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(57) ABSTRACT

A rear housing for a compressor reduces NVH without
increasing the overall size of the compressor or inducing
flow loss. Generally, the compressor includes a cylinder
block receiving lower pressure fluid from the rear housing
and providing higher pressure fluid back to the rear housing.
The rear housing includes an annular outer wall and an
annular inner wall defining a suction chamber and a dis-
charge chamber. An inlet is in fluid communication with the
suction chamber. An outlet is in fluid communication with
the discharge chamber. The outlet includes a discharge
passageway having a tubular member projecting into the
discharge chamber. The tubular member is defined by a side
wall and a closed end wall. The side wall includes a plurality
of holes fluidically connecting the discharge chamber and
the discharge passageway.
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NVH AND GAS PULSATION REDUCTION IN AC
COMPRESSOR

FIELD OF THE INVENTION

[0001] The present invention relates generally to compres-
sors and pumps, and more particularly relates to reducing
fluid pulsations, noise, vibration and harshness from such
compressors and pumps.

BACKGROUND OF THE INVENTION

[0002] Existing compressors, such as air conditioning
compressors found in vehicles, are relatively noisy. In
normal use, a fluid such as a refrigerant gas enters the
compressor via a suction chamber in the rear housing of the
compressor. The fluid then proceeds through the cylinder
block and its chambers where it is drawn into and exited by
reciprocating piston movement, which compresses the fluid
and discharges it out of the pump. The discharge fluid exits
the compressor via a discharge chamber also located in the
rear housing and positioned adjacent the suction chamber.
Compression of the fluid via the series of reciprocating
pistons results in large pressure pulsations and fluctuations,
which in turn result in the generation of noise, vibration and
harshness (NVH).

[0003] Many compressors include built-in flow noise con-
trol devices, such as a muffler. Unfortunately, these devices
are usually a bulky addition to the compressor casting or
housing, increasing the overall size and mass of the com-
pressor significantly. Other drawbacks include a large flow
loss due to the structure of the channels linking the muffler
and compressor.

[0004] Accordingly, there exists a need to provide a com-
pressor and rear housing which reduces NVH without
increasing the overall size of the compressor or inducing
flow loss.

BRIEF SUMMARY OF THE INVENTION

[0005] The present invention provides a rear housing for a
compressor which reduces NVH without increasing the
overall size of the compressor or inducing flow loss. Gen-
erally, the compressor includes a cylinder block receiving
lower pressure fluid from the rear housing and providing
higher pressure fluid back to the rear housing. The rear
housing includes an annular outer wall and an annular inner
wall defining a suction chamber and a discharge chamber.
The suction chamber contains the lower pressure fluid while
the discharge chamber contains the higher pressure fluid. An
inlet is in fluid communication with the suction chamber. An
outlet is in fluid communication with the discharge chamber.
The outlet includes a discharge passageway having a tubular
member projecting into the discharge chamber. The tubular
member is defined by a side wall and a closed end wall. The
side wall includes a plurality of holes fluidically connecting
the discharge chamber and the discharge passageway. The
combined cross-sectional area of the plurality of holes is
substantially equal to the cross-sectional area of the dis-
charge passageway, thereby providing adequate fluid flow
with minimal loss.

[0006] According to more detailed aspects, the plurality of
holes preferably includes at least three holes. Each of the
plurality of holes may be equidistantly spaced from the end
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wall. Alternatively, a portion of the plurality holes may be
spaced non-equidistantly from the end wall. The holes are
also preferably circumferentially spaced equidistantly
around the side wall of the tubular member. The entire
circumference of the side wall of the tubular member that
contains the plurality of holes may be exposed to the fluid
within the discharge chamber.

[0007] According to further detailed aspects, the higher
pressure fluid in the discharge chamber has pulsations, and
the length of the tubular member may be sized to correspond
to the frequency of the pulsations. Similarly, the number of
holes comprising the plurality of holes is selected based on
the amplitude of the pulsations, and in particular the desired
reduction of the amplitude. When the discharge passageway
includes a bend, the length is measured from the bend to the
closed end wall. The rear housing may further include a
muffler wall positioned inside the inner wall and defining a
muffler chamber. The muffler wall includes openings linking
the discharge chamber to the muffler chamber, while the
tubular member projects into the muffler chamber such that
the plurality of openings are located within the muffler
chamber.

[0008] Another embodiment of the present invention
includes a rear housing for a compressor having a cylinder
block receiving lower pressure fluid from the rear housing
and providing higher pressure fluid back to the rear housing.
The rear housing includes annular outer and inner walls
defining a suction chamber and a discharge chamber. The
suction chamber contains lower pressure while the discharge
chamber contains the higher pressure fluid. An inlet is in
fluid communication with the suction chamber. An outlet is
in fluid communication with the discharge chamber. The
outlet includes a discharge passageway having a tubular
member projecting into the discharge chamber. The tubular
member is defined by a side wall and a closed end wall. The
outer wall has a plurality of holes fluidically connecting the
discharge chamber and the discharge passageway. The plu-
rality of holes are circumferentially spaced around the side
wall of the tubular member and are equidistantly spaced
from the closed end wall along the length of the discharge
passageway.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings incorporated in and
forming a part of the specification illustrate several aspects
of the present invention, and together with the description
serve to explain the principles of the invention. In the
drawings:

[0010] FIG. 1 is a perspective view of a rear housing
constructed in accordance with the teachings of the present
invention;

[0011] FIG. 2 is a top view of the rear housing depicted in
FIG. 1;

[0012] FIG. 3 is a cross-sectional view through the dis-
charge chamber forming a portion of the rear housing
depicted in FIGS. 1 and 2;

[0013] FIG. 4 is another cross-sectional view of the dis-
charge passageway forming a portion of the rear housing
depicted in FIGS. 1 and 2; and

[0014] FIG. 5 is a cross-sectional view similar to FIG. 3
but showing an alternate embodiment of the discharge
passageway.
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DETAILED DESCRIPTION OF THE
INVENTION

[0015] Turning now to the figures, FIGS. 1 and 2 illustrate
a rear housing 20 that is designed for reducing the pressure
pulsations and NVH in a compressor (not shown). A com-
pressor for an automotive HVAC typically includes a cyl-
inder block receiving lower pressure fluid from the rear
housing 20 and providing higher pressure fluid back to the
rear housing 20 through the reciprocating movement of
pistons within the cylinder block. The rear housing 20 is in
communication with the cylinder block in order to route the
flow of higher and lower pressure fluid to and from the
compressor. The rear housing 20 generally includes an outer
wall 22 and an inner wall 24 positioned inside the outer wall
22. Both the inner and outer walls 22, 24 are annular in
shape. As used herein, “annular” refers to a ring-shaped
structure (i.e. having no particular beginning or end),
although not necessarily circular. For example, the inner
wall 24 has a flower-shape defined by a series of “petals”
which correspond with individual reciprocating pistons of
the cylinder block. The volume between the outer wall 22
and the inner wall 24 defines a suction chamber 26 which is
utilized to supply low pressure fluid to the compressor. The
interior space within the inner wall 24 defines a discharge
chamber 28 for receiving high pressure fluid from the
compressor.

[0016] The suction chamber 26 is provided with low
pressure fluid via an inlet 30 which includes a suction
passageway 32 fluidically connected to the suction chamber
26. Similarly, the discharge chamber 28 is fluidically con-
nected to an outlet 34 defined by a discharge passageway 36.
The discharge passageway 36 generally includes a first
portion 36a extending through the suction chamber 26 and
a second portion 365 extending through the discharge cham-
ber 28. It will be recognized by those skilled in the art that
while the discharge chamber 28 has been shown positioned
inside of the suction chamber 26, the chambers could easily
be reversed such that the discharge chamber 28 is located
between the inner and outer walls 22, 24 while the suction
chamber is positioned inside of the inner wall 24.

[0017] Ttcanalso be seen that the rear housing 20 depicted
in FIGS. 1 and 2 includes a muffler wall 40 that is also
annular in shape and positioned inside of the inner wall 24.
The mufller wall 40 defines a muffler chamber 42 which
forms a portion of and is linked to the discharge chamber 28
via a plurality of openings 42. This muffler structure pro-
vides additional attenuation of flow turbulence and pressure
pulsations in the discharge fluid of the compressor, as more
fully described in U.S. Pat. No. 6,705,843, issued Mar. 16,
2004, the disclosure of which is incorporated herein by
reference in its entirety.

[0018] The outlet 34 and discharge passageway 36
includes a tubular member 38 projecting within the dis-
charge chamber 28, and as shown in the figures, also projects
within the muffler chamber 42. The tubular member 38 and
discharge passageway 36 are structured to provide a reduc-
tion in the pressure pulsations in the fluid discharged by the
cylinder block and its reciprocating pistons, as further dis-
cussed below. Notably, the tubular member 36 is a simple
structure which fits within the existing space of the discharge
chamber 28, thereby resulting in a very minimal weight
addition and no appreciable increase in size of the compres-
sor or rear housing 20.

Jan. 25, 2007

[0019] As shown in the cross-sectional views of FIGS. 3
and 4, the tubular member 38 generally includes a side wall
44 and a free end 46 which is closed by an end wall 48. That
is, the closed end wall 48 does not provide any passage of
fluid therethrough. Rather, the side wall 44 includes a
plurality of holes 50 fluidically connecting the discharge
chamber 28 and the discharge passageway 36. In particular,
the tubular member 38 defines a third portion 36¢ of the
discharge passageway 36 and outlet 34. Preferably, the
plurality of holes 50 include at least three holes, and the
embodiment depicted includes four holes 50, as best seen in
FIG. 4.

[0020] In order to provide little to no flow loss of the
discharge fluid, the combined cross-sectional area of the
plurality of holes 50 is substantially equal to the cross-
sectional area of the discharge passageway 36, and more
particularly the third portion 36¢ of the discharge passage-
way as defined by the tubular member 38. By the term
substantially, it is meant that the combined area of the
plurality of holes 50 is within 10% of the area of the
discharge passageway 36c¢, since over 80% of the compres-
sor performance is calculated to be maintained when the
areas are within 10% of each other. In this manner, there is
little to no flow loss of discharge fiuid, while at the same
time the amplitude of pressure pulsations is reduced by
forcing the discharge fluid to pass through one of the holes
50 which is smaller than the discharge passageway 36. The
relation between the diameter (D) of the discharge passage-
way 36 and the diameter (d) of each small hole 50 can be
expressed as D=vn-d-d, wherein n=the number of small
holes 50. Thus, the smaller the diameter of each hole 50, and
hence the more holes 50, the more muffling action and
reduction in amplitude of the outputted discharge fluid
pulsations.

[0021] Furthermore, the length of the discharge passage-
way 36, and particularly the length of the second and third
portions 365, 36¢ (i.e. before any bends or any other
disturbances in the discharge passageway 36), in combina-
tion with the distance between the plurality of holes 50 and
the closed end wall 48, can be used to control which
frequencies of the discharge fluid are most affected. Accord-
ingly, by controlling the number of holes 50, as well as the
length of discharge passageway 36 and the positioning of the
holes 50 there along, the rear housing 20 can be “tuned” to
reduce the amplitude of pressure pulsations at specified
frequencies.

[0022] As shown in FIG. 3, the plurality of holes 50 are
equidistantly spaced from the closed end wall 48, and as
shown in FIG. 4, are circumferentially spaced equidistantly
about the side wall 44 of the tubular member 38. It can also
be seen in FIG. 1 that the entire outer circumference of the
portion of the tubular member 38 containing the holes 50 is
exposed to the discharge chamber 28. However, it will be
recognized by those skilled in the art that the plurality of
holes 50 need not be circumferentially spaced equidistantly
about the tubular member 38, and likewise that the plurality
of'holes 50 need not be equidistantly spaced from the closed
end wall 48. For example, and as shown in the cross-section
view of FIG. 5, an alternate embodiment of the tubular
member 138 is shown defining a discharge passageway
portion 136¢. The tubular member 138 includes a side wall
144 and a closed distal end 146 which is sealed by way of
an end wall 148. In this embodiment, the plurality of holes
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150 formed in the side wall 144 are spaced different dis-
tances from the closed end wall 148, which provides for a
tuning of the frequencies in which the pulsations of the
discharge fluid is reduced. As in the prior embodiment, the
combined cross-sectional area of the plurality of holes 150
is preferably substantially equal to the cross-sectional area
of the discharge passageway portion 136¢, thereby minimiz-
ing any potential flow loss in the discharge fluid.

[0023] Accordingly, it will be recognized by those skilled
in the art that simply by structuring the discharge passage-
way of the outlet in the rear housing 20 to include a closed
end and a plurality of linking holes, the amplitude of
pressure pulsations in the discharge fluid can greatly be
reduced. The structure can also be designed to address
pulsations of certain frequencies. Furthermore, by control-
ling the size of the plurality of holes formed at the end of the
discharge passageway, flow losses can essentially be elimi-
nated.

[0024] The foregoing description of various embodiments
of the invention has been presented for purposes of illus-
tration and description. It is not intended to be exhaustive or
to limit the invention to the precise embodiments disclosed.
Numerous modifications or variations are possible in light of
the above teachings. The embodiments discussed were cho-
sen and described to provide the best illustration of the
principles of the invention and its practical application to
thereby enable one of ordinary skill in the art to utilize the
invention in various embodiments and with various modi-
fications as are suited to the particular use contemplated. All
such modifications and variations are within the scope of the
invention as determined by the appended claims when
interpreted in accordance with the breadth to which they are
fairly, legally, and equitably entitled.

1. A rear housing for a compressor having a cylinder block
receiving lower pressure fluid from the rear housing and
providing higher pressure fluid back to the rear housing, the
rear housing comprising:

annular outer and inner walls defining a suction chamber
and a discharge chamber, the suction chamber contain-
ing the lower pressure fluid, the discharge chamber
containing the higher pressure fluid;

an inlet in fluid communication with the suction chamber;

an outlet in fluid communication with the discharge
chamber, the outlet including a discharge passageway
having a tubular member projecting into the discharge
chamber; and

the tubular member defined by a side wall and a closed
end wall, the side wall having a plurality of holes
fluidically connecting the discharge chamber and the
discharge passageway, the combined cross-sectional
area of the plurality of holes being substantially equal
to the cross-sectional area of the discharge passageway.
2. The rear housing of claim 1, wherein the plurality of
holes includes at least three holes.
3. The rear housing of claim 1, wherein each of the
plurality of holes are spaced equidistantly from end wall.
4. The rear housing of claim 1, wherein a portion of the
plurality of holes are spaced non-equidistantly from end
wall.
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5. The rear housing of claim 1, wherein the plurality of
holes are circumferentially spaced equidistantly around the
side wall of the tubular member.

6. The rear housing of claim 1, wherein the tubular
member extends linearly.

7. The rear housing of claim 1, wherein the entire cir-
cumference of the side wall of the tubular member that
contains the plurality of holes is exposed to the fluid within
the discharge chamber.

8. The rear housing of claim 1, wherein the higher
pressure fluid in the discharge chamber has pulsations, and
wherein the length of the tubular member is sized to corre-
spond to the frequency of the pulsations.

9. The rear housing of claim 8, wherein the discharge
passageway includes a bend, and wherein the length is
measured from the bend to the closed end wall.

10. The rear housing of claim 9, wherein the discharge
chamber is defined by the interior of the inner wall, and
wherein the discharge passageway extends through both the
suction chamber and discharge chamber, the bend being
located proximate the inner wall.

11. The rear housing of claim 1, wherein the higher
pressure fluid in the discharge chamber has pulsations, and
wherein the number of holes comprising the plurality of
holes is selected based on the amplitude of the pulsations.

12. The rear housing of claim 1, further comprising a
muffler wall positioned inside the inner wall and defining a
muffler chamber forming a portion of the discharge chamber,
the tubular member projecting into the muffler chamber and
the plurality of openings being located within the muffler
chamber.

13. A rear housing for a compressor having a cylinder
block receiving lower pressure fluid from the rear housing
and providing higher pressure fluid back to the rear housing,
the rear housing comprising:

annular outer and inner walls defining a suction chamber
and a discharge chamber, the suction chamber contain-
ing the lower pressure fluid, the discharge chamber
containing the higher pressure fluid;

an inlet in fluid communication with the suction chamber;

an outlet in fluid communication with the discharge
chamber, the outlet including a discharge passageway
having a tubular member projecting into the discharge
chamber; and

the tubular member defined by a side wall and a closed
end wall, the outer wall having a plurality of holes
fluidically connecting the discharge chamber and the
discharge passageway, the plurality of holes being
circumferentially spaced around the side wall of the
tubular member, the plurality of holes being equidis-
tantly spaced from the closed end wall along the length
of the discharge passageway.

14. The rear housing of claim 13, wherein the combined
cross-sectional area of the plurality of holes is substantially
equal to the cross-sectional area of the discharge passage-
way.

15. The rear housing of claim 13, wherein the plurality of
holes includes at least three holes.

16. The rear housing of claim 13, wherein the entire
circumference of the side wall of the tubular member that
contains the plurality of holes is exposed to the fluid within
the discharge chamber.
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17. The rear housing of claim 13, wherein the higher
pressure fluid in the discharge chamber has pulsations, and
wherein the length of the tubular member is sized to corre-
spond to the frequency of the pulsations.

18. The rear housing of claim 13, wherein the higher
pressure fluid in the discharge chamber has pulsations, and
wherein the number of holes comprising the plurality of
holes is selected based on the amplitude of the pulsations.
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19. The rear housing of claim 13, further comprising a
muffler wall positioned inside the inner wall and defining a
muffler chamber, the muffler wall including openings linking
the discharge chamber to the muffler chamber, the tubular
member projecting into the muffler chamber and the plural-
ity of openings being located within the muffler chamber.
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