wO 2020/007866 A1 | HINH 0000 KO0 Y OO 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

WO 2020/007866 Al

09 January 2020 (09.01.2020) WIPO | PCT
(51) International Patent Classification: (74) Agent: STEVENS, Brian ct al.; Danfoss A/S, Intellectual
F25B 43/04 (2006.01) Property, L25-104, Nordborgvej 81, 6430 Nordborg (DK).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/EP2019/067750 kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
02 July 2019 (02.07.2019) CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
o DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(25) Filing Language: English HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
.. : KR, KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ. NA, NG, NI NO, NZ.
(30) Priority Data: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
18182229.7 06 July 2018 (06.07.2018) EP SC, SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
. ) TR, TT, TZ, UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: DANFOSS A/S [DK/DK]; Nordborgvej 81,
6430 Nordborg (DK). (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors: LUND, Thomas; c/o Danfoss A/S, Danfoss In-

tellectual Property, Nordborgvej 81, 6430 Nordborg (DK).
VAN BEEK, Johan;, c/o Danfoss A/S, Danfoss Intel-
lectual Property, Nordborgvej 81, 6430 Nordborg (DK).
VESTERGAARD, Niels P.; ¢c/o Danfoss A/S, Danfoss In-
tellectual Property, Nordborgvej 81, 6430 Nordborg (DK).

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: APPARATUS FOR REMOVING NON-CONDENSABLE GASES FROM A REFRIGERANT

7

z

7

(%
ook

Fig. 1

(57) Abstract: An apparatus (1) for removing non-condensable gases from a refrigerant is described, said apparatus (1) comprising
a pipe arrangement (2) having a pipe (3), cooling means (4) for the pipe (3), and venting means, wherein the pipe (3) comprises a
connection geometry (5) for a connection to a refrigerant system. Such an apparatus should be operated with good efficiency. To this
end the pipe comprises at least a first section (6) and a second section (7) which are directed in different directions.

[Continued on next page]



WO 2020/007866 A1 |10} 00 00000 00 O

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2020/007866 PCT/EP2019/067750

10

15

20

25

30

Apparatus for removing non-condensable gases from a refrigerant

The present invention relates to an apparatus for removing non-condensable
gases from a refrigerant, said apparatus comprising a pipe arrangement
having a pipe, cooling means for the pipe, and venting means, wherein the
pipe comprises a connection geometry for a connection to a refrigerant

system.

Such an apparatus is known, for example, from EP 0 256 602 A1. The pipe is
straight and oriented along the direction of gravity. The lower end of the pipe
is connected to a vessel of a refrigerant system and is provided with a shut-
off valve between the vessel and the pipe. The other end of the pipe is
provided with venting means through which gas can be blown up into the air.

Such an apparatus can also be named "air purger”. It is used to remove air
and other non-condensable gases from an ammonia-refrigerant. Air is
hindering a transfer of heat from the refrigerant to the cooling or heating

surfaces, resulting in lower efficiency of the system.

The cooling means acting on the pipe have the effect that the refrigerant
contained in the pipe condenses and changes its form into a liquid. The liquid
can be fed back to the vessel by means of the shut-off valve. However, when
opening the valve, the air which is heavier than the ammonia gas, enters
again the vessel and has again to be purged which leads to a low efficiency
of the air purger.

The object underlying the invention is to have an air purger with a good

efficiency.

This object is solved with an apparatus for removing non-condensable gases
from a refrigerant as described at the outset in that the pipe comprises at
least a first section and a second section which are directed in different
directions.
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2.

The pipe can still directly be connected to the refrigerant system so that gas
consisting of condensable and non-condensable gases can directly enter the
interior of the pipe from the refrigerant system. The cooling means acting on
the pipe can condense the condensable gases. The liquid produced by this
condensation process can be fed back to the connection geometry to enter
the refrigeration system. However, when the sections of the pipe are directed
in different directions, they cannot all be directed in vertical direction. A
direction of a section is defined as the relation between an inlet of a section,
i.e. a first end close to the connection geometry, and an outlet of the section,
i.e. a second end remote from the connection geometry. Even if two sections
are arranged vertically, they can have different directions. When a section is
not directed in vertical direction, i.e. parallel to the direction of gravity, the
non-condensable gas in this section cannot flow back to the connection
geometry or it flows back to the connection geometry with a smaller velocity
since only a part of the gravity acts on the gas. The more of the non-
condensable gas can be kept in the pipe and is blown out via the venting
means, the better the efficiency.

Since only a pipe is used for the removal of the non-condensable gases, the
interior of the pipe can be subjected to higher pressures, i.e. by the pressure
of the refrigerant system, without having the need to fulfil the requirements of
a high risk welding class which is expensive and time consuming for
checking.

In an embodiment of the invention the first section comprises a first end close
to the connection geometry and a second end remote from the connection
geometry, wherein the first end is arranged at a lower height in direction of
gravity than the second end, and the second section comprises a first end
close to the connection geometry and a second end remote from the
connection geometry, wherein the second end is arranged at a lower height
in direction of gravity than the first end. With this construction the air entering
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the second section can no longer escape from the pipe via the connection
geometry, since the air, which is heavier than the refrigerant, cannot flow
back against the force of gravity from the second end of the second section
remote from the connection geometry to the first end close to the connection
geometry. Accordingly, the non-condensable gases are trapped in the pipe
with the venting means as only exit. Non-condensable gas from the

refrigerant system once purged is not again subjected to a purging process.

In an embodiment of the invention the second end of the first section and the
first end of the second section are connected by a third section which is
inclined upwardly. Condensable gas which condenses in the third section can

flow back to the connection geometry.

In an embodiment of the invention the pipe comprises a fourth section which
is inclined downwardly and connects the second section and a liquid outlet.
Condensable gas which condenses in the second and fourth section can flow
directly to the liquid outlet.

In an embodiment of the invention the liquid outlet is connected to the first
section by means of a liquid trap. A liquid trap allows only liquid to escape but

prevents the escape of any gases.

In an embodiment of the invention the liquid trap comprises a duct from the
liquid outlet to an inlet opening in the first section, wherein the liquid outlet is
arranged higher than a lower end of the inlet opening and lower than an
upper end of the inlet opening. In this way it can be achieved that liquid
entering the liquid outlet displaces liquid in the liquid trap without forming a

larger liquid volume within the pipe.
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In an embodiment of the invention the pipe comprises a fifth section
connecting the fourth section to the venting means. The venting means can

be arranged at a position higher in direction of gravity.

In an embodiment of the invention the fifth section is at least partly inclined
upwardly. Accordingly, condensable gases condensing inside the fifth section

can flow back to the liquid outlet.

In an embodiment of the invention the cooling means act on the fourth
section and the fifth section. The fourth section and the fifth section can be
made straight and can be made longer than the other sections, so that in

these sections the condensing efficiency is the greatest.

In an embodiment of the invention a filler element is arranged in the fifth
section. It is assumed that most of the condensable gases are already
condensed in the fifth section and most part of the gas consists of non-

condensable gases. Accordingly, the volume needed is smaller.

In an embodiment of the invention the fourth section comprises a first cooling
jacket and the fifth section comprises a second cooling jacket, wherein the
first cooling jacket comprises an inlet at one end and a connection to the
second jacket at another end. Accordingly, the coolant which is used to
remove heat from the pipe can flow through the first jacket, the connection,

and the second jacket in a circulation.

In an embodiment of the invention the pipe has an inner diameter of 25 mm
or less. A small diameter facilitates the low welding risk classification. When
having such a small inner diameter, no certified welders and X-ray scanning
of the weldings are necessary. It is sufficient to rely solely on pressure testing
of the weldings.
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A preferred embodiment will now be described in more detail with reference
to the drawing, wherein:

Fig. 1 shows schematically an apparatus for removing non-
condensable gases from a refrigerant, and

Fig. 2 shows the pipe arrangement in more detail.

Fig. 1 shows an apparatus 1 for removing non-condensable gases from a
refrigerant. The apparatus 1 can also be named "air purger".

The apparatus 1 comprises a pipe arrangement 2. The pipe arrangement 2
comprises a pipe 3, cooling means 4 for the pipe and a connection geometry
5 for a connection to a refrigerant system (not shown in the drawing). The
apparatus 1 can directly be connected to the refrigerant system. The
refrigerant system is operated with an ammonia-refrigerant. The refrigerant
can have a pressure in a range from 6 to 25 bar, depending on where in the
refrigeration system the air purger is arranged.

The pipe 3 has in inner diameter of 25 mm or less to facilitate the low welding
risk classification. When the inner diameter does not exceed the 25 mm a
certified welder is not required and X-ray testing of the weldings is not
necessary. It is sufficient to rely solely on pressure testing of the weldings.

The pipe arrangement 2 is shown in more detail in Fig. 2. Same reference

numerals are used for the same elements.

The pipe 3 comprises a first section 6 which is oriented vertically, i.e. parallel
to the direction of gravity. The first section 6 is connected to the connection
geometry 5.
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The first section 6 is connected to a second section 7 via a third section 8.
The second section 7 is connected to a fourth section 9 which connects the
second section 7 to a liquid outlet 10. The fourth section 9 is connected to a
fifth section 11. The fifth section 11 comprises at an end 12 venting means
13 in a position remote from the liquid outlet 10.

The first section 6 comprises a first end 14 close to the connection geometry
5 and a second end 15 remote from the connection geometry 5. The second
section 7 comprises a first end 16 closer to the connection geometry 5 and a
second end 17 remote from the connection geometry 5. The terms "close"
and "remote" relate to a distance through which a gas has to flow from the

connection geometry 5 to the respective ends.

As it comes out from Fig. 2, the first end 14 of the first section 6 is arranged
at a lower height in direction of gravity than the second end 15. Likewise, the
second end 17 of the second section 7 is arranged at a lower height in
gravity direction than the first end 16.

Since air and other non-condensable gases are heavier than the refrigerant
vapour, the non-condensable gases cannot escape from the pipe 3 once they
have entered the second section 7.

The third section 8 is slightly inclined upwardly with the effect that refrigerant
or condensable gases which condense in the third section 8 can directly flow
back to the connection geometry 5. However, since the gravity works only
with a rather small component on the non-condensable gas in the third
section 8 this non-condensable gas is not driven back to the connection

geometry 5.
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The fourth section 9 is slightly inclined downwardly and the fifth section 11 is
slightly inclined upwardly over a large part of its length. A U-shaped part 18

of the fifth section 11 connects to the fourth section 9.

The fourth section 9 is surrounded by a first cooling jacket 19 and the fifth
section 11 is surrounded by a second cooling jacket 20 at least over its
straight part. The first cooling jacket 19 is supplied with a cooling medium
from the cooling means 4 via an inlet pipe 21. The first cooling jacket 19 is
connected to the second cooling jacket 20 by means of a connecting pipe 22
and the other end of the second cooling jacket 20 is connected to the cooling
means by means of an outlet pipe 23.

The liquid outlet is connected to an inlet opening 24 in the first section 6,
more precisely in a lower part of the first section 6 of the pipe 3. This
connection is made by means of a liquid trap 25. The liquid trap 25
comprises a duct 26 which is arranged in a position lower than the fourth
section 9.

As can be seen in Fig. 2, the liquid outlet 10 is arranged higher than a lower
end of the inlet opening 24 and lower than an upper end of the inlet opening
24. Accordingly, in the duct 26 there is permanently a volume of liquid 27
which prevents a flow of gas through the duct 26.

As soon as the level of the liquid 27 in duct 26 rises, the liquid flows over into
the first section 6 and from there to the connection geometry 5. On the other
hand, it is hardly possible that a larger volume of liquid collects within the
fourth section 9.

The operation of the air purger can be described as follows:
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When the connection geometry 5 is connected to the refrigerant system, a
gas containing condensable gases and non-condensable gases enters the
pipe 3 via the connection geometry 5. This gas fills the interior of the pipe 3.
The fourth section 9 and the fifth section 11 cool down to a temperature at
which the condensable gases can condense. The liquid forming in this
condensing process flows under the action of gravity to the liquid outlet 10
and from there through the liquid trap 25 back to the first section 6, however,

without any gas.

Non-condensable gases are trapped within pipe 3 once they have reached
the second section 7. The non-condensable gases can escape only via
venting means 13 at the end of the fifth section 11. The venting means 13

can comprise, for example, a controlled venting valve.

The fifth section 11 comprises a filler element 28 reducing the free volume
within the fifth section 11. In the fifth section 11 a large part of the
condensable gases has already been condensed and the filler element 28 is
used to increase the heat transfer from the gas within the fifth section 11 to
cooling medium within the second cooling jacket 20.
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Apparatus (1) for removing non-condensable gases from a
refrigerant, said apparatus (1) comprising a pipe arrangement (2)
having a pipe (3), cooling means (4) for the pipe (3), and venting
means (13), wherein the pipe (3) comprises a connection geometry
(5) for a connection to a refrigerant system, characterized in that the
pipe (3) comprises at least a first section (6) and a second section (7)
which are directed in different directions.

Apparatus according to claim 1, characterized in that the first section
(6) comprises a first end (14) close to the connection geometry and a
second end (15) remote from the connection geometry (5), wherein
the first end (14) is arranged at a lower height in direction of gravity
than the second end (15), and the second section (7) comprises a
first end (16) close to the connection geometry (5) and a second end
(17) remote from the connection geometry (5), wherein the second
end (17) is arranged at a lower height in direction of gravity than the
first end (16).

Apparatus according to claim 2, characterized in that the second end
(15) of the first section (6) and the first end (16) of the second section

(7) are connected by a third section (8) which is inclined upwardly.

Apparatus according to claim 2 or 3, characterized in that the pipe (3)
comprises a fourth section (9) which is inclined downwardly and
connects the second section (7) and a liquid outlet (10).

Apparatus according to claim 4, characterized in that the liquid outlet
(10) is connected to the first section (6) by means of a liquid trap
(25).
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Apparatus according to claim 5, characterized in that the liquid trap
(25) comprises a duct (26) from the liquid outlet (10) to an inlet
opening (24) in the first section (6), wherein the liquid outlet (10) is
arranged higher than a lower end of the inlet opening (24) and lower
than an upper end of the inlet opening (24).

Apparatus according to any of claims 4 to 6, characterized in that the
pipe comprises a fifth section (11) connecting the fourth section (9) to

the venting means (13).

Apparatus according to claim 7, characterized in that the fifth section
(11) is at least partly inclined upwardly.

Apparatus according to claim 7 or 8, characterized in that the cooling
means (4) act on the fourth section (9) and the fifth section (11).

Apparatus according to any of claims 7 to 9, characterized in that a
filler element (28) is arranged in the fifth section (11).

Apparatus according to any of claims 7 to 10, characterized in that
the fourth section (9) comprises a first cooling jacket (19) and the fifth
section (11) comprises a second cooling jacket (20), wherein the first
cooling jacket (19) comprises an inlet (21) at one end and a
connection (22) to the second jacket (20) at another end.

Apparatus according to any of claims 1 top 11, characterized in that
the pipe (3) has an inner diameter of 25 mm or less.
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