DESCRIPTION
GAS COOLER
TECHNICAL FIELD

[0001] The present invention relates to a gas cooler.

BACKGROUND ART

[0002] A gas cooler for a compressor, disclosed in Patent Document 1,
is to cool gas by causing the gas to pass through a cooling unit from its
upper side to its lower side, and includes, at its bottom, a drain
recovery portion that recovers drain water produced by condensation of
moisture in the gas. Above the drain recovery portion, a blowing-up
prevention portion is provided in the vicinity of a lead-out port. The
blowing-up prevention portion prevents blowing-up of the drain water in
the vicinity of the lead-out port due to a gas flow and thereby also
prevents the outflow of the drain water to the outside accompanied by

the gas.

PRIOR ART DOCUMENT
PATENT DOCUMENT

[0003] Patent Document 1: JP 2015-200473 A

SUMMARY OT THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0004] When the flow rate of compressed gas led into the gas cooler

increases, making its flow speed higher, the gas flow blown on the



bottom of the gas cooler scatters the drain water before the gas reaches
the blowing-up prevention portion, so that the scattered drain water
might flow out to the outside accompanied by the gas.

[0005] It is an object of the present invention, in a gas cooler, to
effectively prevent or suppress the outflow of drain water to the outside

in a gas cooler.

MEANS FOR SOLVING THE PROBLEMS

[0006] The present invention provide a gas cooler comprising: a
casing; a cooling unit provided within the casing and configured to cool
gas; an upper space located above the cooling unit and a bottom space
located below the cooling unit, the upper space and the lower space
being formed separately from each other by the cooling unit within the
casing; a lead-in port for leading the gas into the upper space; a lead-
out port for leading out the gas from the bottom space; and a drain
scattering prevention member disposed in the bottom space and being
configured to collect therein drain water accompanied by the gas as the
gas passes, the drain water being produced by condensation of
moisture contained in the gas by cooling with the cooling unit.

[0007] The drain scattering member collects therein drain water as
the gas passes. Thus, the drain water is suppressed from being
scattered by the gas flow, so that consequently the drain water can be
effectively prevented or suppressed from flowing out of the lead-out port
to the outside of the gas cooler, accompanied by the gas flow.

[0008] The cooling unit may include a seal plate for sealing a space



between the upper space and the bottom space.

[0009] The gas cooler further includes a drain discharge port for
discharging the drain water to an outside of the casing.

[0010] The drain scattering prevention member is provided to cover
the lead-out port.

[0011] The scattering prevention member may be laid at a bottom
wall of the casing.

[0012] For example, the drain scattering prevention member is a
block body made of metal wool.

[0013] Alternatively, the drain scattering prevention member is a

stacked body of metal meshes.

EFFECT OF THE INVENTION

[0014] According to the gas cooler in the present invention, by
arranging the drain scattering prevention member, the drain water can
be prevented from being scattered due to the gas flow, and also can be

effectively prevented or suppressed from flowing out to the outside.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] Fig. 1A is a plan view of a gas cooler according to an
embodiment of the present invention;

Fig. 1B is a front view of the gas cooler according to the
embodiment of the present invention;

Fig. 1C is a cross-sectional view taken along the line I-I of Fig. 1A;

Fig. 1D is a right side view of a state in which a component as a



part of the gas cooler is removed from the gas cooler in the embodiment
of the present invention;

Fig. 2 is a schematic plan view of the vgas cooler according to the
embodiment of the present invention;

Fig. 3 is a schematic cross-sectional view taken along line III-III of
Fig. 2;

Fig. 4 is a schematic cross-sectional view taken along line IV-IV of
Fig. 2;

Fig. 5 is a schematic cross-sectional view taken along line V-V of
Fig. 2;

Fig. 6A is a cross-sectional view of a cooling unit;

Fig. 6B is a schematic side view of the cooling unit;

Fig. 7 is a schematic cross-sectional view, similar to Fig. 4, of a
gas cooler according to a modified example; and

Fig. 8 is a schematic plan view, similar to Fig. 4, of a gas cooler

according to another modified example.

DESCRIPTION OF EMBODIMENTS

[0016] A gas cooler 1 according to an embodiment of the present
invention shown in Figs. 1A to 1D has an intercoolér 2A, an aftercooler
2B, and includes a casing 3 in which the intercooler 2A and the
aftercooler 2B are integrated together. In the present embodiment, the
gas cooler 1 is incorporated in an oil-free two-stage screw compressor.
The intercooler 2A is provided in a gas flow path between a low-stage

side screw compressor and a high-stage side screw compressor, and the



aftercooler 2B is provided in a gas flow path disposed downstream of
the high-stage side screw compressor.

[0017] Referring to Figs. 2 to 5 together, the casing 3 includes a
bottom wall 4, a pair of end walls 5A and 5B rising from the bottom wall
4, a pair of side walls 6A and 6B rising from the bottom wall 4, a top
wall 7 located at upper ends of the end walls 5A and 5B and the side
walls 6A and 6B, and a partition wall 8. The partition wall 8 separates
the inside of the casing 3, that is, a space enclosed by the bottom wall 4,
the end walls 5A and 5B, the side walls 6A and 6B, and the top wall 7,
into a first space 11A for the intercooler 2A and a second space 11B for
the aftercooler 2B. As shown most clearly in Fig. 1.D, a cooling unit
(heat exchanger) 13A of the intercooler 2A is accommodated in the first
space 11A, whereas a cooling unit (heat exchanger) 13B of the
aftercooler 2B is accommodated in the second space 11B.

[0018] Referring to Figs. 6A and 6B, each of the cooling units 13A and
13B includes a pair of seal plates 15 and 15 coupled to spacers 14, and
a tube nest 16 disposed between the seal plates 15 and 15. The tube
nest 16 in the present embodiment is configured by cooling tubes 17
that have a number of linear portions 17a and a number of folded
portions (not shown), each folded portion fluidly connecting the ends of
two adjacent linear portions 17a. Each of the cooling units 13A and
13B includes a number of fins 18 arranged at intervals, and the linear
portions 17a of the cooling tubes 17 are integrated with these fins 18.
[0019] One end wall 5A of the casing 3 is provided with an opening

19A for the cooling unit 13A of the intercooler 2A and an opening 19B



for the aftercooler 2B. The other end wall 5B of the casing 3 is also
provided with an opening 19C for the cooling unit 13A of the intercooler
2A as well as an opening 19D for the aftercooler 2B. The cooling unit
13A of the intercooler 2A is inserted into the openings 19A and 19C, so
that the linear portions 17a of the cooling tubes 17 are arranged
extending in the horizontal direction within the first space 11A.
Similarly, the cooling unit 13B of the aftercooler 2B is inserted into the
openings 19B and 19D, so that the linear portions 17a of the cooling
tubes 17 are arranged extending in the horizontal direction within the
second space 11B. The openings 19A and 19B are sealed in an airtight
state by attachment portions 21A and 21B, and covers 22A and 22B are
attached to the attachment portions 21A and 21B, respectively. The
openings 19C and 19D are sealed in an airtight state by attachment
portions 21C and 21D, and covers 22C and 22D are attached to the
attachment portions 21C and 21D, respectively.

[0020] Referring to Figs. 1A and 1B, the cooling water is supplied
from an inflow port 23A provided in the cover 22A to the cooling tubes
17 of the cooling unit 13A in the intercooler 2A. Then, the cooling water
having passed through the cooling tubes 17 flows out of an outflow port
24A provided in the cover 22A. The cooling water is supplied from an
- inflow port 23B provided in the cover 22B to the cooling tubes 17 of the
cooling unit 13B in the aftercooler 2B, and the cooling water having
passed through the cooling tubes 17 flows out of an outflow port 24B
provided in the cover 22B.

[0021] As shown most clearly in Figs. 3 to 6, in the first space 11A, a



pair of support ribs 25A and 25A that extends between the end walls 5A
and 5B is provided at the side wall 6A and the partition wall 8. On
these support ribs 25A and 25A, step portions 26 (see Fig. 6A) of the
seal plates 15 and 15, which are included in the cooling unit 13A of the
intercooler 2A, are supported to form a seal portion. Thus, the first
space 11A is partitioned into an upper space 27A located above the
cooling unit 13 and a bottom space 28A located below the cooling unit
13A, between the end walls 5A and 5B. As will be mentioned later, the
gas before passing through the cooling unit 13A circulates through the
upper space 27A, whereas the gas after passing through the cooling
unit 13A circulates through the bottom space 28A.

[0022] Similarly, in the second space 11B, step portions 26 (see Fig.
6A) of the seal plates 15 and 15, which are included in the cooling unit
13B of the aftercooler 2B, are supported on a pair of support ribs 25B
and 25B extending between the end walls 5A and 5B provided in the
side wall 6B and the partition wall 8, respectively, to thereby fqrm the
seal portion. Thus, the second space 11B is partitioned into an upper
space 27B located above the cooling unit 13B and a bottom space 28B
located below the cooling unit 13B, between the end walls 5A and 5B.
As will be mentioned later, the gas before passing through the cooling
unit 13B circulates through the upper space 27B, whereas the gas after
passing through the cooling unit 13B circulates throi,lgh the bottom
space 28B.

- [0023] Referring to Figs. 1C and 3, a lead-in port 31A of the

intercooler 2A is provided at a position, adjacent to the end wall 5B, of



the top wall 7 so as to be open at the upper space 27A in the first space
11A. A lead-in port 31A communicates with an inlet port 32A (see Figs.
1A and 2) that is fluidly connected to a discharge port in the low-stage
compressor. Further, referring to Figs. 1C and 4, a lead-out port 33A of
the intercooler 2A is provided at a position, adjacent to the end wall 5A,
of the partition wall 8 so as to be open at the bottom space 28A of the
first space 11A. The lead-out port 33A communicates with an outlet
port 35A (see Figs. 1A, 2, and 4) provided in the top wall 7 via a flow
path 34 formed in the partition wall 8. The outlet port 35A is fluidly
connected to a suction port of the high-stage compressor.

[0024] Referring to Figs. 2, 4, and 5, two lead-in ports 31B and 31B of
the aftercooler 2B are provided in the vicinity of the center in the
longitudinal direction of the top wall 7 so as to be open at the upper
space 27B of the second space 11B. The lead-in ports 31B and 31B
communicate with an inlet port 32B (see Figs. 1A and 2) fluidly
connected to the discharge port of the high-stage compressor. Referring
to Fig. 4, a lead-out port 33B of the aftercooler 2B is provided at a
position, adjacent to the end wall 5A, of the side wall 6B so as to be
open in the bottom space 28B of the second space 11B. The lead-out
port 33B is fluidly connected to the downstream side with respect to the
two-stage screw compressor.

[0025] Referring to Fig. 1D, a first drain portion 36A is provided to
communicate with the side of the bottom wall 4 of the first space 11A,
whereby the drain water in the intercooler 2A is discharged to the

outside through the first drain portion 36A. A solenoid valve 37A is



provided in the first drain portion 36A. Further, a second drain portion
36B is provided to communicate with the side of the bottom wall 4 in
the second space 11BB, whereby the drain water in the aftercooler 2B is
discharged to the outside through the second drain portion 36B. A
solenoid valve 37B is provided in the second drain portion 36B.

[0026] Referring to Figs. 1C and 3 to 5, a drain scattering prevention
member 41A is laid on the bottom wall 4 in the first space 11A for the
intercooler 2A. In the present embodiment, the drain scattering
prevention member 41A is laid over the entire first space 11A along the
longitudinal direction in the planar view. In other words, the drain
scattering prevention member 41A is laid from the end wall 5A to the
end wall 5B. The drain scattering prevention member 41A is laid over
the entire first space 11A along the width direction in the planar view.
In other words, the drain scattering prevention member 4 1A is laid from
the side wall 6A to the partition wall 8. Further, the drain scattering
prevention member 41A has a constant height and a flat upper surface.
Referring to Fig. 4, the height of the drain scattering prevention member
41A is set ﬁigher than the height of an upper end of the lead-out port
33A. In other words, the drain scattering prevention member 41A is
provided to cover the lead-out port 33A.

[0027] Referring to Figs. 1C and 3 to 5, a drain scattering prevention
member 41B is also laid on the bottom wall 4 in the second space 11B
for the aftercooler 2B. In the present embodiment, the drain scattering
prevention member 41B is laid over the entire second space 11B along

the longitudinal direction in the planar view. The drain scattering
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prevention member 41B is laid over the entire second space 11B along
the width direction in the planar view. Further, the drain scatterihg
prevention member 41B has a constant height and a flat upper surface.
Referring to Fig. 4, the height of the drain scattering prevention member
41B is set higher than the height of an upper end of the lead-out port
33B. In other words, the drain scattering prevention member 41B is
provided to cover the lead-out port 33B.

[0028] The drain scattering prevention members 41A and 41B have a
structure that collects the drain water, while allowing the gas to pass
therethrough. The materials constituting the drain scattering
prevention members 41A and 41B preferably have appropriate heat
resistance. Furthermore, the materials constituting the drain scattering
prevention members 41A and 41B preferably have appropriate corrosion
resistance. Each of the drain scattering prevention members 41A and
41B in the present embodiment is a block body made of stainless steel
wool, which is an example of a block body of metal wool, and has
appropriate heat resistance and corrosion resistance. Each of the drain
scattering prevention members 41A and 41B is not limited to the block
body of metal wool and may be an integrated body of metal meshes,.
[0029] The gas (compressed air) discharged from a discharge port of
the low-stage compressor is led from the lead-in port 31A into the upper
space 27A of the intercooler 2A via the inlet port 32A. As conceptually
indicated by the arrows in Fig. 1C, the gas passes through the cooling
unit 13A from its upper side to its lower side while spreading within the

upper space 27A in the longitudinal direction. Referring also to Fig. 4,
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the gas flowing into the bottom space 28A after having passed through
the cooling unit 13A flows from the lead-out port 33A to the flow path
34 and is led out of the outlet port 35A. In this way, in the intercooler
2A, the gas is led in from the upper space 274, i.e., from its upper side,
and the gas is then led out of the bottom space 28A, i.e., from its lower
side. The gas led out of the intercooler 2A is drawn into the suction
port of the high-stage compressor.

[0030] Referring to Fig. 6B, the gas sent to the cooling unit 13A
moves from the side of the upper space 27A to the side of the bottom
space 28A through a gap between adjacent fins 18 and 18. At this time,
the gas comes into contact with the outer surfaces of the cooling tubes
17 and the fins 18 within the cooling unit 13A, so that the gas is cooled
by heat exchange with the cooling water. inside the cooling tubes 17.
Moisture contained in the cooled gas is condensed into liquid droplets,
which flow through the cooling tubes 17 and the fins 18 and fall down
to the bottom wall 4. The gas flowing through the gap between the fins
18 and 18 promotes the falling of the liquid droplets attached to the
cooling tubes 17 and the fins 18. The liquid droplets that have fallen
down to the bottom wall 4 become drain water.

[0031] In the bottom space 28A of the intercooler 2A, the drain water
is present bn the bottom wall 4. However, the drain scattering
prevention member 41A is laid on the bottom wall 4, thereby making it
possible to suppress the drain water on the bottom wall 4 from being
blown up and scattered by the gas flow blown on the bottom wall 4,

while allowing the gas flow. Specifically, since the drain water is
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collected by the drain scattering prevention member 41A, scattering of
the drain water can be suppressed when the gas flow is blown on the
bottom wall 4. Consequently, the drain water can be effectively
prevented or suppressed from flowing out of the lead-out port 33A to
the outside of the intercooler 2A, accompanied by the gas flow.
Furthermore, since the drain scattering prevention member 41A is
provided to cover the lead-out port 33A, the drain water can be collected
by the drain scattering prevention member 41A even if the drain water
is about to pass through the lead-out port 33A, accompanied by the gas
flow. Consequently, the drain water can be suppressed from flowing
out of the lead-out port 33 to the outside of the intercooler 2A,
accompanied by the gas flow. The provision of the drain scattering
prevention member 41A can prevent the scattering of the drain water
due to the gas flow and can also effectively suppress or prevent the
outflow of the drain water to the outside, even when the flow rate of the
compressed gas led into the intercooler 2A increases, making the flow
speed thereof higher.

[0032] The gas discharged from the discharge port of the high-stage
compressor is led from the lead-in ports 31B and 31B into the upper
space 27B of the aftercooler 2B via the inlet port 32B. The gas spreads
in the longitudinal direction within the upper space 27A and passes
through the cooling unit 13B from its upper side to its lower side. The
gas that has passed through the cooling unit 13B and flowed into the
bottom space 28B flows out of the lead-out port 33B and is sent to the

downstream side via an outlet port 35B. In this way, in the aftercooler
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2B, the gas is introduced from the upper space 27B, i.e., from the upper
side, and is then guided out of the bottom space 28B, that is, from the
lower side. The moisture contained in the gas is condensed by cooling
of the cooling unit 13B into liquid droplets, which then fall down on the
bottom wall 4 and become drain water.

[0033] In the bottom space 28B of the aftercooler 2B, the drain water
is present on the bottom wall 4. However, the drain scattering
prevention member 41B is laid on the bottom wall 4, thereby making it
possible to suppress the drain water on the bottom wall 4 from being
blown up and scattered by the gas flow blown on the bottom wall 4,
while allowing the gas flow. Specifically, since the drain water is
collected by the drain scattering prevention member 41A, scattering of
the drain water can be suppressed when the gas flow is blown on the
bottom wall 4. Consequently, the drain water can be effectively
prevented or suppressed from flowing out of the lead-out port 33B to
the outside of the aftercooler 2B, accompanied by the gas flow.
Furthermore, since the drain scattering prevention member 41B is
provided to cover the lead-out port 33B, the drain water can be
collected by the drain scattering prevention member 41B even if the
drain water is about to pass through the lead-out port 33B,
accompanied by the gas flow. Consequently, the drain water can be
suppressed from flowing out of the lead-out port 33 to the outside of the
intercooler 2A, accompanied by the gas flow. The provision of the drain
scattering prevention member 41B can prevent the scattering of the

drain water due to the gas flow and thereby can effectively suppress or
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prevent the outflow of the drain water to the outside, even when the
flow rate of the compressed gas led into the aftercooler 2B increases,
making the flow speed thereof higher.

[0034] As mentioned above, each of the drain scattering prevention
members 41A and 41B in the present embodiment is a block body made
of stainless steel wool. The stainless steel wool has, for example, a wire
diameter of 0.25 mm or more and a space ratio of 94% or more and -
99% or less. The térm “space ratio” as used herein is a ratio of the
volume of the space or gap to the volume of the stainless steel wool.
When the wire diameter is less than 0.25 mm, the wires tend to wear
and fall off when the wires rub against each other due to vibrations
caused by pulsation of the compressed gas. If the space ratio is more
than 99%, the collecting effect is reduced. If the space ratio is less than
94%, the specific power of the compressor is deteriorated due to
pressure loss.

[0035] Modified examples of the present embodiment will be
described below.

[0036] In the case of applying the drain scattering prevention member
to a multi-stage compressor that includes the intercooler 2A and the
aftercooler 2B, like the present embodiment, only the drain scattering
prevention member 41B may be provided only in the aftercooler 2B.
That is, in the present embodiment, the drain scattering prevention
member 41A provided in the intercooler 2A may be eliminated.

[0037] In a modified example shown in Fig. 7, the heights of the drain

scattering prevention members 41A and 41B are set higher than the
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heights of the upper ends of the lead-out ports 33A and 33B. in the
vicinities of the lead-out ports 33A and 33B, but in other parts, the
heights of the drain scattering prevention members 41A and 41B are set
lower than the heights of the lower ends of the lead-out ports 33A and
33B.

[0038] In a modified example shown in Fig. 8, the widths of the drain
scattering prevention members 41A and 41B are set sufficiently
narrower than the widths of the first space 11A ahd the second space
11BB, respectively. The drain scattering prevention members 41A and
41B are not disposed on the bottom wall 4 in either of the intercooler 2A
or the aftercooler 2B except for the vicinities of the lead-out ports 33A
and 33B. The drain scattering prevention members 41A and 41B are
provided to cover the lead-out ports 33A and 33B. In other words, the
drain scattering prevention members 41A and 41B can collect drain
water even if the drain water is scattered by the gas flow blown on the
bottom wall 4 and is about to pass through the lead-out ports 33A and
33B, accompanied by the gas flow. Consequently, the drain water can
be suppressed from flowing out of the lead-out ports 33A and 33B to
the outside, accompanied by the gas flow.

[0039] While, in the present embodiment, the drain scattering
prevention members 41A and 41B are laid to be in contact with the
bottom of the casing 3, the drain scattering prevention members 41A
and 41B may be laid while having a gap with respect to the bottom wall
4 of the casing 3. For example, a gap formation portion can be provided

between the bottom wall 4 and each of the drain scattering prevention
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members 41A and 41B. The gap formation portion may be a convex
portion formed at the bottom portion 4, a spacer provided as a separate
body from the casing, or a convex portion provided in each of the drain
scattering prevention members 41A and 41B. The gap is provided
between the bottom wall 4 and each of the drain scattering prevention
members 41A and 41B, so that the drain retained at the bottom portion
4 of the casing can be more likely to flow toward the drain discharge

port.

REFERENCE SIGNS LIST

[0040] 1: Gas cooler, 2A: Intercooler, 2B: Aftercooler, 3: Casing, 4:
Bottom wall, 5A, 5B: End wall, 6A, 6B: Side wall, 7: Top Wall‘, 8:
Partition wall, 11A: First space, 11B: Second space, 13A; 13B: Cooling
unit, 14: Spacer, 15: Seal plate, 16: Tube nest, 17: Cooling tube, 18: Fin,
19A; 19B; 19C; 19D: Opening, 21A; 21B; 21C; 21D: Attachment portion,
22A; 22B; 22C; 22D: Cover, 23A; 23B: Inflow port, 24A; 24B: Outflow
port, 25A; 25B: Support rib, 26: Step portion, 27A; 27B: Upper space,
28A; 28B: Bottom space, 31A; 31B: Lead-in port, 32A; 32B: Inlet port,
33A; 33B: Lead-out port, 34: Flow path, 35A, 35B: Outlet port, 36A:
First drain portion, 36B: Second drain portion, 37A, 37B: Solenoid valve,

41A; 41B: Drain scattering prevention member.
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CLAIMS

1. A gas cooler comprising:

a casing;

a cooling unit provided within the casing and configured to cool
gas;

an upper space located above the cooling unit and a bottom space
located below the cooling unit, the upper space and the lower space
being formed separately from each other by the cooling unit within the
casing;

a lead-in port for leading the gas into the upper space;

a lead-out port for leading out the gas from the bottom space; and

a drain scattering prevention member disposed in the bottom
space and being configured to collect therein drain water accompanied
by the gas as the gas passes, the drain water being produced by
condensation of moisture contained in the gas by cooling with the
cooling unit,

wherein the drain scattering prevention member is provided to

cover the lead-out port and is laid at a bottom wall of the casing

2. The gas cooler according to claim 1, wherein the cooling unit
includes a seal plate for sealing a space between the upper space and

the bottom space.

3. The gas cooler according to claim 1 or 2, further comprising a

drain discharge port for discharging the drain water to an outside of the
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casing.

4. The gas cooler according to any one of claims 1 to 3, wherein the

drain scattering prevention member is a block body made of metal wool.

S. The gas cooler according to any one of claims 1 to 3, wherein the

drain scattering prevention member is a stacked body of metal meshes.



