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Description

[Technical Field]

[0001] The present invention relates to a compressor
to be used as a power source in a manufacturing facility
or as a process compressor, and particularly to a com-
pressor with cooling function for cooling compressed air.

[Background Art]

[0002] As described in Patent Literature 1, a two-stage
turbo compressor has been known, as an industrial turbo
compressor, in which fluid compressed by a first-stage
compressor is further compressed by a second-stage
compressor and then discharged. In this turbo compres-
sor, an impeller of the first-stage compressor and an im-
peller of the second-stage compressor are connected to
each other with a rotary shaft, and the rotary shaft is
rotated by a drive motor through a gear system. Specif-
ically, the above-described rotary shaft is disposed par-
allel to an output shaft of the drive motor, and a gear of
the gear system is meshed with a central portion of the
rotary shaft. Further, the impeller of the first-stage com-
pressor is attached to an end portion of the rotary shaft
on the drive motor side, and the impeller of the second-
stage compressor is attached to the other end of the ro-
tary shaft.
[0003] Moreover, an intercooler is provided between
the first-stage compressor and the second-stage com-
pressor, and an after-cooler is provided downstream of
the second-stage compressor. Further, air compressed
by the first-stage compressor is cooled by the intercooler
and then recompressed by the second-stage compres-
sor. The air compressed by the second-stage compres-
sor is cooled by the after-cooler to be discharged to the
outside.

[Citation List]

[Patent Literature]

[0004] [PTL 1] Patent Literature 1: Japanese Patent
No. 3470410

[Summary of Invention]

[Technical Problem]

[0005] When the air compressed by a compressor is
cooled by cooling means of the intercooler or the after-
cooler, the saturation vapor pressure decreases, and
therefore water condenses in a casing of the cooling
means. Further, the condensed water accumulates in a
lower portion of the casing and is discharged from an
outlet. In the compressor according to Patent Literature
1, the shape of the casing is not appropriate. Accordingly,
the flow of compressed air flowing into the cooling means

becomes turbulent. This turbulence causes a decrease
in cooling efficiency. Moreover, the following phenome-
non occurs: the compressed air flowing into the cooling
means locally flows fast, and the fast flow raises the con-
densed water accumulating in the casing, and carries the
condensed water to the downstream side.
[0006] The present invention has been accomplished
to solve the above-described problems. An object of the
present invention is to provide a compressor with cooling
function which includes a cooling device with improved
cooling efficiency.
[0007] US 3001692 A discloses a compressor with
cooling function comprising: a compressing device to be
rotationally driven by a drive unit; and a cooling device
configured to cool compressed air ejected from the com-
pressing device, wherein the cooling device comprises:
a case having a cooling area inside; an inlet provided in
an upper surface of the case, the inlet allowing com-
pressed air ejected from the compressing device to flow
in; an outlet provided in the upper surface of the case,
the outlet allowing the compressed air to be discharged
outside; a cooling device housed in the cooling area and
configured to cool the compressed air; a partitioning wall
partitioning a space around the cooling device in the cool-
ing area into an inlet-side cooling area having the inlet
and an outlet-side cooling area having the outlet; and a
drain space configured to store condensed water pro-
duced from the compressed air cooled when passing
through the cooling device, the outlet-side cooling area
has an inner wall surface formed of an arc-like curved
surface, the inner wall surface includes a first inner wall
surface and a second inner wall surface defined by a
boundary line being offset toward the inlet and the outlet
from a center plane of the cooling device extending in a
direction perpendicular to the partitioning wall, the first
inner wall surface being an inner wall surface located on
the same side as the inlet and the outlet, the second inner
wall surface being an inner wall surface located on the
same side as the drain space, and the first inner wall
surface and the second inner wall surface have different
curvatures.
[0008] US 2003/059299A discloses refrigeration
chambers and coolers therein. Each chamber has a re-
cessed portion at a bottom wall thereof at which drain
hole opens. The ratio in the cross-section area perpen-
dicular to a shaft between the outlet side and the inlet
side is made larger, in the order of the third, second and
the first refrigeration chambers, to decrease the flow ve-
locity of gas to improve the separation efficiency of liquid
from the gas.
[0009] The invention is in the compressor of Claim 1.

[Brief Description of Drawings]

[0010]

[Fig. 1]
Fig. 1 is a plan view of a compressor with cooling
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function according to one embodiment of the present
invention.
[Fig. 2]
Fig. 2 is a cross sectional view taken along line II-II
of Fig. 1.
[Fig. 3]
Fig. 3 is a front view of the compressor with cooling
function in Fig. 1.
[Fig. 4]
Fig. 4 is a cross sectional view taken along line IV-
IV of Fig. 3.
[Fig. 5]
Fig. 5 is an enlarged view of a principal part of an
intercooler in Fig. 2.
[Fig. 6]
Fig. 6 is an enlarged view of a principal part of an
after-cooler in Fig. 2.
[Fig. 7]
Fig. 7 (a) is a side view of a lower pressure-side
cooling case as viewed from the left in Fig. 1, and
Fig. 7(b) is a side view of a higher pressure-side cool-
ing case as viewed from the right in Fig. 1.
[Fig. 8]
Fig. 8 (a) is a view showing a result of analyzing an
air flow field in a cooling case of a compressor with
cooling function according to Patent Literature 1, Fig.
8 (b) is a view showing the air flow field in a cross
section taken along line VIII-b of Fig. 8(a), and Fig.
8(c) is a view showing the air flow field in a cross
section taken along line VIII-c of Fig. 8 (a) .
[Fig. 9]
Fig. 9 (a) is a view showing a result of analyzing an
air flow field in a cooling case of the compressor with
cooling function according to one example of the
present invention, Fig. 9(b) is a view showing the air
flow field in a cross section taken along line IX-b of
Fig. 9(a), and Fig. 9(c) is a view showing the air flow
field in a cross section taken along line IX-c of Fig.
9(a).
[Fig. 10]
Fig. 10(a) is a graph showing a result of comparing
temperature efficiency characteristics of the inter-
cooler of the compressor with cooling function shown
in Fig. 1 according to the example of the present
invention and those of an intercooler of the compres-
sor with cooling function according to Patent Litera-
ture 1, and Fig. 10 (b) is a graph showing a result of
comparing temperature efficiency characteristics of
the after-cooler of the compressor with cooling func-
tion shown in Fig. 1 according to the example of the
present invention and those of an after-cooler of the
compressor with cooling function according to Pat-
ent Literature 1.

[Description of Embodiment]

[0011] An embodiment of the present invention will be
described with reference to the drawings. As shown in

Figs. 1 and 3, a compressor with cooling function 1 of
this embodiment includes a drive motor 11, an inlet sec-
tion 21, a lower pressure-side compressor 23, an inter-
cooler 41, a higher pressure-side compressor 26, an af-
ter-cooler 51, and a gear system 12. The driving force of
the drive motor 11 is transmitted via the gear system 12
to the lower pressure-side compressor 23 and the higher
pressure-side compressor 26. Thus, the lower pressure-
side compressor 23 and the higher pressure-side com-
pressor 26 are driven. Air (gas) introduced from the inlet
section 21 is first compressed in the lower pressure-side
compressor 23. The compressed air is cooled in the in-
tercooler 41 to be supplied to the higher pressure-side
compressor 26. Then, the supplied air is further com-
pressed in the higher pressure-side compressor 26 and
then cooled in the after-cooler 51 to be discharged out-
side.
[0012] The gear system 12 housed in a gear case 13
has a rotary shaft (not shown) disposed parallel to an
output shaft 11a of the drive motor 11. The lower pres-
sure-side compressor 23 is provided at an end portion
of the rotary shaft on the drive motor 11 side, and the
higher pressure-side compressor 26 is provided at the
other end portion of the rotary shaft. Further, the inlet
section 21 and an inlet conduit 22 of the lower pressure-
side compressor 23 are disposed parallel to the side of
the drive motor 11. Each of the lower pressure-side com-
pressor 23 and the higher pressure-side compressor 26
is a centrifugal compressor which compresses air axially
drawn in and discharges the air radially, and is housed
in a turbo case 14 with the rotary shaft.
[0013] The intercooler 41 and the after-cooler 51 are
housed in a cooling case 31 as shown in Fig. 2, and
disposed under the gear system 12, the lower pressure-
side compressor 23, and the higher pressure-side com-
pressor 26. The cooling case 31 has the shape of an
approximately rectangular box, and also serves as a
base for supporting the lower pressure-side compressor
23, the higher pressure-side compressor 26, the gear
system 12, the drive motor 11, and the inlet section 21.
Further, the cooling case 31 is formed integrally with the
gear case 13 for housing the gear system 12 and the
turbo case 14 for housing the lower pressure-side com-
pressor 23 and the higher pressure-side compressor 26
by casting or the like. Moreover, as shown in Figs. 2 and
4, in the cooling case 31, a lower pressure-side cooling
case 33 and a higher pressure-side cooling case 34 are
integrally formed. These cases 33 and 34 are partitioned
by a division wall 32.
[0014] The intercooler 41 is cooling means for the low-
er pressure-side compressor 23, and includes the lower
pressure-side cooling case 33 and a lower pressure-side
cooling device 43.
[0015] As shown in Figs. 2, 4, and 5, the lower pres-
sure-side cooling case 33 is formed in the shape of a
box, and includes a lower pressure-side cooling area 42
inside. A case upper surface 33a of the lower pressure-
side cooling case 33 has a lower pressure-side inlet 45
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through which compressed air ejected from the lower
pressure-side compressor 23 flows in and a lower pres-
sure-side outlet 46 through which compressed air in the
lower pressure-side cooling area 42 is discharged out-
side. Moreover, the lower pressure-side cooling area 42
has the lower pressure-side cooling device 43 provided
therein.
[0016] The lower pressure-side cooling device 43 is
inserted and installed in the lower pressure-side cooling
area 42 from the bottom toward the top in Fig. 4. Further,
in a state in which the lower pressure-side cooling device
43 is installed, a flow path of compressed air is formed
along the horizontal direction (lateral direction in Figs. 2
and 4) inside the lower pressure-side cooling area 42.
Moreover, the lower pressure-side cooling device 43 has
partitioning walls 44 on upper and lower surfaces and a
forward end surface located in the direction of insertion.
Further, the partitioning walls 44 partition a space around
the lower pressure-side cooling device 43 into an inlet-
side cooling area 42in including the lower pressure-side
inlet 45 and an outlet-side cooling area 42out including
the lower pressure-side outlet 46.
[0017] In the inlet-side cooling area 42in, a portion of
the lower pressure-side cooling case 33 which faces an
inlet-side lower edge portion 43b of the lower pressure-
side cooling device 43 has a flow-smoother protrusion
48 formed such that a tip of the flow-smoother protrusion
48 is close to the inlet-side lower edge portion 43b. The
distance between the inlet-side lower edge portion 43b
of the lower pressure-side cooling device 43 and the flow-
smoother protrusion 48 of the lower pressure-side cool-
ing case 33 is preferably as small as possible. However,
in this embodiment, a forward end flange portion 43c hav-
ing larger dimensions than a cooling section through
which compressed air passes is provided at the tip of the
lower pressure-side cooling device 43 which is located
in the direction of insertion. Accordingly, the distance be-
tween the inlet-side lower edge portion 43b and the flow-
smoother protrusion 48 is set to a distance enough to
prevent the forward end flange portion 43c from touching
the flow-smoother protrusion 48 when the lower pres-
sure-side cooling device 43 is assembled to the lower
pressure-side cooling case 33. Thus, the direction of the
flow of compressed air flowing into the inlet-side cooling
area 42in is changed by the flow-smoother protrusion 48,
and the compressed air flows into the lower pressure-
side cooling device 43 without entering an undermen-
tioned drain space 49.
[0018] In the lower pressure-side cooling area 42, the
drain space 49 is formed under the lower pressure-side
cooling device 43. The drain space 49 stores condensed
water which has dropped from the lower pressure-side
cooling device 43. The condensed water is produced
from the compressed air cooled when passing through
the lower pressure-side cooling device 43.
[0019] An inner wall surface of the outlet-side cooling
area 42out is an arc-like curved surface extending from
the drain space 49 to the case upper surface 33a. This

arc-like curved surface includes an upper-side inner wall
surface 47a and a lower-side inner wall surface 47b which
are defined by a boundary part 47c set above a center
line 43a (center plane extending in a direction perpen-
dicular to the partitioning walls 44) of the lower pressure-
side cooling device 43. Here, the curvature of the upper-
side inner wall surface 47a is set smaller than the curva-
ture of the lower-side inner wall surface 47b. In this em-
bodiment, the upper-side inner wall surface 47a is a flat
surface with a curvature of 0 and constitutes a surface
along the vertical direction. Moreover, the lower pres-
sure-side outlet 46 is provided on an extension of the
upper-side inner wall surface 47a. As shown in Fig. 7(a),
a lower pressure-side outlet passage 25 leading from the
lower pressure-side cooling area 42 to the outside is con-
nected to the lower pressure-side outlet 46. Further, the
lower pressure-side outlet passage 25 is formed to ex-
tend in the vertical direction along the upper-side inner
wall surface 47a when viewed from the front and extend
in a direction oblique to the vertical direction when viewed
from the side. Accordingly, the direction of the flow of the
compressed air which has passed through the lower
pressure-side cooling device 43 is changed to an upward
direction by the curve of the lower-side inner wall surface
47b. Thus, the compressed air is guided to the lower
pressure-side outlet 46 along the upper-side inner wall
surface 47a to be discharged from the lower pressure-
side cooling area 42 through the lower pressure-side out-
let passage 25 to the higher pressure-side compressor
26.
[0020] The after-cooler 51 is cooling means for the
higher pressure-side compressor 26. Similar to the inter-
cooler 41, the after-cooler 51 includes the higher pres-
sure-side cooling case 34 and a higher pressure-side
cooling device 53.
[0021] As shown in Figs. 2, 4, and 6, the higher pres-
sure-side cooling case 34 is formed in the shape of a
box, and includes a higher pressure-side cooling area 52
inside. A case upper surface 34a of the higher pressure-
side cooling case 34 has a higher pressure-side inlet 55
through which compressed air ejected from the higher
pressure-side compressor 26 flows in and a higher pres-
sure-side outlet 56 through which compressed air in the
higher pressure-side cooling area 52 is discharged out-
side. Moreover, the higher pressure-side cooling area 52
has the higher pressure-side cooling device 53 provided
therein.
[0022] The higher pressure-side cooling device 53 is
inserted and installed in the higher pressure-side cooling
area 52 from the bottom toward the top in Fig. 4. Further,
in a state in which the higher pressure-side cooling device
53 is installed, a flow path of compressed air is formed
along the horizontal direction (lateral direction in Figs. 2
and 4) inside the higher pressure-side cooling area 52.
Moreover, the higher pressure-side cooling device 53
has partitioning walls 54 on upper and lower surfaces
and a forward end surface located in the direction of in-
sertion. Further, the partitioning walls 54 partition a space
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around the higher pressure-side cooling device 53 into
an inlet-side cooling area 52in including the higher pres-
sure-side inlet 55 and an outlet-side cooling area 52out
including the higher pressure-side outlet 56.
[0023] In the inlet-side cooling area 52in, a portion of
the higher pressure-side cooling case 34 which faces an
inlet-side lower edge portion 53b of the higher pressure-
side cooling device 53 has a flow-smoother protrusion
58 formed such that a tip of the flow-smoother protrusion
58 is close to the inlet-side lower edge portion 53b. The
distance between the inlet-side lower edge portion 53b
of the higher pressure-side cooling device 53 and the
flow-smoother protrusion 58 of the higher pressure-side
cooling case 34 is preferably as small as possible. How-
ever, in this embodiment, the distance between the inlet-
side lower edge portion 53b and the flow-smother pro-
trusion 58 is set to a distance enough to prevent the for-
ward end flange portion 53c from touching the flow-
smoother protrusion 58 when the higher pressure-side
cooling device 53 is assembled to the higher pressure-
side cooling case 34.
[0024] In the higher pressure-side cooling area 52, a
drain space 59 is formed under the higher pressure-side
cooling device 53.
[0025] An inner wall surface of the outlet-side cooling
area 52out is an arc-like curved surface extending from
the drain space 59 to the case upper surface 34a. This
arc-like curved surface includes an upper-side inner wall
surface 57a and a lower-side inner wall surface 57b which
are defined by a boundary part 57c set above a center
line 53a (center plane extending in a direction perpen-
dicular to the partitioning walls 54) of the higher pressure-
side cooling device 53. Here, the curvature of the upper-
side inner wall surface 57a is set larger than the curvature
of the lower-side inner wall surfaces 57b. Accordingly, a
counter-clockwise air flow with high kinetic energy is gen-
erated in a space above the higher pressure-side cooling
device 53 which is surrounded by an upper surface of
the higher pressure-side cooling device 53, the case up-
per surface 34a, and the upper-side inner wall surface
57a as inner walls. Further, this air flow absorbs air which
has exited the higher pressure-side cooling device 53
and which has been raised upward by the lower-side in-
ner wall surface 57b, and guides the absorbed air to the
higher pressure-side outlet 56. Moreover, a higher pres-
sure-side outlet 56 protruding outwardly and opening up-
wardly is provided above the boundary part 57c. As
shown in Fig. 7(b), a higher pressure-side outlet passage
28 leading from the higher pressure-side cooling area 52
to the outside is connected to the higher pressure-side
outlet 56. Further, the higher pressure-side outlet pas-
sage 28 is formed to extend in the vertical direction along
the upper-side inner wall surface 57a both when viewed
from the front and when viewed from the side. Accord-
ingly, the direction of the flow of the compressed air which
has passed through the higher pressure-side cooling de-
vice 53 is changed to an upward direction by the curve
of the lower-side inner wall surface 57b. Thus, the com-

pressed air is guided to the higher pressure-side outlet
56 along the upper-side inner wall surface 57a to be dis-
charged from the higher pressure-side cooling area 52
through the higher pressure-side outlet passage 28 to
the outside.
[0026] In other words, except the difference in config-
uration between the upper-side inner wall surfaces 47a
and 57a and the difference in configuration between the
lower pressure-side outlet passage 25 and the higher
pressure-side outlet passage 28, the intercooler 41 and
the after-cooler 51 are configured and disposed to be
symmetrical with respect to the division wall 32. Accord-
ingly, as shown in Fig. 2, air compressed by the lower
pressure-side compressor 23 enters the lower pressure-
side inlet 45 through a lower pressure-side inlet 24, pass-
es through the lower pressure-side cooling device 43 to
be cooled, and is discharged from the lower pressure-
side outlet 46 to the lower pressure-side outlet passage
25 to be introduced into the higher pressure-side com-
pressor 26. Further, compressed air recompressed by
the higher pressure-side compressor 26 enters the high-
er pressure-side inlet 55 through a higher pressure-side
inlet passage 27, passes through the higher pressure-
side cooling device 53 to be cooled, and is discharged
from the higher pressure-side outlet 56 through the high-
er pressure-side outlet passage 28 to the outside.
[0027] It should be noted that since the intercooler 41
and the after-cooler 51 are set such that the lower pres-
sure-side inlet 45 and the higher pressure-side inlet 55
are adjacent to each other with the division wall 32 inter-
posed therebetween, flows of high-temperature com-
pressed air directly after being compressed by compres-
sors are adjacent to each other. This prevents the high-
temperature compressed air from warming compressed
air after being cooled and reducing cooling efficiency.
[0028] In the above-described configuration, since the
curvature of each of the inner wall surfaces of the outlet-
side cooling areas 42out and 52out is different between
above and below the boundary part 47c or 57c, the flows
of compressed air inside the outlet-side cooling areas
42out and 52out are smoothed, and the compressed air
smoothly flows inside the cooling devices 43 and 53. Ac-
cordingly, the cooling efficiencies of the intercooler 41
and the after-cooler 51 can be improved. Moreover,
smoothing the flows of the compressed air in the outlet-
side cooling areas 42out and 52out inhibits the raising of
condensed water stored in the drain spaces 49 and 59.
Thus, the condensed water carried to the downstream
side is reduced.
[0029] The flow-smoother protrusions 48 and 58,
which are set such that the tips thereof are close to the
inlet-side lower edge portions 43b and 53b of the cooling
devices 43 and 53, reduce the amount of compressed
air entering the drain spaces 49 and 59 set under the
cooling devices 43 and 53. Further, the flows of com-
pressed air inside the cooling areas inlet sides 42in and
52in are smoothed, and the compressed air smoothly
flows inside the cooling devices 43 and 53. Accordingly,
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the cooling efficiencies of the intercooler 41 and the after-
cooler 51 can be further improved.
[0030] In the intercooler 41, the curvature of the upper-
side inner wall surface 47a is set to 0, and the lower
pressure-side outlet 46 is provided on an extension of
the upper-side inner wall surface 47a. Further, the lower
pressure-side outlet passage 25 leading from the lower
pressure-side outlet 46 to the outside is formed to extend
along the upper-side inner wall surface 47a and to extend
in the direction oblique to the vertical direction. This re-
duces the increase in the speed of the compressed air
inside the outlet-side cooling area 42out, and the flow of
the compressed air is further smoothed. Accordingly,
cooling efficiency can be even further improved while
pressure loss is reduced.
[0031] In the after-cooler 51, the curvature of the up-
per-side inner wall surface 57a is set larger than the cur-
vature of the lower-side inner wall surface 57b located
below the boundary part 57c, and the higher pressure-
side outlet passage 28 leading from the higher pressure-
side outlet 56 to the outside is formed along the vertical
direction. Accordingly, the flow of the compressed air in-
side the outlet-side cooling area 52out is further
smoothed with the compressive strengths of wall surfac-
es ensured. Thus, cooling efficiency can be even further
improved.
[0032] Next, comparison will be made between a result
of analyzing an air flow field in a cooling case (intercooler
and after-cooler) of the compressor with cooling function
according to one example of the present invention and
a result of analyzing an air flow field in a cooling case
(intercooler and after-cooler) of a compressor with cool-
ing function according to Patent Literature 1 with refer-
ence to Figs. 8 and 9. Fig. 8(a) is a view showing a result
of analyzing an air flow field in the cooling case of Patent
Literature 1. Fig. 8(b) is a view showing the air flow field
in a cross section (entrance-side cross section) taken
along line VIII-b of Fig. 8(a). Specifically, the flow of air
which has flown into the inlet-side cooling area 42in
through the inlet passage 24 is shown. Moreover, Fig.
8(c) is a view showing the air flow field in a cross section
(outlet-side cross section) taken along line VIII-c of Fig.
8(a), and shows the flow of air which flows out from the
outlet-side cooling area 42out of the cooling case 41 to
the outlet passage 25. Similarly, Fig. 9(a) is a view show-
ing an air flow field in the cooling case of the compressor
with cooling function according to the example of the
present invention. Fig. 9(b) is a view showing a result of
analyzing the air flow field in a cross section (entrance-
side cross section) taken along line IX-b of Fig. 9(a). Spe-
cifically, the flow of air which has flown into the inlet-side
cooling area 42in through the inlet passage 24 is shown.
Fig. 9(c) is a view showing the air flow field in a cross
section (outlet-side cross section) taken along line IX-c
of Fig. 9(a), and shows the flow of air which flows out
from the outlet-side cooling area 42out of the cooling case
41 to the outlet passage 25.
[0033] From the comparison between Figs. 8(b) and

8(c) and Figs. 9(b) and 9(c), it can be seen that the ex-
ample of the present invention and Patent Literature 1
have the following differences. As shown in Fig. 8(b), it
can be seen that at the entrance-side cross section of
the cooling case 41, in a space between the entrance of
the cooling device 43 and the side wall of the inlet-side
cooling area 42in, there is a clockwise air convection (ar-
rows A1 to A4). Specifically, in this space, the air which
has flown in from the inlet passage 24 is directed right-
ward by the upper surface of the cooling device 43, and
further directed downward by the side wall of the inlet-
side cooling area 42in (arrow A2). This flow is redirected
b the lower surface of the side wall of the inlet-side cooling
area 42in (arrow A3) and branched into an upward flow
(arrow A4) and a flow (arrow A6) along a lower wall of
the inlet-side cooling area 42in. Some of the flow (arrow
A6) along the lower wall of the inlet-side cooling area
42in merges into the above-described upward flow (ar-
row A4) by the clockwise flow in the drain space 49, and
other thereof flows parallel to the partitioning wall 44 un-
der the cooling device 43. At the outlet-side cross section
of the cooling case 41 shown in Fig. 8(c), the air flowing
parallel to the partitioning wall 44 becomes the flow di-
rected from the drain space 49 to the cooling device 43
(arrows A7 and A8). Accordingly, it can be seen that in
Patent Literature 1, as shown in Fig. 8(b), at the entrance-
side cross section of the cooling case 41, the amount of
air flowing into the cooling device 43 is small, and high
cooling efficiency cannot be obtained with this cross sec-
tion.
[0034] On the other hand, in the example of the present
invention, as shown in Fig. 9(b), the flow-smoother pro-
trusion 48 is provided on the side wall of the inlet-side
cooling area 42in of the cooling case 41 on the drain
space 49 side. Accordingly, the distance between a cor-
ner portion of the cooling device 43 on the drain space
49 side and the flow-smoother protrusion 48 is small
(double-headed arrow B). This reduces the entry of air
into the drain space 49. Thus, air (arrow A11) which flows
into the inlet-side cooling area 42in of the cooling case
41 through the inlet passage 24 to flow downward is
smoothly guided to the entrance of the cooling device 43
(arrow A12).
[0035] Moreover, from the comparison between Figs.
8(c) and 9(c), it can also be seen that the example of the
present invention and Patent Literature 1 have the fol-
lowing differences. As shown in Fig. 8(c), in the example
of the present invention, the inner wall surface of the out-
let-side cooling area 42out of the cooling case 41 has a
shape in which the curvature thereof is symmetric with
respect to the center line 43a of the cooling device 43.
Accordingly, as indicated by arrows A9 and A10, the flow
of air directed from the outlet of the cooling device 43 to
the outlet-side cooling area 42out is branched into two
flows: one is directed above the center line 43a, and the
other is directed below the center line 43a (arrows A9
and A10) . Accordingly, air (arrow A10) directed down-
ward flows into the drain space 49, and the blast of the
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air may raise the condensed water stored in the drain
space 49 (region D). Further, the air which has flown into
the drain space 49 flows parallel to the partitioning wall
44, and is raised from the drain space 49 along the wall
surface of the outlet-side cooling area 42out at the en-
trance-side cross section of the cooling case 41 shown
in Fig. 8(b). This causes turbulence.
[0036] On the other hand, in the example of the present
invention, as shown in Fig. 9(c), the inner wall surface of
the outlet-side cooling area 42out of the cooling case 41
has the shape of a curved surface having an inflection
point 47c (point at which the curvature changes) above
the center line 43a of the cooling device 43 (on the outlet
passage 25 side). Here, the inner wall surface above the
inflection point 47c is referred to as a first inner wall sur-
face, and the inner wall surface below the inflection point
47c (on the drain space 49 side) is referred to as a second
inner wall surface. Since the inflection point 47c is located
above the center line 43a, air flowing toward the second
inner wall surface mostly flows in the direction of the outlet
passage 25 (arrow A13). As a result, the flow of air di-
rected to the drain space 49 of the outlet-side cooling
area 42out is small. Thus, the risk of the raising of the
condensed water stored in the drain space 49 is reduced
(region D).
[0037] Finally, a description will be made of practical
effects which the above-described differences in the
structures of the intercooler 41 and the after-cooler 51
between the example of the present invention and the
conventional example have on cooling characteristics
thereof. Fig. 10 (a) is a graph showing a result of com-
paring temperature efficiency characteristics of the inter-
cooler of the compressor with cooling function in Fig. 1
according to the example of the present invention and
those of the intercooler of the compressor with cooling
function according to Patent Literature 1. Fig. 10 (b) is a
graph showing a result of comparing temperature effi-
ciency characteristics of the after-cooler of the compres-
sor with cooling function in Fig. 1 according to the exam-
ple of the present invention and those of the after-cooler
of the compressor with cooling function according to Pat-
ent Literature 1. The horizontal axis of each graph indi-
cates heat equivalent ratio (index indicating the magni-
tude of the ratio of the heat capacity of air to the heat
capacity of cooling water) , and the vertical axis thereof
indicates temperature efficiency. As shown in Fig. 10 (a),
with regard to the intercoolers, both the compressor with
cooling function in Fig. 1 as the example and the com-
pressor with cooling function of Patent Literature 1 have
almost flat temperature efficiency regardless of the mag-
nitude of the heat equivalent ratio. This tendency is the
same in the after-coolers. In conclusion, it can be seen
that the intercooler 41 has temperature efficiency im-
proved by approximately 4% on average with respect to
the temperature efficiency of the intercooler of the com-
pressor with cooling function of Patent Literature 1, and
that the after-cooler 51 has temperature efficiency im-
proved by approximately 2% on average with respect to

the temperature efficiency of the after-cooler of the com-
pressor with cooling function of Patent Literature 1.

[Industrial Applicability]

[0038] As described above, in the compressor with
cooling function according to one embodiment of the
present invention, the flows of the compressed air inside
cooling areas are smoothed, and the compressed air
smoothly flows inside cooling devices. Accordingly, the
cooling efficiency of cooling means can be improved.
Moreover, in the compressor, since the raising of con-
densed water stored in drain spaces is inhibited, the con-
densed water carried to the downstream side is reduced.

Claims

1. A compressor (1) with cooling function, comprising:
a compressing device to be rotationally driven by a
drive unit (11); and a cooling device configured to
cool compressed air ejected from the compressing
device,
wherein the cooling device comprises:

a case (31) having a cooling area inside;
an inlet provided in an upper surface of the case,
the inlet allowing compressed air ejected from
the compressing device to flow in;
an outlet provided in the upper surface of the
case, the outlet allowing the compressed air to
be discharged outside;
a cooling device (43) housed in the cooling area
and configured to cool the compressed air;
a partitioning wall (44) partitioning a space
around the cooling device in the cooling area
into an inlet-side cooling area (42in) having the
inlet and an outlet-side cooling area (42out) hav-
ing the outlet; and
a drain space (49) configured to store con-
densed water produced from the compressed
air cooled when passing through the cooling de-
vice,
the outlet-side cooling area has an inner wall
surface formed of an arc-like curved surface,
the inner wall surface includes a first inner wall
surface (47a) and a second inner wall surface
(47b) defined by a boundary line (43a) being off-
set toward the inlet and the outlet from a center
lace of the cooling device extending in a direc-
tion perpendicular to the partitioning wall (44),
the first inner wall surface being an inner wall
surface located on the same side as the inlet
and the outlet, the second inner wall surface be-
ing an inner wall surface located on the same
side as the drain space, and
the first inner wall surface and the second inner
wall surface have different curvatures,
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the drain space (49) is formed under the cooling
device in the inlet-side cooling area and the out-
let-side cooling area,
characterized in that
a lower surface of the inlet-side cooling area
(42in) is provided with a flow-smoother protru-
sion (48) at a position facing a lower edge portion
(43b) of the cooling device, the flow-smoother
protrusion protruding to have a tip thereof locat-
ed close to the lower edge portion of the cooling
device.

2. The compressor (1) with cooling function according
to claim 1, wherein the curvature of the curved sur-
face of the first inner wall surface (47a) is set to 0, and
an outlet passage (25) leading from the outlet to an
outside is formed to extend along the first inner wall
surface and to extend in a direction oblique to an
extending direction of the partitioning wall (44).

3. The compressor (1) with cooling function according
to claim 1, wherein the curvature of the curved sur-
face of the first inner wall surface (47a) is set larger
than that of the curved surface of the second inner
wall surface (47b), and
the outlet passage (25) leading from the outlet to an
outside is formed to extend along an extending di-
rection of the partitioning wall (44).

4. The compressor with cooling function according to
claim 1, wherein the second inner wall surface (47b)
is curved extending from the drain space (49) to the
case upper surface (33a).

Patentansprüche

1. Verdichter (1) mit Kühlfunktion, der Folgendes um-
fasst: eine Verdichtungseinrichtung, die drehend
durch eine Antriebseinheit (11) angetrieben werden
soll, und eine Kühleinrichtung, die dafür konfiguriert
ist, aus der Verdichtungseinrichtung ausgestoßene
verdichtete Luft zu kühlen,
wobei die Kühleinrichtung Folgendes umfasst:

ein Gehäuse (31), das innen einen Kühlbereich
aufweist,
einen Einlass, der in einer oberen Fläche des
Gehäuses bereitgestellt wird, wobei der Einlass
ermöglicht, dass aus der Verdichtungseinrich-
tung ausgestoßene verdichtete Luft einströmt,
einen Auslass, der in der oberen Fläche des Ge-
häuses bereitgestellt wird, wobei der Auslass er-
möglicht, dass die verdichtete Luft nach außen
abgegeben wird,
eine Kühleinrichtung (43), die in dem Kühlbe-
reich untergebracht und dafür konfiguriert ist,
die verdichtete Luft zu kühlen,

eine Trennwand (44), die einen Raum um die
Kühleinrichtung in dem Kühlbereich in einen ein-
lassseitigen Kühlbereich (42in), der den Einlass
aufweist, und einen auslassseitigen Kühlbe-
reich (42out), der den Auslass aufweist, unter-
teilt, und
einen Ablaufraum (49), der dafür konfiguriert ist,
kondensiertes Wasser zu speichern, das aus
der verdichteten gekühlten Luft erzeugt wird,
wenn sie durch die Kühleinrichtung hindurch-
geht,
wobei der auslassseitige Kühlbereich eine In-
nenwandfläche aufweist, die aus einer bogen-
förmig gekrümmten Fläche besteht,
wobei die Innenwandfläche eine erste Innen-
wandfläche (47a) und eine zweite Innenwand-
fläche (47b) einschließt, die durch eine Begren-
zungslinie (43a) definiert werden, die von einer
Mittelebene der Kühleinrichtung, die sich in ei-
ner Richtung, senkrecht zu der Trennwand (44)
erstreckt, zu dem Einlass und dem Auslass hin
versetzt ist, wobei die erste Innenwandfläche ei-
ne Innenwandfläche ist, die auf der gleichen Sei-
te wie der Einlass und der Auslass angeordnet
ist, wobei die zweite Innenwandfläche eine In-
nenwandfläche ist, die auf der gleichen Seite
wie der Ablaufraum angeordnet ist, und
wobei die erste Innenwandfläche und die zweite
Innenwandfläche unterschiedliche Krümmun-
gen aufweisen,
wobei der Ablaufraum (49) unter der Kühlein-
richtung in dem einlassseitigen Kühlbereich und
dem auslassseitigen Kühlbereich geformt ist,
dadurch gekennzeichnet, dass
eine untere Fläche des einlassseitigen Kühlbe-
reichs (42in) mit einem Strömungsglätter-Vor-
sprung (48) an einer Position, die einem Unter-
kantenabschnitt (43b) der Kühleinrichtung ge-
genüberliegt, versehen ist, wobei der Strö-
mungsglätter-Vorsprung so vorspringt, dass er
eine Spitze desselben aufweist die nahe dem
Unterkantenabschnitt der Kühleinrichtung an-
geordnet ist.

2. Verdichter (1) mit Kühlfunktion nach Anspruch 1, wo-
bei die Krümmung der gekrümmten Fläche der ers-
ten Innenwandfläche (47a) auf 0 festgesetzt ist und
ein Auslassdurchgang (25), der von dem Auslass zu
einer Außenseite führt, so geformt ist, dass er sich
entlang der ersten Innenwandfläche erstreckt und
sich in einer Richtung, schräg zu einer Ausdeh-
nungsrichtung der Trennwand (44), erstreckt.

3. Verdichter (1) mit Kühlfunktion nach Anspruch 1, wo-
bei die Krümmung der gekrümmten Fläche der ers-
ten Innenwandfläche (47a) größer festgesetzt ist als
diejenige der gekrümmten Fläche der zweiten Innen-
wandfläche (47b) und

13 14 



EP 2 728 199 B1

9

5

10

15

20

25

30

35

40

45

50

55

der Auslassdurchgang (25), der von dem Auslass
zu einer Außenseite führt, so geformt ist, dass er
sich entlang einer Ausdehnungsrichtung der Trenn-
wand (44) erstreckt.

4. Verdichter mit Kühlfunktion nach Anspruch 1, wobei
die zweite Innenwandfläche (47b) gekrümmt ist, wo-
bei sie sich von dem Ablaufraum (49) bis zu der obe-
ren Gehäusefläche (33a) erstreckt.

Revendications

1. Compresseur (1) avec une fonction de refroidisse-
ment, comprenant : un dispositif de compression
destiné à être entraîné en rotation par une unité d’en-
traînement (11 ) ; et un dispositif de refroidissement
configuré pour refroidir de l’air comprimé éjecté à
partir du dispositif de compression,
dans lequel le dispositif de refroidissement
comprend :

un boîtier (31) présentant une zone de refroidis-
sement en son sein ;
une entrée fournie dans une surface supérieure
du boîtier, l’entrée permettant à de l’air compri-
mé éjecté à partir du dispositif de compression
de s’écouler en son sein ;
une sortie fournie dans la surface supérieure du
boîtier, la sortie permettant à de l’air comprimé
d’être expulsé vers l’extérieur ;
un dispositif de refroidissement (43) hébergé
dans la zone de refroidissement et configuré
pour refroidir l’air comprimé ;
une paroi de séparation (44) séparant un espace
situé autour du dispositif de refroidissement
dans la zone de refroidissement en une zone de
refroidissement côté entrée (42in), incluant l’en-
trée, et une zone de refroidissement côté sortie
(42out), incluant la sortie ; et
un espace de drainage (49) configuré pour stoc-
ker de l’eau condensée produite à partir de l’air
comprimé refroidi lorsqu’il passe à travers le dis-
positif de refroidissement,
la zone de refroidissement côté sortie présente
une surface de paroi intérieure formée d’une
surface courbe en arc,
la surface de paroi intérieure comprend une pre-
mière surface de paroi intérieure (47a) et une
deuxième surface de paroi intérieure (47b) dé-
finies par une ligne de séparation (43a) décalée
en direction de l’entrée et de la sortie à partir
d’un plan central du dispositif de refroidissement
s’étendant dans une direction perpendiculaire à
la paroi de séparation (44), la première surface
de paroi intérieure étant une surface de paroi
intérieure située du même côté que l’entrée et
la sortie, la deuxième surface de paroi intérieure

étant une surface de paroi intérieure située du
même côté que l’espace de drainage, et
la première surface de paroi intérieure et la
deuxième surface de paroi intérieure présentent
des courbures différentes,
l’espace de drainage (49) est formé en dessous
du dispositif de refroidissement dans la zone de
refroidissement côté entrée et dans la zone de
refroidissement côté sortie, caractérisé en ce
que
une surface inférieure de la zone de refroidisse-
ment côté entrée (42in) est munie d’une saillie
de régulation d’écoulement (48) au niveau d’une
position faisant face à une partie bord inférieur
(43b) du dispositif de refroidissement, la saillie
de régulation d’écoulement faisant saillie de ma-
nière à présenter une pointe de celle-ci située à
proximité de la partie bord inférieur du dispositif
de refroidissement.

2. Compresseur (1) avec une fonction de refroidisse-
ment selon la revendication 1, dans lequel la cour-
bure de la surface courbe de la première surface de
paroi intérieure (47a) est définie comme étant de 0, et
un passage de sortie (25) menant de la sortie vers
un extérieur est formé de manière à s’étendre le long
de la première surface de paroi intérieure et de ma-
nière à s’étendre dans une direction oblique par rap-
port à une direction d’extension de la paroi de sépa-
ration (44).

3. Compresseur (1) avec une fonction de refroidisse-
ment selon la revendication 1, dans lequel la cour-
bure de la surface courbe de la première surface de
paroi intérieure (47a) est définie comme étant supé-
rieure à celle de la surface courbe de la deuxième
surface de paroi intérieure (47b), et
le passage de sortie (25) menant de la sortie vers
un extérieur est formé de manière à s’étendre le long
d’une direction d’extension de la paroi de séparation
(44).

4. Compresseur avec une fonction de refroidissement
selon la revendication 1, dans lequel la deuxième
surface de paroi intérieure (47b) est courbe en
s’étendant de l’espace de drainage (49) vers la sur-
face supérieure (33a) de boîtier.
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