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(57) An insert 12 suitable for use in an apparatus for 28 26
contaminant reduction in a stream of compressed gas; \\ \,\
the insert comprises a tubular portion 50 connected to the b )
head portion such that the gas from the inlet pathway
engages said insert externally of said tubular portion and
passes to the outlet pathway from internally of said —
tubular portion. At least one baffle 56 extends from the
tubular portion and thereby narrows a substantially Fiy
annular gap between said insert and a wall of at leastone 7p —§ :
of the body and head portions. At least one curved wall ]
62 extends from the baffle for causing the stream of 28
compressed gas to rotate around an axis of the tubular

pd
portion thereby forming a vortex. Preferably the %/? D
0

apparatus includes a head portion having an inlet for Es P
receiving a stream of compressed gas, an outlet for the 20
gas, an inlet pathway for directing the gas from the inlet 66 —
towards the insert and an outlet pathway for directing the 4.2 — |
gas from the insert towards the outlet. Preferably the T
apparatus also includes a body portion for collecting b
contaminants removed from the gas and is connected to

and sealed relative to the head portion. The body portion 12
may include a drain port for exhausting the contaminants

after removal from the stream of compressed gas. The

insert may be used advantageously to provide efficient 16
removal of condensate from a compressed air system

with minimum energy consumed, for example through T—46

pressure loss.
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APPARATUS FOR CONTAMINANT REDUCTION
IN A STREAM OF COMPRESSED GAS

The present invention relates to an apparatus for contaminant
reduction 1in a stream of compressed gas and relates
particularly, but not exclusively, to an insert for use in an
apparatus for contaminant reduction in a stream of compressed

air.

Compressed air is widely used throughout industry as a safe and
reliable source of energy. However, the quality of the
compressed air delivered directly from the compressor 1is
unsuitable for most uses without treatment to improve its
purity. Treating compressed air generally involves filtering
it, to remove o0il and particulate, and drying 1t to remove
moisture. These processes result in a loss of compressed air
pressure. This is generally compensated for by the compressor
generating compressed air at a higher pressure than is actually

required by the production process, which is energy inefficient.

Compressed air contains contaminants such as condensed water,
water wvapour, o0il and particulates which need to be removed
before use. Quality standard IS08573.1 specifies air quality
standards for these contaminants. Of the contaminants present

water condensate accounts for the highest quantity.

Atmospheric air at, for example, 25°C and 60% relative humidity
contains 13.8g/m® of water wvapour. Following compression to
typically 7 bar g, air 1is discharged from the compressor via an
alir-cooled after-cooler. The discharge temperature will
typically be 30°C with 100% relative humidity and the air will
therefore contain 3.8g/m® of water vapour. When the air cools
further in the distribution system to 25°C it will contain

2.9g/m3 of water wvapour. So, at the after-cooler 10g/m3 of
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water wvapour 1s condensed and in the distribution system a
further 0.99g/m3 of water wvapour 1s condensed. For a
typical 18KW (25hp) compressor discharging at a rate
of 170m3/hour of compressed air, over 4,000 hours annually; the
total water condensed is 6,800 litres at the after-cooler and

612 litres within the distribution system.

The efficient removal of this condensate that remains after the
after-cooler is essential to the performance of other
purification equipment such as high efficiency o0il removal
filtration and dryers including refrigerated, desiccant and

membrane dryers.

An example of a condensate and particulate removal system of the
prior art 1s the use of a sintered material as a filter.
However, sintered filters are known to have high pressure loss
due to their low internal voids volume, typically just 20%.
Furthermore, the filtering nature of the sintered material
results in the 1internal voids becoming blocked with small
particles and oils thereby further reducing the efficiency of
the apparatus. Furthermore, the filtration component 1is
expensive and requires regular replacement as the voids in the
sintered material become blocked with the particulate material
that has been removed from the compressed air. It is also the
case that the process of replacement of this component is time-
consuming further adding to the cost of maintenance of the

filter.

In another example of the prior art there are radially arranged
baffles to impart a spinning motion by directing the air past
their angled blades. However, the flow of air is not even across
all of the blades and therefore there are discrepancies in the
speed at which the stream of compressed air is spun, which leads

to ineffective condensate removal. This is followed by various
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conical shaped baffles and a replaceable filter stage typically
formed from polymer or metallic sintered tubular material. Such
designs focus on the particle removal rating rather than the
removal of the water condensate such that the water condensate
removal efficiency is not optimised. High pressure losses are

also present particularly due the filtration stage.

Preferred embodiments of the present invention seek to overcome
the above described disadvantages of the prior art. For example,
it is desirable to remove the condensate from the compressed air
system efficiently with minimum energy consumed, for example
through pressure 1loss. It is also desirable to remove

serviceable items such as sintered filter elements.

According to an aspect of the present invention there is provided
an apparatus for contaminant reduction in a stream of compressed

gas, the apparatus comprising:-

a first insert for directing a stream of compressed gas;

a head portion including an inlet for receiving a stream of
compressed gas, an outlet for said gas, an inlet pathway for
directing said gas from said inlet towards said first insert and
an outlet pathway for directing said gas from said first insert

towards said outlet;

a body portion for collecting contaminants removed from said gas
and connected to and sealed relative to said head portion, said
body portion including a drain port for exhausting said

contaminants after removal from said stream of compressed gas,

wherein said first insert is located within a volume formed by

said head and body portions and comprises
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a tubular portion connected to said head portion such that said
gas from said inlet pathway engages said first insert externally
of said tubular portion and said gas passes to said outlet

pathway from internally of said tubular portion,

at least one baffle extending from said tubular portion and
thereby narrowing a substantially annular gap between said first
insert and a wall of at least one of said body and head portions,

and

at least one curved wall extending from said baffle for causing
said stream of compressed gas to rotate around an axis of said

tubular portion and thereby form a vortex.

By providing an insert with a gap reducing baffle and spin
imparting walls the advantage 1s provided that the insert is
able to effectively remove water condensate and particles in a
simple single step with minimal loss of compressed ailr pressure.
The condensate water is sufficient to wash the vast majority of
particles out of the stream of compressed gas by the mixing
effect of the formation of the vortex together with the impact
against the wall of the head and/or body portion. Furthermore,
this apparatus has significantly reduced maintenance compared
to filter apparatus using sintered materials because the insert
is not acting as a filter and therefore does not become blocked
as a result, the insert simply needs very occasional removal and
cleaning from the apparatus in the event that a large particles

have got caught between the walls that extend from the baffle.

The first insert may comprise a plurality of curved walls, said
walls extending radially outwards beyond said baffle and forming
retaining portions at distal ends of said walls for engaging at

least one of said body and head portions.
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By providing a plurality of curved walls that form retaining
portions at their distal ends, the advantage 1s provided that
the first insert can be located and retained adjacent the
junction between the head portion and the body portion. As a
result, the first insert is easily added to the remainder of the
apparatus since it is commonplace for the head and body portions
to be fitted together by a screw fitting. This also provides
the further advantage that the first insert can be easily
serviced by these simple steps of unscrewing the head and body
portions removing the 1insert c¢leaning and reinserting.
Furthermore, the insert is able to hold itself stably within the
apparatus without the need for additional components such as tie

rods.

The first insert may comprise at least one injection moulded

thermoplastic material.

The first insert described above can be easily formed by
injection moulding thermoplastic material. In particular, the
formation of baffle with curved walls extending therefrom, the
walls preferably extending parallel to the axis of the tubular
portion, allows the insert to be formed in a simple two-part
tool. As a result, the first 1insert 1s a low-cost item
significantly reducing the cost of production of the contaminant
reduction apparatus compared to similarly effective apparatus

of the prior art.

In a preferred embodiment the head portion comprises a housing
and a second insert thereby forming said inlet and outlet

pathways.

By having the insert forming the inlet and outlet pathways, it
is easy to form those pathways so that the flow of air that

engages the walls of the first insert is evenly distributed
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across each of the walls leading to an even distribution of air
speeds leaving the first insert and engaging the inner surface
of the wall of the body portion. As a result, there are no slow
spots which can result in contaminants not been removed from the

air stream due to low air speeds.

In another preferred embodiment the housing comprises an

extruded metallic material.

In a further preferred embodiment the second insert comprises

an injection moulded thermoplastic material.

By forming the head portion from a housing and a second insert,
and in particular using an extruded metallic material to form a
housing and an injection moulded thermoplastic material to form
the second insert, the advantage is provided that the cost of
the head portion of the apparatus of the present invention is
significantly lower than similarly effective apparatus of the
prior art. This arrangement is possible because the pressure
differential between the inside and the outside of the housing
is significant whereas the pressure differential between the
inlet pathway and the outlet pathway of the second insert is
negligible.

The apparatus may further comprise a filter element located at

least partially within said first insert.

According to another aspect of the present invention there is
provided an insert for use 1n an apparatus for contaminant
reduction in a stream of compressed gas, the apparatus including
a head portion having an inlet for receiving a stream of
compressed gas, an outlet for the gas, an inlet pathway for
directing the gas from the inlet towards the insert and an outlet

pathway for directing the gas from the insert towards the outlet,
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the apparatus also including a body portion for collecting
contaminants removed from the gas and connected to and sealed
relative to the head portion, the body portion including a drain
port for exhausting the contaminants after removal from the

stream of compressed gas, the insert comprising:-

a tubular portion connected to the head portion such that the
gas from the inlet pathway engages said insert externally of
said tubular portion and the gas passes to the outlet pathway

from internally of said tubular portion,

at least one baffle extending from said tubular portion and
thereby narrowing a substantially annular gap between said
insert and a wall of at least one of said body and head portions,

and

at least one curved wall extending from said baffle for causing
said stream of compressed gas to rotate around an axis of said

tubular portion and thereby form a vortex.

The first insert may comprise a plurality of curved walls, said
walls extending radially outwards beyond said baffle and forming
retaining portions at distal ends of said walls for engaging at

least one of said body and head portions.

The first insert may comprise at least one injection moulded

thermoplastic material.

Preferred embodiments of the present invention will now be
described, by way of example only, and not and in any limitative

sense with reference to the accompanying drawings in which:-

Figure 1 is a sectional view of an apparatus of the present

invention;
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Figure 2 1is a perspective view of a first insert used in the

apparatus of figure 1;

Figure 3 is a plan view of the insert of figure 2;

Figure 4 is a side view of the insert of figure 2;

Figure 5 is a sectional side view of the insert of figure 2;

Figure 6 is a sectional view of a portion of the apparatus of

figure 1;

Figure 7 1s a sectional view of an apparatus of another

embodiment of the present invention; and

Figure 8 is a close-up of a portion of figure 7.

Referring to figure 1, an apparatus 10 for contaminant reduction
in a stream of compressed gas, in particular compressed air, has
a first insert 12 that is used to direct the stream of compressed
air. The outermost parts of the apparatus 10 include a head
portion 14 and a body portion 16, which together form a sealed
volume. The head portion includes an inlet 18 and an outlet 20.
The inlet 18 is connected to a compressed airline (not shown)
and leads to an inlet pathway 22. The outlet is connected to
downstream apparatus (not shown) and extends from an outlet
pathway 24. The head portion 14 is formed from two main
components, namely a housing 26 and a second insert 28 that are
fitted together and sealed relative to one another via O-rings
30, 31 and 32. The seal 31 1is provided to prevent any air
bypassing the system by running around the space in which seals
30 and 32 sit. The housing 26 is formed from two components,

both of which are typically formed from extruded aluminium. The
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first housing component 34 is substantially tubular and forms
the majority of the housing 26. The second housing component
36 is a sealing closure 1in the form of a disc of extruded
aluminium that has an external thread which engages an internal
thread formed in the first housing component and the two housing

components are sealed relative to each other via O-ring 38.

The body portion 16 is also formed from extruded aluminium and
engages the head portion 14 via mutually cooperating threads
indicated at 40 and this junction is sealed by O-ring 42. The
formation of the inlet 18 and outlet 20, the threads indicated
at 40 and other features that cannot be formed during an
extrusion process are machined after the extruded components are
formed. The body portion 16 is used to collect contaminants
removed from the stream of compressed air and includes a drain
port 44. The example shown in figure 1 is a float valve drain
port, although it will be apparent to person skilled in the art
that other drainage mechanisms are available and are suitable
for exhausting the collected water, o0il and dirt from the body
portion 16. The tubular body portion 16 has an annular wall 46
which has an inner surface 48 onto which the contaminants are

directed and which drains towards the exhaust 44.

Referring additionally to figures 2 to 5, the first insert 12
is located within a volume formed by the head and body
portions 14 and 16. The first insert 12 has a tubular portion 50
having inside and outside surfaces 52 and 54. Also forming part
of the first insert 12 is a baffle 56 that extends from the
tubular portion 50 in a radially outwards direction. The angle
at which the baffle 56 extends from the tubular portion is
preferably not perpendicular to an axis 58 of tubular portion 50.
The angle, indicated at 60, is acute in the direction of flow
of air on the outside of insert 12. Because of the tubular

portion 50 and the body portion 16 are both substantially tubular
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and are aligned coaxially, the gap between the tubular portion
and the body portion is annular and substantially the same along
the length of the tubular portion. However, the baffle 56

narrows this gap.

The first insert 12 has at least one, and preferably a plurality
of, curved walls 62 which extend radially outwards from the
tubular portion and upwards, coaxially with axis 58, from
baffle 56. The curved walls 62 extend outwards along the upper
surface of baffle 56 and beyond thereby entering the gap between
the radially outermost edge of baffle 56 and wall 46 of body
portion 16. The curved walls 62 ferminate 1in respective
retaining portions in the form of lugs 64 which are adapted to
sit in a gap (indicated at 66 on figure 6) between the uppermost
rim edge of body portion 16 and head portion 14. As a result,
the first insert 12 is held in place within the apparatus 10
when the head and body portions 14 and 16 are fixed in threaded
engagement together. The uppermost end of tubular portion 50
has an annular flange 68 extending a short distance radially
inward from the tubular portion which forms an annular recess 70
that receives an O-ring 72 for sealing the first insert 12
relative to the second insert 28. The first and second
inserts 12 and 28 are preferably formed by injection moulding
using a thermoplastic material. As will be apparent from the
figures, the first insert 12 has all of its features aligned so
that it can be made from a two-part injection moulding tool with
the two parts coming together and separating in a direction
parallel to axis 58. For example, the curved walls 62 extend
from the baffle 56 parallel to axis 58 allowing them to be formed

in a single part of a moulding tool.

The inlet pathway 22 and outlet pathway 24 are formed from a

combination of the head portion 14, the first insert 12 and a
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series of walls that form part of the second insert 28. These

walls include an outer wall 74 and a conduit wall 76.

Operation of the apparatus 10 will now be described with
reference to all of the drawings. The apparatus is assembled
by inserting the second insert 28 through the upper end of first
housing component 34, this being the end where the second housing
component 36 will sit once assembled. The second housing
component 36 is then brought into threaded engagement with the
first housing component 34 thereby fixing the second insert 28
into place. The first insert 12 is brought into engagement with
the body portion 16 so that the lugs 64 sit on the upper edge
of wall 46. The body portion 16 is then brought into threaded
engagement with the head portion 14 so that the lugs 64 sit in
the space 66 and the O-ring 72 engages the end of conduit wall
76 thereby completing the apparatus. Finally, the inlet 18 and
outlet 20 are connected, via suitable pipework, to a compressed

alr supply and on to downstream components.

When the apparatus 1s in use, compressed air enters the inlet
18 in the direction indicated at A. After passing through the
inlet 18, the stream of compressed air comes into contact with
the outside surface of wall 74 of second insert 28. This causes
the compressed air to spread around the wall 74 and to move
upwards 1in the direction indicated by B. The compressed air
passes over the uppermost edge of the outer wall 74 and changes
direction to move in direction C passing into the gap between
the wall 74 and the conduit wall 76. After passing by the end
of conduit wall 76 and travelling in the direction indicated by
D, the stream of compressed air comes into engagement with the
outside surface 54 of the tubular portion 50 of the first insert
12. The movement of the air indicated by directions A, B, C and

D forms the inlet pathway 22.
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Next the compressed air comes into engagement with baffle 56
causing the air to speed up and move in a radially outwards
direction, indicated at E. This radially outward movement
causes the stream of compressed air to come into contact with
the curved walls 62 which diverts the stream of compressed air
in the curved path indicated by F (see figure 3). This speeding
up and spinning of the stream of compressed air causes 1t to
come into engagement with the inner surface 48 of wall 46 of
body portion 16. Any non-gaseous contaminants, such as water
condensate, o0il and particulates, being non-gaseous and having
a density greater than the compressed air, will impact the
wall 46. Due to the relatively high volume of water condensate
in the compressed air at this time the majority of contaminants,
other than water namely particulates and o0il, tend to be already
mixed or tend to become mixed at the point of impact with the
water. The condensate water tends to stick to the surface 48
of wall 46 and run down the wall towards exhaust 44.
Periodically the exhaust 44 is opened to exhaust the water and

contaminants.

Because the air, now separated from the contaminants, has been
moved in the curved direction F it continues to rotate following
a path schematically indicated by direction arrow G and forms a
vortex. The lower part of the tubular portion 50, below the
baffle 56, acts as a vortex finder thereby directing the stream
of compressed air up the inside of the tubular portion 50. From
the inside of the tubular portion 50, the compressed air passes
into the conduit formed by the conduit walls 76, thereby forming
the outlet pathway 24, travelling in direction H towards the
outlet 20.

Referring to figures 7 and 8, which show an alternative
embodiment of the present invention; a filter element 80 has

been added and is located within the tubular portion 50 of first
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insert 12. The filter element 80 has a support body 82 that has
an external threaded portion 84 that engages an internal thread
86 that is formed into the internal surface 52 of first insert
12 just below the annular flange 68. At the other end of support
body 82 an attachment device, in the form of hex head 88, is
provided to allow rotational force to be applied to filter
element 80 so as to fix 1t into threaded engagement with the
first insert 12. Alternatively, a simple gripping portion could
be provided to allow the filter element 80 to be hand tightened.
The support body 82 has a tubular portion 90 containing
perforations 92. These perforations allow the stream of
compressed air to pass from the outside to the inside of filter
element 80. Attached to the outside of tubular portion 20 is a
sleeve of filter media 94. The filter media could for example
be a spun bonded polymer with a micron rating of 5 to 100 n.
Such material has an open structure, with voids of greater than
80%, and provides a second stage filtration typically to a

particle size of 5 to 10 n.

In operation, the device shown in figure 7 and 8 operates in the
same manner as that previously described except that the air
passing into the tubular portion 50 of first insert 12 passes
up the gaps between the tubular portion 50 and the filter media
sleeve 94. The air then passes through the sleeve of filter
media 94 and through the perforations 92 before passing into the

second insert 28 and out of the outlet 20.

The location of the filter within the vortex finder means that
the wvast majority of the condensate water and particulate
material has already been removed from the compressed air
stream. As a result, a simple filtration material, such as
that described above, with a high percentage of voids is able
to provide particulate filtration down to small particle size

since 1t does not have to also deal with water condensate and
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the majority of particles have already been removed. At the
same time, this filter element 80 is a small low-cost item that
is easily added to the first insert 12 and the combined cost of
both components is so low that they can be treated as disposable
items and simply replaced as part of maintenance/servicing

process.

It will be appreciated by person skilled in the art that the
above embodiments have been described by way of example only and
not in any limitative sense, and that various alterations and
modifications are possible without departure from the scope of
the protection which is defined by the appended claims. For
example, the head portion 14 could be formed as a single

component by casting.
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Claims

1. An apparatus for contaminant reduction in a stream of

compressed gas, the apparatus comprising:-

a first insert for directing a stream of compressed gas;

a head portion including an inlet for receiving a stream of
compressed gas, an outlet for said gas, an inlet pathway for
directing said gas from said inlet towards said first insert and
an outlet pathway for directing said gas from said first insert

towards said outlet;

a body portion for collecting contaminants removed from said gas
and connected to and sealed relative to said head portion, said
body portion including a drain port for exhausting said

contaminants after removal from said stream of compressed gas,

wherein said first insert is located within a volume formed by

said head and body portions and comprises

a tubular portion connected to said head portion such that said
gas from said inlet pathway engages said first insert externally
of said tubular portion and said gas passes to said outlet

pathway from internally of said tubular portion,

at least one baffle extending from said tubular portion and
thereby narrowing a substantially annular gap between said first
insert and a wall of at least one of said body and head portions,

and
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at least one curved wall extending from said baffle for causing
said stream of compressed gas to rotate around an axis of said

tubular portion and thereby form a vortex.

2. An apparatus according to claim 1, wherein said first
insert comprises a plurality of curved walls, said walls
extending radially outwards beyond said baffle and forming
retaining portions at distal ends of said walls for engaging at

least one of said body and head portions.

3. An apparatus according to claim 1 or 2, wherein said first
insert comprises at least one injection moulded thermoplastic

material.

4., An apparatus according to any of the preceding claims,
wherein said head portion comprises a housing and a second insert

thereby forming said inlet and outlet pathways.

5. An apparatus according to any of the preceding claims,

wherein said housing comprises an extruded metallic material.

6. An apparatus according to any of the preceding claims,
wherein said second insert comprises an injection moulded

thermoplastic material.

7. An apparatus according to any of the preceding claims,
further comprising a filter element located at least partially

within said first insert.

8. An insert for use in an apparatus for contaminant reduction
in a stream of compressed gas, the apparatus including a head
portion having an inlet for receiving a stream of compressed
gas, an outlet for the gas, an inlet pathway for directing the

gas from the inlet towards the insert and an outlet pathway for
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directing the gas from the insert towards the outlet, the
apparatus also including a body portion for collecting
contaminants removed from the gas and connected to and sealed
relative to the head portion, the body portion including a drain
port for exhausting the contaminants after removal from the

stream of compressed gas, the insert comprising:-

a tubular portion connected to the head portion such that the
gas from the inlet pathway engages said insert externally of
said tubular portion and the gas passes to the outlet pathway

from internally of said tubular portion,

at least one baffle extending from said tubular portion and
thereby narrowing a substantially annular gap between said
insert and a wall of at least one of said body and head portions,

and

at least one curved wall extending from said baffle for causing
said stream of compressed gas to rotate around an axis of said

tubular portion and thereby form a vortex.

9. An insert according to claim 8, wherein said first insert
comprises a plurality of curved walls, said walls extending
radially outwards beyond said baffle and forming retaining
portions at distal ends of said walls for engaging at least one

of said body and head portions.

10. An insert according to claim 8 or 9, wherein said first
insert comprises at least one injection moulded thermoplastic

material.

11. An insert for use in an apparatus for contaminant reduction
in a stream of compressed gas substantially has hereinbefore

described with reference to the accompanying drawings.



12. An apparatus for contaminant reduction in a stream of
compressed gas substantially has hereinbefore described with

reference to the accompanying drawings.



19

Intellectual
Property
Office

Application No: GB1405759.0 Examiner: Beverley Lloyd
Claims searched: 1-12 Date of search: 29 September 2014

Patents Act 1977: Search Report under Section 17

Documents considered to be relevant:

Category |Relevant | Identity of document and passage or figure of particular relevance
to claims

X 1-3&8-| EP2556873 Al
10 (FESTO) See Figs & EPODOC English Abstract

X 1,7 & 8 | US3507098 Al
(VERES et al) See Fig 1 & In 43, col 3 - In 19, col 4 at least

X 1 &8 | US2014/083064 Al
(SAKAI) See Figs 12, 13 & paras 0033, 0034 at least

Categories:
X Document indicating lack of novelty or inventive =~ A Document indicating technological background and/or state
step of the art.
Y  Document indicating lack of inventive step it P Document published on or after the declared priority date but
combined with one or more other documents of before the filing date of this invention.
same category.
&  Member of the same patent tamily E  Patent document published on or after, but with priority date

earlier than, the filing date of this application.

Field of Search:
Search of GB, EP, WO & US patent documents classified in the following areas of the UKCX :

Worldwide search of patent documents classified in the following areas of the IPC

| BO1D; F04B |
The following online and other databases have been used in the preparation of this search report
[EPODOC, WPI |
International Classification:
Subclass Subgroup Valid From
BO1D 0045/08 01/01/2006
BO1D 0045/16 01/01/2006
BO1D 0050/00 01/01/2006
F04B 0039/16 01/01/2006

Intellectual Property Office is an operating name of the Patent Office www.ipo.gov.uk



	Front Page
	Drawings
	Description
	Claims
	Search Report

