wO 2016/102089 A1 I 10} O 0 A A

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

30 June 2016 (30.06.2016)

WIPOIPCT

(10) International Publication Number

WO 2016/102089 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
F28D 15/02 (2006.01) F04B 39/06 (2006.01)
HO2K 9/20 (2006.01) F04B 35/04 (2006.01)

International Application Number:
PCT/EP2015/072535

International Filing Date:
30 September 2015 (30.09.2015)

Filing Language: English
Publication Language: English
Priority Data:

A 2014/15808 25 December 2014 (25.12.2014) TR

Applicant: ARCELIK ANONIM SIRKETI [TR/TR]; ES
Ankara Asfalti Uzeri, Tuzla, 34950 Istanbul (TR).

Inventors: KERPICCI, Husnu; E5 Ankara Asfalti Uzeri,
Tuzla, 34950 Istanbul (TR). UZUN, Yasam; E5 Ankara
Asfalti Uzeri, Tuzla, 34950 Istanbul (TR). DINCER,
Mehmet Onur; E5 Ankara Asfalti Uzeri, Tuzla, 34950

(8D

(84)

Istanbul (TR). SARIOGLU, Kemal; E5 Ankara Asfalti
Uzeri, Tuzla, 34950 Istanbul (TR).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
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, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

[Continued on next page]

(54) Title: HERMETIC COMPRESSOR WITH HEAT PIPE

Figure 1

/\_/

4 7T

[\

(57) Abstract: The present invention relates to a
hermetic compressor (1 ) comprising a body (2)
wherein the movable components are borne; a
crankshaft (16) that rotates in the body (2); a
motor (4) that provides the rotation of the crank-
shaft (16) and that has a ring-shaped core, a
doughnut-shaped stator (5) composed of wind-
ings (S) arranged on the core and furthermore a
rotor (17) that is passed through the gap at the
center of the stator (5) to be mounted to the
crankshaft (16) and that rotates inside the stator
(5); and a casing (3) wherein the body (2) and
the motor (4) are placed.
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Description
HERMETIC COMPRESSOR WITH HEAT PIPE
[0001] The present invention relates to a hermetic compressor, the performance

[0002]

[0003]

of which is increased by cooling the electric motor.

In hermetic compressors, the electric motor that is used for driving the
crankshaft-piston rod, cylinder-piston mechanism and crankshaft-piston
mechanism are situated in a leak-proof casing. The loss occurring due to
the motor efficiency being 70-80% and the mechanical losses occurring at
the bearings cause the components in the compressor to heat up and
cause the temperature of the refrigerant to increase before entering the
cylinder, thus decreasing volumetric efficiency. In addition to the thermal
energy generated due to the operation of the electric motor and the
mechanical losses, the increase in the temperature of the refrigerant
during the compression process in the cylinder also causes heat transfer
from the cylinder region into the casing. Since the compressor input power
increases in cases wherein the cylinder is not cooled efficiently,
performance decreases. In the electric motor the entire thermal energy
generated due to mechanical losses and the compression process is
transferred to the environment via the casing when the steady state is
reached. The increase in the temperatures of the electric motor and other
components decreases the volumetric efficiency since the density of the
refrigerant received into the cylinder is decreased, while increasing the
work load required during the compression since the temperature of the
cylinder increases. Thus, cooling the electric motor plays a significant role
in the performance of the compressor.

In the state of the art International Patent Application No. WO2007014443,
in order to cool the cylinder head that reaches high temperatures
depending on the compression process during the operation of the
compressor, the evaporator end of a heat pipe is positioned so as to align
with the cylinder head and the condenser end thereof with the lubricant.
The evaporator end of the second heat pipe is submerged into the
lubricant while the condenser end thereof is positioned so as to protrude

from the casing. In the second embodiment of the same patent application,
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the evaporator end of the heat pipe is placed to the cylinder head and the
condenser end thereof extends towards the outside of the casing.

Another state of the art embodiment is explained in the Japanese Patent
Application No. JP2002048066. According to this document, in order to
cool the cylinder head reaching high temperatures depending on the
compression process during the operation of the compressor, a heat pipe
is positioned so that its evaporator end remains on the cylinder and its
condenser end remains in the casing, and a fan is used for increasing the
amount of heat transferred from the condenser region into the casing. In
the second embodiment, the evaporator end of the heat pipe is again
situated on the cylinder and the condenser end thereof extends towards
the outside of the casing.

In another state of the art document, the Japanese Patent application no
JP3175194, the evaporator end of the heat pipe is placed into a hole
bored on the cylinder and the condenser end thereof extends out of the
casing. In the second embodiment disclosed in this document, the
evaporator end of the heat pipe is immersed in to the lubricant while the
condenser end is outside the casing.

The aim of the present invention is the realization of a compressor wherein
the compressor motor is cooled so as to increase the performance of the
compressor and to decrease the energy consumption thereof.

In the compressor realized in order to attain the aim of the present
invention, explicated in the first claim and the respective claims thereof, for
the cooling of the motor, heat pipes are used, that have a heat absorbing
end and a heat dissipating end, or as they are known in the state of the
art, an evaporator region and a condenser region. The heat absorbing end
of the heat pipe is mounted onto the stator of the motor while the heat
dissipating end thereof extends towards the casing. The heat pipe enables
the heat of the stator, thus of the motor, to be discharged out of the casing.
By means of the present invention, the efficiency of the compressor is
enabled to be increased by decreasing the temperature of the electric
motor reaching high temperatures in the compressor.

By mounting four heat pipes to the stator, the refrigerant fluid, that is in the
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liquid phase at the evaporator region, changes into the gas phase by
drawing heat from the electric motor and draws the heat required for
meeting the evaporation latent heat from the high temperature stator, thus
enabling the temperature of the high temperature motor lamination sheets
inside the compressor, thus the temperature of the motor, to be
decreased. Since the cooling of the electric motor will decrease the heat
transfer to the body bearing the movable components in the compressor,
this situation also enables the volumetric efficiency and the motor
efficiency to increase.

By means of the present invention, since the temperature of the motor,
that is one of the most important heat sources in the compressor, is
decreased, the increase in the temperature of the lubricant is limited.
Thus, the lubrication feature of the compressor is improved.

In an embodiment of the present invention, the heat pipe is mounted onto
the stator by means of an intermediate member. Thus, the heat pipes are
enabled to be fixed onto the stator without making any changes on the
laminations.

In another embodiment of the present invention, springs are disposed
between the stator and the intermediate member whereon the heat pipe is
mounted. Thus, the heat pipe is enabled to be affected by the vibrations
generated due to the operation of the compressor at minimum.

In another embodiment of the present invention, while being mounted onto
the stator, the intermediate members are fixed to each other by means of
connection members.

In an embodiment of the present invention, the connection members
comprise recesses and protrusions that are oppositely provided on the
adjacent edges of the intermediate members.

In another embodiment of the present invention, the connection members
comprise the recesses oppositely provided on the adjacent edges of the
intermediate member and the springs that connect these recesses to each
other.

In another embodiment of the present invention, the connection member

comprises the protrusions oppositely provided on the adjacent edges of
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the intermediate members and the springs that connect these protrusions
to each other. Thus, the intermediate members are fixed onto the stator so
as to be affected by the vibrations generated due to the operation of the
motor at minimum.

By means of the present invention, the stator laminations of the electric
motor are enabled to be cooled. By cooling the compressor body, the gas
temperature inside the compressor is decreased, thus the volumetric
efficiency is increased. Thus, in refrigerator embodiments, in temporary
cases wherein the ambient temperatures are high, the refrigerator is
loaded or is operated with its door open, the COP of the compressor is
increased to enable the latter to be operated in a more efficient manner,
thereby decreasing the energy consumption of the refrigerator. Under
heavy operation conditions, the compressor lubricant temperature is
decreased and the bearings are enabled to be lubricated more efficiently,
thus decreasing mechanical losses and minimizing abrasion risks.
Moreover, by means of the springs provided, the heat pipe is enabled to
be affected from the compressor vibrations at minimum.

The compressor realized in order to attain the aim of the present invention
is illustrated in the attached figures, where:

Figure 1 — is the schematic view of a compressor.

Figure 2 — is the exploded view of a compressor.

Figure 3 - is the top view of the casing of a compressor and the body
disposed therein.

Figure 4 - is the detailed view of the stator, the body, the heat pipe and the
intermediate member.

Figure 5 - is the detailed view of the segmented intermediate members
and the connection members joining the intermediate members.

Figure 6 — is the detailed view of the connection members in another
embodiment of the present invention.

Figure 7 — is the detailed view of the connection members in yet another
embodiment of the present invention.

The elements illustrated in the figures are numbered as follows:

1. Compressor
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. Body
Casing
Motor
Stator
Heat pipe

Intermediate member

©® N o o bk w b

Housing

9. Pin

10. Channel

11. Spring

12. Connection members
13. Recess

14. Protrusion

15. Hole
16. Crankshaft
17. Rotor

18. Heat absorbing end

19. Heat dissipating end

The hermetic compressor (1) comprises a body (2) wherein the
crankshaft-piston rod and cylinder-piston mechanisms (M) are borne; a
crankshaft (16) that rotates in the body (2); a motor (4) that provides the
rotation of the crankshaft (16) and that has a ring-shaped core, a
doughnut-shaped stator (5) composed of copper wire windings (S)
arranged on the core and furthermore a rotor (17) that is passed through
the gap at the center of the stator (5) to be mounted to the crankshaft (16)
and that rotates inside the stator (5); and a casing (3) wherein the body (2)
and the motor (4) are placed.

The compressor (1) of the present invention comprises one or more than
one heat pipe (6) that has a heat absorbing end (18) mounted onto the
stator (5) and a heat dissipating end (19) extending towards the casing (3)
(Figure 1, Figure 2, Figure 3 and Figure 4).

In the compressor (1) of the present invention, the refrigerant fluid that is in

the liquid phase at the heat absorbing end (18) (evaporator region) in the
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heat pipe (6) changes into the gas phase by drawing heat from the stator
(5), thus from the motor (4). In this case, the heat required for meeting the
evaporation latent heat is drawing from the high temperature stator (5).
Thus, the temperature of the high temperature stator (5) inside the
compressor, thus of the motor (4), is decreased. Since the cooling of the
motor (4) will decrease the heat transfer to the body (2), the volumetric
efficiency is enabled to be increased. Moreover, the decrease in the motor
(4) temperature enables the efficiency of the motor (4) to be increased.

In an embodiment of the present invention, the heat absorbing end (18) of
the heat pump (6) mounted onto the stator (5) is U-shaped and bent like a
hook while the heat dissipating end (19) is flat.

In another embodiment of the present invention, the stator (5) core is
composed of stacked laminations and the heat absorbing end (18) of the
heat pipe (6) is mounted to the last lamination at the upper or lower side of
the stator (5) core.

In another embodiment of the present invention, the compressor (1)
comprises one or more than one intermediate member (7) that enables the
heat pipe (6) to be mounted onto the stator (5) and that is disposed
between the stator (5) and the body (2). In this embodiment, the
intermediate member (7) can be in form of a single piece ring surround the
windings (S) at the surface of the stator (5) facing the body (2) or in form of
segments in a number equal to the number of the heat pipes (6),
surrounding the windings (S) at the surface of the stator (5) facing the
body (2). For example, four intermediate members (7) are used for four
heat pipes (6).

In another embodiment of the present invention, the intermediate member
(7) is produced from plastic material.

In another embodiment of the present invention, the intermediate member
(7) comprises a housing (8) at its upper edge, wherein the heat absorbing
end (18) of the heat pipe (6) is mounted and a pin (9) that is disposed at
the lower edge of the intermediate member (7) and that extends towards
the upper surface of the stator (5). In this embodiment of the present

invention, the compressor (1) comprises a channel (10) that opens
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vertically on the stator (5). By inserting the pin (9) on the intermediate
member (7) into the said channel (10) arranged on the stator (5), the
intermediate member (7) is enabled to be fixed onto the stator (5), thus the
heat pipe (6) is enabled to be mounted onto the stator (5).

In another embodiment of the present invention, the compressor (1)
comprises four heat pipes (6) and four intermediate members (7). In this
embodiment, the channels (10) with a 90° angle therebetween are
arranged on the stator (5) and the pins (9) on the intermediate member (7)
are fitted into the said channels (10), thus enabling the intermediate
member (7) to be mounted onto the stator (5).

In another embodiment of the present invention, the compressor (1)
comprises a spring (11) that is placed into each channel (10) on the stator
(5). The springs (11) are fitted over the pins (9) on the intermediate
member (7), thus enabling the intermediate member (7) to be mounted
onto the stator (5). Thus, the heat pipe (6) is enabled to be affected from
the vibrations generated during the operation of the motor (4) at minimum.
In an embodiment of the present invention, the compressor (1) comprises
one or more than one hole (15) that is bored on the casing (3) and that
enables the heat dissipating end (19), extending towards the casing (3), of
the heat pipe (6) to extend out of the casing (3). In this embodiment, the
heat of the motor (4) is enabled to be discharged to the outside by
extending the heat pipe (6) out of the casing (3). The heat dissipating end
(19) of the heat pipe (6), the heat absorbing end (18) of which is mounted
to the stator (5), extends towards the outside by passing through the hole
(15) on the casing (3), thus the heat carried by the heat pipe (6) can be
discharged out of the casing (3). In an embodiment of the present
invention, the heat pipe (6) and the holes (15) arranged on the casing (3)
have rectangular cross-sections.

In another embodiment of the present invention, the compressor (1)
comprises connection members (12) that are oppositely provided on the
adjacent edges of the intermediate members (7) so as to fix the latter to
each other (Figure 5, Figure 6 and Figure 7).

In a version of this embodiment, the connection member (12) comprises
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recesses (13) that are oppositely provided on the adjacent edges of the
intermediate members (7) and protrusions (14) that enter the said
recesses (13). In this embodiment of the present invention, the springs
(11) are disposed into the recesses (13). Thus, the protrusions (14) enter
the spring (11) disposed in the recess (13) and the intermediate members
(7) are fixed onto the stator (5) so as to be affected by the vibrations
generated due to the operation of the motor (4) at minimum (Figure 5).

In another version of the embodiment comprising the connection member
(12), the connection member (12) comprises the recesses (13) that are
oppositely provided on the adjacent edges of the intermediate members
(7) and the springs (11) that connect the said recesses (13) by being
placed into the said recesses (13). Thus, the intermediate members (7)
are fixed onto the stator (5) so as to be affected by the vibrations
generated due to the operation of the motor (4) at minimum (Figure 6).

In yet another version of the embodiment comprising the connection
member (12), the connection member (12) comprises the protrusions (14)
that are oppositely provided on the adjacent edges of the intermediate
members (7) and the springs (11) that connect the said protrusions (14) by
being placed into the said protrusions (14). Thus, the intermediate
members (7) are fixed onto the stator (5) so as to be affected by the
vibrations generated due to the operation of the motor (4) at minimum
(Figure 7).

In an embodiment of the present invention, the intermediate member (7) is
resilient.

By means of the present invention, by cooling especially the electric motor
(4) of the hermetic compressor (1) used in cooling devices, the
performance thereof is increased and as a result of this, the energy

consumption thereof is enabled to be decreased.



WO 2016/102089 PCT/EP2015/072535

9/10

Claims

1.

A compressor (1) comprising a body (2) wherein the crankshaft-piston rod and
cylinder-piston mechanisms (M) are borne; a crankshaft (16) that rotates in the
body (2); a motor (4) that provides the rotation of the crankshaft (16) and that
has a core, a stator (5) composed of windings (S) and a rotor (17) that rotates
inside the stator (5); and a casing (3) wherein the body (2) and the motor (4)
are placed, characterized in that one or more than one heat pipe (6) that has a
heat absorbing end (18) mounted onto the stator (5) and a heat dissipating end
(19) extending towards the casing (3).

A compressor (1) as in Claim 1, characterized in that the heat pump (6), the
heat absorbing end (18), mounted onto the stator (5), of which is U-shaped
and bent like a hook and the heat dissipating end (19) of which is flat.

A compressor (1) as in Claim 1 or 2, characterized in that the stator (5) core
that is composed of stacked laminations and the heat pump (6), the heat
absorbing end (18) of which is mounted the lamination at the upper or lower
side of the stator (5) core.

A compressor (1) as in any one of the above claims, characterized in that one
or more than one intermediate member (7) that enables the heat pipe (6) to be
mounted onto the stator (5) and that is disposed between the stator (5) and the
body (2).

A compressor (1) as in Claim 4, characterized in that the intermediate member
(7) in form of a single piece ring surrounding the windings (S) at the surface of
the stator (5) facing the body (2).

A compressor (1) as in Claim 4, characterized in that the intermediate member
(7) in form of segments in a number equal to the number of the heat pipes (6),
surrounding the windings (S) at the surface of the stator (5) facing the body (2).
A compressor (1) as in any one of the Claims 4 to 6, characterized in that the
intermediate member (7) that is produced from plastic material.

A compressor (1) as in any one of the claims 4 to 7, characterized in that the
intermediate member (7) that comprises a housing (8) arranged at its upper
edge, wherein the heat absorbing end (18) of the heat pipe (6) is mounted and
a pin (9) that is disposed at the lower edge of the intermediate member (7) and

that extends towards the upper surface of the stator (5).
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A compressor (1) as in Claim 8, characterized in that a channel (10) that is
arranged on the upper surface of the stator (5) and where the pin (9) on the
intermediate member (7) enters.

A compressor (1) as in Claim 9, characterized in that a spring (11) that is fitted
over the pin (9) on the intermediate member (7) and that enters the channel
(10) arranged on the stator (5).

A compressor (1) as in any one of the above claims, characterized in that one
or more than one hole (15) that is bored on the casing (3) and that enables the
heat pipe (6) to extend out of the casing (3).

A compressor (1) as in Claim 4 and 6, characterized in that connection
members (12) that are oppositely provided on the adjacent edges of the
intermediate members (7) so as to fix the latter to each other.

A compressor (1) as in Claim 12, characterized in that the connection
members (12) that comprises recesses (13) that are oppositely provided on the
adjacent edges of the intermediate members (7) and protrusions (14) that
enter the said recesses (13).

A compressor (1) as in Claim 12, characterized in that the connection
members (12) that comprises the recesses (13) that are oppositely provided on
the adjacent edges of the intermediate members (7) and the springs (11) that
are placed into the said recesses (13) to join the opposite recesses (13) to
each other.

A compressor (1) as in Claim 12, characterized in that the connection
members (12) that comprises the protrusions (14) that are oppositely provided
on the adjacent edges of the intermediate members (7) and the springs (11)

that join the said protrusions (14) to each other.
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Figure 6
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