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Description

Adaptor Tee

Field of the invention

The present invention relates to adaptor tee for a filtration
system, in particular for the permeate ocutlet port of a fil-
tration vessel. The invention further relates to a filtration

system and to a method of manufacturing an adaptor tee.

Background

Filtration vessels, such as selective rejection (SR) or re-
verse osmosis (RO) membrane vessels often have an outlet port
for the permeate, i.e. for the fluid that is produced by the
filtration process. Such filtration vessel may for example be
used in the o0il and gas industry for the treatment of water,
in particular for water injection into a hydrocarbon well.
Water treatment by such membrane vessel may for example be

performed for sulfate removal.

From the outlet port of the filtration vessel, a flow connec-
tion is generally required to a collection system, which col-
lects the permeate of several filtration vessels. It is de-
sirable to be capable of taking a sample from the permeate

produced from the filtration vessel.

To provide the flow connection from the permeate outlet port
of the filtration vessel to the collection header and for
providing a sample port, standard fittings may be used. Such
fittings are often made of a material like CPVC (chlorinated
polyvinyl chloride). A problem occurring with such fittings
is that the material has a relatively low UV-resistance. Fur-
thermore, the pressure to which such standard fittings can be
exposed 1is relatively limited. The pressure rating is gener-
ally not suitable for oil and gas applications, in particular

offshore applications. Also, to provide such different con-
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nections, standard fittings comprise several pieces mounted

together, resulting in an increased risk of leakage.

In order to overcome the above problems, one possibility may
include the use of metal fittings. Due to the requirement of
corrosion resistance, stainless steel fittings would need to
be used. Yet such fittings would result in a significantly

increased weight, and would furthermore result in a very ex-
pensive solution. Also, the risk of leakage due to the sever-

al pieces being required remains.

It is desirable to provide a corrosion resistant, UV-
resistant fitting which has relatively low weight and is
cost-efficient to produce. Furthermore, it is desirable that
such fitting is capable of withstanding elevated pressures as
occurring in the water treatment for the oil and gas indus-
try. Also, it is desirable to reduce complexity and the risk

of leakage.

Summary

Accordingly, there is a need to mitigate at least some of the
drawbacks mentioned above and to provide an improved fitting

for the permeate outlet port of a filtration vessel.

This need is met by the features of the independent claims.

The dependent claims describe embodiments of the invention.

According to a first embodiment of the invention, an adaptor
tee for a filtration system, in particular for the permeate
outlet port of a filtration wvessel, is provided. The adaptor
tee comprises a main body of a single piece of plastic mate-
rial having a cylindrical shape extending along an axial di-
rection between opposing first and second ends. An inlet
opening is provided in the first end of the main body. A
first outlet opening is provided in the second end of the
main body. A first flow passage extends through the main body
between the inlet opening and the first outlet opening. A se-

cond outlet opening is further provided through the lateral
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surface of the main body. A second flow passage extends
through the main body between the first flow passage and the
second outlet opening, it may for example extend substantial-
ly perpendicular to the first flow passage. The second flow
passage may meet the first flow passage in a T-junction. The
inlet opening provides an inlet connection adapted to be cou-
pled to a permeate outlet port of a filtration vessel. At the
first outlet opening, a first outlet connection is provided
which is adapted to be coupled to a sample valve. At the se-
cond outlet opening, a second outlet connection is provided
which is adapted to be coupled to a collection conduit. The
first fluid passage has a larger inner diameter first section
having a first inner diameter and a smaller inner diameter
second section having a second inner diameter, the second in-
ner diameter being smaller than the first inner diameter. The
T-junction is located in the first section. The second flow
passage has a third inner diameter larger than the second in-

ner diameter.

By means of such adaptor tee, a single piece may be provided
which can be mounted to the permeate outlet port of the fil-
tration vessel, and to which a conduit, such as a hose, can
be connected for directing the permeate into e.g. a collec-
tion header. Furthermore, to the first outlet opening, a sam-
ple valve may be connected. Accordingly, since the whole fit-
ting is made of a single piece, the risk of leakage can be
reduced. With only three threaded connections, the adaptor
tee may be connected to the permeate outlet port, the sample
valve and the conduit for collecting the permeate. Also,
higher pressure ratings may be achieved with such single

piece adaptor tee.

In an embodiment, the first flow passage has a tapered sec-
tion between the first section with the larger first inner
diameter and the second section with the smaller second inner
diameter. A reduced diameter flow passage can thus be provid-

ed towards the sample valve.
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In some embodiments, the first inner diameter and the third
inner diameter may be about the same size. Accordingly, a
relatively unrestricted flow of the permeate from the inlet
opening to the second outlel opening may be ensured. In some
enmbodiments, the third inner diameter may be slightly larger
than the first inner diameter in order to ensure a mostly un-

restricted flow.

In an embodiment, the main body is made of polyethylene (PE).
Preferably, it is made of high molecular weight (HMW) poly-
ethylene or ultra high molecular weight (UHMW) polyethylene.
In a particular configuration, the main body may be made out
of PE-1000. In such configuration, a relatively low weight
adaptor tee of high mechanical strength may be achieved. In
particular, such adaptor tee may have an improved UV-
resistance and may be suitable for higher pressures of the

permeate.

In an embodiment, the main body is shaped such that the adap-
tor tee is suitable for an internal pressure of at least 10
bar, preferably at least 20 bar. In particular, it can be
configured so as to be suitable up to a pressure of at least
30 bar. The pressures defined herein are gauge pressures,

i.e. pressure measured above atmospheric pressure.

In an embodiment, the main body has at least a first cylin-
drical section having a first outer diameter, wherein the se-
cond flow passage and the second outlet opening are comprised
in the first cylindrical section of the main body. The first
cylindrical section may for example extend over at least 50 %
of the axial extension of the main body, preferably over at
least 70 % of its axial extension. The ratio of the first
outer diameter to the first inner diameter may at least be
1.5:1. In other embodiments, the ratio may be at least 2:1,
2.5:1 or at least 3:1. By means of such ratios, an adaptor
tee of high strength may be achieved which is capable of
withstanding high internal pressures, in excess of 10, 20 or

even 30 bar.
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In an embodiment, the main body has at least a first cylin-
drical section having a first outer diameter and a second cy-
lindrical section having a second outer diameter, the first
outer diameter being larger than the second outer diameter.
The second flow passage and the second outlet opening are
comprised in the first cylindrical section of the main body.
In such configuration, the size and weight of the adaptor tee
may be reduced while providing high strength flow passages

for achieving a high pressure tolerance.

In some embodiments, the first cylindrical section may extend
from the first end of the main body to the proximity of the
second end of the main body, it may for example extend from
the first end over more than 50 % or more than 70 % of the
axial extension of the main body. The second cylindrical sec-
tion may then be located in proximity to the second end of
the main body. In other embodiments, the second cylindrical
section may be located in proximity to the first end of the

main body.

In an embodiment, the main body has at least a first cylin-
drical section having a first outer diameter, wherein the
first cylindrical section has a cutaway portion providing a
substantially flat face parallel to the axial direction of
the main body. The second outlet opening is located in the
substantially flat face. Providing a connection to the second

outlet opening may be facilitated in such configuration.

In an embodiment, the inlet connection and the second outlet
connection are female connections, in particular female con-
nections having an inner thread. The permeate outlet port and
the end of the conduit for collecting the permeate may then
be provided with male connections having outer threads, thus

enabling a relatively simple assembly.

In an embodiment, the main body has a cylindrical section of
reduced diameter adjacent to the second end, wherein the cy-
lindrical section of reduced diameter provides the first out-

let connection. The first outlet connection 1s a male connec-—



tion having an outer thread on the cylindrical section of re-
duced diameter. Attachment of a sample valve to such type of

connection may be facilitated.

In an embodiment, the main body has a first cylindrical sec-
tion having a first outer diameter and a second cylindrical
section having a second outer diameter, the first diameter
being larger than the second diameter. It may further have a
third cylindrical section having an outer diameter similar to
the second outer diameter, the first cylindrical section be-
ing located between the second end and the third cylindrical
sections. A compact and low weight but strong design of the

adaptor tee may thus be achieved.

The cylindrical section of reduced diameter, which provides
the first outlet connection, may have an outer diameter
smaller than the second outer diameter. The cylindrical sec-
tion of reduced diameter may be located between the third cy-

lindrical section and the second end of the main body.

In some embodiments, in particular where a cylindrical sec-
tion having the above mentioned second outer diameter is pro-
vided, a reinforcement ring may be positioned around a cylin-
drical section of the main body. Accordingly, the pressure
tolerance of the adaptor tee may further be improved. In oth-
er embodiments, the wall thickness of the adaptor tee may be
increased in such regions instead of using a reinforcement

ring.

Such reinforcement ring may be positioned on the cylindrical
section by a snug fit or interference fit. The outer diameter
of the reinforcement ring may be similar to the outer diame-
ter of the above mentioned first cylindrical section. Also,
the ratio of the outer diameter of such reinforcement ring to
the first inner diameter may be similar to the above men-
tioned ratios, i.e. it may for example be at least 0.5:1,
2:1, 2.5:1 or 3:1.



10

15

20

25

30

In an embodiment, the reinforcement ring is positioned around

the second cylindrical section.

A further embodiment of the invention provides a filtration
system comprising a filtration vessel having a permeate out-
let port, a header (or collector) for collecting permeate
produced from the filtration vessel, the header having an in-
let, and an adaptor tee which is configured in accordance
with any of the above described embodiments. The inlet con-
nection of the adaptor tee is connected to the permeate out-
let port of the filtration vessel. Furthermore, a conduit,
such as a hose, is connected between the second outlet con-
nection of the adaptor tee and the inlet of the header. In
such configuration, a safe and secure connection between the

filtration vessel and the header can be achieved.

It should be clear that in other embodiments, plural filtra-
tion vessels may be provided which are connected via corre-
sponding adaptor tees to inlets of the header, so that in the
header, permeate produced by several filtration vessels can
be collected.

In an embodiment, the filtration system further comprises a
sample valve mounted with a fluid inlet side to the first
outlet connection of the adaptor tee. Accordingly, a sample
can be taken from the permeate produced by the filtration

vessel in such configuration.

In a further embodiment, the filtration system comprises a
probe plug having a sample outlet port, which probe plug is
mounted to a fluid outlet side of the sample valve. The sam-
ple outlet port may include an inner O-ring, so that a con-
duit for collecting a sample of the permeate can easily be

connected thereto.

A further embodiment of the invention provides a method of
manufacturing an adaptor tee. The method comprises the steps
of providing a main body of a single piece of plastic materi-

al having a cylindrical shape extending along an axial direc-



&

10

15

20

30

(V8]
(8]

tion between opposing first and second ends. An inlet opening
is machined into the first end, and a first outlet opening is
machined into the second end. A firsl flow passage extending
through the main body between the inlet opening and the first
outlet opening is machined into the main body. The method
further comprises machining a second outlet opening through
the lateral surface of the main body and a second flow pas-
sage extending between the first flow passage and the second
outlet opening into the main body such that the second flow
passage meets the first flow passage in a T-junction. The ma-
chining is performed such that the inlet opening provides an
inlet connection and that the first and second outlet open-
ings provide first and second outlet connections. The machin-
ing of the first and second flow passages is performed such
that the first flow passage has a larger diameter first sec-
tion having a first inner diameter and a smaller diameter se-
cond section having a second inner diameter. The T-junction
is located in the first section. The machining is such that
the second flow passage has a third inner diameter larger

than the second inner diameter.

By means of such method, an adaptor tee may be manufactured
which provides advantages similar to the ones outlined fur-

ther above.

In embodiments of the method, the method may be perfcocrmed so
as to obtain the adaptor tee in any of the above described
configurations and embodiments. For example, the machining
may be such that the first inner diameter and the third inner
diameter are substantially similar in size. The connections
may be provided by machining an inner thread into the inlet
opening and the second outlet opening, and by machining an
outer thread on a cylindrical section of the main body which

is provided adjacent to the second end of the main body.

It should be clear that the steps described above may be per-
formed in any other order. The order may for example be cho-
sen so as to facilitate or enhance the manufacturing of the

adaptor tee.
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It is to be understood that the features mentioned above and

—

chose yet to be explained below can be used not only in the
respective combinations indicated, but alsc in other combina-
tions or in isclation, without leaving the scope of the pre-

sent invention.

Brief description of the drawings

The forgoing and other feature and advantages of the inven-
tion will become further apparent from the following detailed
description read in conjunction with the accompanying draw-
ings. In the drawings, like reference numerals refer to like

elements.

Figure 1 is a schematic diagram showing a sectional side view
of an adaptor tee according to an embodiment of the inven-

tion.

Figure 2 is a schematic diagram showing a top view of an

adaptor tee according to an embodiment of the invention.

Figure 3 is a schematic diagram showing a perspective view of

an adaptor tee according to an embodiment of the invention.
Figure 4 is a schematic diagram showing a perspective view of
adaptor tee according to a further embodiment of the inven-

tion.

Figure 5 is a picture showing a prototype of an adaptor tee

according to an embodiment of the invention.

Figure 6 is a schematic block diagram showing a filtration

system according to an embodiment of the invention.

Detailed description

In the following, embodiments of the invention will be de-

scribed in detail with reference to the accompanying draw-
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ings. It is to be understood that the following description
of the embodiments is given only for the purpose of illustra-

tion and is not to be taken in a limiting sense.

It should be noted that the drawings are to be regarded as
being schematic representations only, and elements in the
drawings are not necessarily to scale with each other. Rather
the representation of the various elements is chosen such
that their function and general purpose become apparent to a

person skilled in the art.

Figure 1 is a schematic drawing showing a sectional side view
of an adaptor tee 10 according toc an embodiment of the inven-
tion. The adaptor tee 10 comprises a main body 20 which is
made of a single piece of plastic material. The main body 20
has a cylindrical shape which extends along the axial direc-
tion (or longitudinal axis) 14. At a first end, the main body
20 has a first inlet opening 11. At its second opposite end,
the main body 20 has a first outlet opening 12. Between the
inlet opening 11 and the outlet opening 12, a first flow pas-
sage 15 extends through the main body 20. The openings 11, 12
and the first flow passage 15 can for example be machined in-

to the material of the main body 20.

The main body 20 further has a second ocutlet opening 13 pro-
vided in its outer lateral surface. The second outlet opening
13 lies in a plane parallel to the axial direction 14. A se-
cond flow passage 19 extends between the second outlet open-
ing 13 and the first flow passage 15, for example in a direc-
tion perpendicular to the axial direction 14. The first and
second flow passages meet in a T-shaped junction. The second
outlet opening 13 and the second flow passage 19 may also be

machined into the material of the main body 20.

The cylindrically shaped main body 20 may be provided with a
cutaway portion 25 at which part of the cylinder shape is cut
away in a plane substantially parallel to the axial direction

14. The second outlet opening 13 can be provided in such
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plane, i.e. on the flat face of the cutaway portion as illus-

trated in more detail in figures 3 and 4.

The first flow passage 15 has a first section 16 having a
larger inner diameter, and a second section 17 having a
smaller inner diameter. A tapered section 18 is provided be-
tween the larger diameter section 16 and the smaller diameter
section 17. An inlet connection 31 is provided at one end of
the first flow passage in proximity to the inlet opening 11
and the first end of the main body 20. Inlet connection 31 is
a female connection having an internal thread machined into
the material of the main body 20. At the second end of the
main body 20, in proximity to the first outlet opening 12, a
first outlet connection is provided. The first outlet connec-
tion is preferably a male connection comprising an external
thread machined into the main body 20 in proximity to its se-
cond end. First outlet connection 32 is adapted for connec-

tion to a sample valve 41.

The main body 20 is furthermore provided with a second outlet
connection 33 in proximity to the second outlet opening 13.
Second outlet connection 33 is preferably a female connection
comprising internal threads machined into the main body 20 of
the adaptor tee 10. It should be noted that this is an exem-
plary configuration of the adaptor tee 10, and that in other
configurations, the first outlet connection 32 may for exam-
ple be provided as a female connection, while one or both of
the inlet connection 31 and the second outlet connection 33

may be provided as male connections.

In some embodiments, the second flow passage 19 has an inner
diameter which is substantially similar to the inner diameter
of the first section 16 of the first flow passage 15. Accord-
ingly, the flow of a fluid from the inlet opening 11 to the
second outlet opening 13 is essentially unrestricted. In oth-
er embodiments, the inner diameter of the flow passage 19 may
be even larger than the inner diameter of the first section
16 of flow passage 15, in order to further reduce the flow

resistance.
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In the embodiment illustrated in figure 1, the main body 20
has a first cylindrical section 21 and a second cylindrical
section 22. The outer diameter of the first cylindrical sec-
tion 21 is larger than of the second cylindrical section 22,
and the seccond outlet opening 13 and the second flow passage
19 are located in the first section 21. By means of such cy-
lindrical shape with an enlarged outer diameter, the stabil-
ity and strength of the adaptor tee can be improved, thus in-
creasing the pressure tolerance. By the smaller diameter se-
cond section 22, an adaptor tee with reduced weight and a

more compact design may be achieved.

For further increasing the pressure tolerance, the adaptor
tee 10 can in a preferred embodiment be provided with the

same outer diameter in the second cylindrical section 22 as
in the first cylindrical section 21. For example, the first
cylindrical section 21 may extend from the first end of the
main body 20 (in which the inlet opening 11 is provided) to

an axial position beyond the T-junction.

The main body 20 can furthermocre have a cylindrical section
of reduced diameter 24 located in proximity to the first out-
let opening 12 at the second end of main bkody 20. The first
outlet connection 32 in form of the male connection having an
external thread can be provided in this section of reduced
outer diameter 24. This is in particular possible due to the
reduced inner diameter in the second section 17 of the first
flow passage 15. A third cylindrical section 23 may be pro-
vided between the first cylindrical section 21 and the cylin-
drical section of reduced diameter Z4. The third cylindrical
section 23 may have a smaller diameter compared to the first
cylindrical section 21, so that the size and weight of the
adaptor tee 10 may furthermore be reduced. A high pressure
tolerance may still be maintained, since in the third cylin-
drical section 23, the second section 17 or the tapered sec-
tion 18 are located, both having a reduced inner diameter.
The outer diameter of the second and third cylindrical sec-

tions 22, 23 may be substantially similar in some embodi-
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ments. As mentioned above, in other embodiment, nc second cy-

lindrical s=cticon 22 may be provided.

In the embodiment depicted in figure 1, a reinforcement ring
50 is provided around the second cylindrical section 22 of
the adaptor tee 10. Accordingly, the pressure tolerance of
the second section 22 of the main body 20 can be increased.
The reinforcement ring 50 may have the same outer diameter as
the first cylindrical section 21 and may be made of the same
material as the main body 20. In other embodiments, it may be
made of a stronger material, e.g. a metal, and may have a
smaller outer diameter compared to the outer diameter of the
first cylindrical section 21. A more compact design of the
adaptor tee 10 may thus be achieved. Yet it is preferred that
no reinforcement ring 50 is provided, but that the first cy-
lindrical section 21 extends to the first end of the main
body 20.

The adaptor tee 10 can be adapted to withstand an internal
pressure of at least 10, preferably at least 20, more prefer-
ably at least 30 bar. The outer diameter of the cylindrical
main body 20 may be chosen so as to be capable of withstand-
ing such pressures. Such configuration makes the adaptor tee
10 applicable in o0il and gas applications, in particular for
the collection of permeate from a filtration system for water

injection into a hydrocarbon well.

Connection 31 of the adaptor tee 10 can accordingly be

adapted to be connectable to a permeate outlet port of a fil-
tration vessel. The second outlet connection 33 can further-
more be adapted for being connected to a collection hose for

collecting such permeate.

The main body 20 is made of a plastic material of relatively
high strength and rigidity. In particular, it is made of a
UV-resistant plastic material. Due to the use of plastic ma-

terial, corrosion resistance can also be achieved.
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Preferably, the main body i1s made of polyethylene (PE). As an
example, high molecular weight (HMW) polyethylene or ultra-
high molecular weight (UHMW) polyethylene may be used. In a

preferred embodiment, the main body is made of PFR-1000.

In the embodiment of figure 1, a sample valve 41 1s connected
to the first outlet connection 32 of adaptor tee 10. This may
for example be a ball valve having a handle for opening and
closing the valve, as illustrated in figure 1. At the inlet
side, the sample valve 41 is connected to the first outlet
connection 32, and on the other side, a probe plug 42 is con-
nected to the sample valve 41. The combination of adaptor tee
10, sample valve 41 and probe plug 42 may be termed probe
valve assembly, and the present application may also be di-
rected to such probe valve assembly comprising the adaptor

tee 10 in any of the disclosed configurations.

The probe plug 42 includes an inner O-ring 43. Accordingly, a
tube for taking a sample can be inserted into the probe plug
42, and the sample valve 41 can be opened briefly to take a

sample of permeate produced by a connected filtration vessel.

In an exemplary embodiment, the outer diameter of the first
cylindrical section 21 may be about 120 mm. The inner diame-
ter of the inlet opening 11 and the second outlet opening 13
may be about 1.5 inch, i.e. about 38.1 mm. The inlet connec-
tion and the second outlet connection may for example com-

prise NPT threads, e.g. NPT 1.5”. In such embodiment, the

outer diameter of the second cylindrical section 22 may for

example be between about 70 mm and about 120 mm.

Figure 2 is a schematic drawing showing a top view of the em-
bodiments of the adaptor tee 10 of figure 1. In figure 2, the
cutaway portion 25 in which the second outlet opening 13 is
provided can be clearly recognized. Furthermore, as can be
seen, the outer diameter in the second cylindrical section 22
may be substantially similar as the outer diameter in the

first cylindrical section 21, e.g. by extension of the first



10

15

20

25

30

35

15

cylindrical section 21 towards the first end of the main body

20, or by making use of the reinforcement ring 50.

Figure 3 shows a perspective view of the adaptor tee 10 of
figures 1 and 2, without a reinforcement ring 50 being pro-
vided. As can be seen, the outer diameter in the second cy-
lindrical section 22 is smaller than in the first cylindrical
section 21. But as mentioned above, the outer diameter in the
second cylindrical section 22 may be increased and may even
be made similar to the outer diameter in the first cylindri-
cal section 21, for example in dependence on the pressure

rating of the adaptor tee 10.

Figure 4 shows a perspective view of the adaptor tee 10 of
figure 3 with a reinforcement ring 50 being mounted to the
second cylindrical section 22. When the second cylindrical
section 22 is provided with the same outer diameter as the
first cylindrical section 21, the grove between the first and
second cylindrical sections 21, 22 depicted in figure 4 does
not need to be provided, i.e. the adaptor tee 10 may have a

continuous outer cylindrical face in the sections 21, 22.

Figure 5 shows a picture of a prototype of an adaptor tee 10
according to an embodiment of the invention (note that it is
oriented differently compared to the preceding figures). As
can be seen in figure 5, the first outlet connection 32 is
provided on a cylindrical section of reduced diameter at the
second end of the main body 20 in form of an outer thread.
Furthermore, as can be seen in figure 5, the second outlet
connection 33 provided at the second opening 13 has the form
of an internal thread provided in the second flow passage 19.
The cutaway portion 25 in which the second outlet opening 13
is provided is furthermore well visible in figure 5. Again,
figure 5 has a second cylindrical section 22 with a smaller
outer diameter, although it should be clear that this second
section 22 may have an outer diameter similar to the one of
the first section 21, or it may be provided with a vreinforce-

ment ring 50 as explained above.
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Figure 6 shows a filtration system 100 according to an embod-
iment of the invention. The filtration system 100 comprises a
filtration vessel 101 having a permeate outlet port 105. Flu-
id which is filtered within the filtration vessel 101, e.g.
by passing through membranes using selective rejection (SR)
filtration or reverse osmosis (RO) filtration is given out
through the permeate outlet port 105. Ports for the supply of
fluid to be filtered and for giving out the retentate are al-
so provided in the filtration vessel 101 but are not shown in

the simplified schematic drawing of figure 6.

Filtration system 100 furthermore comprises an adaptor tee 10
which is configured in accordance with any of the above de-
scribed embodiments and configurations. Adaptor tee 10 is
connected to the permeate ocutlet port 105. Filtration system
100 furthermore comprises a header 102, which can have the
form of a pipe running for example perpendicular to the plane
of the drawing. A collection hose 103 is connected to the se-
cond outlet connection 33 of the adaptor tee 10 and further-
more connected to an inlet port 104 of the header 102. In
such configuration, it is possible to collect the permeate
produced by the filtration vessel 101 in an easy and effi-
cient way, while reducing the risk of leakage. Due to the
adaptor tee 10 being capable of operating at elevator pres-
sures, the filtration system 100 can be used in the oil and

gas industry, e.g. for the filtration of injection water.

Filtration system 100 furthermore comprises a sample valve 41
connected to the first outlet connection 31 of the adaptor
tee 10 and a probe plug 42 connected to the other side of the
sample valve 41. The taking of a sample from the permeate
produced by filtration vessel 101 is thus facilitated. The
filtration system 100 can comprise several filtration vessels
101 connected in a similar way to the header 102, i.e. via an
adaptor tee 10 and a collection hose 103. Accordingly, by
making use of such sample valve 41 and probe plug 42, it is
possible to take a sample of each individual filtration ves-
sel 101 and to detect a malfunction of an individual filtra-

Lion vessel 101.
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In summary, by embodiments of the present invention, several
advantages can be obtained, in particular for the collection
of permeate for oil and gas applications. By providing the
adaptor tee as a single piece of material, instead of several
separate pieces as in conventional systems, the risk of leak-
age can be reduced. Furthermore, maintenance and replacement
can be facilitated. Also, such configuration keeps the weight
of the adaptor tee low. The plastic material can provide a
good UV and corrosion resistance. Furthermore, by means of
the outlined embodiments, a strong non-fragile design can be
achieved. This leads to higher possible design pressures,
they may be at least 20 bar or even up to 30 bar above atmos-
pheric pressure. Also, the production costs of such adaptor

tee can be reduced compared to conventional solutions.

While specific embodiments are disclosed herein, various
changes and modifications can be made without departing from
the scope of the invention. The present embodiments are to be
considered in all respects as illustrative and non-
restrictive, and all changes coming within the meaning and
equivalency range of the appended claims are intended to be

embraced therein.
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Claims

1. A adaptor tee for a filtration system, in particular for

the permeate outlet port of a filtration vessel, comprising

- a main body (20) of a single piece of plastic material
having a cylindrical shape extending along an axial di-
rection (14) between opposing first and second ends,

- an inlet opening (11) in the first end of the main body
(20),

- a first outlet opening (12) in the second end of the
main body (20),

- a first flow passage (15) extending through the main
body (20) between the inlet opening (11) and the first
outlet opening (12),

- a second outlet opening (13) through the lateral surface
of the main body (20), and

- a second flow passage (19) extending through the main
body (20) between the first flow passage (15) and the
second outlet opening (13), the second flow passage (19)
meeting the first flow passage (15) in a T-junction,

wherein at the inlet opening (11), an inlet connection (31)
is provided which is adapted to be coupled to a permeate out-
let port of a filtration vessel, wherein at the first outlet
opening (12), a first outlet connection (32) is provided
which is adapted to be coupled to a sample valve, wherein at
the second outlet opening (13), a second outlet connection
(33) is provided which is adapted to be coupled to a collec-
tion conduit,

wherein the first flow passage (15) has a first section (16)
having a first inner diameter and a second section (17) hav-
ing a second inner diameter smaller than the first inner di-
ameter, the T-junction being located in the first section
(15),

and wherein the second flow passage (19) has a third inner

diameter larger than the second inner diameter.

2. The adaptor tee according to claim 1, wherein ithe main

body (20) is made of polyethylene, in particular of high mo-
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lecular weight (HMW) polyethylene or ultra high molecular
weight (UHMW) polyethylene.

3. The adaptor tee according to claim 1 or 2, wherein the
main body (20) has at least a first cylindrical section (21)
having a first outer diameter, wherein the second flow pas-
sage (19) and the second outlet opening (13) are comprised in
the first cylindrical section (21) of the main body, wherein
the ratic of the first outer diameter to the first inner di-
ameter is at least 1.5:1, preferably at least 2:1 or at least
3:1.

4. The adaptor tee according to any of the preceding claims,
wherein the main body (20) has at least a first cylindrical
section (21) having a first outer diameter and a second cy-
lindrical section (22) having a second outer diameter, the
first diameter being larger than the second diameter, wherein
the second flow passage (19) and the second outlet opening
(13) are comprised in the first cylindrical section (21) of

the main body.

5. The adaptor tee according to any of the preceding claims,
wherein the main body (20) has at least a first cylindrical
section (21) having a first outer diameter, wherein the first
cylindrical section (21) has a cut away portion (25) provid-
ing a substantially flat face parallel to the axial direction
(14) of the main body (20), wherein the second outlet opening
(13) is located in the substantially flat face.

6. The adaptor tee according to any of the preceding claims,
wherein inlet connection (31) and the second outlet connec-
tion (33) are female connections, in particular female con-

nections having an internal thread.

7. The adaptor tee according to any of the preceding claims,
wherein the main body (20) has a cylindrical section of re-

duced diameter (24) adjacent to the second end, wherein said
cylindrical section of reduced diameter (24) provides the

first outlet connection (32), and
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wherein the first outlet connection (32) 1s a male connection
having an external thread on the cylindrical section of re-

duced diameter (24).

8. The adaptor tee according to any of the preceding clains,
wherein the main body (20) has a first cylindrical section
(21) having a first outer diameter and a second cylindrical
section (22) having a second outer diameter, the first diame-
ter being larger than the second diameter, and further has a
third cylindrical section (23) having an outer diameter simi-
lar to the second outer diameter, the first cylindrical sec-
tion (21) being located between the second and the third cy-

lindrical sections (22, 23).

9. The adaptor tee according to claim 7 and 8, wherein the
cylindrical section of reduced diameter (24) has an outer di-
ameter smaller than the second outer diameter, and wherein
the cylindrical section of reduced diameter (24) is located
between the third cylindrical section (23) and the second end
of the main body (20).

10. The adaptor tee according to any of the preceding claims,
further comprising a reinforcement ring (50) positioned

around a cylindrical section (21, 22, 23) of the main body.

11. The adaptor tee according to claims 5 and 10, wherein the
reinforcement ring is positioned around the second cylindri-

cal section (22).

12. A filtration system comprising:

a filtration vessel (101) having a permeate outlet port
(105),

a header (102) for collecting permeate, the header hav-
ing an inlet (104),

an adaptor tee (10) according to any of the preceding
claims, wherein the inlet connection (31) of the adaptor
tee is connected to the permeate outlet port {(105), and

wherein a conduit (103) is connected between the second
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ocutlet connection (33) of the adaptor tee (10) and the
inlet (104) of the header (102).

13. The filtration system according to claim 12, further com-
prising a sample valve (41) mounted with a fluid inlet side

to the first outlet connection (32) of the adaptor tee (10).

14. The filtration system according to claim 13, further com-
prising a probe plug (42) having a sample outlet port includ-
ing an inner O-ring (43), wherein the probe plug (42) 1is

mounted to a fluid outlet side of the sample valve (41).

15. A method of manufacturing an adaptor tee, comprising the

steps of

- providing a main body (20) of a single piece of plastic
material having a cylindrical shape extending along an
axial direction (1l4) between opposing first and second
ends,

- machining an inlet opening (11) in the first end, a
first outlet opening (12) in the second end and a first
flow passage (15) extending through the main body (20)
between the inlet opening (11) and the first outlet
opening (12) into the main body (20),

- machining a second outlet opening (13) through the lat-
eral surface of the main body (20) and a second flow
passage (19) extending between the first flow passage
(15) and the second outlet opening (13) into the main
body (20) such that the second flow passage (19) meets
the first flow passage (15) in a T-junction,

wherein the machining is performed such that at the inlet
opening, an inlet connection (31) is provided, and that at
the first and second outlet openings (12, 13), first and se-
cond outlet connections (32, 33) are provided, respectively,
wherein the machining of the first and second flow passages
(15, 19) is performed such that the first flow passage (15)
has a first section (16) having a first inner diameter and a
second section (17) having a second inner diameter smaller

than the first inner diameter, the T-junction being located
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in the first section (16¢), and that the second flow passage
(19) has a third inner diameter larger than the second inner

diameter.



