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(54) HEAT PUMP COMPRESSOR

(57) A compressor for a heat pump refrigerant circuit,
comprising a refrigerant inlet connection (5), refrigerant
outlet connections (8,9) and a compressor block (7) con-
trolled by a BLDC motor with a rotor (2) and a stator (3),
characterized in that the rotor (2) of the BLDC motor is
made as a permanent magnet, with the permanent mag-
net in a helical shape,
the rotor (2) of the BLDC motor is arranged in a pressure
chamber (6) of the compressor and is connected to a
shaft (1),
the stator (3) of the BLDC motor is arranged outside the
pressure chamber (6) of the compressor and is equipped
with electromagnetic coils (4),
the refrigerant is routed into the pressure chamber (6) of
the compressor through the helical body of the rotor (2)
of the BLDC motor to provide cooling to the rotor (2) and
to overfill the compressor pressure chamber (6).
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Description

Technical field

[0001] The invention refers to the design of a compres-
sor for the refrigerant circuit of a heat pump device in-
tended mainly for heating and/or cooling of buildings.

Prior art

[0002] Heat pump heating systems extract heat from
the ambient medium (air, water, soil) and make it avail-
able for use, for example by transferring it to drinking
water for the preparation of domestic hot water or also
by transferring it to the heating circuit for the purpose of
heating the living space.
[0003] The basis of a heat pump is a closed circuit filled
with refrigerant. The heat pump, or its cooling circuit, has
essentially four basic parts - an evaporator, a compres-
sor, a condenser and an expansion valve.
[0004] The refrigerant in the cooling circuit often un-
dergoes a phase change, transfers heat, releases heat
by condensation and absorbs heat by evaporation. In
order to provide a pressure differential for the phase
change in the condenser or evaporator, the heat pump
circuits use a compressor.
[0005] The compressor, which drives the movement
of all fluids in the heat pump cooling circuit, is the most
important and mechanically most stressed part of the
cooling circuit.
[0006] Compressors to drive gas compression work on
the principle of piston, eccentric or screw design, while
in heat pumps the eccentric principle is most often used.
[0007] The compressor assembly consists of two
parts, a compressor and an electric motor, which is used
to rotate the corresponding eccentric cam to compress
gas.
[0008] The electric motor used is either alternating cur-
rent (AC) single-phase or three-phase with a squirrel
cage. More modern compressors having an electronical-
ly commutated direct current (DC) electric motor are also
known in the state of the art. The rotor of the electric
motor is made by a cylindrical permanent magnet, for
example made of high temperature resistant Al-Ni-Co
alloy.
[0009] During normal operation of the heat pump com-
pressor, the electric motor of the compressor is heated
by refrigerant. This is due to the fact that the compressed
gas outlet from the compressor part is routed into the
rotor and stator area, thereby heating both the stator and
the rotor of the compressor electric motor. This places
unreasonable thermal load on the permanent magnet of
the rotor and also on the stator coil.
[0010] An example of such an arrangement is the heat
pump compressor described in document EP3006848
A1.
[0011] Due to heat and vibration, the winding of the
stator coil may be damaged (short circuit between wind-

ings, etc.)
[0012] Compressors with a traditional electric motor
have a rather complicated operation control (a frequency
converter is needed), the aim is to regulate the heat pump
so that the number of shutdowns does not exceed the
number set by the designers.
[0013] The heat pump also has a protection of the elec-
tric motor against extremely short off and on cycles (e.g.
at least 3 minutes after switching off until the compressor
is switched on again).
[0014] However, to avoid overheating of the electric
motor, the compressor should be switched off (and on)
more often, which is undesirable. The requirements for
compressor operation and the overheating protection of
a traditional motor are therefore in conflict.
[0015] These shortcomings are eliminated by the new
design of a heat pump compressor according to the pre-
sented invention.

Summary of the invention

[0016] The invention discloses an improved compres-
sor using a commutatorless brushless (BL) direct-current
(DC) electric motor (hereinafter BLDC motor).
[0017] In a BLDC motor, a rotor made as a permanent
magnet rotates; the rotation is achieved by changing the
direction of the magnetic fields generated by the sur-
rounding stationary electromagnetic coils. To control the
rotation it is necessary to control the magnitude and di-
rection of the current conducted into the electromagnetic
coils.
[0018] Since the rotor is a permanent magnet, it does
not need current, eliminating the need for brushes and a
commutator. The current to the fixed electromagnetic
coils is controlled externally.
[0019] One of the great advantages of a BLDC motor
is efficiency, as these motors can drive continuously at
maximum rotational force (torque). Even small BLDC mo-
tors can deliver considerable power.
[0020] Another great advantage is the possibility of
regulation. BLDC motors can be controlled using feed-
back mechanisms to achieve the exact torque and rota-
tional speed required.
[0021] The BLDC motor of the compressor can be con-
trolled by PWM signals, no frequency converter is re-
quired.
[0022] Precise control subsequently reduces energy
consumption and heat production.
[0023] BLDC motors are also characterised by high
durability and low electrical noise production due to the
absence of brushes. Therefore, BLDC motors are often
considered preferable to brush motors in applications
where it is important to avoid electrical noise.
[0024] Ideal applications for BLDC motors are there-
fore in all equipment that operates continuously and thus
also in heating and/or air conditioning equipment.
[0025] The improvement of the compressor design ac-
cording to the presented invention consists in the fact
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that the electromagnetic coils of the BLDC motor stator
will be separated from the pressure part of the compres-
sor by a housing and atmosphere (it will not be part of
the internal pressure part of the compressor).
[0026] The refrigerant inlet will be routed to the BLDC
motor rotor of the compressor and the BLDC motor rotor
of the compressor will be cooled (not heated) by the re-
frigerant.
[0027] The shape of the rotor of the electric motor of
the compressor is also changed from cylindrical to helical
to provide additional flow of refrigerant to the compres-
sion part and to overfill the compressor chamber.
[0028] Due to this arrangement, the rotor of the electric
motor of the compressor can be made as a permanent
magnet from a cheaper material designed for lower tem-
peratures (e.g. neodymium, ferrite, etc.).

Brief description of the drawings

[0029] The invention is further explained using the fig-
ures below, without limitation thereto.
[0030] The figures show:

Fig. 1 - BLDC motor rotor of the compressor (helical
shape)

Fig. 2 - Compressor pressure chamber with refrig-
erant connection pipes and BLDC motor rotor mount-
ed

Fig. 3 - Compressor pressure chamber and BLDC
motor stator with electromagnetic coils arranged on
the outside of the pressure chamber

Examples of embodiment

[0031] A compressor for the refrigeration circuit of a
heat pump device intended for a heating and/or cooling
device, having a refrigerant inlet connection 5, refrigerant
outlet connections 8, 9 and a compressor block 7 con-
trolled by a BLDC motor, wherein the BLDC motor com-
prises a rotor 2 and a stator 3 equipped with electromag-
netic coils 4.
[0032] The rotor 2 of the BLDC motor is made as a
permanent magnet coupled to the shaft 1, with the shaft
1 arranged in the pressure chamber 6 of the compressor
and housed in the plain bearings 11.
[0033] The permanent magnet (rotor) 2, has a special
helical shape to improve the refrigerant flow and to overfill
the pressure chamber 6 of the compressor. Refrigerant
flows into the pressure chamber 6 of the compressor
through the refrigerant inlet connection 5 and heated re-
frigerant exits through the refrigerant outlet connections
8, 9.
[0034] The stator 3 of the BLDC motor is equipped with
six electromagnetic coils 4 and is arranged outside the
pressure chamber 6 of the compressor.
[0035] In the example embodiment, the stator 3 of the

BLDC motor is arranged on the outside of the housing
10 of the compressor pressure chamber, so that the elec-
tromagnetic coils 4 of the stator are within the magnetic
field of the permanent magnet of the rotor 2.
[0036] The stator 3 of the BLDC motor can be mounted
on the housing 10 by sliding, pressing, or in other suitable
way.
[0037] The refrigerant is routed in the compressor
pressure chamber 6 through the helical body of the rotor
2 of the BLDC electric motor to provide cooling to the
rotor 2.
[0038] The shaft 1 and the refrigerant inlet connection
5 are connected to the compressor block 7, arranged in
the compressor pressure chamber 6. In this example em-
bodiment, the compressor block 7 is constructed as a
two-piston eccentric, BLDC motor-driven mechanism,
with two refrigerant outlet connections 8, 9.
[0039] This compressor arrangement ensures that the
compressed (heated and hot) refrigerant routed via outlet
connections 8, 9 are no longer routed to the BLDC motor
area and the BLDC motor is not exposed to heat, thus
ensuring longer compressor life. The refrigerant outlet
connections 8,9 of the compressor block 7 are routed
outside the area of the BLDC motor stator 3 location.
[0040] Obviously, the above described example em-
bodiment illustrates the basic principle of the invention.
The figures are simplified and show the principle of the
invention, neither the construction details nor electrical
wires are drawn.
[0041] Obviously, in other example embodiments, oth-
er types of bearings may be used and also different ar-
rangements thereof, different compression machine
mechanism, the number of electromagnetic stator coils
may also be different, for example, in the range of 1 to 8.
[0042] The scope of the patent protection includes also
a heating device with a heat pump equipped with a com-
pressor according to the disclosed invention.

List of reference marks

[0043]

1 shaft
2 rotor (permanent magnet)
3 stator
4 electromagnetic coil
5 refrigerant inlet connection
6 compressor pressure chamber
7 compressor block
8 refrigerant outlet connection
9 refrigerant outlet connection
10 pressure chamber housing
11 bearings

Claims

1. A compressor for a heat pump refrigerant circuit,
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comprising a refrigerant inlet connection (5), refrig-
erant outlet connections (8,9) and a compressor
block (7) controlled by a BLDC motor with a rotor (2)
and a stator (3),
characterized in that

the rotor (2) of the BLDC motor is made as a
permanent magnet, with the permanent magnet
in a helical shape,
the rotor (2) of the BLDC motor is arranged in a
pressure chamber (6) of the compressor and is
connected to a shaft (1),
the stator (3) of the BLDC motor is arranged out-
side the pressure chamber (6) of the compressor
and is equipped with electromagnetic coils (4),
the refrigerant is routed into the pressure cham-
ber (6) of the compressor through the helical
body of the rotor (2) of the BLDC motor to provide
cooling to the rotor (2) and to overfill the com-
pressor pressure chamber (6).

2. The compressor according to claim 1,
characterized in that
the shaft (1) is housed in the bearings (11) and is
connected to the compressor block (7).

3. The compressor according to claim 1 or 2,
characterized in that
the compressor block (7) is equipped with a two-
piston eccentric mechanism controlled by a BLDC
motor.

4. The compressor according to any one of the above
claims,
characterized in that
the stator (3) of the BLDC motor is fixed to the hous-
ing (10) of the compressor pressure chamber (6) by
sliding, pressing or other suitable means so that the
electromagnetic coils (4) of the stator (3) of the BLDC
motor are within the magnetic field of the rotor (2).

5. The compressor according to any one of the above
claims,
characterized in that
the refrigerant outlet connections (8,9) of the com-
pressor block (7) are routed outside the area of the
BLDC motor stator (3) location.

6. A heating and/or cooling device with a heat pump,
characterized in that
the heat pump is equipped with a compressor ac-
cording to any one of claims 1 to 5.
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