TI TLE OF THE | NVENTI ON WATER- LUBRI CATED COVPRESSOR BACKGROUND OF THE

I NVENTION 1. Field of the Invention The present invention relates to a

wat er -l ubri cated conpressor capable of preventing freezing of water by

di scharging water froma water cooler disposed in a water circulation
channel of the conpressor when there is little or no demand for conpressed
gas at a conpressed gas destination, i.e., a place to which conpressed gas
is to be supplied. 2. Description of the Related Art The tenperature of
screw rotors (hereinafter referred to also as_ _"rotors") of a screw
conpressor rises as gas suckddTLEQFTHEIVYENBIGNi s conpressed within a

rotor chanber. Therefore, a cooling nechanismfor cooling the screwrotors
is essential. Heretof ore,WATERJBUé{IQ;‘bTEBgCOMPRESSOR

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to a water-lubricated compressor
capable of preventing freezing of water by discharging water from a water
cooler disposed in a water circulation channel of the compressor when there
is little or no demand for compressed gas at a compressed gas destination,

i.e., a place to which compressed gas is to be supplied.

2. Description of the Related Art

The temperature of screw rotors (hereinafter referred to also as
“rotors”) of a screw compressor rises as gas sucked from a suction port is
compressed within a rotor chamber. Therefore, a cooling mechanism for
cooling the screw rotors is essential. Heretofore, as such a cooling
mechanism, there has generally been adopted a cooling mechanism wherein
cooling Liquid is supplied to the rotor chamber with the screw rotors
accommodated therein. As a typical example of a screw compressor using
such a cooling mechanism, thére is known an oil-cooled screw compressor
using oil as the aforesaid cooling liquid. The oil supplied to the rotor
chamber not only functions to cool a gas compressing section but also
functions to seal and lubricate between the screw rotors and also between
the screw rotors and an inner wall of the rotor casing.

In case of using oil as the cooling liquid, the oil is separated and
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mechani sm there has generally been adopted a cooling nmechani smwherein

cooling liquid is supplied to the rotor chanber with the screw rotors

acconmodat ed therein. As a typical exanple of a screw conpressor using such

a cooling nmechanism there is known an oil-cool ed screw conpressor

usi ng

oil as the aforesaid cooling liquid. The oil supplied to the rotor chanber
not only functions to cool a gas conpressing section but also functions to

seal and |lubricate between the screw rotors and al so between

the screw

rotors and an inner wall of the rotor casing. In case of using.oil as the

cool i ng | i sesoyeredzom qompressed gas by anell saparatingiiesaveninguniindisp

an oil

a conpressira argeichanpel

conpressed gas destination together wth discharged conpressed gas.
resul t, incarroshps e grist gaa caypriessed gas desfimationy together with discharged

compressed gas. As a result, in a compressed gas destination requiring
clean compressed gas, for example in a manufacturing process for
manufactuﬁng electronic parts such as semiconductors, precision machines
or foods, there has been the problem that the oil_ in question adheres to
mechanical parts or products associated with the manufacturing process and
causes contamination.

In an effort to solve this problem, there has been developed an
oil-free compressor which can operate in a dry condition not using oil. In
this oil-free compressor, however, there has been the problem that the
compression efficiency is greatly deteriorated in a low speed rotation range of
the compressor, even if there is made an inverter control as an example. In
view of these problems, a water-lubricated compressor using water as cooling
liquid has been developed. In the water-lubricated compressor, water is
used instead of oil and is allowed to fulfill the functions of cooling, sealing
and lubricating. Since it is possible to prevent leakage of gas in the
compressing process, a highly efficient compressing action is attained in an
overall speed range from low to high speed range and there is obtained a
discharge volume of about 30% or more in comparison with that in the dry
type.

As in the foregoing conventional oil-cooied compressor, the water
used in the water-lubricated compressor is separated and recovered by a
water separating/recovering unit which corresponds to the oﬂ separating/
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cl ean conpressed gas, for exanple in a manufacturing process for

manuf acturing el ectronic parts such as sem conductors, precision machines

or foods, there has been the problemthat the oil in question adheres to
mechani cal parts or products associated with the manufacturing process and
causes contamnation. In an effort to solve this problem there has been
devel oped an oil-free conpressor which can operate in a dry condition not
using oil. In this oil-free conpressor, however, there has been the problem
that the conpression efficiency is greatly deteriorated in a | ow speed

rotation raecpyesing unit dasposedsir the\dischdrgenchannel, ik the watesr thus cont r ol
as an exanple. In view of these problens, a water-|ubricated conpressor
usi ng wat ereawereblis agaid suppliedds the emongeressarpticrough 4 vaatermtcinculation cat ed
conpressor, water is wused instead of oil and is allowed to fulfill the
functions chasndl i Howewsa) when there isbittlecat ho@enfind fori domprepassiSgds | t 0
prevent | eakage of gas in the

the compressed gas destination during the winter season, a water systems

including the water separating/recovering unit and the water circulation

channel inay become frozen, giving rise to a trouble such as breakage.

Now, with reference to Fig. 5 attached hereto, a description will be
given about a conventional technique to prevent the aforesaid freezing of
water systems in the water-lubricated compressor. Fig. 5 is a front
see-through diagram of a water jet compressor having a conventional
antifreezing device. According to the conventional antifreezing method in a
water jet compressor, two openings are formed in a package 20 and a cover
46 for covering the openings is attached to an outer wall of the package,
thereby forming a circulation channel 47, the circulation channel 47 having
an inlet port 44 for introduction of air present within the pack_age 20 and a
release port 45 for releasing heated air into the package 20, further, air
circulating means 42, e.g., an air fan, and heating means 43, e.g., an electric
heater, are installed within the circulation channel 47 to circulate heated air
through the interior of the package (see Japanesé Patent Laid-Open
Publication No. 2001-263242).

In the .above conventional antifreezing technique it is necessary that
the air present within the package be circulated by air circulating means
such as a fan for example. However, sihce a large number of constituent.
parts are accommodated complicatedly within the package, it is difficult to
let the air present within the péckage circulate thoroughly without
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conpressing process, a highly efficient conpressing action is attained in an

overal |l speed range fromlow to high speed range and there is obtained a
di scharge vol une of about 30% or nmore in conparison with that in the dry
type. As in the foregoing conventional oil-cooled conpressor, the water
used in the water-|ubricated conpressor is separated and recovered by a
wat er separating/recovering unit which corresponds to the oil separating/
recovering unit disposed in the discharge channel, and the water thus

recovered is again s lied t@. the conpress t hr ough,,a {er,.gil ation
Cranmel % stagadion, o fts Sieoriole B SRERA SRB b AR PHRE T bttt T
t he conpressed, gas dest,j nati on. duri ng the wi,.nter season, .a watger systens
nol udi hy PN CBsianE MeAlEotaBeTatire, for tie MEFS WALr SYSIH ARk | on
h I b f ., Qi Vi i t bl h k )
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of water, i.e., a water cooler, may be locally frozen and result in breakage.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a
water-lubricated compressor which, without using an electric heater or a fan,
can remove water from a water cooler which is particularly apt to be
damaged by freezing of water among the water system of the compressor,
and can consequently prevent freezing of water, when there is little or no
demand for compressed gas in a compressed gas destination.

According to the present invention, for achieving the
above-mentioned objecf, there is provided a water-lubricated compressor
comprising a compressor body; a water separating/recovering unit disposed
in a discharge channel of the compressor body; a water circulation channel
for supplying water separated by the water separating/recovering unit to a
water supply portion in the comﬁressor body; a water cooler disposed in the
water circulation channel; a discharge on-off valve disposed in the discharge
channel at a position between a discharge port of the compressor body and
the water separating/recovering unit; a water circulation on-off valve
disposed in the water circulation channel at a position between the water
cooler and the water supply portion in the compressor body; a gas release
channel providing communication between a gas phase portion of the water
separating/recovering unit and the exterior of the water separating/
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Now, with reference to Fig. 5 attached hereto, a description will be given
about a conventional technique to prevent the aforesaid freezing of water
systens in the water-|ubricated conpressor. Fig. 5is a front see-through
di agram of a water jet conpressor having a conventional antifreezing
device. According to the conventional antifreezing method in a water jet
conpressor, two openings are forned in a package 20 and a cover 46 for
covering the openings is attached to an outer wall of the package, thereby

formng a circulation.channel 47, the cjitcul ati,on channel, 47 havi,n an
inl et port I8PVESIE MLEGRCEFDACERSG; |- egéllme wﬁpﬁ??ﬁtlﬂet %&@égéelfgseand a
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electric heater, are installed within the ¢circulation channel 47 to
circul ate wnamfbyalyerand she watex pacylation; en-ofivalvie apdlassothesgas elpastse
Pat ent Lai d-Qpen _ Publication No. 2001-263242).
on-off valve when the compressor body is in operation, and so as to close the
discharge on-off valve and the water circulation on-off valve and open the gas
release on-off valve when the compressor body is not in operation.

According to the water-lubricated compressor of the above structure,
since the discharge on-off valve and the water circulation on-off valve are
opened and the gas release on-off valve is closed when the compressor body is

" in operation, and the discharge on-off valve and the water circulation on-off
valve are closed and the gas release on-off valve is opened when the
compressor body is not in operation, the water present within the water
cooler can be recovered into the water separating/recovering unit through
the water circulation channel. Thus, water can be removed from the water
cooler which is particularly apt to be damaged by freezing of water among
the devices disposed in the water circulation channel, that is, it is possible to
avoid the occurrence of a trouble such as breakage of the water cooler caused
by freezing of water.

In the water-lubricated compressor of the present invention,
discharge stop means may be disposed in the discharge channel succeeding
the water separating/recovering unit. The discharge stop means may be
constituted by an on-off valve which closes the discharge channel when the
compressor body is not in operation or a check valve which is opened so that
the compressed gas flows in only the discharge direction of the discharge

channel. With such a structure, the compressed gas present within the
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In the above conventional antifreezing technique it is necessary that the
air present within the package be circulated by air circulating nmeans such
as a fan for exanple. However, since a |arge nunber of constituent parts
are accomodat ed conplicatedly within the package, it is difficult to Ilet
the air present within the package circul ate thoroughly w thout 3
stagnation. Thus, according to such an antifreezing nethod, it is difficult
to maintain a constant heating tenperature for the entire water system and
hence there is a fear that, a deyice particularly apt to be . danaged b
freezing d&fatgRsystem cemprisingthe wa reﬁqpqﬁygquesg\ggmgg f“l”éfze'irf‘aeaW&t‘i‘ sult in
breakage. SUMVARY OF THE | NVENTI ON Accordingly, it is an qQbject Qf the
present i neeqler andithe ater girculatign @haﬂ%rlﬁééﬁééée@&hﬁﬂ*gg‘s@e g#9 xaleasg t hout

using an electric heater or a_fan, can renove water froma water cool er
whi ch i s pehannell and\consequentle the water present within the water system is

recovered by the water separating/recovering unit. At this time, even if the
amount of the recovered water .exceeds the capacity of a water pool portion in
the water separating/recovering unit, the water is conducted to the gas
release channel side and is released to the exterior of the system without
flowing toward the discharge channel. |

In the water-lubricated compressor of the present invention, a water
inlet of the water cooler may be formed on a bottom side of the cooler, and the
water circulation channel in the water cooler may become higher or
horizontal toward a downstream side. With this structure, water can be
removed substantially positively from the water circulation channel formed
within the water cooler.

In the water-lubricated compressor of the present invention, a water
outlet of the water cooler may be formed on a top side of the cooler. With
this structure, water can be removed positively from the water circulation
channel formed within the water cooler.

The water-lubricated compressor of the present invention may
further comprise a bypass channel for communication between the water
circulation channel located between the water separating/recovering unit
and the water cooler and the water circulation channel located between the
water cooler and the water circulation on-off valve and a bypass on-off valve
disposed in the bypass channel, and the controller may open the bypass
on-off valve when the compressor body is not in operation. With this
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damaged by freezing of water anong the water system of the conpressor, and
can consequently prevent freezing of water, when there is little or no
dermand for conpressed gas in a conpressed gas destination. According to the
present invention, for achieving the above-nentioned object, there is
provi ded a water-1lubricated conpressor conprising a conpressor body; a

wat er separating/recovering unit disposed in a discharge channel of the
conpressor body; a water circul ation channel for supplying water separated
by the wat ¢

[_.separating/recovering kit  f o t suppl r{i{on.in the
conpr essorS%ﬁ?&ea%tvg?t%‘o‘lﬁeg?ntdi%gg%lé‘egﬁ? ﬁtﬁﬁ%o%etref;é @#’Xgﬂ%gt ?)gnr%hghannel ;
a discharge on-off val ve disposed i.n .t di.schar ge hannel at. a position
bt woen o TALEh SFRATRETeGPVeIREE duth ARLE BPSEA, Felnaval, o Nales fromm A3
separating/recovering unit;, a water circulatjon on-off valve .disposed in
he vt e BRRIFOAIPD 4aB b done RO SOEPRVEN BErmeeHVE 1l e BPsHoRg G and
the water supply_portjon in ttj]e (%o ressor bhody; .a gas rel Sase

wager inlet and water outlet of the water cooler or the Iayout and structure of

the water drculation channel formed within the water cooler.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic system diagram for explai;ling a water-
lubricated compressor according to a first embodiment of the present
invention;

Fig. 2 is a schematic diagram for explaining an example of a water
cooler used in the water-lubricated compressor of the first embodiment;

Fig. 3 is a schematic system diagram for explaining a
water-lubricated compressor according to a second embodiment of the
present invention;

Fig. 4 is a schematic diagram for explaining an example of a water
cooler used in the water-lubricated compressor of the second embodiment;

and

Fig. 5 is a front see-through diagram of a water jet compressor

equipped with a conventional antifreezing device.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
A water-lubricated comp;'essor according to a first embodiment of the
present invention will be described below with reference to Fig. 1 attached
hereto. Fig. 1 is a schematic system diagram for explaining the
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channel providing communi cati on between a gas phase portion of the water
separating/recovering unit and the exterior of the water separating/ 4
recovering unit; a gas release on-off valve disposed in the gas rel ease
channel ; and a controller adapted to make control so as to open the

di scharge on-off valve and the water circulation on-off valve and dose the
gas release on-off valve when the conpressor body is in operation, and so
as to dose the discharge on-off valve and the water circulation on-off

"7 oper at i SRR cOBpRRRSH BT AR MG o caoor of the above |
on of f vl ve ar ebbSHEHT S TG SGIPreet B AL g5 st AL Bent NI fhen ¢ he
conpressor body is .in Qperation, and,the discharge on-off .val ye and the
vt or ci rceTapresionhod ' hydingea ketar shambenfarnad 190 BreHEEObA T val ve
's opened xe{]s?rrllg,t \Qr(iath a pair of male and female screw rotors (not shown) being in

mesh with each other and accommodated rotatably within the rotor chamber.

A suction channel 2 is connected to a suction port 1a of the compressor body 1,

while one end side of a discharge channel 3 is connected to a discharge port

1b of the compressor body. One of the pair of male and female screw rotors’

which constitute the compressor body 1, only the male rotor is connected to a

drive shaft of a drive motor M. The screw rotors are rotated with the drive

motor M, thereby gas supplied from the suction channel 2 is sucked in from

the suction port la of the compressor body 1 and is compressed, then the

compressed air is discharged as high-pressure gas from the discharge port 1b

to the discharge channel 3.

A water separating/recovering unit 4 for separating and recovering

water from the compressed gas thus discharged is disposed in the discharge

channel 3. A water separating element (not shown) is provided in the

interior of the water separating/recovering unit 4. Water which is mixed in

the high-pressure gas admitted into the water separating/recovering unit 4

is captured by the water separating element. The water captured by the

water separating element drops by its own weight, forming a water pool

portion 4a in an inner lower portion of the water separating/recovering unit

4,

A water circulation channel 5 is to supply the water stored in the

water pool portion 4a of the water separating/recovering unit 4 to a water
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conpressor body is not in operation, the water present within the water

cool er can be recovered into the water separating/recovering unit through
the water circul ation channel. Thus, water can be renoved fromthe water
cooler which is particularly apt to be damaged by freezing of water anong

t he devices disposed in the water circul ation channel, that is, it is
possible to avoid the occurrence of a trouble such as breakage of the water
cool er caused by freezing of water. In the water-|ubricated conpressor of

t he present invention, _discharge stop nmeans nmay,.be digposed in the
i schar ge. SHRRINGPORIRE cbii hE+ R RBOTHATErt0s BSasUPPHEA r Bl SHeles (fh. oThe

di scharge stop neans may pbe constjtuted by an on-off valve which doses the
di schar ge @Wﬁmﬁn&?\a‘i‘fh@rm@éﬂ& éggcﬁcr%cﬁ?t‘?@ apd the 196w 6185 ‘ghl check

val ve which is opened so that the conpressed gas flows in only_the
di schar ge enqomadﬁte@fthpn@tmswndr@@nwﬁimfeuhe cympressethbedy flr udnthe, t he

conpressed gas present within the ) )
water circulation channel 5, there are disposed a water cooler 6 for cooling

water to be supplied to the compressor body 1, as well as a filter 7.

A discharge on-off valve 12 is disposed in the discharge channel 3
located between the discharge port 1b of the compressor body 1 and the
water separating/recovering unit 4, while in the discharge channel 3 of
compressed gas succeeding the water separating/recovering unit 4, there are
disposed discharge stop means 8 and a pressure gauge 3a. Further, a water
circulation on-off valve 13 is disposed in the water circulation channel 5
located between the water cooler 6 and a water supply portion lc of the
compressor body 1. There is formed a gas release channel 15 for
communication between a gas phase portion of the water
separating/recovering unit 4 and the exterior (a low pressure space in which
the air or the like is present; in a package type compressor, it may be either
the interior or the exterior of the package) of the water separating/recovering
unit 4, and a gas release on-off valve 15a is disposed in the gas release
channel 15.

On the other hand, the rotation of the drive motor M for the
compressor body 1 is controlled with a frequency signal which is transmitted
to the motor from a controller 10 via an inverter 11. More specifically, in
normal operation, the controller 10 receives a detected pressure Pd from the
pressure gauge 3a installed in the discharge channel 3 and, for controlling
rotation, provides a command indicative of an appropriate number of
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5 water system conprising the water separating/recovering unit,

cool er
channel

anount of the recovered water exceeds the capacity of a water pool

and

the water circulation channel is rel eased through the gas

t he wat er

rel ease

and consequently the water present within the water systemis
recovered by the water separating/recovering unit. At this tinme, even if the

portion

in the water separating/recovering unit, the water is conducted to the gas

rel ease channel

side and is released to the exterior of the system w thout

the. pr esenfeNalvEREs Ceulrtadfar Sxpmpis by PN EmECle i ERE i Mo on

bottom si d

cool er

circul ati on chan enf rRoINPressor bOdy lisin Operatlon,

may

nmed on a
wat er

of the cool er, the water circ tion ghannel in the :
s defegted ERsuis; DA Rerqrem Patal (P USRS O RN T oo, | Wt h i b s

structure, water_can be renoved supstantially positLi vel furomthe wat er

e controller 10 opens

the discharge on-off valve 12 and the water circulation on-off valve 13, and at
the same time closes the gas release on-off valve 15a. On the other hand,
when the compressor body 1 is not in operation, the controller 10 closes the
discharge on-off valve 12 and the water circulation on-off valve 13. At the
same time, the gas release on-off valve 15a is opened to provide
communication between the gas phase portion of the water
separating/recovering unit 4 and the air.

When the compressor body 1 is in operation, water and air both
supplied into the compressing space of the compressor body 1 are mixed up
within the compressing space. As a result, air is dissolved into the water.
The internal pressures of the water separating/recovering unit 4, water
circulation channel 5 and water cooler 6 during operation of the compressor
body 1 are maintained at a so-called “discharge pressure” or a high pressure
close thereto, so that air remains dissolved into the water present therein.
However, once the gas phase portion of the water separating/recovering unit
4 and the exterior of the water separating/recovering unit 4 are brought into
communication with each other, the internal pressures of the water
separating/recovering unit 4, water circulation channel 5 and water cooler 6
drop, and the air which is dissolved in the water reverts to the state of gas.
By the actioh of the a1r thus restored to the gaseous state, the water present
within the water cooler 6 is pushed toward the water separating/recovering
unit 4.
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within the water cooler. In the water-lubricated conpressor of the present

I nvention, a water outlet of the water cooler nmay be forned on a top side
of the cooler. Wth this structure, water can be renoved positively from
the water circulation channel formed within the water cooler. The

wat er -l ubri cated conpressor of the present invention may further conprise a
bypass channel for communi cati on between the water circulation channel

| ocat ed between the water separating/recovering unit and the water cooler

and e et S oLl SRGIKARRT I 8 G e, L
PY023S <O ey ol R b e Mol RGPS Bl gl 10,
present w %ﬁ‘é wa er}eci},\éa ation gﬁlagrrleli 5 'A53 \{'gsruelg, “%tetrr}:gn be removed from the '

water cooler 6 which is particularly apt to be damaged by freezing of water

among the devices disposed in the water circulation channel 5, and thus it is

possible to avoid the occurrence of a trouble such as breakage of the water

cooler 6 caused by freezing.

As the discharge stop means 8 it is preferable to use an on-off valve

or a check valve which is opened so as to permit compressed gas to flow in

only the discharge direction of the discharge channel 3. More specifically,

upon receipt of a start signal from input means (e.g., an input panel provided

with a start/stop switch) (not shown), the controller 10 opens an on-off valve

in the case where the discharge stop means 8 is the on-off valve‘and also

opens the discharge on-off valve 12, allowing compressed gas to pass through

the discharge channel 3. At the same time, the controller 10 opens the

water circulation on-off valve 13 and closes the gas ‘release on-off valve 15a;

then makes the compressor body 1 start operation.

On the other hand, when there is little or no demand for compressed

gas in a compressed gas destination, an operator of the water-lubricated

compressor determines that such a state exists, then pushes a stop switch of

the input means (not shown). The controller 10 receives this OFF signal

and stops the operation of the compressor body 1. Then, the controller 10

closes an on-off valve in case of the discharge stop means 8 being the on-off

valve and closes the discharge on-off valve 12 to close the discharge channel

3. At the same time, the controller 10 closes the water circulation on-off
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wat er separating/recovering unit and positive renoval of water fromthe

wat er cool er can be done nore effectively irrespective of the positions of
‘water inlet and water outlet of the water cooler or the |layout and structure
of the water circulation channel formed within the water cooler. BRI EF

DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a schematic system di agram for
explaining a water- |ubricated conpressor according to a first enbodi nent of
the present invention; Fig. 2 is a schematic diagram for expl ai ni ng an

FI S AR o sﬂazeéga%ﬁ% B L o0 e messier ol Lhe
venti on: MRAGSAL A SR b AT 6 SFEgP AR OGP 1 OP o f%fﬁ\pl? LTI
wat er action of air which reverts to a gaseous state from its dissolved state in water
as described above, the water present within the water cooler 6 is discharged
to the water pool portion 4a of the water separating/recovering unit 4
through the water circulation channel 5.

Alternatively, a modification may be made such that the controller 10
receives the detected pressure Pd from the pressure gauge 3a disposed in the
discharge channel 3, then in order to maintain the detected pressure Pd at a
level between preset upper-limit pressure and lower-limit pressure, the
controller 10 issues a command indicative of stop or start of the compressor
body 1 and, in accordance with this command, the discharge stop means 8,
discharge on-off valve 12, water circulation on-off valve 13 and gas release
on-off valve 15a are each opened or closed as described above.

According to this structure, when the operation of the compressor
body 1 is stopped, the discharge stop means 8 is closed if it is an on-off valve,
the discharge on-off valve 12 and the water circulation on-off valve 13 are -
closed and the gas release on-off valve 15a is opened. As a result, the
internal pressures of the water separating/recovering unit 4, water
circulation channel 5 and water cooler 6, the pressures being maintained at
high pressure during operation, abruptly drop. Consequently, as indicated
by a long dashed double-dotted line in Fig. 1, the water present within the
water cooler 6 is forced back toward the water separating/recovering unit 4
through the water circulation channel 5 under the action of air which reverts

to its gaseous state from such a dissolved state in water as described above.
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cool er used in the water-|ubricated conpressor of the second enbodi nent;
and Fig. 5is a front see-through diagramof a water jet conpressor
equi pped with a conventional antifreezing device. DESCRI PTION OF THE

PREFERRED ENMBODI MENTS A wat er -1 ubricated conpressor according to a first
enbodi mrent of the present invention will be described below with reference

to Fig. 1 attached hereto. Fig. 1 is a schematic system di agram for
explaining the 7 water-lubricated conpressor of the first enbodi nent. The

R UL R R SOhP b R il OGLAR mEE oo
B RS SFUb R A0 RO odES" ¥
of water. Under the ordinary environment, however, it is not necessary to
remove all the amount of water stored in the water pool portion 4a of the
water separating/recovering unit 4. Even with removal of only the water
present within the water cooler 6 constituted by a thin-walled (0.5 mm or so)
copper tube, it is sufficient for avoiding breakage caused by freezing of water.

The reason for disposing the discharge stop means 8 in the discharge
channel 3 succeeding the water separating/recovering unit 4 is as follows.
When the operation of the compressor body 1 is stopped, the compressed gas
present within the water system comprising the water separating/recovering
unit 4, water cooler 6 and water circulation channel 5 is released through the-
gas release channel 15, and at the same time, the water present within the
water system is recovered by the water separating/recovering unit 4. At
this time, even if the amount of the water thus recovered exceeds the
capacity of the water pool portion 4a of the water separating/recovering unit
4, the water is conducted to the gas release channel 15 without getting into
the discharge channel 3 and is released to the exterior of the system because
the discharge channel 3 is blocked by both discharge stop means 8 and
discharge on-off valve 12.

With such a structure, water can be removed from the water cooler 6
which is particularly apt to be damaged by freezing of water among the
devices disposed in the water circulation channel 5, and hence it is possible
to avoid the occurrence of a trouble such as breakage of the water cooler 6
caused by freezing of water.
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A suction channel 2 is connected to a suction port |la of the conpressor body
1, while one end side of a discharge channel 3 i's connected to a di scharge
port |b of the conpressor body. One of the pair of male and femal e screw
rotors which constitute the conpressor body 1, only the male rotor is
connected to a drive shaft of a drive notor M The screw rotors are rotated
with the drive nmotor M thereby gas supplied fromthe suction channel 2 is
sucked in from the suction port |la of the conpressor body 1 and is

conpressed, then _the conpressed air is discharged as high-pressure gas from
t he di scharge porlﬁ&e’ftbth? gPrt“I‘fE“’i?i rﬁét%ﬁé’ﬁr?é'lg%ﬁ%’;&m&’“ embodiment
separating/recovering unit 4 for_separating and recovering,. water fromthe
conpr essed et present sryantipngwill b&i@%@éegiwtgﬁ@?%negsh&a g 2iadhalsos. A

wat er separating elenment (not shown) is provided in the interior of the
wat er separkig dg/ Fégo¥ g prsghemiaticAdiageam fopexplaining.ax egample pfia water

hi gh-pressure gas admitted into the water separating/recoveri ngh unit 4
cooler used in the water-lubricated compressor according to the first

embodiment of the present invention.

A copper tube 16 which constitutes a part of the water circulation
channel 5 is disposed meanderingly in the interior of the water cooler 6. A
cooling medium, e.g., cooling air, is put in contact with the copper tube 16,
thereby the water flowing through the interior of the copper tube 16 can be
cooled. While the compressor body 1 is in operation, the interior of the
copper tube 16 is filled with water, but when the opefation of the compressor
body 1 is stopped and the internal pressure of the water circulation channel
5 drops, the air dissolved in the water reverts to a gaseous state and
accumulates within the copper tube 16 located in the upper portion of the
water cooler 6.

On the other hand, to avoid storing of water within the copper tube
16 in the water cooler 6 during the stop of operation of the compressor body 1,
it is preferable, as shown in Fig. 2, that a watér inlet 16a, which is a
connection between the water circulation channel 5 succeeding the water
separating/recovering unit 4 and the copper tube 16 disposed within the
water cooler 6, be formed in a bottom position of the water cooler 6 and that
the copper tube 16 be disposed within the water cooler 6 so as to occupy an
upper position and become horizontal toward a downstream side.
According to this structure, the air which reverts to a gaseous state from the
dissolved state in water when the compressor body 1 is not in operation rises
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I's captured by the water separating elenment. The water captured by the

wat er separating el enment drops by its own weight, formng a water pool
portion 4a in an inner |lower portion of the water separating/recovering unit
4. A water circulation channel 5 is to supply the water stored in the water
pool portion 4a of the water separating/recovering unit 4 to a water 8
supply portion 1c, i.e., a portion to be supplied with water, (e.g., a
conpressing space forned by the screw rotors and the rotor casing which

Nt or ci ok ASHISHaIRN the WA HHEndViSBUL Boe SORRET Subeddh 9P that Bhe Cool i ng
G schar ge. OYAlSF Preseny aniin theqoppes Beberril Mot HvB andra Meshazeed fat ed
bet ween the discharge port | b of the conpressor body 1 and the

the water separating/recovering unit 4 through the water inlet 16a of the

water cooler 6.

Further, as shown in Fig. 2, if not only the water inlet 16a is formed
in a bottom position of the water cooler 6, but also a water outlet 16b as a
conngction between the copper tube 16 in the water cooler 6 and the water
circulation channel 5 succeeding the water cooler 6 is formed in a top
position of the water cooler 6, it becomes possible to drain water while
allowing only residual water 17 to remain up to a water level 17a within the.
water circulation channel 5 succeeding the water cooler 6, so that the water
present within the copper tube 16 in the water cooler 6 can be discharged
positively.

Thus, according to the antifreezing method for the water-lubricated
compressor of the first embodiment, the discharge on-off valve 12 is disposed
in the discharge channel 3 located between the discharge port 1b of the
compressor body 1 and the water separating/recovering unit 4, and the water
circulation on-off valve 13 is dispdséd in the water circulation channel 5
located between the water cooler 6 and the water supply portion 1c of the
compressor body 1, while there is formed the gas release channel 15 which
provides communication between the gas phase portion of the water
separating/recovering wunit 4 and the exterior of the water
separating/recovering unit 4 and the gas release on-off valve 15a is disposed

_in the gas release channel 15.

As a result, when the compressor body 1 1s in operation, the.
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wat er separating/recovering unit 4, while in the discharge channel 3 of
conpressed gas succeeding the water separating/recovering unit 4, there are
di sposed di scharge stop neans 8 and a pressure gauge 3a. Further, a water
circulation on-off valve 13 is disposed in the water circulation channel 5
| ocat ed between the water cooler 6 and a water supply portion |Ic of the
conpressor body 1. There is fornmed a gas rel ease channel 15 for

comuni cati on between a gas phase portion of the water

separati ng/J.ecoverin ni.t an he exterio a |l ow.pressyre space jn which
Tho it of disrbargsaniodt Palue dafn e ettt elnsBlatidhof Hebatah aeg BRREeA b
either the interior of the exterior_of the packag f the water

separ at i ng/andc B Bas gelegae onzoff yalve, 193 ds closed W3l gphen, the, compressar

di sposed in the gas rel ease channel 15, On the fgt her hand, .the rotation of

the drive mhodsrl NeiRet ihoPeraion ctheodisshayee onoff sralye| 12 and; the waterquency

signal which is transmtted .
circulation on-off valve 13 are closed and the gas release on-off valve 15a is

opened, thereby the water present within the water cooler 6 can be recovered

- to the water separating/recovering unit 4 through the water circulation
channel 5. Therefore, it is possible to remove water from the water cooler 6
which is particularly apt to be damaged by freezing of water aﬁlong the
devices disposed in the water circulation channel 5, and hence it becomes
possible to avoid the occurrence of a trouble such as breakage of the water
cooler 6 caused by freezing of water.

Besides, the discharge stop means 8 is disposed in the discharge
channel 3 succeeding the water separating/recovering unit 4, and since the
discharge stop means 8 is an on-off valve which closes the discharge channel
3 when the compressor body 1 is not ih operation or a check valve which is
opened so as to permit compressed gas to flow in only the discharge direction
of the discharge channel, the compressed gas present within the water
system comprising the water separating/recovering unit 4, water cooler 6
and water circulation channel 5 is released through the gas release channel
15 and accordingly the water present within the water system is recovered to
the water separating/recovering unit 4. At this time, even if the amount of

 the water thus recovered exceeds the capacity of the water pool portion 4a in
the water separating/recovering unit 4a, the water is conducted toward the

. gas release channel 15 without getting into the discharge channel 3 and is
released to the exterior of the system.
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to the notor froma controller 10 via an inverter 11. Mre specifically, in
nornmal operation, the controller 10 receives a detected pressure Pd fromthe
pressure gauge 3a installed in the discharge channel 3 and, for controlling
rotation, provides a conmand indicative of an appropriate nunber of 9

revol utions cal cul ated for exanple by PID control to the inverter 11 so that
the detected pressure Pd becones equal to a predeterm ned pressure. \Wen the
conpressor body 1 is in operation, the controller 10 opens the discharge
on-of f valve 12 d the water_ circul ation on-off valve 13, ang at ,ithe sane
time closes the @ﬁge?@reme She Srate lot 16841 tes ware? Graies 6 il meden the
conpressor body 1 is_not in operation, the controller 10 doses_the

di schar ge @nbastem\pgsitaon of thy water apler & apd the: cappestuberl6 g dispesed At t he
same tinme, the gas rel ease on-off valve 15a is opened to_ provide

comuni cat withibetheavatenecoglter fhsos @spter prapyofant Hppemtbosition or become

horizontal toward the downstream side, it is possible to remove water from
the copper tube 16 in the water cooler 6 in a substantially positive manner.
Further, since the water outlet 16b of the water cooler 6 is formed in a top
position of the same cooler, water can be removed positively from the copper
tube 16 in the water cooler 6.

Next, a water-lubricated compressor according to a second
embodiment of the present invention will be described with reference to Figs.
3, 4 and also to Fig. 1. Fig. 3 is a schematic system diagram for explaining
the water-lubricated compressor of the second embodiment and Fig. 4is a
schematic diagram for explaining an example of a water cooler used in the
water-lubricated compressor of the second embodiment. A difference of this
second embodiment from the above first embodiment resides in a drain
channel structure for the drain of water from the water cooler. Other
structural points are the same as in the first embodiment, aﬁd therefore the
following description will cover only the drain channel structure.

According to the drain channel structure for the drain of water from
the water cooler 6 when the compressor body 1 is not in operation in the
previous first embodiment, the water circulation channel 5 connected to the
water inlet 16a of the water cooler 6 is utilized as a drain channel to recover
water into the water separating/recovering unit 4. On the other hand, in
the drain channel structure for the drain of water from the water cooler 6
according to this second embodiment, there is provided a bypass channel 18
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separating/recovering unit 4 and the air. Wen the conpressor body 1 is in
operation, water and air both supplied into the conpressing space of the
conpressor body 1 are mxed up wthin the conpressing space. As a result,
air is dissolved into the water. The internal pressures of the water
separating/recovering unit 4, water circulation channel 5 and water cooler
6 during operation of the conpressor body 1 are nmaintained at a so-called
"di scharge pressure” or a high pressure close thereto, so that air remains
di ssolved into the water present therein. However, once the gas phase
portion of farneommuaicatioyabetivees) thecwataer gitculation chanpel Erf@rrésﬂg betweevt t he

wat er separating/recovering unit 4 are brought into communication with each
ot her, t hetheiwatembeparatingfresoveringunited and thepreater icooler Scovikthenyater t 4,
water circulation channel 5 and water cooler 6 drop, and the air which is
di ssol ved kcirctlatiomackanney8rfosmied bbtwesmthke ofatgascooldy 6t hed athei watexf t he
air thus restored to the gaseous state, the water present

circulation on-off valve 13, and a bypass on-off valve 18a is disposed in t}xe

bypass channel 18. When the compressor body 1 is not in operation, the

bypass on-off valve 18a is opened by the controller 10.

With such a structure, as shown in Fig. 4, it is possible to drain water
while allowing only the residual water 17 to remain up to the wéter level 17a
within the water circulation channel 5 succeeding the water cooler 6
irrespective of the positions of the water inlet 16a and water out:let 16b of the
water cooler 6 or the layout of the copper tube 16 in the water cooler 6.
Thus, there accrues an effect that the water present within the copper tube
16 in the water cooler 6 can be discharged more positively.

As described above, in the antifreezing method for the
water-lubricated compressor according to the present invention, a discharge
on-off valve is disposed in the discharge channel connected to the discharge
port of the compressor body and a water circulation on-off valve is disposed
in the water circulation channel connected to the water outlet of the water
cooler, while a gas release on-off valve is disposed in the gas release channel
which provides communication between the gas phase portion of the water
separating/recovering unit and the exterior of the water
separating/recovering unit. When the compressor body is not in operation,
the discharge on-off valve and the water circulation on-off valve are closed
and the gas release on-off valve is opened. Therefore, the water present

within the water cooler can be recovered to the water separating/recovering
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within the water cooler 6 is pushed toward the water separating/recovering
unit 4. 10 Then, the water present within the water cooler 6 is recovered
into the water pool portion 4a of the water separating/recovering unit 4
through the water circulation channel 5. As a result, water can be renoved
fromthe water cooler 6 which is particularly apt to be damaged by freezing
of water anong the devices disposed in the water circulation channel 5, and
thus it is possible to avoid the occurrence of a trouble such as breakage

. of the water . cool e caused. by freezjn t di schar ge, st nmeans 8 it

i s preferafmat ﬁb‘%@fgﬁv&?ﬁ%fcﬂr%w CE?E%M&%}W Rﬂ%ﬂhﬁe ?‘gr‘?ﬂ}@\’\%d so as
to permt conpressed_gas to flowin , only the discharge direction_of the
di scharge ctateRdrom the,water seoler ghich 1s HBHFP‘-& i ﬁPg(S?%;? gﬁmeéf@hal from

i nput neans (e.g., _ an input panel provided ,
freezing of water, thereby it is possible to avoid the occurrence of a trouble

such as breakage of the water cooler caused by freezing of water.

In the above embodiments, when there is little or no demand for
compressed gas in the compressed gas destination, the operator of the
water-lubricated compressor determines this condition and it is detected that
the OFF switch of the input means is pushed, or the detected pressure Pd on
the pressure gauge 3a rises and is detected to reach a predetermined
upper-limit pressure, whereupon the removal of water in the
water-lubricated compressor is started. However, the antifreezing method
(water removing method) for the water-lubricated compressor according to
the present invention is not limited to the above method.

For example, there may be adopted an antifreezing method wherein
there is provided meané for detecting the outside air temperature or the
water temperature in the water separating/recovering unit 4, and when the
outside air temperature or the water temperature drops to a predetermined
temperature, for example when, in the case of the water temperature, it
drops to 0°C as a freezing temperature, the operation of the compressor body
1 is started, then when the detected pressure Pd detected by the pressure
gauge 3a reaches a predetermined pressﬁre, e.g., 0.5 MPa (a sufficient
pressure for discharge of the water present in the water circulation channel),
the operation of the compressor body 1 is stopped, making it possible to start
the removal of water from the water-lubricated compressor. Alternatively, a
forced drain switch may be provided in the input means and the removal of
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with a start/stop switch) (not shown), the controller 10 opens an on-off
valve in the case where the discharge stop neans 8 is the on-off val ve and
al so opens the discharge on-off valve 12, allow ng conpressed gas to pass
t hrough the discharge channel 3. At the sane tine, the controller 10 opens
the water circulation on-off valve 13 and doses the gas rel ease on-off

val ve 15a; then nakes the conpressor body 1 start operation. On the other
hand, when there is little or no demand for conpressed gas in a conpressed
gas destination,. an erator of the water-|ubricate C ressor. dej erm nes
Phat such valex feota R8P Tubricate cORipreptas Toay Derrtaried BNATPREIRE BEne ( not
shown). The controller 10 receives this OFF signal and stops the operation
of the conp™&¥8br body 1. Then, the controller 10 doses an on-off valve in
case of the discharge stop neans 8 being the on-off valve and doses the

di scharge on-off valve 12 to dose the discharge channel 3. At the sane
tinme, the controller 10 doses the water circulation on-off

20



11 valve 13 and opens the gas rel ease on-off valve 15a. As a result, the

I nternal pressure of the water separating/recovering unit 4 drops, and by
the action of air which reverts to a gaseous state fromits dissolved state
in water as described above, the water present within the water cooler 6 is
di scharged to the water pool portion 4a of the water separating/recovering
unit 4 through the water circul ation channel 5. Alternatively, a

nodi fication nay be nade such that the controller 10 receives the detected

pressure P {rpm the essure gauge 3a disposed in the discharge channel 3,
then in orgﬁ'aﬁj{?m?‘gﬁﬁ the detected pressure Pd at a |evel between

preset upper-limt pressyr.e d lower-limt pressure, the controller 10
i ssues a cofmand®W -e(r’jp'ﬁyga%ﬁ OMRFe§FOrToMRIIFYNE: he conpressor body 1 and,

i n accordance with this co nd, the discharge stop neans 8, discharge
on-of f val ve 12, 2xaMPTeIFHAP0Ht i on on-of f val ve 13 and gas rel ease

a water separating/recovering unit disposed in a discharge channel of
said compressor body;

a water circulation channel for supplying water separated by said
water separating/recovéring unit to a water supply portion in said
compressor body;

a water cooler disposed in said water circulation channel;

a discharge on-off valve disposed in said discharge channel at a
position between a discharge port of said compressor body and said water
separating/recovering unit;

a water circulation on-off valve disposed in said water circulation
channel at a position between said water cooler and said water supply
portion in said compressor body;

a gas release channel providing communication between a gas phase
portion of said water separating/recovering unit and the exterior of said
water separating/recovering unit;

a gas release on-off valve disposed in said gas release channel; and

a controller adapted to make control so as to open said discharge
on-off valve and said water circulation on-off valve and close said gas release
on-off valve when said compressor body is in operation, and so as to close
said discharge on-off valve and said water circulation on-off valve and open
said gas release on-off valve when said compressor body is not in operation.

2. The water-lubricated compressor according to claim 1, wherein
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on-of f val ve 15a are each opened or dosed as described above.

According to

this structure, when the operation of the conpressor body 1 is stopped, the
t he di scharge

di scharge stop neans 8 is dosed if it is an on-off valve,

on-off valve 12 and the water circul ati on on-off valve 13 are

cl osed and

the gas rel ease on-off valve 15a is opened- As a result, the internal
pressures of the water separating/recovering unit 4, water circulation
channel 5 and water cooler 6, the pressures being maintained at high

ed by a

pressure during operation, abruptly.drop. nsequent |y, .as i ndj.cat
Pong  dashe dissBaBE® 5B e i didngstd n paid istharss ¢ ARchgding s

cooler 6 is forced back toward the water separating/recovering unit 4

et

t hrough t h&vater s¢pazpiBgITeco T iRhHAHel 5 under the action of air which
reverts to its gaseous state fromsuch a dissoglved state in water as

descri bed aBove. The water-lubricated compressor according to claim 2, wherein said

discharge stop means is an on-off valve adapted to close said discharge
channel.

4, The water-lubricated compressor according to claim 3, wherein said
controller makes control so as to close said discharge channel when said
compressor body is not in operation.

5. The water-lubricated compressor according to claim 2, wherein said
discharge stop means is a check valve adapted to be opened so as to permit
compressed gas to flow in only a discharge direction of said discharge
channel.

6. The water-lubricated compressor according to claim 1, wherein a
water inlet of said water cooler is formed in a bottom position of said water
cooler, and said water circulation channel located within said water cooler is
disposed so as to occupy an upper position or become horizontal toward a

downstream side.

7. The water-lubricated compressor according to claim 1, wherein a

water outlet of said water cooler is formed in a top position of said water

cooler.

8. The water-lubricated compressor according to claim 1, further
comprising a bypass channel for communication between said water
circulation channel located between said water separating/recovering unit
and said water cooler and said water circulation channel located between
said water cooler and said water circulation on-off valve, and a bypass on-off
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valve disposed in said bypass channel, wherein said controller opens said

bypass on-off valve when said compressor body is not in operation.
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