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(54) HEAT PUMP WITH A MUFFLER

(57) The present invention relates to Heat pump
comprising
a heat source heat exchanger, a compressor, a utilization
side heat exchanger and an expansion valve connected
by refrigerant piping; and a muffler (10) having a first
passage (12); a second passage (14); a first junction (16)
comprising a first connection passage (20) connected to
the refrigerant piping and a first joining passage (17) con-

necting to and joining the first passage and the second
passage; and
a second junction (18) comprising a second connection
passage (22) connected to the refrigerant piping and a
second joining passage (19) connecting to and joining
the first passage and the second passage, wherein the
first passage and the second passage are curved.
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Description

Technical field

[0001] The present invention relates to heat pumps
and, in particular, to heat pumps comprising a muffler.

Technical problem

[0002] Heat pumps, in particular heat pumps used with
air-conditioners, produce noise when in operation due to
the motor driving the compressor. It is clear that such a
noise is to be reduced, in particular since air conditioners
are often used in domestic and work environments where
such noise would be seen as distracting.
[0003] Accordingly, prior art documents such as EP 2
058 609 A1 disclose the use of a pressure pulsation re-
ducing component which is provided on the refrigerant
piping of the heat pump of an air conditioner. The struc-
ture disclosed in EP 2 058 609 A1 is schematically shown
in Fig. 1. As can be seen from that figure, refrigerant is
introduced into a pipe 1 and has, as indicated by the
sinusoidal wave, a pressure pulsation due to the com-
pressor which introduces that refrigerant. This pipe 1 is
then split up into two sub-pipes 2 and 3 at a point X, which
are later joined together at a point Y so as to form outlet
pipe 4 which leads to an indoor unit. Due to the different
lengths of the travel of the soundwave through pipes 2
and 3, a phase shift occurs between them, which leads
to a reduction in the volume of the noise which is trans-
mitted to the indoor unit, thanks to interference between
the soundwaves travelling through sub-pipes 2 and 3.
[0004] The present inventors have, however, realised
that those solutions are inferior and, in particular, only
lead to rather low level of sound reduction. Further, the
noise is only reduced in a somewhat narrow frequency
range, since one needs to have, as mentioned previous-
ly, an interference phenomenon. Such interference phe-
nomena are frequency dependent, so that a significant
reduction in the noise volume only occurs for a small
range of frequencies.

Summary of the invention

[0005] The present invention has been conceived in
view of the problems noted previously and aims at pro-
viding a heat pump having a heat source heat exchanger
and an utilisation side heat exchanger which are con-
nected by refrigerant piping arranged so that the noise
generated by the compressor is attenuated when it ar-
rives at one of the heat exchangers. This reduction is to
occur across a large range of a frequencies.
[0006] The present invention is defined by claim 1. Pre-
ferred embodiments are defined in the dependent claims.
[0007] According to claim 1, a heat pump comprises a
heat source heat exchanger, a compressor, a utilisation
side heat exchanger and an expansion valve connected
by refrigerant piping. Such heat pumps are known from,

for example, air conditioning units as are commonly avail-
able on the market. Such heat pumps are also often used
in, for example, fridges or freezers but could also be used
in domestic air conditioners or in air conditioners used in
vehicles.
[0008] The heat pump furthermore comprises a muf-
fler, i.e. a device which reduces the noise produced by
the compressor.
[0009] The muffler comprises a first passage and a
second passage. Those passages are pipes through
which a refrigerant from the refrigerant piping can be led.
Typically, the first passage and the second passage are
connected to the refrigerant piping so that a refrigerant
will flow from one part of the refrigerant piping into the
first passage and the second passage and will then be
led out of the first and the second passage to a different
part of the refrigerant piping.
[0010] Furthermore, there is provided a first junction
which comprises a first connection passage connected
to the refrigerant piping and a first joining passage con-
necting to and joining the first passage and the second
passage. This the first junction is what connects the muf-
fler via the first connection passage to the refrigerant pip-
ing. Put differently, the first connection passage is what
connects the first junction to the refrigerant piping. The
first joining passage connects the first connection pas-
sage to the first passage and the second passage. That
is, refrigerant can flow from the first connection passage
via the first joining passage to the first passage and the
second passage. This first junction could be made of a
pipe T-piece.
[0011] The heat pump furthermore comprises a sec-
ond junction. The second junction comprises a second
connection passage connected to the refrigerant piping
and a second joining passage connecting to and joining
the first passage and the second passage. For the sec-
ond junction, refrigerant which is flowing in the first and
the second passages can enter into the second joining
passage to then be led into the refrigerant piping via the
second connection passage. Accordingly, the structures
of the first and second junctions are essentially identical,
with inverted functionalities. I.e., they can structurally be
the same, but they differ in their functions: whilst the first
junction is the junction where refrigerant enters into the
muffler, the second junction is the junction where refrig-
erant leaves the muffler. Further, whilst the first junction
has the purpose of reflecting as much noise as possible
back into the compressor and to thus keep the noise out-
side of the muffler, the purpose of the second junction is
to make sure that as little sound as possible leaves the
muffler (since it could otherwise be transmitted to the
utilization side heat exchanger it is connected to).
[0012] Also the second junction could be made of a
pipe T-piece.
[0013] According to the invention, the first passage and
the second passage are curved. That is, the first passage
and the second passage both have a shape which has
a bend and which thus cannot just be described as simply
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extending along a straight line.
[0014] By the first passage and the second passage
being curved, it is more likely that the soundwave of the
noise will be travelling through the loop defined by those
passages. Accordingly, there will be more interference
between those waves, so that overall, the noise volume
will be reduced. Compared with the prior art of, e.g., EP
2 058 609 A1, where only one of the passages is curved,
the sound intensity is reduced.
[0015] It is preferred that the first passage, the first join-
ing passage, the second passage and the second joining
passage form a loop. Through this formation of a loop,
soundwaves existing within the first passage, the first
joining passage, the second passage and the second
joining passage can interfere with each other and thereby
be reduced in their loudness. Accordingly, also a corre-
sponding heat pump has a better muffling capability. By
a loop, it is meant that those passages form an essentially
closed circuit.
[0016] It is preferred that the length of the first passage
is substantially three times the length of the second pas-
sage. The lengths are measured between the respective
junctions with the refrigerant piping. By "substantially", it
is meant that the length of the first passage can only differ
from three times the length of the second passage by
615%. As will be explained in more detail below, such a
design of the heat pump is particularly efficient when it
comes to reducing noise, since the claimed relationship
of the lengths is particularly advantageous when it comes
to causing destructive interference at the second junc-
tion, so that the noise volume at that junction is reduced.
[0017] It is preferred that the first connection passage
is angled, at least in part, relative to the second connec-
tion passage. By having such an angle, the first connec-
tion passage is not parallel to the first joining passage,
so that the noise entering via the first connection passage
has a perpendicular component relative to the first joining
passage. Since it will therefore impinge upon the material
forming the first joining passage, rather than just flowing
past it, there will be more noise reflections back into the
compressor. Additionally, it will lose some of its energy
at that point, which is beneficial for reducing the noise
volume.
[0018] In that context, it is particularly preferred if the
first connection passage extends perpendicularly to the
first joining passage. By having such a perpendicular ar-
rangement of the first connection passage relative to the
first joining passage, the effect of the impact of the noise
and, hence, its reflection is particularly strong, thereby
strongly reducing the sound volume.
[0019] It is preferred that the first connection passage
comprises a pipe having opposite first and second ends,
wherein the first end is connected to the refrigerant piping
and the second end is located within the first joining pas-
sage. Alternatively, or additionally, the second connec-
tion passage comprises a pipe having opposite first and
second ends, wherein the first end is connected to the
refrigerant piping and the second end is located within

the second joining passage. By having the second ends
of the respective first and/or second connection passag-
es located within the respective first and second joining
passage, refrigerant which enters into the first or second
joining passage from the respective pipes of the first or
second connection passages has to change its direction
of flow somewhat, compared with a situation where the
respective second end of the pipes of the first or second
connection passages are linked to the pipes of the first
and second joining passages but do not extend into those
first and second joining passages. Since the ends are
located within the respective joining passages, if noise
propagates through them and enters into the first and
second passages, it has to change direction. Likewise,
if refrigerant is to flow out via one of those ends from the
first and second passages, it also has to change direction.
This forced change in direction is advantageous when it
comes to reducing the noise volume, since it forces a
loss in energy.
[0020] It is furthermore preferred that an opening at
the second end has a smaller cross-sectional area then
an opening at the first end. Accordingly, the noise enter-
ing the muffler through the first connection passage hits
the wall of the first joining passage in a narrow and more
concentrated fashion, so that more noise is reflected and
prevented from entering the muffler. On the other hand,
less noise will leave the muffler through the second con-
nection passage, because of the smaller cross-sectional
area at the second end, i.e. the inlet into the second con-
nection passage.
[0021] In that context, it may for the same reason as
above also be preferred if the second end is closed and
at least one opening is provided in a shell of the pipe
adjacent the second end. Thus, the noise volume is at-
tenuated even more.
[0022] It is furthermore preferred that a plurality of
openings is provided in the shell of the pipe forming the
refrigerant piping adjacent the second end. Again, this
leads to a strong reduction in the sound volume, thanks
to more significant changes of direction. Further, since
the refrigerant has to go through those openings, a larger
energy loss occurs, which, again, reduces the noise vol-
ume.
[0023] It is preferred if the diameter of the first connec-
tion passage and/or of the second connection passage
is smaller than the diameter of the first passage and/or
the second passage. Again, in line with previous expla-
nations as regards the narrowed opening, this leads to
a more "concentrated" noise, which, in turn, reduces the
noise volume entering the muffler. Further, thanks to the
narrower cross-sectional area of the outlet, only a smaller
fraction of the noise present in the muffler will actually
leave the muffler.
[0024] Additionally, it is preferred that the muffler is ar-
ranged on the refrigerant piping and is, in particular, po-
sitioned on that piping. This leads to a particularly quiet
heat pump.
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Brief description of the drawings

[0025]

Figure 1 shows an arrangement according to the
state of the art.

Figure 2 shows schematically a heat pump arrange-
ment according to a first embodiment.

Figure 3 is a schematic drawing explaining the op-
eration of the first embodiment.

Figure 4 shows diagrams explaining the function of
the first embodiment.

Figure 5 is another explanatory diagram explaining
the operation of the first embodiment.

Figure 6 is a further explanatory diagram for the first
embodiment.

Figures 7 and 8 show the operation of the second
embodiment.

Figure 9 shows the heat pump arrangement accord-
ing to the third embodiment.

Figure 10 shows the heat pump arrangement ac-
cording to the fourth embodiment.

Figure 11 shows the heat pump arrangement ac-
cording to the fifth embodiment.

Figure 12 shows the heat pump arrangement ac-
cording to the sixth embodiment.

Figure 13 shows the heat pump arrangement ac-
cording to the seventh embodiment.

Figure 14 shows the heat pump arrangement ac-
cording to the eighth embodiment.

Figure 15 shows a heat pump circuit to be used with
the heat pump arrangement according to one of the
preceding embodiments.

Detailed description of the embodiments

[0026] Figure 2 shows the configuration of a heat pump
arrangement according to a first embodiment of the in-
vention.
[0027] A first connection passage 20 is connected to
the compressor 2 (see Figure 15) of the heat pump 1 and
leads into a first passage 12 and a second passage 14
arranged in a loop-like arrangement, i.e. an arrangement
where noise (and refrigerant) can circulate in a single
direction through the assembly made of the first passage

12 and the second passage 14. The first connection pas-
sage 20 joins with the first passage 12 and the second
passage 14 at a point A. At that point A, there is provided
a first joining passage 17 which is linked to the first pas-
sage 12 and the second passage 14.
[0028] There is furthermore provided a second joining
passage 19 which is again connected to the first passage
12 and the second passage 14 and which is also con-
nected to a second connection passage 22. The second
connection passage 22 then leads to the indoor unit, par-
ticularly an utilization side heat exchanger.
[0029] Of note, the length of the first passage 12 is
three times the length of the second passage 14. In the
present context, the first connection passage 20 and the
second connection passage 22 could be formed of the
same pipe which also forms the first passage 12 and the
second passage 14. I.e., those components are not made
of separate pipes that have been joined together but are
made of a single pipe.
[0030] Sound which enters from the compressor via
first connection passage 20 will first impinge on the re-
flection area of the first joining passage 17 adjacent to
the letter "A". Some of the sound will be reflected back
to the compressor. Accordingly, the amplitude of the
sound is already reduced by this reflection.
[0031] A second effect which leads to the reduction of
noise is illustrated in Figures 3 and 4.
[0032] When a soundwave enters from the compres-
sor, it will, at point A, be divided into two parts, which
move clockwise and counter-clockwise in the first and
second passages 12, 14, as indicated by the arrows. At
the point B, the soundwaves moving clockwise will be
divided into soundwaves (denoted by reference numeral
II) which leave the first and second passages 12, 14 to
arrive at the indoor unit, whilst another part (reference
numeral I) travels further clockwise so as to arrive at point
A. At that point, there will be a superposition of the sound-
wave (two waves) which has travelled around the first
and second passages 12, 14 passed the point B, so as
to reduce the amplitude of the noise which enters into
the loop formed by the first passage 12 and the second
passage 14 at the point A. This tends to reduce the vol-
ume of the sound which then travels around the loop and
which then leaves the muffler, thereby reducing noise
volume.
[0033] This effect is also illustrated in Figure 4, where
Figure 4a) show the input of the soundwave which comes
from the compressor. Figure 4b) shows the soundwave
amplitude from the second round, and Figure 4c) shows
the superimposed soundwave from Figures 4a) and 4b).
As can be seen, the amplitude of the soundwave is sig-
nificantly reduced.
[0034] It has been found that the best length for this
phenomenon is when the wavelength λ of the sound fulfils
the relationship λ/2 = L1 + L3, where L1 is the length of
the second passage 14 and L2 is the length of the first
passage 12. The attenuation effect is present for all wave-
lengths except λ = L1 + L2. It is, however, to be noted
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that in most cases, noise will comprise a wide range of
frequencies, so that there will always be some frequen-
cies which are reduced in their volume. Typically, the
wavelength λ will be set by the frequency f of operation
of the compressor and is related to the speed of sound
v by v = λf.
[0035] Another effect which aids in suppressing noise
is shown in Figure 5. The soundwave from the compres-
sor enters into the first and second passages 12, 14 at
point A. At this point, the wave is divided into two parts
travelling upwards and downwards in the drawing. One
soundwave moves clockwise in the drawing of Figure 5,
and the respective other soundwave moves counter-
clockwise. At the different points within the pipe, there
will be a superposition of those two counterpropagating
waves. The overall behaviour will depend on the sum of
the lengths of the first and second passages and also on
the wavelength. In particular, if the sum of the lengths of
the first and second passages 12, 14 and the wavelength
are the same, a standing wave will occur inside the first
and second pipes 12, 14.
[0036] The nodes of the standing wave, which are the
points of minimum intensity of the standing wave, will be
at points B and D, and the antinodes, that is, the points
of maximum intensity, will be at points A and C. If the
second connection passage which leads to the indoor
unit is connected to point B, as shown, the sound transfer
to the indoor unit is very small, since it is connected to a
node of the standing wave, again reducing the intensity
of the sound volume. It has been found that the best
length for this phenomenon is where λ = L1 + L2 and
3*L1=L2.
[0037] This effect is also shown in Figure 6, where Fig-
ure 6a) shows the soundwave amplitude going clockwise
while Figure 6b) shows the soundwave amplitude going
counter clockwise. On the x-axis, the respective positions
of the maxima/minima are denoted. Figure 6c) shows the
superposed soundwave of Figures 6a) and 6b). As can
be seen, at position B, where the outlet is, the amplitude
is very small. Figure 6d) shows, again, the soundwave
amplitude moving clockwise for a different sound wave
profile whilst Figure 6e) shows the soundwave amplitude
moving counterclockwise. Figure 6f) shows, again the
soundwave amplitude of the superimposed wave. Again,
a reduction of the intensity is shown at point B.
[0038] Accordingly, the muffler of the first embodiment
significantly reduces the soundwave intensity.
[0039] Figures 7 and 8 show a heat pump arrangement
110 according to another embodiment of the invention.
Here, the first connection passage 120 is identical to the
corresponding first connection passage 20 of the first em-
bodiment in that it extends perpendicularly relative to the
first and second passages 112, 114. However, the sec-
ond connection passage 122 is provided so that it ex-
tends in line with the outlet of the second passage 114
whilst being orthogonal to the outlet of the first passage
112. Accordingly, at this outlet, the sound travelling to
the first passage 112 will, before it leaves the muffler,

impinge on the reflection area B whilst the sound in the
second passage 114 will not impinge on that reflection
area B. However, still, a somewhat reduced output vol-
ume is achieved. This is also emphasised by what is
shown in Figure 8, where the respective flow directions
of the soundwaves are indicated by arrows. It is to be
noted that in the second embodiment, the respective first
and second passages 120, 122 can be swapped - i.e.
one can also connect the compressor to second connec-
tion passage 122 whilst connecting the indoor unit to the
first connection passage 120.
[0040] Figure 9 shows a heat pump arrangement 210
according to a third embodiment of the present invention.
A first connection passage 220 is provided at a 45° angle
relative to the first joining passage 217, which is in turn
connected to the first passage 212 and the second pas-
sage 214. However, another angle (such as between 30°
and 60°) would also be acceptable. The second connec-
tion passage 222 extends perpendicularly relative to the
second joining passage 219. Such a muffler can be in-
stalled more space efficiently, since one does not need
to have a first connection passage which extends at a
90° angle relative to the first and second passages 212,
214. Still, the muffling performance is satisfactory.
[0041] Figure 10 shows a heat pump arrangement 310
according to a fourth embodiment of the present inven-
tion. Here, the first connection passage 320 extends par-
allel to the first joining passage 317. Furthermore, the
second connection passage 324 extends into the pipes
forming the first passage 312 and the second passage
314. In particular the latter feature leads to a reduction
in the noise which is output, thanks to the obligatory
change in direction.
[0042] Figure 11 shows a fifth embodiment of a heat
pump arrangement 410 of the present invention. Here,
both the first and the second connection passages 420,
422 extend perpendicularly relative to the first and sec-
ond passages 412, 414. However, both the first and the
second connection passages 420, 422 have a narrowed
opening 430, 432 which extends into the pipes constitut-
ing the first and second passages 412, 414. By this nar-
rowed opening, the sound volume of the soundwave from
the compressor is reduced. Further, thanks to this nar-
rowed opening, also the sound volume which is trans-
mitted from the first and second passages 412, 414 to
the indoor unit is reduced as well. Additionally, by them
extending into the first and second passages 412, 414,
yet another change in direction is enforced, which also
reduces the sound volume. It has been found to be op-
timal if there is no inserted second end 430 which is in-
serted into the pipes forming the first and second pas-
sages 412, 414 at the inlet whilst there is an inserted
second end 432 at the outlet.
[0043] Figure 12 shows a heat pump arrangement 510
according to a sixth embodiment of the present invention.
Here, both the first and the second connection passages
520, 522 extend parallel to the first and second joining
passages 517, 519 connecting them to the first and sec-
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ond passages 512, 514. Whilst in those arrangements,
the direction changing effect of the soundwave is not as
prominent, which reduces the sound volume, still, the
previously mentioned interference effects occur and are
beneficial in reducing the sound volume.
[0044] Figure 13 shows a heat pump arrangement 610
according to a seventh embodiment of the present inven-
tion. In that embodiment, both the first and the second
connection passages 620, 622 have narrowed openings
630, 632 which extend into the pipes forming the first and
second passages 612, 614.
[0045] Furthermore, the first passage comprises an M-
shaped segment, with the bend 660 to create the M-
shape being part of the first passage 612. This bend 6600
also reduces the sound volume. The seventh embodi-
ment illustrates that between the points A and B, there
can be pipes of whatever shape and whatever radius or
connections.
[0046] Figure 14 shows a heat pump arrangement 710
according to an eighth embodiment of the present inven-
tion. This embodiment is in some respects similar to the
seventh embodiment in that the shape of the arrange-
ment of first and second passages 712, 714 is quite sim-
ilar. Similar to that embodiment, the first passage 712
comprises a bend 760 so that the first passage 712 is V-
shaped. Again, first and second connection passages
720, 722 extend into the pipe(s) forming the first and sec-
ond passages 712, 714, where the first connection pas-
sage 720 serves as an inlet and the second connection
passage 722 serves as an outlet. Compared with the
seventh embodiment, where the first and second con-
nection passages 620, 622 extend approximately at right
angles to one another, in the eighth embodiment, the first
and second connection passages 720, 722 extend ap-
proximately parallel to one another.
[0047] Figure 15 shows an air conditioning apparatus
1 which is a heat pump according to the invention. The
air conditioning apparatus 1 includes a refrigerant circuit
7. The refrigerant circuit 7 is configured so that a com-
pressor 2 for compressing a refrigerant, an indoor heat
exchanger 3, an outdoor heat exchanger 4, and a four-
way switch valve 5 are connected via a refrigerant piping
6 forming the refrigerant circuit 7. The four-way switch
valve 5 switches the flow of refrigerant compressed by
the compressor 2 to either the indoor heat exchanger
(utilization side heat exchanger) 3 or the outdoor heat
exchanger (heat source side heat exchanger) 4 .
[0048] The air conditioning apparatus 1 further in-
cludes a pressure pulsation reducing component (muf-
fler) 10, which is the muffler according to one of the pre-
ceding embodiments. The muffler 10 is provided between
the four-way switch valve 5 and the indoor heat exchang-
er 3. The muffler 10 reduces pressure pulsations inside
the refrigerant circuit 7 that are generated by the com-
pressor 2. Further, the muffler 10 aims at reducing noise
being produced by the compressor 2 from being propa-
gated into the utilization side heat exchanger 3. Further,
an electromagnetic expansion valve 8 is connected to

the refrigerant piping 6. The outdoor heat exchange 4,
expansion valve 8, muffler 10, heat pump 2, four-way
switch valve 5, and parts of the refrigerant piping 6 form
an outdoor unit 9 of the air conditioning apparatus 1.
[0049] Whilst it is the case that in the embodiment
shown in Figure 15, the muffler 10 is provided as part of
the outdoor unit 9 and is provided directly between the
four-way switch valve 5 and the indoor unit 3, its position
is not limited to this. As long as the muffler 10 is provided
somewhere on the refrigerant piping 6, it will reduce pres-
sure pulsation. In addition, the muffler 10 should be pro-
vided downstream of the compressor and upstream of
the utilization side heat exchanger 3.
[0050] It is also possible to have before, after or be-
tween the points A and B where the first and second
connection passages are connected to the first and sec-
ond passages, one or more components selected from
the group consisting of expansion mufflers, π-type filters,
side branch mufflers, Helmholtz mufflers and interfer-
ence mufflers.
[0051] It is also possible to arrange several mufflers
according to the present invention one after the other.
This increases the sound attenuation.

Claims

1. Heat pump comprising
a heat source heat exchanger, a compressor, an uti-
lization side heat exchanger and an expansion valve
connected by refrigerant piping; and
a muffler (10) having

a first passage (12);
a second passage (14);
a first junction (16) comprising a first connection
passage (20) connected to the refrigerant piping
and a first joining passage (17) connecting to
and joining the first passage and the second
passage; and
a second junction (18) comprising a second con-
nection passage (22) connected to the refriger-
ant piping and a second joining passage (19)
connecting to and joining the first passage and
the second passage,

wherein the first passage and the second passage
are curved.

2. Heat pump according to claim 1, wherein the first
passage (12), the first joining passage (17), the sec-
ond passage (14) and the second joining passage
(19) form a loop.

3. Heat pump according to claim 1 or 2, wherein the
length of the first passage (12) is substantially three
times the length of the second passage (14).
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4. Heat pump according to any one of the preceding
claims, wherein the first connection passage (220)
is angled relative to the first joining passage (217).

5. Heat pump according to claim 4, wherein the first
connection passage (16) extends perpendicularly to
the first joining passage (17).

6. Heat pump according to any one of the preceding
claims, wherein the second connection passage (22)
is angled relative to the second joining passage (19).

7. Heat pump according to claim 6, wherein the second
connection passage (22) extends perpendicularly to
the second joining passage (19).

8. Heat pump according to any one of the preceding
claims, wherein the first connection passage com-
prises a pipe having opposite first and second ends,
wherein the first end is connected to the refrigerant
piping and the second end is located within the first
joining passage and/or the second connection pas-
sage comprises a pipe having opposite first and sec-
ond ends, wherein the first end is connected to the
refrigerant piping and the second end is located with-
in the second joining passage.

9. Heat pump according to claim 8, wherein an opening
(430) at the second end has a smaller cross-section-
al area than an opening at the first end.

10. Heat pump according to claim 8, wherein the second
end is closed and at least one opening is provided
in a shell of the pipe adjacent the second end.

11. Heat pump according to claim 8, 9 or 10, wherein a
plurality of openings is provided in the shell of the
pipe adjacent the second end.

12. Heat pump according to any one of the preceding
claims, wherein the diameter of the first connection
passage and/or of the second connection passage
is smaller than the diameter of the first passage
and/or the second passage.

13. Heat pump according to any one of the preceding
claims, wherein the muffler is arranged on the refrig-
erant piping.
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