TI TLE OF THE | NVENTI ON WATER- LUBRI CATED COVPRESSOR
BACKGROUND OF THE INVENTION 1. Field of the Invention
The present invention relates to a water-| ubricated
conpressor capable of preventing freezing of water by
di scharging water froma water cooler disposed in a
wat er circul ati on channel of the conpressor when there
is little or no denmand for conpressed gas at a
conpressed gas destination, i.e., a place to which
conpressed gas is to be supplied. 2. Description of the
Rel ated Art The tenperature of screw rotors

(hereinafter referregyEPOR IPEINVENTIONS") of a screw

conpressor rises as gas sucked froma suction port is

conpr essed wi t hiyATR-PUNRICNIES COMPREFSOR. 2 cooling

mechani smfor cooling the screwrotors is essential.
Her et of ore, as such a cooling nechanism there has
general |y been adopted a cooling mechani sm wherein
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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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recovered from conpressed gas by an oi
separating/recovering unit disposed in a discharge
channel formed in a conpressor body, but a portion of
the oil is carried as oil mst to a conpressed gas
destination together with discharged conpressed gas.
As a result, in a conpressed gas destination requiring
cl ean conpressed gas, for exanple in a manufacturing
process for manufacturing electronic parts such as

sem conductors, precision machines or foods, there has
been the problemthat the oil in question adheres to
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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 011 separating/
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wat er separating/recovering unit which corresponds to

the oil separating/ 2 recovering unit disposed in the

di scharge channel, and the water thus recovered is

again supplied to the conpressor through a water
circulation channel. However, when there is little or

no demand for conpressed gas in the conpressed gas
destination during the winter season, a water systens
including the water separating/recovering unit and the
water circul ation channel may becone frozen, giving

rise to a trouble such as breakage. Now, with reference
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about a conventional technique to prevent the aforesaid
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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 package 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, since a large number of constituent
parts are accommodated complicatedly within the package, it is difficult to
let the air present within the palackage circulate thoroughly without
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such as a fan for exanple. However, since a |large

nunber of constituent parts are accommodat ed
conplicatedly within the package, it is difficult to

let the air present within the package circul ate

t horoughly w thout 3 stagnation. Thus, according to
such an antifreezing nmethod, it is difficult to

mai ntain a constant heating tenperature for the entire
wat er system and hence there is a fear that a device
particularly apt to be damaged by freezing of water,
i.e., a water cooler, may be locally frozen and result

i stagnativngeThes, opgedingtosueh pn\mtifreemingonethoda if iy difficult to
is an object of the present invention to provide a
wamaintainr costant keatmnectamperatureHor ghe leotire (watay system and
el ectric heater or a fan, can renove water froma

whence theoe isra folar thati a derdee pansicalarly apft tothe deonagrshbifreezing
by freezing of water anong the water system of the

c ofiwatersice., a water walercuay gq bevally yirqzen andiresult éu brepkage.
water, when there is little or no demand for

conpressed gas in a conpressed gas destination.

According to the present invention, for achieving the

above- nenti oned SUMMARY OF EHESINVENTION a

wat er -1 ubri cated conpressor - conprising a conpressor
body; aAsseidinglyeptaisatanngbjectcofvthe pgesent tinviértims ¢ol provide a
di scharge channel of the conpressor body; a water

C waterlabiioatedtompeéssof which) prithoud gsingtasy electpiahriaeet diya fan,
the water separating/recovering unit to a water supply
pedi iremove witer ciromr aswaterboubjer svhiek ds peorticelarly apptedcbe
in the water circulation channel; a discharge on-off

vdhmaged bp dseding)of watedi anbag gke weitan spdtemt ofatheosinip®ssor,
bet ween a di scharge port of the conpressor body and
t bed wah consafuentlyi prevemtcheering of wiitér, whenathere is little or no
circul ation on-off valve

demand for compressed gas in a compressed gas destination.

According to the present invention, for achieving the
above'mentioned object, there is provided a waterlubricated 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
separatingfrecovering unit and the exterior of the water separating/
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di sposed in the water circulation channel at a position
bet ween the water cooler and the water supply portion

in the conpressor body; a gas release channe

provi di ng comruni 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

rel ease on-of f val ve disposed in the gas rel ease
channel ," and a controller adapted to nake control so

as to open the discharge on-off valve and the water
circulation on-off valve and dose the gas rel ease
orecrvering| waitiviie gas releasermmeefE ovalve diispesed rinoplee gas orelease
and so as to dose the discharge on-off valve and the
wahennel axd habntrollenadapted ki mekenahtogleso asite ogems the discharge
rel ease on-off val ve when the conpressor body is not in
opardf valve addcthedvaigr rircallati onanesff valveiand ddsecthrepgassrebease
of the above structure, since the discharge on-off

v anwdf walslie whenvihe eompressot badyors inropefdtiong land saras to close the
opened and the gas rel ease on-off valve is dosed when

t lischarge aseff valvedindi the watexogiroudd tiomon-afforalvecand apenathggas
on-of f valve and the water circulation on-off valve

areledssertoff valvewhemn the congaressod body is nwetl mepegatipened
when the conpressor body is not in operation, the

wat er pAseedingwo tthe ratérdubsicated conpressot af theabiveataictare,
into the water separating/recovering unit through the

Wairte theerdisdhairge on@fhvdies andhihe, witer alircabdtidie oni @ffovilde are
fromthe water cooler which is particularly apt to be

d apagabardd/ the g zelt@s©bn-offtvalvesdseloged when dby borpressor body is
di sposed in the water circulation channel, that is, it -

| $n ppeitioheahd the dixcHaigenastt valvened thie water elibhlation Oh-off
as breakage of the water cool er caused by freezing of

WahRe. ate cldsed vaidrthe Ugisi sddeasd onoff ealver isobpéded when the

present 1 nvention,
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
coaler 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 waterlubricated 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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di scharge stop neans may be di sposed in the discharge
channel succeeding the water separating/recovering

unit. The discharge stop neans nay be constituted by

an on-off val ve which doses the di scharge channel when
the conpressor body is not in operation or a check

val ve which is opened so that the conpressed gas fl ows
in only the discharge direction of the discharge

channel. Wth such a structure, the conpressed gas
present wwthin the 5 water system conprising the water
separating/recovering unit, the water cooler and the
watater systeml comprisingathecwates sepheatingirechvering unite theswater
rel ease channel and consequently the water present
wicodlenand chevwater cipesdation channet s/xeleased \thrdvwghitdtecgas release
separating/recovering unit. At this tine, even if the
anhammel odnd kenseguently dlievwater poessddwithire thepesier \sysfenn is
wat er pool portion in the water separating/recovering
umredoyvetedeh yihiecwaties separdtinghrecaverinp anifas Atrthistime, even if the
channel side and is released to the exterior of the

s yaatoaunt of theawetoverédwatey exoewrls dhé bap atityof arvwstee baclairtion in
In the water-| ubricated conpressor of the present

i tve wdten separating/recoveritie whit! tlee wedter is @ohductedytobthe gas
formed on a bottom side of the cooler, and the water

C réleadea¢hanmel Bidenshd s rélbssedatocthecextbror ofithdegsieim without
hi gher or horizontal toward a downstream side. Wth

t Hiowrirg towGird the disehsrgechanhd. renoved substantially
positively fromthe water circul ati on channel forned

Wi t hi n Inhthewedterlulaidated cdmpiebsorwifthe present imtendion, a water
conpressor of the present invention, a water outlet of

t levoftthe waated colerayapbe formed dncrbattdn pideiof thetodércand the
cooler. Wth this structure, water can be renoved

peaitér ikylationnchéenelairethei watdratocdér 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 coaler. 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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channel formed wthin the water cooler. The

wat er - | ubri cated conpressor of the present invention

may further conprise a bypass channel for

conmuni cati on between the water circulation channe

| ocat ed between the water separating/recovering unit

and the water cooler and the water circulation channe

| ocated between the water cooler and the water
circulation on-off valve and a bypass on-off val ve

di sposed in the bypass channel and the controller

open the pass on-off valve mhen t he conpressor

[ §t1'H€)tt“1'¢’n&9p§ia£‘Er BFEseny prthin; the watar, s, rqcﬂ‘ée‘iﬁgol& the
present within the water cooler iis recovered by

WHREST sensaatRp/Repoveing amih gndnmsﬂavm reyayal qfewlaé#o&am the
of water _fromthe mater ol er .can be done nore

ePRtar: coplarycan be sdane @%emée Iy derespastive if thgapesitions of
inlet and water outlet of the water cooler or the

| wptartinkey andiwater owdetsif the matgnopler or thelayonband pametagre of
formed within the water cooler. BRI EF DESCRI PTI ON CF

Tt aitiog. channel formed svithin the yatennoglexgr am f or
expl aining a water- |ubricated conpressor according to

a first enbodi ment of the present invention; Fig. 2 1is
a schematic diagram for | ai ni ng_an exanple of a

water cool eB dDER RIIB ﬂ‘gﬁmvémﬁrs%ressor

of the first enbodinment; Fig. 3 is a schematic system

di agr aBigorl ésqH schematie systemer dingtam cforcexplaining sa owater-
according to a second enbodi ment of the_  present

i lnbzicategh compgessar jaccordinghdanai Bradi embodinient ofthai pitesent

an exanple of a water
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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cool er used in the water-|ubricated conpressor of the
second enbodinent; and Fig. 5 is a front see-through

di agram of a water jet conpressor equipped with a
conventional antifreezing device. DESCRIPTION CF THE
PREFERRED EMBODI MENTS A wat er -l ubri cated conpressor
according to a first enbodi nent 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-|ubricated

conpressor of the first_enbodi nent. The
W&ﬁr:elﬂgsﬁa@étceamemﬁr et the fust cphediment; enbodi nent

i ncludes a conpressor, body 1 hayi.ng_a rotor_chamber

f or red The VawTIRbErsted comphesser the-fixst pnbogiment, inglndes a
of male and fenale screw rofors (pot shown) being in
neespprgseor hodynl baviag airetornchamherformed in: thedpteriar of @ Fptor
the rotor chanber, A suction channel 2 is connected to,
acasieg,| withpo pein of wyale pad femple serew mtens ot shewme heing in
end side of a discharge channel 3 is_connected to a
dimesh witheeashrather andaccomanaedated rotatablywithin thereipr ehamber.
pair of male and fenmale screw rotors' which constitute

t Asuctiorekannsl 2isepnnectediton sickionape lanfshe cempresserhastly 1,
toa drive shaft of a drive nmotor M The screw rotors
awbile ongtend side of a dischargecchanpeb? is\gonmieeteditp aydischarge port
supplied fromthe suction channel 2 is sucked in from .
t e ofsthet domprgssor body.ofOne of therpaie eEmalerary femaledcrew rotors
conpressed, then the conpressed air is discharged as

hwi osidtite the compressorrkodyils ohlyrthe maletrotos is connegted to a
di scharge channel 3. A water separating/recovering unit
4drive skafp of atdirivg raoter Mc oVke sergw 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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water fromthe conpressed gas thus discharged is

di sposed in the discharge channel 3. A water

separating el enent (not shown) is provided in the
interior of the water separating/recovering unit 4.

Water which is mxed in the high-pressure gas admtted
into the water separating/recovering unit 4 is

captured by the water separating el enent. The water
captured by the water separating elenment drops by its
own wei ght, formng a water pool portion 4a in an

inner |ower portion of the water separating/recovering
usupply 4portionailer iei,r supentionn te hizerasipplied swith seater, yletghe a
water stored in the water pool portion 4a of the water
semprassing /speceo femedgby the sdreporetormnnd the retgypéasing which
portion lc, i.e., a portion to be supplied with water,

( accgmmadlatesother eatersn gnddreasinfs) ofthebgyormpuessarr kadyr bt dnsthe
and the rotor casing which accommodates the rotors,

awdtdraedwcuhgion cfadnet 5¢ tigre axe disposel alwaten cobler 6vfat ecoling
circulation channel 5, there are di sposed a water

cwatezito be kapplkiedbto the compiressot bodyel saspwell as atfiltedrie
conpressor body 1, as well as a filter 7. A discharge
on- of f Avdisciearke dmsofflivaves k2l i$ disposed irs thadiehargenclednnl 3
| ocat ed between the discharge port |Ib of the conpressor

blecated towedd dhe Whscharge partalb nf/the compressyr tbvidy ¥.and the
while in the discharge channel 3 of conpressed gas

Swatet esbipagatinpirevevering apdy 4 iwlgle ac aherdischarge tchdnnel 3 of
there are disposed discharge stop neans 8 and a

Plonfressed gas gacdrdinguthievester sepsahting/rédovering uniind, therif dre
valve 13 is disposed in the water circul ation channel 5

| dispésed dixeharstbh means Srandodp ssresghge 3aat Furthepd water
portion Ic of the conpressor body 1. There is fornmed a
odtcul sticma se-ofhealvel 13155 dizposed in the water circulation channel 5
located between the water cooler 6 and a water supply portion 1lc 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 contyoller 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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communi cation between a gas phase portion of the water
separatingtrecovering unit 4 and the exterior (a | ow
pressure space in which the air or the like is
present; in a package type conpressor, it may be either
the interior or the exterior of the package) of the

wat er separatingtrecovering unit 4, and a gas rel ease
on-of f valve 15a is disposed in the gas rel ease

channel 15. On the other hand, the rotation of the
drive nmotor Mfor the conpressor body 1 is controlled

wth a frequency signal which is transmtted to the
m@uuqmmak@&drfer pxample by BID sontaolcto the inyertgp 1t so that

specifically, in _normal operation, the controller 10

r theetleteeted pressure Bd bpeames equabip 4 predeteraningd presauae.

gauge 3a installed in the discharge channel 3 and, for
cont r olWheny the corapressor hodyvl thein eperatiemideicontroler 1@ opens
an appropriate nunber of 9 revolutions cal culated for

e ischarge on-dfvaive 12 and thewaten circulation onseff valye 13t andd at
detected pressure Pd becones equal to a predeterm ned
pthes same tinvheloseshthecgasorelease onnffiyalyeildai n Coptheaothen hand,
the controller 10 opens the discharge on-off valve 12
awlien tbe nernpresson bodyatl isonotoin- exfekatien, \the tontraler 39 closésthe
sane tinme doses the gas rel ease on-off valve 15a. On

t Bisclvarge onhafhdalve \ii2eand the waterrocelationooly off valvend3. i At the
operation, the controller 10 doses the discharge
osamé f timel vthel Zraanadelehse wvai-off walveullfai i apeneflf twaprowide
13. At the sane tine, the gas rel ease on-off valve 15a
i conmpanirdtion pbetwiedn thenmgas cophase bportinmn tofie thas water
phase portion of the water separating/recovering unit
4sepagating/retoveringhanittdandthemiessor body 1 is in

operation, water and air both

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.
Tﬁe 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.
Hovrever, 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 coaler 6
drop, and the air which is dissolved in the water reverts to the state of gas.
By the action of the air 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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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 interna
pressures of the water separating/recovering unit 4,

water circulation channel 5 and water cooler 6 during
operation of the conpressor body 1 are naintained at a
so-call ed "di scharge pressure” or a high pressure dose

thereto, so that air remains dissolved into the water
present therein. However, once the gas phase portion

of the ter separatlng/rec vering unit _4 and the

ext eri Grhes; the,Faien Brfessle i Water, enoleryd ds recoyergddnto
brought into connunlf ion with each, other, the

i hewatar nopkpantiansiapf theswaler sep (raf:?‘wgmeewérqhﬁglgh
unit 4, mater circul ation channel 5 and water cooler
dthsywaten @irenlation channelb.i Ash resplty watercanrhe xemaved om the
reverts to the state of gas. By_the action of the air

t Waterreogles bewhich lﬁrp@rgasledasapéttatb@ danpagefihefrepring of water
wthin the water cooler 6 is pushed toward the water
samarathedevieesslisposed in the water cirgulgtion chanael\f; and thus it is
present wthin the water cooler 6 is _recovered into

t hessitle ¢o apoid| thecenrreneeiofod tromblessiachy as breakage of the water
separatlng/recoverlng unit 4 through the water

ctooder| Gaedusad by dreesings. Asa result, water can be renoved
fromthe water cooler 6 which is particularly apt to

be dandgethetdisdhazge stop meanad itis nrefergbleite use\ancenoff vaive
di sposed in the water circulation channel 5, and thus

i er  shegkovalve wehichy is 9pgned: secasotocRermit cempressed gas by Sow in
such as Dbreakage of the water cooler 6 caused by

f oy the glischargendira¢tiomof the discharge shangeli 3. More spemﬁcally,
preferable to use an on-off valve a check valve

- whAp@hreceipb pba start signel frominput memgms@e inpptpanel provided

in
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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only the discharge direction of the discharge channe

3. More specifically, upon receipt of a start signal
frominput neans (e.g., an input panel provided wth a
start/stop switch) (not shown), the controller 10 opens
an on-off valve in the case where the discharge stop
nmeans 8 is the on-off valve and al so opens the

di scharge on-of fvalve 12, allow ng conpressed gas to
pass through the discharge channel 3. At the sane

time, the controller 10 opens the water circulation
on-of f valve 13 and doses,the gas_release on-off valyve
1%glve 15, and gpens Ehﬁse&rﬁﬁl@ggcﬂn'% ve dPar ¢ Agparesuliy, the
On the _other hapd, when there is little or ngﬁgfnang

f Byternatpressuze of dhewater a%ﬁﬁpgfig@aegas ugits# drons, and by the
operator of the water-lubricated _conpressor determ nes

t peonsefair whighsreerts te a gaseavs staje fram 1tg dissglyed statenyater
t he i nput neans (not shown). The controller 10 receives

t s desgribed jajave, the matennpesentwathinhgwasar eqolemfis discharged
conpressor body 1. Then, the controller 10 doses an
otp shé¢ wateyepdoh noxtion ofa toficthei water sgpaza@pg/meconeripg unit 4
being the on-off valve and doses the discharge on-off
vthrough the watersirculasion chanaeld. channel 3. At the sane
time, the controller 10 doses the water circulation

on- of f Alternatively, a sodifirasionmay bemgde such thatdhe gontrpller 10
valve 15a. As a result, the internal pressure of the
weeceives thexdetected pressuve P frpoy the pressixezaugeda dispaspd in the
action of air which reverts to a gaseous state fromits
ddischarge ¢hanneld, ithemin ender 4o maintain theidetecied pressuraddeat a
present wthin the water cooler 6 is_discharged to the
wievelr bpugenp presed mpper-dimit presgurerand lower-limit pressure, the
separating/recovering unit 4 through the water
ccorn@mlhrilgrissm@m@qm@.anmmé\cmw ocstop ox spaxdiof ithe.compressor

may be nmade such_that the controller 10
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
crculation 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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receives the detected pressure Pd fromthe pressure
gauge 3a disposed in the discharge channel 3, then in
order to maintain the detected pressure Pd at a |evel
bet ween preset upper-limt pressure and |lower-limt
pressure, the controller 10 issues a conmand

i ndicative of stop or start of the conpressor body 1
and, in accordance with this command, the discharge

stop nmeans 8, discharge on-off valve 12, water
circulation on-off valve 13 and gas rel ease on-off

val ve 15a arg each opened or. dgsed as descri bed ahove.
Accor diwﬂbaawgtegtswm melyfag the, @%ﬁ%ﬁ%%?hw 5,
conpressor body 1 is stopped, the dischar top neans
gitils thp;waterisepatating/recovemng ynif 4 that can h@d&%gjmegteammt
on-of f valve 12 and the water circul ation on-off valve
10f water. dUnder thriondivary-environment, however, if 48 \not pegessary to
opened. As a result, the internal pressures of the
weenegvesalb they amoynt of waser atpredin the water poolcporgionada ofithe
channel 5 and water cooler 6, the pressures being
nWaterseparating/raspvaring unitud.e Bven withorrmenal @f ondy the maper
drop. Consequently, as indicated _ by a | ong dashed
dpxesent wishinothe watericoaler § constituted higa shinywalled {0.5mmion so)
the water cooler 6 is forced back toward the water
seopaentubegitis suffistentfonavoiding breakaggicansed hpfreezing of water.
circulation channel 5 under the action of air which

r ever t Thetreasansfoy disposingthe discharge stop meand 8sndhe discharge
state in water as described above. 12 Anong the water
sehanaek 3 succeeding) ghe matew separating/ecovening cimhdds @3, follpws.
is the water separating/recovering unit 4 that can hold
t Waeh4hg eperaioniofthe oémpraseor badydiels stopped; thecomypressed gas
envi ronnent, however, it is not necessary to renove
aptesentewishio the witenaysemgompriking thehwateaiseparasizig/recovering
portion 4a of the water separating/recovering unit 4.
Pumit 4vwater cooler 6 landiwater gireulatiomchannel 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 channe]l 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 channe] 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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present wthin the water cooler 6 constituted by a
thin-walled (0.5 mmor so) copper tube, it is
sufficient for avoidi ng breakage caused by freezing of
wat er. The reason for disposing the di.scharge stop
means 8 in the discharge channel 3 succeeding the
wat er separating/recovering unit 4 is as follows. Wen
the operation of the conpressor body 1 is stopped, the
conpressed gas present within the water system
conprising the water separating/recovering unit 4,
wat er cooler 6 and water circulation channel 5 is )
r el easellextrthegitractere oftbe wdtencenlehusedein the firgh embodiment
the sane tine, the water present within the water
syftthmpiresend Goventiah il bhaleseriked withareferencs te&ig:ck and also
unit 4. At this time, even if the anount of the water
t Hiig. 1.echigeldd Memﬁctﬁmamfmm%inﬁﬁ ae examnple tpfcn)hrater
portion 4a of the water separating/recovering unit 4,
t heoleat esed dnc thoel eater hutoidabed gampresseasaccordingeto the first
W t hout getting into the discharge channel 3 and is
r cdnslacgkisten O of the presentiinvenifont he syst em because the
di scharge channel 3 is bl ocked by both di scharge stop
means 8Aawgpertelséd 46 gehioh -coh$tituites ajpart \0f tthe swater airculation
structure, water can be renoved fromthe water cooler 6
withahnelss pedisp asédamban daringly ivh thelimrtariericbthef watericoglen. A
wat er anong the devices disposed in the water
Cicoolithg im edinum b a1gnedoobng aixgishputin téntast withsthlel ppeotube 16,
avoid the occurrence of a trouble such as breakage of
t htheyebyathe ovater floGnng threagh ibtie interisr of) thef coppler tubel B6 can be
Next, the structure of the water cooler used in the
f icosledenBidlerthy compresher bodys dnis innoperiation, thé inteeior of the
described with reference to Fig. 2 and also Fig. 1.
Ficgppét tube d69s fidled twith ohatey) buh When thebperation ofithecccompriessor
of a water

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 water 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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cool er used in the water-|ubricated conpressor

according to the first enbodi nent of the present

i nvention. 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 nedium e.g., cooling air, is put in contact

with the copper tube 16, thereby the water flow ng
through the interior of the copper tube 16 can be

cool ed. While the conpressor body 1 is in operation,

the interior of the copper tube 16 is filled wth
wandraccimulateein thecupypee partion within the copyrrdubel6, swthatthe
IS stopped and the internal pressure of the water

Ciwater pitesemt withimtHe coppelr byber 16 iefoxced diowns anddsldischatged to
water reverts to a gaseous state and accunul ates

withé iwatelh sepraptiap/irécoveridg unit 4t thdough the wat@einlpp164a @f the
of the water cooler 6. On the other hand, to avoid
Saterngolsr 6vat er within the copper tube 16 in the

wat er cooler 6 during the stop of operation of the

conpr esBithéHdy showniih Fig. Nrifhet adly ethe amatehimlet 16 fsifgrmed
2, that a water inlet 16a, which is a connection

b ¢ welsittdnb @ ovitiioarof the crdtsi ceulercbdutchlsdb aswatee antitley 16beas a
wat er separating/recovering unit 4 and the copper tube

1@orttieztion ddtwedmilic édpper tabec16 O9the waber Edldrod and the water
bottom position of the water cooler 6 and that the

Cceivedatibhbéhakbeb & ducpodiag thet Water! bonlanbeis faxeded ird & dop
as to occupy an upper position and becone hori zont al

t pwsitidn cofdhensiataatooldrds; it Becvniedi pabsilsle ttoi dravh rwister rvehile
the air which reverts to a gaseous state fromthe :

diaHowingeshl rédidualiwatet a7 tiemainap ¢ BRvaEs Iiveb DT withins the

not in operation rises 14 and accunul ates in the upper

P @atdratirotl d thorch dithel Gsueteedintpethbby ate® codlad 6] siethat 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 djspﬁséd in the water circulation channel 5
located between the water cooler 6 and the water supply portion ic 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 unit 4 and the exterior of the water
separatirig/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 is in operation, the.
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wat er present within the copper tuber 16 is forced down
and is discharged to 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 fornmed in a bottomposition of the water
cooler 6, but also a water outlet 16b as a connection
bet ween 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 _beconmes possible to drain water while
aldissharge anioff valyei 1@ and thetveaten cireatienaneiiyalve 13 avpensned
level 17a within the water circulation channel 5

s andethei gay relenspcanceff yablect5sis elosadh athilevhent the compressor
present within the copper tube 16 in the water cooler 6
cdndpd i nohan perapes, thevdisghargs um-of cvalvelil?gand theowater
antifreezing nethod for the water-|ubricated

c cirpuladivaromdff walyef 1% ate doded dindethe, gasireleise cinceffjwalve 15a is
on-of f valve 12 is disposed in the discharge channel 3

| opened] theteby the waterdiresdudmgthipdhe watemdoolére can be recovered
conpressor body 1 and the water separating/recovering

une tthd, wated separatmgrecovening lunif dnthrough ftheawaterl Sirqwdation
di sposed in the water circulation channel 5 | ocated
behmewel & hTherdfere, disIpossiblectod etnove water fromptheywater tocder 6
|c of the conpressor body 1, while there is forned the
gadhiclelie paetiollarigeiptito béidamagpd by freezingnofiwatext among the
bet ween the gas phase portion of the water

sdpveiced dispbsesc i thie magtemeitcudationd chimned )@, canidb hende itHmecomes
wat er separating/recovering unit 4 and the gas rel ease
oposdililetal aveidl tie ocutienpesfd troublé seclyas hrealespecof the water
channel 15. As a result, when the conpressor body 1 is

i noal@e aswsed byt 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 m 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 poal 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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15 di scharge on-off valve 12 and the water circul ation
on-of f valve 13 are opened and the gas rel ease on-off
val ve 15a is dosed, while when the conpressor body 1

is not in operation, the discharge on-off valve 12 and
the water circulation on-off valve 13 are dosed and

the gas rel ease 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 renove water fromthe water cooler 6

whi ch iMoresver, siricarthe water indetbkbackfrtheg avatey cdolesh isfgrmed in
wat er anong the devices disposed in the water

carhattom iposition=ofrible Batendoler fcand thercapper subp d6sistlisposed
to avoid the occurrence of a trouble such as breakage
oWwithin that waterccmler 66sa agdedodosypy raae npper gositioneor become
Besi des, the discharge stop neans 8 is disposed in the
dherikentgk towdradrthel dodvistreare gidagittis gossblerto remove water from
separating/recovering unit 4, and since the discharge
stlopcoppensulle 18 imithe mabtéxf cookdr\Ginnhisabhstansialy tpositive manner.
di scharge channel a when the conpressor body 1 is not

i Fusther,atineenther water lomtlet A6b\of thaiwater soolee ie fhraedain 4 top
permt conpressed gas to flowin only the discharge
dpositibn of theofarhé eodders shatergmncherensdve digusithely frons ik @pper
present within the water system conprising the water

s eyl 8 innhervestey esalexgb.unit 4, water cooler 6 and water
circulation channel 5 is released through the gas

r el easeNettanaelwatéilubritated ocanpupsyort heccorling o e aersecond
within the water systemis recovered to the water

S exnbodiim eng/of Goopresempinvantiorwillbe déscsibed with eeferencé td Figs.
amount of the water thus recovered exceeds the
capsand \alwf totFig. hatBig. faoh spherhati sylstemndiagienm \fort @tplaining
separatingtrecovering unit 4a, the water is conducted

t thaawdtdrilabricated compressor of the second embodiment and Fig. 4 is 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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gas rel ease channel 15 without getting into the

di scharge channel 3 and is released to the exterior of
the system 16 Mreover, since the water inlet 16a of
the water cooler 6 is formed in a bottom position of
the water cooler 6 and the copper tube 16 is di sposed
within the water cooler 6 so as to occupy an upper
position or becone horizontal toward the downstream
side, it is possible to renmove water from the copper
tube 16 in the water cooler 6 in a substantially
positive manner. Further, since the water outlet 16b

offort domnmahientiow between the Watemeitculationtchannpbs férroed bétween
the same cool er, water can be renoved positively from

t klee wap@edepatdthnr/fetovaridghanitall id theok&fer Goolbe Btandithe water
wat er - | ubri cated conpressor according to a second

egirealiafivnt ciiinneh & furardnbetwrét fhieOWwatdrl toolér Gestd itheGvater
with reference to Figs. 3, 4 and also to Fig. 1. Fig.

3 cirbulativs PRreE valve IR, aiddci e 4%81chedff eXIve 83l iBWispdied in the
wat er - | ubri cated conpressor of the second enbodi nent :

aBﬁ'pEésgchaﬂm'eB 18. WhANNel Conthbrdsdo? "Bod9r 1 8X RbQ i ioPeratibn, the
exanpl e of a water cooler used in the water-|ubricated

C BYPAR RO 0Alve N8a 666 dHyBEiciREbLer10li f f erence of

this second enbodi nent fromthe above first enbodi nent

resi deswith sach ad¥tFuct@ft? A9 Showh it/ Fig! 4Citi9podsille 46 BrdinGhater
water fromthe water cooler. Other structural points

abhileBloSARE oy the rédi@udll water ¢ 7RO B up £ thel WhtePi&eP17a

the followng description will cover only the drain

ChathiR| the! it lefreulitiodl dhﬁhﬁhélostilﬁxé’écﬁhﬁ HeaRARer cooler 6

structurefor the drain of water from e water cool er
i€ oftREROEETAE oP b/ water nleP 164 Snd w&t ditleti 18bloh the

preV| ous first enbodinent, the water circul ation

C QatsietooterCO vp Ak ddyéiet Bﬂ&e 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 umit 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 crculation 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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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

enbodi nent, there is provided a bypass channel 18 17

for communication between the water circul ati on channe

5 formed between the water separating/recovering unit

4 and the water cooler 6 and the water circul ation
channel 5 faormed between the water cooler 6 and the

wandty threugh- theswater cireulation chapael and thws i ispossibledg rempve
val ve 18a is disposed in the bypass channel 18. Wen

t meaten fiome she) (water godler svhigh is pasperlarlyoapt tmde damaged by
on-of f valve 18a is opened by the controller 10. Wth

s frelezingf rwasen rthereby @hmwml;/leltg avnid the pecuprence iof @ trenble
drain water while allowing only the residual water 17

t sucleambreakpge of theewater cpolemcarsed by fragiing of water.wat er
circulation channel 5 succeeding the water cooler 6

i rr espdat theeabdve: emabpdisientsnwhen thexe walitde ot dedand for
and water outlet 16b of the water cooler 6 or the

| agropresséd tgas inoplve rcompwesséd gas tlesiination, theobperator of the
Thus, there accrues an effect that the water present
wintaltérrlubkica tedzompressor deteémimest this conditioncand ilris Qeteatedithat
di scharged nore positively. As described above, in the
athé OFFeswitoh ofthb dapdtoneaeis puahed,-dr ithe idetectet] pressure Pd on
conpressor according to the present invention, a

ditlse Ipxespare @augef 3a alises awsd db setedtedito réarhdiaspredetpemined
channel connected to the discharge port of the
capperkimitr pretgursid whemupon citheul mmaval orofof Watezl vim i the
di sposed in the water circulation channel connected to

t watewliubricatetll compréssphds stareed. Fovevey, thiei Antifneezirsg method
rel ease on-off valve is disposed in the gas rel ease

c featee lremoving method) for the water-lubricated compressor according teo

the present invention is not limited to the above method.

For example, there may be adopted an antifreezing method wherein
there is provided means 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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whi ch provi des conmuni cati on between the gas phase
portion of the water separating/recovering unit and
the exterior of the water separating/recovering unit.
When the conpressor body is not in operation, the

di scharge 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 wthin the water
cool er can be recovered to the water
separating/recovering 18 unit through the water
circulation channel and thus it is possible to renove
weraser fromnthenwatextubricated comprssor may pestarded by lipputting the
to be danaged by freezing of water, thereby it is
pesdichbl e to avoid the occurrence of. a trouble such as
breakage of the water cool er caused by freezing of
water. In the above enbodi nents, when there is little
or no demand for conpressed gas in the conpressed gas
destination, the operator of the water-I|ubricated
conpressor determnes this condition and it is detected
that the OFF switch of the input nmeans is pushed, or
the detected pressure Pd on the pressure gauge 3a
rises and is detected to reach a predeterm ned
upper-limt pressure, whereupon the renoval of water in
the water-lubricated conpressor is started. However,
the antifreezing nethod (water renoving nethod) for
the water-|ubricated conpressor according to the
present invention is not limted to the above nethod.
For exanple, there may be adopted an antifreezing

met hod wherein there is provided neans for detecting
the outside air tenperature or the water tenperature
in the water separating/recovering unit 4, and when the
outside air tenperature or the water tenperature drops
to a predeterm ned

20



tenperature, for exanple when, in the case of the water
tenperature, it drops to O C as a freezing

tenperature, the operation of the conpressor body 1 is
started, then when the detected pressure Pd detected by
the pressure gauge 3a reaches a predeterm ned

pressure, e.g., 0.5 MPa (a sufficient pressure for

di scharge of the water present in the water circulation
channel ), the operation of the conpressor body 1 is
stopped, making it possible to start the renoval of
water fromthe water-|ubricated conpressor.
AWkatisclajmed issa forced drain switch may be provided

in the input means and the renoval, of 19 water from

t hé. watdmatemiubzisated copnsessos gempniginge started by
inputting the switch. 20 What is clained is: 1. A

wat er - |ainmopressat bodsitpr essor conprising: a conpressor
body; a water separating/recovering unit disposed in a

di scharaywatgxaepatatisig/recevesingunit disposedindydischavge ehannel of
circul ation channel for supplying water separated by

s aaid compiressos bpdy:at i ng/ recovering unit to a water

supply portion in said conpressor body; a water cooler
di spos ex wiaters gircilative rchannelufont supplyihgwadkr sepatiaserh by gaid
on-of f val ve disposed in said discharge channel at a
pemitér epmaEtingirecavestinge hait etopar t watler s aupplyoppriémscin  said
body and said water separating/recovering unit;

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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a water circulation on-off valve disposed in said water
circulation channel at a position between said water
cool er and said water supply portion in said

conpressor body; a gas rel ease channel providing

comuni cati on between a gas phase portion of said

wat er separating/recovering unit and the exterior of

said water separating/recovering unit; a gas rel ease

on- of fval ve di sposed in said gas rel ease channel; and a
controll er adapted to nmake control so as to open said

di scharge on-off valve and said water circul ation
odischéargeadtor nmeashsde shispoaediing saidrdischasge clannd fsuccteding said
when said conpressor body is in.operation, and so as to

C watex separating/seroveripe unitof f val ve and said water
circulation on-off valve and open said gas rel ease

on3of f Tid watertlabrisated commresses accdrdihye tosclamh 2, wherein said
operation. 2. The water-|ubricated conpressor
adisehabigegstop mleansnid anwvbrtoffl valve ladhipted as gdoset syid ndiadirarge
i s disposed in said discharge channel succeeding said
wghg@indlepar ati ng/ recovering unit. 3. The

wat er - | ubri cated conpressor according to claim?2

wher ei rTheawdterdubribated cofipeessoP abcordingatd daind B whakeift said
adapted to close said discharge channel. 4. The

Waéittiolldtbmaked eontzolps @8 0! closeCauidi digchargé |chafihal when said
wherein said controller makes control so as to cl ose

S adrfipRlisSox dg ds abodieperatiem sai d conpressor body is
not 1n operation. 5. The water-|ubricated conpressor

acgor diThp watedlabticated WoipRédaos atdbrditigStonNAdite 25 wherein said

means is a check valve adapted to be opened so as to

Paischirge 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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conpressed gas to flowin only a discharge direction of
said discharge channel. 6. The water-| ubricated
conpressor according to claiml1l, wherein a water inlet
of said water cooler is fornmed in a bottom position of
said water cooler, and said water circulation channe

| ocated within said water cooler is disposed so as to
occupy an upper position or becone horizontal toward a
downstream side. 7. The water-|ubricated conpressor
according to claiml1, wherein a water outlet of said
wat er cooler is fornmed in a top position of said water
cool er.. 8. The water-|ubr]j cat ompressor accgrding to
clvalve dispesed; mesai $ m&p&@a sad sartroler opens said
conmuni cat | on. bet ween sald wat er. circul ati on channe

| bypassomseif xalvie whenjsaid cempzessen badyrigmog i operatignuni t
and said water cooler and said water circul ation
channel | ocated between said water cooler and said
water circul ation on-off valve, and a bypass on-off 22
val ve di sposed in said bypass channel, wherein said
controll er opens said bypass on-off valve when said
conpressor body is not in operation. 23

23





