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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a heat medium
storage device. More in particular, the invention relates
to safety improvements to heat medium storage devices
having heat exchanging elements.

BACKGROUND

[0002] EP2080975A1 in the name of ATLANTIC CLI-
MATISATION ET VENT, discloses a device for heat ex-
change between fluids belonging to two circuits. The de-
vice has a reservoir to receive coolant e.g. water, and a
coolant inlet equipped at a lower part of the reservoir. A
coolant outlet is equipped at an upper part of the reser-
voir. A coaxial heat pipe is arranged at inside of the res-
ervoir, and is immersed in the coolant. An inner tube of
the pipeis connected tothe inletatan end of the reservoir,
and opens at another end of the reservoir. The inner tube
is provided as a passage for the coolant. An outer tube
of the pipe is provided as a passage for refrigerant.
[0003] EP1965164A1 in name of ATLANTIC CLIMA-
TISATION ET VENT, discloses a device for heat ex-
change between fluids belonging to two circuits. The de-
vice has a reservoir to receive coolant fluid. The reservoir
is equipped with a coolant fluid inlet arranged in a lower
part of the reservoir and an outlet of a coolant fluid ar-
ranged in an upper part. An exchanger with coaxial tubes
is arranged inside the reservoir, and is immersed in the
fluid. An inner tube is connected to the inlet at an end,
and is opened in the reservoir at another end. The tube
has a section between the inlet and the exchanger, where
the section is uncovered by an outer tube in which leak-
age opening is arranged.

[0004] These known devices, like any other devices
having refrigerant using heat exchanger are susceptible
to develop refrigerant leakages. None of the devices dis-
closed in EP 975 nor in EP ’164 include any leak reme-
diation of prevention features. Furthermore, none of the
disclosed devices include elements orfeatures to prevent
the passage of any leaked refrigerant to any user-side
element.

SUMMARY OF THE INVENTION

[0005] The present invention aims to resolve at least
some of the problems and disadvantages mentioned
above.

[0006] Theinvention thereto aims to provide gas-liquid
separator for a heat medium circulation system, said gas-
liquid separator having improved gas-liquid separation
which prevent the spreading of any leaked refrigerant to
any user-side elements e.g., heat exchangers.

[0007] The present invention thereof serve to provide
a solution to one or more of above-mentioned disadvan-
tages. To this end, the presentinvention relates to a gas-
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liquid separator for heat medium circulation system ac-
cording to claim 1.

[0008] In a first aspect, the invention relates to a gas-
liquid separator for heat medium circulation system com-
prising:

a container that comprises a container main body to
receive and store the heat medium;

a heat medium inlet that is located below the con-
tainer main body and allows the heat medium to re-
turn from a usage-side heat exchanger to flow into
the container main body;

a heat medium outlet that is located in the upper half
of above in the container main body and allows the
heat medium to flow out of the container main body
to the usage-side heat exchanger; and

an internal heat exchanger having a heat medium
passage and an adjoining refrigerant passage, said
internal heat exchanger being immersed in the heat
medium inside the container main body and permit-
ting exchange of heat between a refrigerant flowing
in the refrigerant passage and the heat medium flow-
ing in the heat medium passage, a distal end of the
heat medium passage opening into the space inside
the container main body.

[0009] The container is further provided with a contain-
er subpart at the upper part of the container main body
and be in fluid communication with the internal space of
the container main body. The container subpart has a
width smaller than the width of the container main body,
when the gas-liquid separator is viewed from above. By
preference, the internal volume of the container subpart
is up to 5% of the volume of the container. More prefer-
ably, the internal volume of the container subpart is up
to 10%, 15%, 20%, most preferably, 25% of the volume
of the container. Refrigerants used in heat pumps, air-
conditioning or other similar refrigerant using installations
have lower densities than water or other heat mediums
with which said refrigerants are expected to exchange
heat (e.g. mineral oil). The device of the presentinvention
is particularly suited, though not exclusively, to the use
of water as a heat medium. Water has a higher density
than refrigerants, even when said refrigerants are com-
pressed above normal operating pressures expected in
heat pumps or air conditioning installations. The present
invention takes advantage of the difference of density
between refrigerant and heat medium, in particular the
buoyancy effects produced by said difference. In this
way, any refrigerant making its way to the inside of the
container along with the heat medium via the first outlet
will naturally have the tendency to separate from said
heat medium and float upwards and pool over the heat
medium. By having a container subpart on the top part
of the container, any leaked refrigerant will tend to pool
and beretained inside the internal volume of said subpart.
In this way, the risk of any refrigerant flowing out of the
container and into any usage-side heat exchanger is very
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nearly removed. By preference, the refrigerant passage
of the internal heat exchanger is part of a refrigerant cir-
cuit including at least one compressor for compressing
said refrigerant.

[0010] In a further embodiment, the container main
body and the container subpart are formed with a cylin-
drical shape, wherein both of the cylindrical central axes
are common. The cylindrical shape and its subpart, as
well as their substantial concentricity advantageously al-
low for easier manufacturing. This configuration is par-
ticularly efficient in capturing any leaked refrigerant when
the distal end of the heat medium of the heat exchanger
is located near the axis of the container subpart.

[0011] Inanembodiment, the container main body and
the container subpart are formed with a cylindrical shape,
wherein both of the cylindrical central axes are offset.
The cylindrical shape and its subpart, advantageously
allow for easier manufacturing. This configuration is par-
ticularly efficient in capturing any leaked refrigerant when
the distal end of the het medium of the heat exchanger
is located near the central axis of the container subpart.
By preference, the minimal distance between the distal
end of the heat medium passage and the central axis of
the container subpartis smaller than the minimal distance
between the heat medium outlet and the central axis of
the container subpart, when the gas-liquid separator is
viewed from above. More preferably, the heat medium
outlet is located near a container wall and diametrically
opposite to the container subpart. In this way, the heat
medium outlet is advantageously distanced from any re-
frigerant coming from either the container subpart or the
distal end of the heat medium passage of the heat ex-
changer, thereby eliminating the risk of refrigerant enter-
ing the heat medium outlet.

[0012] In an embodiment, the internal heat exchanger
is a double tube heat exchanger with the heat medium
passage in which the heat medium flows and the refrig-
erant passage in which the refrigerant flows defining the
tubes of the double tube heat exchanger. By preference,
the tubes of the double tube heat exchanger are sub-
stantially coaxial. In this way, the heat exchange between
the refrigerant and the heat medium is advantageously
made more uniform along the length of the heat exchang-
er. By preference, the inner tube of the heat exchanger
is configured as a heat medium passage and the space
between the inner and outer tube is configured as a re-
frigerant passage. In this way, both the heat medium in-
side the container and the heat medium inside the heat
exchanger are, advantageously, able to simultaneously
exchange heat with the refrigerant flowing through the
refrigerant passage of the heat exchanger.

[0013] In an embodiment, the double tube heat ex-
changer is formed in a spiral or helical shape, wherein
the central axis of the helix or spiral extends in the height
direction of the gas-liquid separator. In this way the heat
exchanger advantageously has a larger heat exchange
area, said heat exchange area being defined by both the
inner and outer sides of the refrigerant passage. The larg-
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er heat exchange area permits more heat to be ex-
changed between the refrigerant and the heat medium
before the refrigerant returns to the compressor side of
the refrigerant circuit. Furthermore, the helical or spiral
shape of the internal heat exchanger permits a more ef-
ficient use of the internal space of the container, advan-
tageously allowing, for example, for smaller containers
to be used.

[0014] In an embodiment, the distal end of the heat
medium passage of the heat exchanger is located adja-
cent and is oriented tangential to a wall of the container
main body. By preference, the spiral or helical shape of
the heat exchanger includes at least two turns, the last
of which turns includes the distal end of the heat medium
passage of the heat exchanger, the distal end of the heat
medium passage being located at least 10mm farther
from the axis of the spiral or helix than each preceding
turn. In this way, heat medium leaving the heat exchanger
is advantageously ejected near the inner lateral walls of
the container and in a direction that is substantially tan-
gential to said walls. By locating the distal end of the heat
medium passage of the heat exchanger farther from the
axis of the spiral or helical heat exchanger, a gap between
all but part of the last coil of heat exchanger and the inner
walls of the container is left. By virtue of the contact of
the heat medium in the container and the outer tube of
the spiral or helical heat exchanger, convection currents
are created around the heat exchanger. These convec-
tion currents, advantageously push the heat medium in-
troduced via distal end of the heat medium passage of
the heat exchanger upwards and along the inner walls
of the container. In this way, the rise of any leaked refrig-
erant to the internal volume of the container subpart and
away from the heat medium outlet is advantageously ac-
celerated. By preference, the heat medium outlet is lo-
cated in substantial overlap with the cylindrical axis of
the container main body. In this way, the heat medium
outlet is shielded by the convection current around the
inner and outer perimeter of the heat exchanger which
force any leaked refrigerant upwards and away from said
outlet. This advantageously makes it impossible for any
refrigerant to leave the container via the heat medium
outlet.

DESCRIPTION OF FIGURES

[0015] The following description of the figures of spe-
cific embodiments of the invention is merely exemplary
in nature and is not intended to limit the present teach-
ings, their application or uses. Throughout the drawings,
corresponding reference numerals indicate like or corre-
sponding parts and features.

Figure 1 shows a section view of the gas-liquid sep-
arator equipped with a heat medium outlet port on

the side.

Figure 2 shows a section view of the gas-liquid sep-
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arator equipped with a heat medium outlet port on
the side.

Figure 3 shows adouble tube heatexchanger having
an extended first outlet.

Figure 4 shows a top section view of the gas-liquid
separator equipped with the double tube heat ex-
changer having an extended first outlet.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The invention is further described by the follow-
ing non-limiting examples which further illustrate the in-
vention, and are not intended to, nor should they be in-
terpreted to, limit the scope of the invention.

[0017] The presentinvention concerns gas-liquid sep-
arator for a heat medium circulation system. The heat
medium circulation system comprises of the gas-liquid
separator, a pump, a controller that controls at least the
pump and a usage-side heat exchanger like a radiator.
The gas-liquid separator includes a container with an in-
ternal heat exchanger for exchanging heat between a
heat medium and a refrigerant, the passages for each of
these fluids being both inside the container and im-
mersed in heat medium. The heat medium passage of
the internal heat exchanger, the pump and the usage-
side heat exchanger are connected by heat medium
pipes, and the heat medium circulates inside the heat
medium pipes. The refrigerant passage of the internal
heat exchanger, an expansion valve, a heat source-side
heat exchanger and a compressor are connected by re-
frigerant pipes, and the refrigerant circulates inside the
refrigerant pipes. In this embodiment, propane can be
used as a refrigerant. Also, R32 refrigerant can be also
used. The heat medium passage includes a first outlet
in fluid communication with the internal volume of the
container. The container is provided with a container sub-
part connected to the top of said container. The internal
volume of the container subpart is provided in fluid com-
munication with the internal volume of the container. The
location of the container subpart above the heat medium
outlet allows for superior liquid gas separation, as any
refrigerant leaking into the container quickly returns to a
gaseous state and floats to the top of the internal volume
of the container and into the internal volume of the con-
tainer subpart. The smaller width of the container subpart
in combination with the low buoyancy of the refrigerant
contribute to trap the latter and prevent it from leaving
the container to any user-side elements.

[0018] Unless otherwise defined, all terms used in dis-
closing the invention, including technical and scientific
terms, have the meaning as commonly understood by
one of ordinary skill in the art to which this invention be-
longs. By means of further guidance, term definitions are
included to better appreciate the teaching of the present
invention.

[0019] As used herein, the following terms have the
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following meanings:

"A", "an", and "the" as used herein refers to both
singular and pluralreferents unless the contextclear-
ly dictates otherwise. By way of example, "a com-
partment" refers to one or more than one compart-
ment.

"Comprise", "comprising”, and "comprises" and
"comprised of" as used herein are synonymous with
"include”, "including", "includes" or "contain", "con-
taining", "contains" and are inclusive or open-ended
terms that specifies the presence of what follows e.g.
component and do not exclude or preclude the pres-
ence of additional, non-recited components, fea-
tures, element, members, steps, known in the art or
disclosed therein.

[0020] Furthermore, the terms first, second, third and
the like in the description and in the claims, are used for
distinguishing between similar elements and not neces-
sarily for describing a sequential or chronological order,
unless specified. It is to be understood that the terms so
used are interchangeable under appropriate circum-
stances and that the embodiments of the invention de-
scribed herein are capable of operation in other sequenc-
es than described or illustrated herein.

[0021] The recitation of numerical ranges by endpoints
includes all numbers and fractions subsumed within that
range, as well as the recited endpoints.

[0022] Whereas the terms "one or more" or "at least
one", such as one or more or at least one member(s) of
a group of members, is clear per se, by means of further
exemplification, the term encompasses inter alia a refer-
ence to any one of said members, or to any two or more
of said members, such as, e.g., any >3, >4, >5, >6 or >7
etc. of said members, and up to all said members.
[0023] Unless otherwise defined, all terms used in dis-
closing the invention, including technical and scientific
terms, have the meaning as commonly understood by
one of ordinary skill in the art to which this invention be-
longs. By means of further guidance, definitions for the
terms used in the description are included to better ap-
preciate the teaching of the present invention. The terms
or definitions used herein are provided solely to aid in
the understanding of the invention.

[0024] Reference throughout this specification to "one
embodiment” or"an embodiment" means that a particular
feature, structure or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, appearances
of the phrases "in one embodiment" or "in an embodi-
ment" in various places throughout this specification are
not necessarily all referring to the same embodiment, but
may. Furthermore, the particular features, structures or
characteristics may be combined in any suitable manner,
as would be apparent to a person skilled in the art from
this disclosure, in one or more embodiments. Further-
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more, while some embodiments described herein include
some but not other features included in other embodi-
ments, combinations of features of different embodi-
ments are meant to be within the scope of the invention,
and form different embodiments, as would be understood
by those in the art. For example, in the following claims,
any of the claimed embodiments can be used in any com-
bination.

[0025] With as a goal illustrating better the properties
of the invention the following presents, as an example
and limiting in no way other potential applications, a de-
scription of a number of embodiments of the gas-liquid
separator based on the invention, wherein:

FIG.1 shows a section view of the gas-liquid sepa-
rator (1) equipped with a heat medium outlet port
(10) on the side. The gas-liquid separator (1) in-
cludes a container (2), which container encloses a
double tube heat exchanger (3). The tubes of the
double tube heat exchanger (3) are coaxial. Also the
container (2) comprises a container main body (17)
and a container subpart (16)at the upper part of the
container main body (17) and be in fluid communi-
cation with the internal space of the container main
body. The container main body (17) and the contain-
er subpart (16) are formed with a cylindrical shape,
wherein both of the cylindrical central axes are com-
mon. The figure shows the heat exchanger (3) hav-
ing an inner tube (12) placed inside an outer tube
(13). The inner tube (12) defines a heat medium pas-
sage (5), while the space between the inner tube
(12) and the outer tube (13) defines a refrigerant pas-
sage (6). A refrigerant inlet tube (14) near the prox-
imal end of the heat exchanger (3), and refrigerant
outlet tube (15) located near the distal end of the
heat exchanger (3) provide fluid connection with a
refrigerant circuit (not shown). An outlet tube (11) is
shown disposed to the lateral wall of the container
(2). The outlet tube (11) provides fluid connection
between a heat medium outlet (4) on the inside of
the container (2) and a heat medium outlet port (10).
The figure, shows the heat medium outlet (4) placed
at a height lower than that of a first outlet (9) (equiv-
alent to the "distal end of the heat medium passage"
as used in this document, for instance in the claims)
of the heat exchanger. But, the heat medium outlet
(4) may be placed at a height higher than that of the
first outlet (9) of the heat exchanger. The figure
shows the trajectory of any leaked refrigerant in a
gaseous state (19) leaked through the first outlet (9).
An over-pressure valve (18) is shown on top of the
container (2), said over-pressure valve (16) being in
fluid communication with the inside of the container
(2). The valve (18) is configured to open automati-
cally if the pressure inside the container (2) exceeds
a predetermined safety threshold (e.g. 60% of the
failure pressure of the container). The valve (18) may
be a mechanical or an electro-mechanical valve,
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preferably a solenoid valve assembly equipped with
a pressure indicator and a controller. The pressure
indicator being configured to send a signal with in-
formationrelated to the pressure inside the container
(2) to the controller, and the controller being config-
ured to compare the signal received from the pres-
sure indicator with a pre-set safety pressure. The
controller is configured to send a signal to the sole-
noid valve if the pressure inside the container (2)
exceeds said pre-set safety pressure, the signal con-
taining instructions to cause the solenoid valve to
open and to control the aperture of said valve.

FIG. 2 shows a section view of the gas-liquid sepa-
rator (1) equipped with the heat medium outlet port
(10) on the bottom. The gas-liquid separator (1) in-
cludes a container (2), which container encloses a
double tube heat exchanger (3) and includes a con-
tainer subpart (16) in substantial alignment with the
axial direction of the container (2). The figure shows
the heat exchanger (3) having an inner tube (12)
placed inside an outer tube (13). The inner tube (12)
defines a heat medium passage (5), while the space
between the inner tube (12) and the outer tube (13)
defines arefrigerantpassage (6). Theinner tube (12)
and the outer tube (13) are coaxial. A refrigerantinlet
tube (14) near the proximal end of the heat exchang-
er (3), and refrigerant outlet tube (15) located near
the distal end of the heat exchanger (3) provide fluid
connection with a refrigerant circuit (not shown). A
first inlet (7) of the heat exchanger (3) is shown ex-
tending out of the container (2), in this way enabling
the ingress of heat medium to the heat medium pas-
sage (5) of the heat exchanger (3) and into the con-
tainer (2) via the first outlet (9) of the heat exchanger.
An outlet tube (11) is shown disposed to the bottom
wall of the container (2) and oriented in substantial
alignment with the axis of the container (2). The outlet
tube (11) provides fluid connection between a heat
medium outlet (4) on the inside of the container (2)
and aheatmedium outlet port(10), said heat medium
outlet (4) having a larger diameter than the heat me-
dium outlet port (10). The figure shows the heat me-
dium outlet (4) placed at a height lower than that of
the first outlet of the heat exchanger (3). But the heat
medium outlet (4) may be placed at a height higher
than that of the first outlet (9) of the heat exchanger.
The figure shows the trajectory of any leaked refrig-
erant in a gaseous state (19) leaked through the first
outlet (9). An over-pressure valve (18) is shown on
top of the container (2), said over-pressure valve (16)
being in fluid communication with the inside of the
container (2). The valve (18) is configured to open
automatically if the pressure inside the container (2)
exceeds a predetermined safety threshold (e.g.,
60% of the failure pressure of the container). The
valve (18) may be a mechanical or an electro-me-
chanical valve, preferably a solenoid valve assembly
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equipped with a pressure indicator and a controller.
The pressure indicator being configured to send a
signal with information related to the pressure inside
the container (2) to the controller, and the controller
being configured to compare the signal received
from the pressure indicator with a pre-set safety
pressure. The controller is configured to send a sig-
nal to the solenoid valve if the pressure inside the
container (2) exceeds said pre-set safety pressure,
the signal containing instructions to cause the sole-
noid valve to open and to control the aperture of said
valve.

FIG. 3 shows a double tube heat exchanger (3) hav-
ing an extended first outlet (9). The shown heat ex-
changer (3) shares an almost identical construction
to those of the embodiments shown in FIG. 1-2, dif-
fering only in the longer first outlet (9). The features
of this embodiment of the heat exchanger (3) are
better appreciated in FIG. 4.

FIG. 4 shows a top section view of the gas-liquid
separator (1) equipped with the double tube heat ex-
changer (3) having an extended first outlet (9). The
figure shows the distal end of the first outlet (9) con-
verging towards the wall of the container (2) and
away from the axis of the heat exchanger (3) until
the axis of the extended first outlet (9) is tangential
with the walls of the container (2). The figure shows
the container main body (17) and the container sub-
part (16) are formed with a cylindrical shape, wherein
both of the cylindrical central axes are common. The
figure shows the heat medium outlet (4) is located
in substantial overlap with the cylindrical axis of the
container main body (17).

FIG. 5 shows a top section view of the gas-liquid
separator (1) equipped with the double tube heat ex-
changer (3) having an extended first outlet (9). The
figure shows the distal end of the first outlet (9) con-
verging towards the wall of the container (2) and
away from the axis of the heat exchanger (3) until
the axis of the extended first outlet (9) is tangential
with the walls of the container (2). The figure shows
the container main body (17) and the container sub-
part (16) are formed with a cylindrical shape, wherein
both of the cylindrical central axes (20, 21) are offset.
The figure shows the heat medium outlet (4) is lo-
cated laterally on the container main body (17). The
minimal distance (d1) between the distal end of the
first outlet (9) and the central axis of the container
subpart (20)is smaller than the minimal distance (d2)
between the heat medium outlet (4) and the central
axis of the container subpart (20).

List of numbered items:

[0026]
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1 gas-liquid separator

2 container

3 double tube heat-exchanger

4 heat medium outlet

5 heat medium passage

6 refrigerant passage

7 first inlet

8 heat medium inlet

9 first outlet

10  heat medium outlet port

11 outlet tube

12 inner tube

13  outer tube

14  refrigerant inlet tube

15  refrigerant outlet tube

16  container subpart

17  container main body

18  over-pressure valve

19 trajectory of refrigerant gas leaking from the first
outlet

20 axis of container subpart

21 axis of container main body

d1  distance between the central axis of the container
subpart and the distal end of the first outlet

d2 distance between the central axis of the container
subpart and the heat medium outlet

[0027] The presentinventionisin no way limited to the
embodiments shown in the figures. On the contrary,
methods according to the present invention may be re-
alized in many different ways without departing from the
scope of the invention.

Claims

1. A gas-liquid separator for heat medium circulation
system comprising;

a container that comprises a container main
body to receive and store the heat medium;

a heat medium inlet that is located below the
container main body and allows the heat medi-
um to return from a usage-side heat exchanger
to flow into the container main body;

a heat medium outlet that is located in the upper
half of the container main body and allows the
heat medium to flow out of the container main
body to the usage-side heat exchanger; and
an internal heat exchanger having a heat medi-
um passage and an adjoining refrigerant pas-
sage, said internal heat exchanger being im-
mersed in the heat medium inside the container
main body and permitting exchange of heat be-
tween arefrigerantflowing in the refrigerant pas-
sage and the heat medium flowing in the heat
medium passage, a distal end of the heat me-
dium passage opening inside the container main
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body;

characterized in that, the container comprises
a container subpart at the upper side of the con-
tainer main body, and in fluid communication
with the internal space of the container main
body, wherein the container subpart has a width
smaller than the width of the container main
body.

The device according to claim 1, characterized in
that, the container main body and the container sub-
part are formed with a cylindrical shape, wherein
both of the cylindrical central axes are common.

The device according to claim 1, characterized in
that, the container main body and the container sub-
part are formed with a cylindrical shape, wherein
both of the cylindrical central axes are offset.

The device according to claim 3, characterized in
that, the minimal distance between the distal end of
the heat medium passage and the central axis of the
container subpart is smaller than the minimal dis-
tance between the heat medium outlet and the cen-
tral axis of the container subpart.

The device according to any one of the claims 1-4,
characterized in that, the internal heat exchanger
is a double tube heat exchanger with the heat me-
dium passage in which the heat medium flows and
the refrigerant passage in which the refrigerant flows
defining the tubes ofthe double tube heat exchanger.

The device according to claim 5, characterized in
that, the tubes of the double tube heat exchanger
are coaxial.

The device according to any one of the claims 5-6,
characterized in that, the double tube heat ex-
changeris formed in a spiral or helical shape, where-
in the central axis of the spiral or helical extends in
the height direction of the gas-liquid separator.

The device according to any of the previous claims
5-7, characterized in that, the distal end of the heat
medium passage of the heat exchanger is located
adjacent and is oriented tangential to a wall of the
container main body.

The device according to any of the claim 7 or 8, char-
acterized in that, the spiral or helical shape of the
heat exchanger includes at least two turns, the last
of which turns includes the distal end of the heat
medium passage of the heat exchanger, the distal
end of the heat medium passage being located at
least 10mm farther from the axis of the spiral or helix
than each preceding turn.
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10. The device according to any of the preceding claims

5-7, characterized in that, the heat medium outlet
is located in overlap with the cylindrical axis of the
container main body.
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