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(54) REFRIGERATION COMPRESSOR

(57) The present invention relates to a thermally ef-
ficient refrigeration compressor, comprising a housing
which surrounds the component parts of the compressor
and a heat accumulating material occupying a volume
internal (4, 7, 15, 18, 23, 27) or adjacent (9, 11, 30, 32,

37) to the compressor housing. Accordingly, the present
invention takes advantage of the thermodynamics exist-
ing between the compressor and the refrigeration sys-
tem, achieving a reduction of the internal temperatures
reliably and efficiently and consequently improving the
performance of the compressor.
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Description

Field of the Invention

[0001] The present invention relates to a refrigeration
compressor and, more particularly, to a compressor
whose cooling is carried out by using characteristics from
its thermal transient when said compressor is applied to
a refrigeration system.

Background of the Invention

[0002] A compressor has the function of increasing the
pressure of a certain fluid volume to a pressure required
for carrying out a refrigeration cycle. In the refrigeration
industry, it is common to use hermetic compressors gen-
erally comprising a sealed housing where the compres-
sor parts are mounted: a motor-compressor assembly
comprising a cylinder block having an end closed by a
cylinder head which defines a discharge chamber in com-
munication with a compression chamber defined inside
the cylinder, the compression chamber being closed by
a valve plate provided between the cylinder end and the
cylinder head.
[0003] During the operation of the compressor, the
heat generated by compression of gases eventually
heats the component parts of the compressor.
[0004] One major issue of the refrigeration industry is
the performance of refrigeration compressors. Indeed,
various works and studies have been made with a view
to increase such performance, in particular those aiming
to increase the amount of gas sucked during the suction
and to reduce the power required to compress the gas.
[0005] These solutions require reducing the gas tem-
perature during the suction (increasing its density) and
reducing the temperature of the compression chamber
wall in contact with the gas. In this respect, it should be
understood that the development of solutions which pro-
mote the reduction of the temperature levels of the com-
pressor directly acts upon the increase of the volumetric
and electrical efficiency, the latter being a result of the
thermodynamic portion (reduction of losses due to over-
heating and increase of the compression process effi-
ciency).
[0006] Over the years, various thermal concepts have
been employed in order to reduce the internal tempera-
ture levels of the compressor.
[0007] One of these concepts lies in insulating the dis-
charge system, which is one of the major internal heating
sources of the compressor. Solutions concerned to this
kind of approach can be found in US Patent 3.926.009
and US Patent 4.371.319, which exploit the discharge
insulation by applying double-wall concepts (thermal in-
sulation by means of an enclosed space).
[0008] Patent WO 2007/068072, however, utilizes the
concept of insulating the heating sources of the cylinder.
According to this document, a spacing conduit is built
over the valve plate and open into the inner cavity of the

compressor housing, maintaining the compressor cylin-
der cap spaced apart from the valve plate and forming
an annular plenum around the spacing conduit. This al-
lows to reduce the heat transmission from the cylinder
cap to the valve plate, which eventually reduces the heat-
ing of the cylinder block in the region of the compression
chamber, increasing the efficiency of the compressor.
[0009] Another way of controlling the internal thermo-
dynamics of the compressor is through the inclusion of
heat-transfer elements, with the purpose of removing
heat from the sources which have higher influence on
the thermal efficiency of the compressor and transferring
this heat into areas distant therefrom. In this concept, it
is worth mentioning Patent WO 2007/014443, which pro-
poses a solution for increasing the efficiency of compres-
sors which utilizes heat tubes for removing heat from
heated portions in contact with the cylinder. Said docu-
ment proposes a hermetic compressor having a heat dis-
sipation system, in which a heat energy transfer duct is
coupled to the cylinder block. The duct has a heat ab-
sorption end on the cylinder and another heat release
end spaced apart from the cylinder block, such that the
heat generated with the coolant compression inside the
cylinder is absorbed and dissipated to an area further
away from the cylinder, thereby reducing the cylinder
temperature and also increasing the compressor efficien-
cy.
[0010] Another possible solution in order to reduce the
temperature of the compression cylinder is to optimize
the use of the lubricating oil of the compressor as a cool-
ing means. The oil actually has the main function of lu-
bricating the compressor gearing in order to ensure the
reliability and durability of its parts. Based upon the use
of oil for cylinder cooling purposes is US Patent
4,569,639, in which the inventors have proposed the use
of an elongation on the shaft output and a baffle on the
cylinder head, such that the oil flow which comes out from
the shaft elongation is directed to the cylinder head,
thereby cooling the cylinder. This cylinder elongation has
a hole through which the oil is discharged horizontally
towards the cylinder head baffle, while this elongation is
rotated. The baffle also has a hole at the approximately
same height as the height at which oil is discharged, so
that the oil flows on the cylinder head and cools it.
[0011] By means of the description of the prior art set
out above, it can be seen that different concepts and
solutions have been applied in order to reduce the inter-
nal temperatures of the compressor, however, it should
be noted that such solutions have been developed fo-
cusing on the compressor seen as a thermal device sep-
arately.

Objects of the Invention

[0012] The present invention aims to promote the cool-
ing of the compressor by using characteristics of the ther-
mal transient from the compressor when the same is ap-
plied to a refrigeration system.
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[0013] Accordingly, the present invention takes advan-
tage of the thermodynamics existing between the com-
pressor and the compression system, achieving the re-
duction of internal temperatures reliably and efficiently
and hence improving the performance of the compresor.

Summary of the Invention

[0014] The present invention achieves the above ob-
jects by means of a hermetic compressor comprising a
housing which encloses the component parts of the com-
pressor, with a heat accumulating material occupying an
internal volume or adjacent to the compressor housing.
The heat accumulating material acts as a thermal capac-
itor able to absorb high amounts of heat while the com-
pressor is on and to reject heat while the compressor is
off, in order to increase the thermal efficiency of the com-
pressor.
[0015] In an embodiment of the invention, the heat ac-
cumulating material rejects heat at a first amount of heat
while the compressor is on and a second amount of heat
while the compressor is off. In this respect, the heat ac-
cumulating material can reject a minimum amount of heat
while the compressor is on and a high amount of heat
while de compressor is off.
[0016] It should still be noted that the heat accumulat-
ing material can absorb heat while the compressor is on
and reject some from this heat to one of the components
of the compressor while the compressor is off.
[0017] The heat accumulating material may be a latent
heat accumulator or a sensitive heat accumulator, how-
ever, the use of a PCM (phase-change material) is par-
ticularly advantageous for the proposed inventive con-
cept.
[0018] In this respect, it is to be noted that, for the
present invention, the PCM comprises the entire material
which, at a certain design temperature, starts to receive
latent heat, that is, a process at a substantially constant
temperature and with a high heat absorption capacity. In
this respect, although a PCM material is usually defined
as a material that goes through a change between the
liquid phase and the solid phase, there are a few PCM
materials that, instead of changing their phase, change
the structure of their matter; these PCMs are called solid-
solid PCMs. Thus, although a phase change is men-
tioned throughout the text, the PCM nomenclature also
covers materials which change their structure at a certain
design temperature, absorbing high heat rates.
[0019] The heat accumulating material may occupy an
idle volume inside the compressor, or may even be a part
of the structure from at least one of the compressor parts.

Brief Description of the Drawings

[0020] Figures show:

Figure 1 - Figure 1 shows a first embodiment of the
refrigeration compressor of the present invention;

Figures 2 and 3 - Figures 2 and 3 show result graphs
of a numerical simulation indicating the heat removal
obtained by means of the embodiment shown in Fig-
ure 2;
Figure 4 - Figure 4 shows a second embodiment of
the refrigeration compressor of the present inven-
tion;
Figures 5a to 5c - Figures 5a to 5c show a third em-
bodiment of the refrigeration compressor of the
present invention;
Figure 6 - Figure 6 shows a fourth embodiment of
the refrigeration compressor of the present inven-
tion;
Figure 7 - Figure 7 shows a fifth embodiment of the
refrigeration compressor of the present invention;
Figure 8 - Figure 8 shows a sixth embodiment of the
refrigeration compressor of the present invention;
Figure 9 - Figure 9 shows a seventh embodiment of
the refrigeration compressor of the present inven-
tion;
Figure 10 - Figure 10 shows an eighth embodiment
of the refrigeration compressor of the present inven-
tion;
Figures 11 a to 11b - Figures 11a to 11b show a ninth
embodiment of the refrigeration compressor of the
present invention; and
Figure 12 - Figure 12 shows a tenth embodiment of
the refrigeration compressor of the present inven-
tion.

Detailed Description of the Invention

[0021] In the following, the present invention will be
described in detail with reference to the examples as
shown in the drawings. While the detailed description
uses as an example an alternative compressor for the
refrigeration, it should be understood that the principles
of the present invention may be applied to any type, size
or arrangement of refrigeration compressor. Accordingly,
the present invention may be applied to hermetic or semi-
hermetic reciprocating compressors, to rotating com-
pressors or scrolling compressors, or to any type of re-
frigeration compressor able to receive a volume of a heat
accumulating material acting as a thermal capacitor.
[0022] When a compressor begins its operation, short-
ly after begins the heat generation at various compo-
nents, such as the engine, the compression cylinder and
the discharge area. When the compressor is seen on a
thermally-stabilized regime, all the energy generated by
the hot components is dissipated to the others. However,
during the heating periods (when temperatures still do
not rise), many of the generated energy, rather than being
dissipated, is absorbed by the component itself, so as to
increase its internal energy and, hence, its temperature.
This ability to store energy during the transient period is
directly related to the heat capacity of the respective com-
ponent. Supposing a component having a heat capacity
tending towards infinity, its temperature would be virtually
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constant, as too much energy would be needed in order
to increase it. In this optimum scenario, the component
would virtually work at the initial temperature, which
would lead the dissipated heat to zero, without other com-
ponents being heated.
[0023] When observing a compressor operating on a
stabilized temperature regime (a substantially long unin-
terrupted working time), the heat capacity does not play
any role, as it only serves to change the heating time of
the components.
[0024] However, when observing the application of the
compressor to the refrigeration system, due to the dy-
namic characteristics of this system, the compressor
does not work uninterruptedly. It goes through a cycling
process, wherein in some cases, it remains longer in the
off state than in the on state. Hence, the temperatures
of the internal components of the compressor during its
operation on the refrigeration system are not stabilized.
[0025] The present invention is based on the use of
elements which are able to absorb the heat from hot com-
ponents during the compressor operation time. The use
of these elements has a direct impact on the temperature
reduction of these components, increasing the thermo-
dynamic efficiency of the compressor. In fact, the present
invention discloses a thermal managing mechanism for
compressors which makes use of the thermal behavior
of its components when on a refrigeration system, there-
by reducing the heating of the compressor during its
working period.
[0026] Thus, in order that the concept proposed by the
present invention may be applied efficiently, it is neces-
sary to put it into the context of application to refrigeration
systems.
[0027] Supposing a compressor having high heat con-
tent capacity and working uninterruptedly, the tempera-
ture of these elements would continually increase and a
temperature reduction would not be achieved. However,
upon observing the actual working cycle of a compressor
in the refrigeration system, there is a long time period
during which the compressor is off, and in this time period,
enough time may be elapsed so that the energy absorbed
by these high heat content elements is lost to the com-
pressor environment and therefrom to the external envi-
ronment.
[0028] Thus, taking into account the actual working cy-
cle of a compressor in the refrigeration cycle, it can be
seen that a closed cycle can be achieved, wherein the
thermal energy absorbed by the high heat capacity ele-
ments is rejected before a new on-period occurs.
[0029] The term "high heat content elements" as used
herein means heat absorbing elements, wherein a wide
range of materials could be used for manufacturing such
elements.
[0030] Similarly, although the term "elements" is used
herein, the present invention is based on the use of heat
accumulating materials occupying an internal volume or
adjacent to the compressor housing, and is not limited
to a "self-contained element" to be inserted into the in-

ternal space of the compressor.
[0031] An inherent advantage related to the use of
phase-change heat absorbing elements lies in the fact
that they work with a substantially constant temperature
during the heat absorbing process (which boosts this ab-
sorption and also prevents these components from heat-
ing the other components). In addition, once the working
temperature from these components is set (by selecting
a material having a desired phase-change temperature),
it is possible to adjust the working temperature from the
internal components at an optimum point based on the
system dynamics, thereby achieving higher control over
the solution.
[0032] Accordingly, it is desirable to use a heat absorb-
ing material which works at a constant temperature that
may be previously set.
[0033] In view of the needs and advantages shown
above, in a preferred embodiment of the present inven-
tion, a material which goes through phase change during
the heat absorbing process (latent heat accumulator) is
used. These materials, known as PCMs (Phase Change
Materials), comprise paraffins, special-purpose greases,
among other components, which may be manufactured
so as to change their phase at different design temper-
atures. It is to be understood, however, that while most
of the phase changes are solid-solid, structural changes
from matter (solid-solid PCM) also able to absorb high
amounts of heat at a design temperature are also includ-
ed within the scope of the present invention.
[0034] In addition to being able to control the phase-
change temperature through the composition of the em-
ployed material, this process provides a high energy ab-
sorption capacity with a substantially constant tempera-
ture, as opposed to a sensitive heat accumulation proc-
ess, which entails significant temperature variations.
[0035] Of course, although the preferred embodiment
of the present invention employs PCMs, other high spe-
cific heat materials may also be used, since they are also
able to absorb heat with a slow increase in their temper-
ature (sensitive heat accumulators). One example of a
high specific heat material which may be applied accord-
ing to the advantages provided by the present invention
is water.
[0036] In particular, it should be understood that the
present invention is based on the inclusion of a heat ac-
cumulating material occupying an internal volume or ad-
jacent to the compressor housing. Thus, this material
(whether it is a PCM or any other high heat content ma-
terial) may be employed in many locations in the com-
pressor, wherein this location should be determined ac-
cording to its efficacy in reducing the temperatures from
the internal components, the available space for allocat-
ing these components, the involved costs, and the tech-
nological challenges to that end.
[0037] According to the basic principles of the present
invention, the heat accumulating material acts as a ther-
mal capacitor, absorbing high amounts of heat while the
compressor is on and rejecting this heat while the com-
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pressor is off.
[0038] The dynamic behavior of this "thermal capaci-
tor" may take two different forms: it may absorb high
amounts of heat, rejecting as little as possible while the
compressor is on and then reject heat while in the off
state, or it may absorb high amounts of heat during the
on state and keep an uniform heat removal rate during
on and off times. In this latter form, although there is a
heat rejection while the compressor is on, the energy
removal generated is much higher during this same pe-
riod, contributing to the lowering of the thermal profile.
[0039] The presence of one or another dynamic char-
acteristic will depend on heat input and output boundary
conditions (convection coefficients and temperature po-
tential), and will vary according to the design.
[0040] Figure 1 shows a first embodiment of the
present invention, where the heat accumulating material
is located in a volume formed between a casing which
surrounds the cylinder cap and the compressor cylinder
cap.
[0041] This region of the cylinder cap is critical for the
compressor, since various gas communications flow
therethrough. The suction gas, in order to get into the
cylinder, passes over the region of the suction muffler
which is in contact with the cylinder cap. The high tem-
perature gas from the compression is also discharged to
the cap, from where it follows to the remainder of the
discharge system. Thus, by removing the gas heat on
the cylinder cap and hence lowering the temperature
thereof, one may observe a lower heating on the suction
muffler output and the heat dissipation throughout the
discharge system downstream the cap is reduced, since
the temperature potential between the gas itself and the
internal environment of the compressor is decreased. In
addition, the cap, upon cooling, absorbs more heat from
the cylinder, promoting the thermodynamic efficiency of
the compressor.
[0042] In figure 1, a portion of a compressor is shown,
along with the casing 1 which surrounds the cap 2 of the
cylinder 3. Inside the space formed between the casing
1 and the cap 2, a volume 4 is created, where the heat
accumulating material is stored (as previously men-
tioned, this material could be a grease, a paraffin, another
type of PCM, or even another material having a high heat
capacity).
[0043] As may be seen in figure 1, the casing 1 may
further comprise outer fins 5. The choice of adding the 5
results from the system thermodynamics itself: The en-
trance of heat into this system is very intense, as the gas
from the cylinder cap strikes against the walls of the re-
spective cap at high speed, giving rise to a high heat
transfer rate. In order to reject the heat from the internal
environment of the compressor, however, gas speeds
are lower, especially while the compressor is off, when
the gas in the internal environment only moves by natural
convection. In order to be able to reject all the heat ab-
sorbed at high rates during the time period in which the
compressor is on, the external heat transfer area is in-

creased by adding fins 5. Optionally, a dark painting may
also be chosen for the casing 1 and the fins 5, so as to
increase the heat transfer by radiation.
[0044] It should be noted, however, that the inclusion
of fins 5 is only a preferred embodiment, and is not re-
quired in order to achieve the advantages obtained by
adding a heat accumulating material into the volume
formed between the cylinder cap 2 and the casing 1.
[0045] In the same manner, the fins could be inner fins,
adjacent to the heat accumulating material, which would
facilitate the flow of heat along its structure. As some
materials exhibit low thermal conductivity, the inclusion
of fins allows to maximize the heat flow along the material.
In addition, other solutions designed for maximizing the
heat transfer along the heat accumulating material could
also be used within the scope of the present invention,
such as, for example, porous metallic matrices injected
along with the heat accumulator.
[0046] In order to prove the efficacy of the present in-
vention, a numeric simulation was performed, indicating
the heat removal potential of the cylinder cap of a com-
pressor, using the concept of the example embodiment
shown in figure 1 (in which the heat accumulating material
is located in a volume formed between a casing which
encloses the cylinder cap and the compressor cylinder
cap.)
[0047] Figures 2 and 3 show graphs illustrating the re-
sults from the simulation performed (in figures, line A
corresponds to the embodiment with the volume of heat
accumulating material and line B corresponds to a con-
ventional compressor).
[0048] Figure 2 shows a graph illustrating the heat re-
jected from the cylinder cap into the internal environment
of the compressor. Although it seems that the cap having
the heat accumulating material dissipates more heat than
the normal cap, it should be analyzed the heat removed
from the refrigerant gas inside the cylinder cap. This anal-
ysis, shown in figure 3, shows that while the compressor
is on (ON period in the figure) the heat accumulating el-
ement dissipates about 3W more than the normal cap,
however, during this same period, the system removes
extra 8 W from the gas. Thus, on the overall balance, a
gas cooling is achieved and, hence, the thermal profile
of the compressor is lowered, which contributes to in-
creasing the energetic efficiency.
[0049] The graphs from figures 2 and 3 may be inter-
preted according to the following analysis of the system
behavior: The heat enters the heat accumulating material
from a gas at high speed and temperature. In order to
discharge the same amount of heat to the internal envi-
ronment of the compressor, however, more time is re-
quired, since it is discharged into a gas at a lower speed
(low convection coefficient) and with a lower temperature
potential. Accordingly, it is required more than the time
period during which the compressor is on in order to close
the heat charge and discharge time, and hence, this proc-
ess ends up by being a continuous discharge process,
but having a much more intense heat gas absorption dur-
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ing the period in which the compressor is on (which period
should be taken into account for purposes of the present
invention).
[0050] Figure 4 shows a second example embodiment
of the present invention. In this embodiment, the heat
accumulating material is provided into the discharge sys-
tem of the compressor.
[0051] As can be seen in figure 4, in this embodiment,
an enclosure 6 of heat accumulating material is added
into a discharge volume V downstream the cylinder cap
2. Thus, a concentric casing 7 is welded to the discharge
tube, creating a hermetic volume, in which the heat ac-
cumulating material is deposited. It should be noted that
the main advantage of this embodiment lies on its simple
construction itself.
[0052] One of the benefits from adding the heat accu-
mulating material onto the discharge way, whether on
the cylinder cap or any other component downstream, is
that, depending on the design optimization, upon achiev-
ing a substantially reduced gas temperature on the com-
pressor outlet, the latter will have to reject less heat on
the system condenser, which involves lowering the con-
densation temperature (and pressure), and hence, the
cycle efficiency will be increased as a whole, as the dif-
ference between the temperatures of the heated source
(condenser) and the cold source (evaporator) is reduced.
[0053] Similarly to what was shown above with respect
to the first embodiment, this embodiment shown in figure
4 may include fins 5, preferably arranged externally and
attached to the concentric casing 7. The presence of
these fins increases the external area, and consequently,
aids in removing heat while the compressor is off.
[0054] As mentioned with respect to the first embodi-
ment of the invention, internal fins could be provided in
order to maximize the heat transfer along the heat accu-
mulator matrix.
[0055] Figures 5a, 5b, and 5c show a third embodiment
of the present invention, wherein the heat accumulating
material is employed externally to the region of the com-
pressor crankcase 8.
[0056] As shown in figure 5a, in this embodiment a
volume of phase-change material 6 is provided on the
lower portion of the compressor in a volume separate
from the internal environment of the compressor. This
volume may assume the form of a reservoir 9 to be closed
by means of welding, gluing, or other forms that can as-
sure the airtightness of the subject region, so as to ensure
the sealing between the internal compressor volume and
the heat accumulator volume.
[0057] As shown in figures 5a to 5b, this reservoir 9
may include metal fins 10 in the region of the heat accu-
mulator volume, in order to facilitate the heat transfer
from the heat accumulating material into the external en-
vironment, thereby maximizing the efficiency of the heat
discharge process.
[0058] The embodiment shown in figures 5a-5c has
two significant advantages: Once the oil is cooled, since
it is at a lower temperature, the oil removes heat from

the other components of the compressor as it passes
along them, causing these components to be cooled (in-
cluding the cylinder region and the suction filter). If the
compressor exhibits a construction where the cylinder
and the cylinder head are located on the region next to
the oil, the effects resulting from the inclusion of this type
of accumulator into this region are even greater, since
the cooling of the oil and the adjacent areas more effec-
tively reaches the compression cylinder.
[0059] In addition, during the operations of the com-
pressor in the cooling system, the compressor compo-
nents, in this case, the oil, may go through fairly differ-
entiated temperature regimes. On a pull-down test (crit-
ical scenario), the oil is very hot, and on a power con-
sumption test, it is much cooler. Thus, the oil viscosity
highly differs between the two regimes, which affects the
entire bearing design and does not allow these compo-
nents to be accurately optimized. The inclusion of phase-
change heat accumulators at a certain temperature al-
lows them to be adjusted so as to remove more heat on
high temperature regimes and, thus, reduce the oil tem-
perature on critical regimes, such as pull-down, thus
bringing the temperatures from both pull-down and power
consumption operation modes closer to each other. Con-
sequently, oil viscosity variations in the application are
reduced, allowing for a more optimized bearing design,
which leads to increased energetic efficiency of the com-
pressor.
[0060] A fourth illustrative embodiment of the present
invention involves adding the heat accumulating material
into a region on the outer portion of the compressor hous-
ing, said region being generated in association with the
compressor base plate.
[0061] This embodiment, shown in Figure 6, compris-
es providing an enclosure 11 formed in association with
the base plate 12 of the compressor at the portion adja-
cent to the outer portion of the compressor crankcase
region 8.
[0062] Thus, the body of the enclosure 11 utilizes part
of the base plate 12, thereby facilitating the assembly
process.
[0063] Similarly to what was discussed with respect to
the other embodiments, the outer wall of the enclosure
11 may be provided with fins 13, in order to facilitate the
heat transfer and to maximize the efficiency of the proc-
ess of dissipating heat to the external environment.
[0064] A fifth illustrative embodiment of the present in-
vention comprises adding a heat accumulating material
into an enclosure 14 formed in the region of the compres-
sor crankcase 8, wherein the enclosure 14 is internal to
the compressor.
[0065] This embodiment, shown in figure 7, comprises
an enclosure partially defined by the inner wall of the
housing and by a further wall 15, wherein the enclosure
14 thus defined is located in a region immersed into the
compressor oil.
[0066] Similarly to what was discussed with respect to
the other embodiments, the wall of the enclosure 14 may
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be provided with fins 16, in order to facilitate the heat
transfer and to maximize the efficiency of the process.
[0067] As previously shown with respect to the third
illustrative embodiment of the present invention, the use
of heat accumulator for oil in the crankcase region may
bring two important advantages, according to the aim of
this application:

By promoting the cooling of the oil during the current
compressor operation, the heat accumulating mate-
rial enhances the amount of heat which it removes
from the components, allowing the temperature lev-
els of the compressor to be reduced and conse-
quently increasing the energetic and volumetric ef-
ficiency.

[0068] By promoting the cooling of the oil having a fo-
cus on the critical application conditions, it is possible to
reduce the temperature differences from the critical con-
dition to the nominal application condition, thereby facil-
itating the optimizing and design of the apparatus (since
viscosity variances are reduced.)
[0069] The provision of the heat accumulator on the
crankcase region has the advantage of relying on the
whole base region of the housing together with the base
plate as heat dissipating elements for the heat stored
during the compressor operation time, which makes the
discharge process of this thermal capacitor easier to be
implemented.
[0070] In this respect, the provision of a latent heat
accumulator (particularly a phase change material -
PCM) is highly advantageous in this scenario, since it
could be employed not only reduce suction chamber and
cylinder temperatures, but also to control and modulate
the oil temperature. By designing the application with a
focus on the crankcase region of the compressor, it be-
comes possible to store the heat energy from the oil on
a preset temperature range in order to prevent overheat-
ing at extreme conditions (through the PCM heat absorp-
tion), thus bringing the viscosity levels of the application
closer to those of extreme scenarios.
[0071] This result has a direct impact on the reduction
of design constraints (the requirement of simultaneously
meeting the critical and nominal conditions of the appli-
cation), thus facilitating the development of new mecha-
nisms with higher energy efficiency.
[0072] In this respect, it should be noted that the em-
bodiments of the invention shown in figures 5 and 6,
where the heat accumulating material is provided on a
region close to the crankcase, exhibit advantages similar
to those described above with respect to the embodiment
of figure 7.
[0073] Figure 8 shows a sixth illustrative embodiment
of the present invention, where the heat accumulating
material is added to the suction muffler.
[0074] As can be seen from this figure, in this embod-
iment, an enclosure having a heat accumulating material
18 is provided on the suction tube 19 of the suction filter

20 of the compressor.
[0075] Thus, the heat accumulating material acts on
the cooling of the gas when it passes through the tube
19, reducing its temperature on the cylinder entrance,
and consequently increasing the energetic and volumet-
ric efficiency.
[0076] Where the heat accumulating material is a la-
tent heat accumulator (PCM), the phase change temper-
ature should be lower than the gas temperature at the
region of the tube, such as to generate a temperature
potential which favors heat removal.
[0077] It should be noted that the heat accumulating
material could be a sensitive heat accumulator (e.g., wa-
ter or oil), wherein, in this case, it must be carefully de-
signed, taking into account temperature variations both
in the absorption process and in the heat dissipation proc-
ess by the heat accumulating matrix. Preferably, the heat
accumulator is provided on the suction muffler in view of
the system characteristics: a major cause of energetic
inefficiency in compressors is the gas overheating during
suction, and is based on the unnecessary heating of gas
along the way from the suction pipe to the compression
cylinder. Substantial efficiency gains were observed in
the past by changing metal suction filters for plastic suc-
tion filters. Nowadays, virtually every compressor for ap-
plication in domestic refrigeration employs plastic filters,
but nevertheless the temperature of gas at the cylinder
entrance is around 20 to 30°C, which is higher than the
temperature at the compressor entrance.
[0078] Thus, in the sixth embodiment of the present
invention, the heat accumulating material acts on the
cooling of the gas when it passes through the tube 19,
reducing its temperature on the cylinder entrance, and
consequently increasing the energetic and volumetric ef-
ficiency.
[0079] Where a latent heat accumulator (PCM) is used,
the phase change temperature should be lower than the
gas temperature at the region of the tube, such as to
generate a temperature potential which favors heat re-
moval. One may choose a sensitive heat accumulator
(e.g., water or oil), however, this design should be care-
fully planned in order to ensure the thermal discharge of
the heat accumulator while the compressor is off.
[0080] Similarly to what was said with respect to the
other embodiments of the present invention, the fins as
seen in the drawings are only an illustrative embodiment,
and whether they should be provided depends upon the
application design for the heat accumulator. The provi-
sion of such fins aims at enhancing gas heat removal (by
increasing its area) from the tube to the region of the heat
accumulator.
[0081] Mixed solutions from materials for the suction
filter and heat accumulators could be devised in order to
maximize the performance of heat removal. It could be
considered, for example, the use of a suction cap (which
contains, for said design, the suction tube) from metal
material (e.g., steel or aluminum), allowing for a lower
thermal resistance of the gas against the PCM.
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[0082] Figure 9 shows a seventh illustrative embodi-
ment of the present invention, wherein the heat accumu-
lating material is provided at the region of the compressor
cylinder 3.
[0083] In this embodiment, holding channels 23 for the
heat accumulating material 24 are formed along the cyl-
inder. As shown in the figure, the channels 23 can be
closed by the seal of the cylinder head 22 itself. However,
the channels can be alternatively closed by means of
welding, gluing, or any other suitable means.
[0084] Where the heat accumulating material is a la-
tent heat accumulator (PCM), it is possible to control the
characteristics of the material so that it acts on heat re-
moval during the regular compressor operation time,
thereby reducing the temperature of the cylinder, and,
hence, of the gas therein. This reduction has a direct
impact on the increase of the energetic efficiency of the
compressor. For example: if the cylinder works nominally
at a temperature of 90°C, this material could be designed
such that it would change its phase at 60°C and enhance
heat transfer, so that the new cylinder temperature is
lower than 90°C, consequently leading to an increase on
the thermodynamic efficiency.
[0085] Another possible application for the region of
the cylinder would be the addition of a material having a
phase change temperature higher than the continuous
operation temperature, yet lower than in critical operation
periods, such as to adjust the proper operation of the
heat accumulator to extreme working regimes, such as
high thermal stress regimes. This would advantageously
give robustness to the product, since the lubrication and
bearing process is improved by allowing the cylinder 3,
the piston 21, and the oil at this region to work at a cooler
temperature in these regimes. In addition, the efficiency
could be increased indirectly, since by having a higher
robustness at extreme condition, some of the design cri-
teria may be relaxed (such as, for example, reducing the
oil viscosity, since, at high temperatures, the PCM en-
sures a proper viscosity), allowing to improve the com-
pressor operation at normal operation conditions.
[0086] Similarly to the other embodiments described
above, the presence of fins is optional and depends on
the design concerned. In said embodiment shown in the
figure, fins 25 were provided with a view to facilitate the
thermal discharge by increasing the exchange area of
the heat accumulating matrix (which may be latent - PCM
- or sensitive) as the thermal charging, due to the high
convection inside the cylinder, is more intense than at
the side of the internal environment of the compressor.
[0087] Figure 10 shows an eighth illustrative embodi-
ment of the present invention, wherein the heat accumu-
lating material is included in an enclosure or cylinder jack-
et 27 of the electric motor of the compressor (see figure
10, where numeral 26 denotes the rotor and numeral 26
the stator.)
[0088] In the illustrated embodiment, this cylinder jack-
et 27 is fitted by interference into the outer region of the
stator 26, such as to reduce the thermal resistances in-

herent to this kind of assembly to a minimum.
[0089] Thus, as the motor heats, and upon reaching a
certain working temperature specified in the application
of the heat accumulator, the latter would absorb the heat
dissipated by the motor, causing it to work at lower tem-
perature than it would without the presence of the heat
accumulator.
[0090] In addition to the cooling of the motor itself, the
presence of the heat accumulator prevents the heat dis-
sipated into this component to from escaping to the in-
ternal environment of the compressor, resulting in reduc-
tion of the cavity temperature and indirectly of energy
losses due to overheating of gas.
[0091] Another advantage from this solution is to be
able to ensure the reliability of compressors working at
a critical temperature regime, such as, for example, com-
pressors having low energy efficiency, thus reducing the
use of steel and particularly copper (low-cost compres-
sors).
[0092] In the embodiment shown in the figure, dissi-
pating fins were not included; however, such fins could
be added within the inventive concept of the present in-
vention.
[0093] Figures 11a and 11b show a ninth illustrative
embodiment of the present invention, wherein the heat
accumulating material is applied to the suction tube 28,
the discharge tube 29, or to both suction and discharge
tubes 28, 29 (tubes).
[0094] The application of heat accumulators to the suc-
tion tube gives rise to at least two advantages. The first
is concerned with the overheating of the suction gas still
before entering the compressor, due to the heating of
this tube by the housing, which is at a higher temperature.
This flow of heat, upon going through the tube, finds lower
resistance on the suction gas, which exhibits a heat trans-
fer coefficient much higher than the external side, since
the latter is generally characterized as natural convec-
tion. The addition of the heat accumulating material into
an enclosure 30 around the suction tube 28 is intended
to create a preferential passageway for the flow of heat
coming from the housing, different from the suction gas.
Accordingly, the addition of fins 31 can increase the ex-
change area for the heat accumulator.
[0095] Another advantage from this application lies in
creating a barrier for the heat coming from the discharge
tube 29, which is much hotter than the suction tube 28
and the housing itself. In some compressors, due to de-
sign requirements, the suction tube 28 and the discharge
tube are very close to each other 29 (see, for example,
the illustrated example embodiment). Accordingly, a
thermal short-circuit should be expected, since there is
a high temperature gradient between the suction and dis-
charge gases. However, the presence of this heat accu-
mulating element also acts by creating a preferential pas-
sageway for the heat coming from this component.
[0096] This same effect is desired when this heat ac-
cumulator 32 is applied to the discharge tube 29, forming
a passageway for the preferential heat other than the one
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that carries this heat energy towards the suction area. In
the same manner, the presence of fins 33 plays the role
of facilitating this heat transference into the heat accu-
mulating matrix.
[0097] Another advantage inherent to the application
of the heat accumulator 32 to the discharge tube 29 is
the temperature reduction of the discharge gas, since
the heat dissipation for this accumulator is enhanced. As
the discharge temperature is reduced, there may be in-
direct efficiency gains due to a reduced need of exchang-
ing this heat on the condenser. As a consequence from
this reduction on the heat to be exchanged on the con-
denser, it could have its size reduced (cost reduction) or,
while maintaining the size of the condenser, the pressure
and the saturation temperature therein is reduced, in-
creasing the efficiency of the thermodynamic cycle.
[0098] As further possible embodiments, the enclo-
sure for the heat accumulator could be made from metal
and/or plastic, wherein when it is made from metal, the
latter could be welded to the housing and the tube. In the
case of plastic, gluing would be the first feasible choice.
[0099] Figure 12 shows a tenth illustrative embodiment
of the present invention, wherein the heat accumulating
material is applied to the top 35 of the compressor hous-
ing.
[0100] This, in the illustrated embodiment, a preferably
metallic plate 36 is laid over the compressor cap, said
components being joined by any suitable means (e.g.,
welding or gluing), ensuring the formation of a hermetic
enclosure for housing the heat accumulating material 37.
[0101] As a result from the application onto this area,
a temperature level lower than the nominal housing is
achieved, absorbing more heat from the internal environ-
ment, reducing the internal temperature and accordingly
the losses due to overheating of gas during the suction
process.
[0102] As mentioned with respect to the other illustrat-
ed embodiments, the plate 36 may comprise fins 38 in-
tended to increase the heat transfer area.
[0103] It should be understood that the description
shown in connection to the figures above relates to pos-
sible embodiments for the refrigeration compressor of
the present invention only, and that the actual scope
thereof is as defined in the attached claims.
[0104] In this respect, it should be understood that the
inventive concept underlying the present invention lies
in taking advantage from the thermodynamics existing
between the compressor and the refrigeration system in
order to achieve a reduction on the internal compressor
temperatures reliably and efficiently and, consequently,
to increase the performance of the compressor.
[0105] This inventive concept is implemented by
means of a refrigeration compressor comprising a heat
accumulating material which acts as a thermal capacitor,
so as to increase the thermal efficiency of the compres-
sor.
[0106] Although any other kind of heat accumulating
material (e.g., a latent heat accumulator or a sensitive

heat accumulator) could be used within the scope of the
present invention, the above description clearly shows
that the present invention is particularly efficient with the
use of a latent heat accumulator as a phase-change ma-
terial (PCM).
[0107] The arrangement of the heat accumulating ma-
terial and the means of application thereof to the con-
struction of the compressor are dependant on the com-
pressor design, and the embodiments illustrated in the
detailed description are merely examples of possible em-
bodiments.
[0108] In this respect, the figures show embodiments
in which the heat accumulating material (preferably, a
PCM) is applied to an idle volume inside the compressor
housing - whether in an enclosure specifically designed
to that purpose, or in a space formed between compo-
nents of the compressor, or even in enclosed spaces
formed inside the components of the compressor, or a
volume externally adjacent to the compressor housing.
It should be noted, however, that the present invention
is not limited to the embodiments described herein.
[0109] For example, the present invention, rather than
using a volume created between two plates, for example,
could use an elastic material having a PCM therein (a
rubber sheet), wherein said material could be attached
to the compressor housing by means of glue or other
adhesion means. This variant would allow the PCM ma-
terial to be changed over the time.
[0110] In addition, the heat accumulating material
(preferably a PCM) could, for example, be used directly
in the manufacturing of one of the compressor compo-
nents or even in the compressor housing.
[0111] In a similar way, the fins provided by the de-
scribed embodiments could be external, as shown in the
figures, or internal, adjacent to the heat accumulating
material, in order to facilitate the flow of heat along its
structure. As mentioned throughout the text, the addition
of fins allows to maximize the flow of heat along the ma-
terial. In this respect, it should be noted that other solu-
tions for maximizing the heat transfer along the heat ac-
cumulating material could also be used within the scope
of the present invention, such as, for example, porous
metallic matrices injected along with the heat accumula-
tor.
[0112] Although the present invention may use any
kind of heat accumulator material, the following examples
of PCM materials which could be used within the scope
of the present invention are listed for informative purpos-
es: models RT52 and RT65 available from Rubitherm
Technologies GmbH, models Plus Ice - S58 and S72
(PCM solutions based on hydrated salt) and models Plus
Ice A55, A62 and A70 (organic base PCM solutions)
available from Change Material Products Limited, and
models Climsel C58 and Climsel C70 available from Cli-
mator Sweden AB.
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Claims

1. A refrigeration compressor comprising a housing
which surrounds the component parts of said com-
pressor, CHARACTERIZED by comprising a heat
accumulating material acting as a thermal capacitor
able to absorb high amounts of heat while the com-
pressor is on and to reject heat while the compressor
is off, so as to increase the thermal efficiency of the
compressor.

2. Compressor, according to claim 1, CHARACTER-
IZED in that the heat accumulating material rejects
a first amount of heat while the compressor is on and
a second amount of heat while the compressor is off.

3. Compressor, according to claim 2, CHARACTER-
IZED in that the heat accumulating material rejects
a minimum amount of heat while the compressor is
on and a high amount of heat while the compressor
is off.

4. Compressor, according to any one of claims 1, 2, or
3, CHARACTERIZED in that the heat accumulating
material absorbs heat while the compressor is on
and rejects part from this heat to one of the compres-
sor components while the compressor is off.

5. Compressor, according to any one of claims 1 to 4,
CHARACTERIZED in that the heat accumulating
material is a latent heat accumulator.

6. Compressor, according to any one of claims 1 to 4,
CHARACTERIZED in that the heat accumulating
material is a sensitive heat accumulator.

7. Compressor, according to any one of claims 1 to 6,
CHARACTERIZED in that the heat accumulating
material takes up an volume which is internal (4, 7,
15, 18, 23, 27) or adjacent (9, 11, 30, 32, 37) to the
compressor housing.

8. Compressor, according to claim 7, CHARACTER-
IZED in that the heat accumulating material takes
up an idle volume in the interior of the compressor.

9. Compressor, according to claim 7, CHARACTER-
IZED in that the heat accumulating material is part
of the structure of at least one of the compressor
parts.

10. Compressor, according to claim 8, CHARACTER-
IZED in that the heat accumulating material is ar-
ranged in a volume (4) formed between a casing (1)
which surrounds the cap (1) of the compressor cyl-
inder (3) and the cap (2) of the compressor cylinder
(3).

11. Compressor, according to claim 8, CHARACTER-
IZED in that the heat accumulating material takes
up a hermetic volume (6) formed by a casing (7) sub-
stantially concentric to the compressor discharge
tube.

12. Compressor, according to claim 7, CHARACTER-
IZED in that the heat accumulating material is ar-
ranged in a reservoir (9) adjacent to the lower portion
of the compressor.

13. Compressor, according to claim 8, CHARACTER-
IZED in that the heat accumulating material is ar-
ranged in an enclosure (11) formed in association
with a base plate (12) of the compressor, said en-
closure (11) being external to the compressor and
being at least partially formed by a portion of the
base plate (12).

14. Compressor, according to claim 8, CHARACTER-
IZED in that the heat accumulating material is ar-
ranged in an enclosure (14) formed in the internal
area of a compressor crankcase (8), wherein said
enclosure (14) is defined between by an inner wall
of the compressor housing and a further wall (15).

15. Compressor, according to claim 8, CHARACTER-
IZED in that the heat accumulating material is ar-
ranged in an enclosure (18) provided in a suction
tube (10) of a suction filter (20) of the compressor.

16. Compressor, according to claim 8, CHARACTER-
IZED in that the heat accumulating material is ar-
ranged in a cylinder jacket (27) formed in the electric
motor of the compressor.

17. Compressor, according to claim 7, CHARACTER-
IZED in that the heat accumulating material is ar-
ranged in a hermetic enclosure (37) formed by the
compressor top wall and a further plate (36).

18. Compressor, according to claim 9, CHARACTER-
IZED in that the heat accumulating material is pro-
vided in retention channels (23) formed along a cyl-
inder of the compressor.

19. Compressor, according to claim 9, CHARACTER-
IZED in that the heat accumulating material is ap-
plied to a suction tube (28) of the compressor.

20. Compressor, according to any of claims 9 or 10,
CHARACTERIZED in that the heat accumulating
material is applied to a discharge tube (29) of the
compressor.

21. Compressor, according to any one of claims 1 to 20,
CHARACTERIZED in that the heat accumulating
material has inner fins in order to maximize the flow
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of heat along the material.

22. Compressor, according to any one of claims 1 to 20,
CHARACTERIZED in that the region which sur-
rounds the heat accumulating material has outer fins
in order to maximize the transfer of heat with the
external region.

23. Refrigeration compressor comprising a housing
which surrounds the component parts of said com-
pressor, CHARACTERIZED by comprising a
phase-change material (PCM) occupying a volume
internal (4, 7, 15, 18, 23, 27) or adjacent (9, 11, 30,
32, 37) to the compressor housing, said phase-
change material (PCM) acting as a thermal capacitor
able to absorb high amounts of heat while the com-
pressor is on and to reject heat while the compressor
is off, so as to increase the thermal efficiency of the
compressor.

24. Compressor, according to claim 23, CHARACTER-
IZED in that the phase-change material (PCM)
takes up an idle volume in the interior of the com-
pressor.

25. Compressor, according to any of claims 23 or 24,
CHARACTERIZED in that the phase-change ma-
terial (PCM) is part of the structure of at least one of
the compressor parts.
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