a result, the auxiliary filter expands and the pressure on the
upstream side of the main filter is decreased, while the main filter is cleared of the water
blocking the passageway. This balances out the pressure scheme, allowing the gases to
once again flow through the main filter.

Thus, throughout the operation of the bypass filter, the auxiliary filter keeps
expanding each time it absorbs an additional amount of water. In accordance with another
feature of the present invention, the external housing may comprise a stopper configured
for limiting the expansion of the auxiliary filter. Specifically, the stopper can be
constituted by a downstream end of the external housing.

In addition, the design may be such that once the auxiliary filter expands
sufficiently to reach the stopper, the downstream cover abuts the downstream end of the
external housing, wherein the one or more apertures of the downstream cover become
blocked, thereby preventing passage of gases to the downstream opening of the conduit.
Such a design allows defining a predetermined lifespan for the bypass filter. Since the
bypass filter is implemented in a consumable, it can be designed to have a predetermined
lifespan according to an estimated amount of water vapor.

The above design of the bypass filter allows for constant flow of gases towards
the downstream end of the conduit. Contrary to common filters, in which the gases are
prevented from flowing towards the downstream end of the conduit until much of the
water is absorbed in the filter, the bypass filter of the present invention allows
considerably reducing this ‘delay’ time.

When the bypass filter is applied to respiratory devices, e.g. capnography
measurements, the reduction in ‘delay’ time is proportionally reflected in the Rise Time
on the capnographic diagram. Reducing the Rise Time, in turn, allows for a more

accurate measurement of respiratory functions.
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BRIEF DESCRIPTION OF THE DRAWINGS

In order to better understand the subject matter that is disclosed herein and to
exemplify how it may be carried out in practice, embodiments will now be described, by
way of non-limiting example only, with reference to the accompanying drawings, in
which:

Fig. 1 is a schematic isometric view of a bypass filter according to the present
application;

Fig. 2A is a schematic front view of the bypass filter shown in Fig. 1;

Fig. 2B is a schematic longitudinal cross-section view of the bypass filter shown
in Fig. 2A;

Fig. 3A is a schematic enlarged view of an upstream portion of the bypass filter
shown in Fig. 2B, shown in a state where liquid enters the bypass filter; and

Fig. 3B is a schematic enlarged view of a downstream portion of the bypass filter
shown in Fig. 2B, shown in an end state of the bypass filter.

It will be appreciated that for simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn accurately or to scale. For example, the
dimensions of some of the elements may be exaggerated relative to other elements for
clarity, or several physical components may be included in one functional block or
element. Further, where considered appropriate, reference numerals may be repeated

among the figures to indicate corresponding or analogous elements.

DETAILED DESCRIPTION OF EMBODIMENTS

Attention is first drawn to Fig. 1 in which the bypass filter of the present
application is shown, generally designated as 1, and comprising a conduit 2 formed with
a main passageway 3 and a main filter arrangement having an upstream filter portion 20
and a downstream filter portion 30, and a housing 10 surrounding a portion of the conduit
2 and comprising an auxiliary filter 40.

With additional reference being made to Figs. 2A and 2B, the upstream filter
portion 20 comprises a selective filter membrane 22 configured for allowing passage of

gas (e.g. air) therethrough to the downstream side of the conduit, while preventing
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passage of fluid (see F in Fig. 3A). In addition, the upstream filter portion 20 comprises a
first set of bypass apertures 24 formed in the conduit 2 and located upstream of the
selective membrane 22, and a second set of bypass apertures 26 formed in the conduit 2
and located between the first set of apertures 24 and the selective membrane 22.

The selective membrane 22 is of a conical shape tapered towards the downstream
end of the conduit, such that the apex of the selective membrane 22 is located more
upstream than the periphery of the selective membrane 22. The upstream filter portion
further comprises a set of drainage openings 28 formed in the conduit 2 and located at the
periphery of the selective membrane 22. As will be shown with respect to Figs. 3A and
3B, the conical shape of the selective membrane 22 allows directing fluid towards the
drainage openings 28.

The downstream filter portion 30 is also formed with a set of apertures 32, located
downstream of the selective membrane 22.

The housing 10 surrounding the conduit 2 has a body 12 extending axially
between an upstream end 14a, located upstream of the first set of apertures 24, and a
downstream end 14a located downstream of the set of apertures 32 of the downstream
filter portion 30. The housing 10 accommodates therein an auxiliary filter 40 comprising
a main filter body 42 which extends from the upstream end 14a of the housing body 12
towards the downstream end 14b of the housing body 12. The downward end of the filter
body 42 is fitted with a downstream cover 46, formed with apertures 49. It is noted that
the filter body 42 does not extend all the way, leaving a space 15 defined between the
downstream cover 46 and the downstream end of the housing 14b.

In addition, the filter body 42 is provided with a support spring 48 spiraling
around the main conduit and configured both for supporting the shape of the filter body
42 and for allowing the filter body 42 to expand uniformly.

With particular reference being made to Fig. 2B, under a regular mode of
operation of the bypass filter, when air A is passed through the main passageway 3 of the
conduit 2, it progresses downwards towards the selective membrane 22, passes through it
and proceeds to the downstream end of the conduit 2. Under this mode of operation, the

air A does not pass into the auxiliary filter 40 via apertures 24, 26. Simultaneously, any
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light humidity contained within the air is absorbed within the filter body 42 via the
apertures 24, 26.

Turming now to Fig. 3A, a state of the bypass filter 1 is shown in which a large
amount of liquid F accumulates on the selective membrane 22. Since the selective
membrane 22 does not allow passage of liquid therethrough (e.g. hydrophilic), the liquid
F accumulates on the selective membrane 22 and blocks passage to the incoming air A.

As a result of the above, two processes take place simultaneously:

The air A, which is prevented from passing through the selective membrane 22 is
diverted to apertures 24, 26, where it enters the filter body 42, travels therealong and is
emitted via the apertures 49 in the downstream cover 46. From there, the air A proceeds
towards the downstream apertures 32 where it reenters the main passageway 3 of the
conduit 2, thereby bypassing the main filter.

The liquid F accumulated on the selective membrane 22 is diverted, owing to the
conical shape of the selective membrane 22, to the periphery thereof towards drainage
openings 28. The liquid F penetrates the filter body 42 via the drainage openings 28 and
becomes absorbed therein.

Once the liquid F is sufficiently absorbed, the selective membrane 22 is
unblocked, allowing air A to flow back through the membrane 22, reverting to the mode
of operation shown in Fig. 2B.

It should be noted that the bypass filter is arranged such that under normal
circumstances (i.e. no liquid blocking the selective membrane 22), the path of least
resistance for the air A is through the selective membrane 22 rather than through the filter
body 42.

In addition, as the filter body 42 absorbs liquids and humidity, it expands axially
such that the downstream cover 46 displaces towards the downstream end 14b of the
housing 10. With additional reference being made to Fig. 3C, the filter body 42 is shown
in a state where it is fully expanded and the downstream cover 46 is flush with the
downstream end 14b of the housing 10 (also referred herein as an ‘end state’ of the filter).
In this state, the volume of space 15 is reduced nearly to zero, and the filter body 42 can

no longer expand and can no longer absorb any more liquid.
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Thus, in this state, if the selective membrane 22 is blocked by fluid, the fluid will
no longer drain into the filter body 42. In addition, in the end state of the filter, the
apertures 49 in the downstream cover 46 are flush against the downstream end 14b of the
housing 10, thereby blocking passage of air to the downstream apertures 32. Thus, even if
air were to travel through the filter body 42, it would not be able to escape to a
downstream end of the passageway 3.

This state is considered an ‘end state’ or an ‘end of life state’ because the filter
becomes unusable and it is required to replace is with a new bypass filter. The life span of
the bypass filter is therefore determined by two main parameters: the initial axial length
of the space 15, and the expansion rate of the filter body 42 when coming into contact
with a liquid.

Those skilled in the art to which this invention pertains will readily appreciate that
numerous changes, variations, and modifications can be made without departing from the

scope of the invention, mutatis mutandis.
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CLAIMS:

1. A bypass filter comprising:

- a conduit having a main passageway configured for passage of fluid from an
upstream end of the conduit to a downstream end of the conduit;

- a main filter located within said main passageway and configured for
preventing passage therethrough of a predetermined substance within said
fluid, while allowing a remainder of said fluid to pass towards the downstream
end of the conduit;

- an upstream opening in said conduit located upstream of the main filter and
being in fluid communication with said main passageway at an upstream end
of the conduit and a downstream opening in said conduit located downstream
of the main filter and being in fluid communication with said main
passageway at a downstream end of the conduit; and

- an auxiliary filter being in fluid communication with both said upstream
opening and said downstream opening for passing said fluid between the

openings while at least partially absorbing said substance.

2. A bypass filter according to Claim 1, wherein the bypass filter is configured for
allowing passage of gases through the main passageway between the upstream end and
the downstream end, while preventing liquids from reaching the downstream end of the
conduit.

3. A bypass filter according to Claim 2, wherein the bypass filter is configured to
function as a humidity filter.

4. A bypass filter according to Claim 1, 2 or 3, wherein the bypass filter is used in
consumables configured for respiratory use.

S. A bypass filter according to Claim 4, wherein the liquid is any one or a
combination of: water vapor, moisture and humidity.

6. A bypass filter according to any one of Claims 1 to 5, wherein, when a

predetermined amount of water accumulates on an upstream surface of the main filter, the
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main passageway becomes blocked to gases, preventing passage of said gases through the
main filter.

7. A bypass filter according to Claim 6, wherein, once the main passageway
becomes blocked, the fluid is diverted to travel from an upstream end of the conduit to a
downstream end of the conduit via passage through the auxiliary filter.

8. A bypass filter according to Claim 7, wherein the auxiliary filter is configured for
allowing the gases to travel to the downstream end of the conduit.

9. A bypass filter according to any one of Claims 1 to 8, wherein the bypass filter is
a humidity filter, the main filter is hydrophobic and the auxiliary filter is hydrophilic.

10. A bypass filter according to any one of Claims 1 to 9, wherein the conduit further
comprises one or more drainage openings being in fluid communication with the
auxiliary filter.

11. A bypass filter according to Claim 10, wherein the main filter is designed so as to
guide said liquid towards said auxiliary filter via said one or more drainage openings.

12. A bypass filter according to Claim 10 or 11, wherein guiding is performed by the
geometric shape of the main filter.

13. A bypass filter according to Claim 10, 11 or 12, wherein the main filter is located
within the main passageway, entirely obstructing a cross-section of the main passageway.
14. A bypass filter according to any one of Claims 10 to 13, wherein the upstream
surface of the main filter has at least one segment tapering outwards away from the
upstream end and leading to said one or more drainage openings.

15. A bypass filter according to Claim 14, wherein the upstream surface of the main
filter has at least a partially conical geometry such that the wide end of the cone is
adjacent to said one or more drainage openings.

16. A bypass filter according to any one of Claims 1 to 15, wherein the auxiliary filter
surrounds the conduit, at least partially.

17. A bypass filter according to Claim 16, wherein the bypass filter is in the form of a
sleeve or sleeve portion, extending along the outer side of the conduit.

18. A bypass filter according to Claim 17, wherein any of the following

configurations are provided:
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- the auxiliary filter extends along the outside of the conduit such that it
overlaps the upstream opening but does not overlap the downstream opening;
- the auxiliary filter extends along the outside of the conduit such that it
overlaps the downstream opening but does not overlap the upstream opening;
and
- the auxiliary filter extends along the outside of the conduit such that it

overlaps both the upstream opening and the downstream opening.

19. A bypass filter according to any one of Claims 1 to 18, wherein the auxiliary filter
is fitted with a downstream cover preventing water from dripping down after being
absorbed within the filter.

20. A bypass filter according to Claim 19, wherein the downstream cover comprises
one or more apertures configured for allowing the gases to escape via the downstream
end of the auxiliary filter.

21. A bypass filter according to Claim 20, wherein the bypass filter comprises an
external housing surrounding at least the auxiliary filter.

22, A bypass filter according to Claim 21, wherein the housing is fully encapsulate
the bypass filter.

23. A bypass filter according to Claim 21 or 22, wherein the auxiliary filter extends
between an upstream end located upstream of the upstream opening of the conduit, and a
downstream end located downstream of the downstream opening of the conduit.

24. A bypass filter according to Claim 21, 22 or 23, wherein the auxiliary filter is
designed such that upon absorbing the water, it increases in dimensions.

25. A bypass filter according to Claim 24, wherein such an expansion of the auxiliary
filter causes it to extend axially.

26. A bypass filter according to Claim 24 or 25, wherein the external housing
comprises a stopper configured for limiting the expansion of the auxiliary filter.

27. A bypass filter according to Claim 26, wherein the stopper is constituted by a
downstream end of the external housing.

28. A bypass filter according to any one of Claims 24 to 27, wherein once the

auxiliary filter expands sufficiently to reach the stopper, the one or more apertures of the
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downstream cover become blocked, thereby preventing passage of gases to the

downstream opening of the conduit.
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