VWATER | NJECTI ON TYPE SCREW FLUI D MACHI NE BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to water

I njection type screw fluid nachines. Description of the Related Art
In a screw fluid nachine, such as a screw conpressor for conpressing
a target gas by nPWATEBINIRCIIORSHYRE HeREVAAAdFhMACHENEN rotors
housed in a rotor chanber, or a screw expander (an expansion
apparatus), in which the target gas is expanded to rotate the

i ntermeshing nale and fenale screw rotors in the rotor chanber, a

shaft sealing structur eBASHERDHYD GEMMEE NNV ENRTIOoNShaft of the
screw rotor and a bearing to seal the target gas in a system or

preventmtReo @k d8le9ds, f rom being m xed with outside air or the |ike.

The present invention relates to water injection type screw fluid machines.

Description of the Related Art

In a screw fluid machine, such as a screw compressor for compressing a
target gas by means of intermesghing male and female screw rotors housed in a rotor
chamber, or a screw expander (an expansion apparatus), in which the target gas is
expanded to rotate the intermeshing male and female screw rotors in the rotor
chamber, a shaft sealing structure is provided between a rotor shaft of the screw
rotor and a bearing to seal the target gas in a system or prevent the target gas from
being mixed with outside air or the like.

In conventional screw compressors as described in Japan Patent No.
4559343, a lip seal is used as a shaft sealing device on the intake side, while a
mechanical seal is used as a shaft sealing device on the discharge side.

Although the lip seal is an inexpensive and space saving shaft sealing device,
the maximum pressure which can be sealed by the lip seal is typically around 0.3
kgi/em2. For this reason, since the lip seal could have an insufficient shaft sealing
effect or tend to be significantly inferior in durability when used on the high
pressure side, the lip seal can be only used to seat a shaft on the low pressure side.
On the other hand, the mechanical seal, which is capable of sealing a shaft under on
the high pressure side, is problematic in terms of its extremely high cost and large

footprint.



In conventional screw conpressors as described in Japan Patent No.
4559343, a lip seal is used as a shaft sealing device on the intake
side, while a nechanical seal is used as a shaft sealing device on

t he di scharge side. Al though the lip seal is an inexpensive and
space savi ngIshdkt seeal ¢orgpevorc discloged maxiheuabpreeasiede aydrc Racant Die.
sealed by the |ip seal is typically around 0.3 kgf/cnR. For this
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shaft on the intake side and al so used for sealing the shaft on the
di scharkpiwepne screw gptarandotherliy eenl, amppicemrienicating shaneader gowing a
pressure on the lip seal, which is used for sealing the shaft on the
di schargecs bdeyedrhidiedabpnintiosqal eadaheiliy seqliippechmintinictédyyih ait ntake
seal disposed between a screw rotor and the |lip seal, and a

comuni gannRY of Aanmeérrheliatd hrst g secsipadecdied \wbne tbhbeliatyife $ild isehb
and the lip seal to be conmunicated with an i ntake channel or an

i nter megiigt & QpEsSsure section located close to the intake side in the
rotor chanber. On the other hand, as described in JP

2000- 45948- A, e S ey f:] ui hj _Aare.o t
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poor as contrasted to oil, the lip seal becomes nore vulnerable to
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injection type screw fluid nachine suffers froma problemthat the
li p seals hasssarghfor tthedip/sed toi heve neeassialingduhctégquerilowever, because
mai nt enance. SUMVARY OF THE | NVENTI ON
[ubrication property of water is poor as contrasted to oil, the lip seal becomes more
vulnerable to abrasion when it is used for sealing water. Therefore, such a water
injection type screw fluid machine suffers from a problem that the lip seal has a

short service life, necessitating frequent maintenance,

SUMMARY OF THE INVENTION
In view of the problems set forth above, the present invention
advantageously provides a water lubrication type screw fluid machine, in which a
shaft sealing device has a long life.
In order to overcome the above problems, a water injection type screw fluid

machine according to the present invention, in which a target gas is compressed or
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In view of the problens set forth above, the present invention

advant ageously provides a water |ubrication type screw fluid machi ne,
in which a shaft sealing device has a long life. In order to
overconme the above problens, a water injection type screw fluid

machi nesxgeeeiod fged 6f the tfRs Ak ik Ryatdited intotulied farck dydRite@assHifig
conpressed or expansion force of the target gas is converted into
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a rotor chamber fornmed in a casing, while water 1s Injected inside
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machi ne " conpri'sing: a first non-contact seal, a second non-contac

seal , d.a lip seal, which are thsposed between the rotor chanber
and a DR RUHER QiR UL ch Br: IR PHACLTAY 7 SEORIARP SRR Sabrgt &
fromthe rotor chanber_side; a pressurized comuni cating channel for
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pressuri zed space fornmed between the first non-contact seal and the
second st chthtesserew eator aadinaini opeier foommthe cetor nhanhean side; a phessugized
whi ch an open space, which is forned between the second non-contact
seal anebriienidapirgefiannepirsnirodasingihs takgedbas Mbideiatdigh pressure into
According to the above-described structure, a pressure of the
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pressuri zed, s e and thus the open space, the |l eaked water is

rel ease?;utls?dé"n&f}“ﬁ@ CBPER: space through the open comuni cating channel
to the outside, which can prevent the_|leaked water fromarriving at
the |ip seal Mcorbng tondecakovfaspebpt staigharepfa reseureal shaeressagizgd
result, the lip seal is protected agai nst danage, and a | eak of a

| ubri caspatg i indreasadhbybadréhgizmtbedtdrget lgasewhose piressarerisi mcpeashé
lip seal can be avoi ded. Further, the bearing may be a

bear i ngtlmouphetha bliglpressinre Qintk@pmivadivighehavadadr (8] €0s i way, t ypause ribw
fluid machine may further include a | ow pressure comuni cating
channel pfaEu@ botMeNgredBuRsd s e SPRCHntANELE RitilEgh QERAr&Nwife thet Raks

).

out of the rotor chamber into an outflow space is not allowed to flow into the
pressurized space. In addition, even if water could leak into the pressurized space
and thus the open space, the leaked water is released from the open space through
the open communicating channel to the outside, which can prevent the leaked water
from arriving at the lip seal without increasing the pressure of a sealed space. Asa
result, the lip seal is protected against damage, and a leak of a lubricating oil for the
bearing caused by the entry of water into the lip seal can be avoided.

Further, the bearing may be a bearing on the high pressure side, and the
water injection type screw fluid machine may further include a low pressure

communicating channel for allowing an outflow space, which is formed on the rotor
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chanber side with respect to the first non-contact seal, to be
comuni cated with a | ow pressure space inside the rotor chanber or a
| ow pressure channel for the target gas, which is in comrunication
with the rotor chanber. According to the above-descri bed

struct WhamBdreidy S8 Rpelt fohdetlst hOW.ORALE skil, 16 beGethRynieaftdesithng
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t he rot I : Shan S el khd
di scharlggv %@%@Ersggéﬁf%%}%é%gr ess&?36 eer\(l)(\?%lﬁe Ir%gé'g’&fc}%ggla%c}é F%%eﬁ
i ncreased by.i.ntr.oducing thg targe a ose, pressure i s increased
{hr ougretnd b af Tt fen S TGRSR Rt hi < ey because
the pressure ,of the pressyrized space is naintained at e pressure
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rotor chanber into the outflow space is_not allowed to flowinto the
pr essuris zeduesgdweconanebing thaeidiow spask thrdushadetlpyw argssurh eolngvnicating
pressure comruni cati ng channel into the rotor chanber. Further, even

i f the chaheel twthardier ceakbdr bnbo ihbekepelessisl iwede yraserans ldvarsthahes
open space, the |eaked water is released fromthe open space through

t he opedis€ifgbnireadhirag wiiRnfgd pressibe Buhsi gesshiizddbpackis indregrd be
prevented w thout increasing the pressure of the seal ed space that
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supply the target gas, fromwhich the water is separated in the water
r ecovernyregsinized repeggh andoribes urater educiirgplatsdn shraighh etheplew s pressoge
conmmuni cat i ng channel .
communicating channel into the rotor chamber. Further, even if the water would
be leaked into the pressurized space and thus the open space, the leaked water is
released from the open space through the open communicating channel to the
outside. In this way, it can be prevented without increasing the pressure of the
sealed space that the leaked water arrives at the lip seal. This contributes to
remarkably enhanced effects of protecting the lip seal against damage and
preventing a leak of the lubricating oil for the bearing resulting from entry of the
water into the lip seal.
Still further, the water injection type screw fluid machine of the present
invention may be a water injection type screw compressor for compressing the
target gas; further include a water recovery unit for separating the water from the

target gas that is discharged; and supply the target gas, from which the water is

separated in the water recovery unit, through a pressure reducing means to the
4



According to the above structure, a part of the target gas di scharged
fromthe water injection type screw conpressor can be reused as the
target gas to be introduced into the pressurized space, which can
elimnate the necessity to provide an additionally attached facility
for supple¥snn@zdd@nt A8k tEdSHa@nkhe pressurized comuni cating

channel . Mor eover, the water injection type screw fluid
machi ne of t i i S t
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dryer t@ the pressurized conmmuni cating_chanpel.. Accordin 0
e o BEICRIon e SR Rt R RaCaTbPs Tarred PeBode ek O 17 B
the target gas_to be introduced into the pressurized space,. the .

t ar get ’&é’é‘?’dg’éﬁd btorte (HEFSHERGARart C§y~’a Hamgte thengeepeity to provide
ensure that there is no possibility of supplying water through the

pr essurdx addifaenally ettarhed dacilitieffon suppying tad targsh|dasgtontizm pressurized
In addition, in the water injection type screw fluid nachine of this
i nvent i emmanicabingfdhanaklie, which is cl osed when operation of the

wat er injection type screw fluid nmachine is stopped, may be installed
in the pressibmedes aiduRiatat ingcaharygek Qrewnflaid owhpad hibgliavgessent
the water recovery unit and the pressurized comuni cati ng channel .

Accor di figehfioh iga A& BALEE Sas WA whidd m@%'(hiéf iQEeﬁeﬂﬁte?ﬁ‘heéﬁef\tée'éeg

machi nes are connectéed at their discharge side (at positions 1nt

di sch _ . :
cech oher R, kA RS R Sl i SBRIERL, O
communi cat i nq} cga nel, of onﬁ of the scre Iéltkjmi d machi nes which has

been st opped Bo I P ethenr bhyeasiurturss 2 §r RIS SHESOYRTE W gesgoves

fromother screw fluid machi pes in_operation. Thus, the target gas
can water from the target gas to be introduced into the pressurized space, the target gas

can be further dehumidified by means of the dryer, to ensure that there is no
possibility of supplying water through the pressurized communicating channel to
each shaft sealing means.

In addition, in the water injection type screw fluid machine of this invention,
an on-off valve, which is closed when operation of the water injection type screw
fluid machine is stopped, may be installed in the pressurized communicating
channel or in a flow path between the water recovery unit and the pressurized
communicating channel.

According to the above structure, when a plurality of the screw fluid
machines are connected at their discharge side (at positions in the discharge
channels located downstream of the water recovery units) to each other, for example,
it can be avoided that the pressurized communicating channel of one of the screw

fluid machines which has been stopped is supplied with a part of the target gas

discharged from other screw fluid machines in operation. Thus, the target gas can
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be effectively utilized. Further, the water injection type
screw fluid machine of the present invention may further include a

sl eeve nenber fittingly nounted around the rotor shaft, the sl eeve
menber | ocated in the open space and equi pped with a flange projected
towar d g &ffshtpleloutiBbee. According to the above-descri bed
structure (the flange), because water |eaked out of the rotor chanber
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non-contact seals may inclJude; a f|t menber havi ng opposed surfaces

f or med Biested o dopprsietoutsidach ot her across an interval along an
axial direction; two seal rings, which are respectively contacted
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two seal rings to push the seal rings against the opposed surfaces.
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seal is brought into contact with the rotor shaft, the seal ring can
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possibility that the non-contact seal or the rotor would be severely
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|l ead to_f the effect of: sealipg.ih . Thus,
a1 sk PRAP! Pt aRpe s Tared Rdmt hhbipy SEhe B ge Rt e,
BRI EF DESCR! FJ| THE DRAW NGS

Still further, in the water mjection type screw fluid machine of the present
invention, each of the first and second non-contact seals may include: a fit member
having opposed surfaces formed so as to be opposed to each other across an interval
along an axial direction; two seal rings, which are respectively contacted with the
opposed surfaces; and an elastic member disposed between the two seal rings to
push the seal rings against the opposed surfaces.

According to this structure, even if the seal ring in the non-contact seal is
brought into contact with the rotor shaft, the seal ring can be shifted along a radial
direction, to thereby prevent the possibility that the non-contact seal or the rotor
would be severely damaged. Therefore, a clearance between the non-contact seal
(the seal ring) and the rotor shaft can be reduced to a minimum, which can lead to
further improvement in the effect of sealing the shaft. Thus, a risk that the leaked

water reaches the lip seal can he reduced.

BRIEF DESCRIFPTION OF THE DRAWINGS
6



6 FIG 1 is a sinplified cross sectional diagramof a screw
conpressor according to a first enbodi nent of the present invention;
FIG 2 is a sinplified cross sectional diagramof a screw conpressor
according to a second enbodi ment of the present invention;

FIG 3 is anmaglargeds Célﬁﬁ:ﬂﬂiﬂctctd%@aéec@ioﬁﬁl aih@fand dfi BSbera@N coRRtaEhy
seal depicted in FIG 2; FIG 4 is a sinplified cross

sect O%on‘ﬁﬁg%ﬂg‘f&gt @mﬁsaﬁﬂ\érﬁmﬁgﬁ%geg@%rﬂioﬂgl to athird

enbodi ment o e present 1 nvention G 5is a
S oL 1o g £ Al A e B HaBR 5050186 Tt
according to a second embodiment of the present invention;
FIG. 3 is an enlarged cross sectional diagram of a first non-contact seal
depicted in FIG. 2;
FIG. 4 is a simplified cross sectional diagram of a screw compressor
according to a third embodiment of the present invention, and

FIG. 5 is a simplified cross sectional diagram of a screw compressor

according to a fourth embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, embodiments of the present invention will be described with
reference to the drawings. FIG. 1 schematically shows a water injection type screw
compressor 1 which is a first embodiment of a water injection type screw fluid
machine according to this invention. The screw compressor 1 functions to
discharge a target gas (such as, for example, air) compressed by means of a pair of
intermeshing male and female screw rotors 4 housed in a rotor chamber 3, which is
formed inside a casing 2. Further, in the screw compressor 1, water is introduced
into the rotor chamber 8 for cooling, sealing, and lubrication.

The casing 2 includes an intake channel (a low pressure channel) 5, which is
in communication with the rotor chamber 3 to supply the rotor chamber 3 with the
target gas to be compressed, a discharge channel 6, which is in communication with
the rotor chamber 3 to discharge the target gas compressed in the rotor chamber 3

by the screw rotors 4, and shaft supporting and sealing spaces 8 and 9, which are
7



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Her ei nafter,

enbodi nents of the present invention will be described with reference
to the drawings. FIG 1 schematically shows a water injection type
screw conpressor 1 which is a first enbodi ment of a water injection

type sapemed koitsbprBEhilnenaell @talichardsdod fiSportng RindofRalihBQ we6eMaft 7 of
conpressor 1 functions to discharge a target gas (such as, for

exanpl &hoakfow FRBPULTIRAND IRANS 1Ak AdPRMEcEirdeNi & TShi ng mal e and
(0} dl anpe

femal e screw rotors 4 used Iin arotor c 3, which is forned

i nsi de a casi 2. Further, 1n t cre reSsory1,, water.is

it oduced : Aoe PiE ToE0F iRl SRR EBRRESE Foudk b0 Frotallea
| ubri cation. The casing.2 includes an.intake chapnel. (a. | ow
or ossurd 6 SHALISPBOTRE SRCISELiRE SRRRRMPR e BHiale HorE] e bl BRgHTReY
3 to supply the rotor chanmber 3 with the target gas to be conpressed,
a di schidrigstalingrmmethesshathpepparsingrandasalinecandcer? o the dirghprgeoside, and
chanber 3 to discharge the target gas conpressed in the rotor chanber
3 by t heteudelthrotgh $he shaftdupharfting spp eealimg spad Seakhanispaced: & as
and 9, which are forned to respectively install structures for

suppor ttong candesedlto agnatorofhichsbabt ilfudfatee screw rotor 4 on both
an i ntake side and a di scharge side. The rotor shaft 7 is

rotat atSJLy SUPRGh! Adakih B Rofbr04d %Etlpfe’é?é&gz_ojtﬁeirﬂﬁéﬁbéﬁ‘?né Aot Qﬁg seal

_ pporting and sealing space 8 on the intake side and two ball

bear i ngs js installed to block foreign matter (such as a lubricating oil for the roller bearing
10} from penetrating the motor side. On the other hand, in an area on the screw
rotor 4 side with respect to the roller bearing 10, a lip seal 13 is installed for sealing
the area to block the lubricating oil for the roller bearing 10 from flowing toward a
rotor chamber 3 side, while a lip seal 14 is installed for sealing the area to block the
target gas or a lubricating fluid from penetrating a roller bearing 10 side from the
intake channel 5.

A partitioning wall section 15 defining an end surface of the rotor chamber 3
on the discharge side (a high pressure side) is formed in the casing 2 to separate the
rotor chamber 3 from the shaft supporting and sealing space 9 on the discharge side.
Between the partitioning wall section 15 and the ball bearings 11 in the shaft
supporting and sealing space 9 on the discharge side, a first non-contact seal 16, a
second non-contact seal 17, and a lip seal 18 are installed in this order from the
rotor chamber 3 side,

The first and second non-contact seals 16 and 17 are commonly known

labyrinth seals, in which passage of a fluid is suppressed by creating a small

clearance of approximately 0.02 mm around the rotor shaft 7 with the intention of
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11 installed in the shaft supporting and sealing space 9 on the

di scharge side, and extended through the shaft supporting and sealing
space 8 on the intake side so as to be connected to a notor, which is
not illustrated. In an area on the notor side with respect to the

roller Geafidghigh preskiit Beabf e flsid st & tegadsthil tﬁ@a@éﬁ@c&at TES
(such as a lubricating 0|I for the roller bearing 10) from
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while alip 14 is installed f seal i t he areato bl o

target gas or fFﬁBPPE&PPP?étF?ﬁ ?h%ﬁ%caaﬁégpﬁpﬁ@ctée%ﬁ @ndﬁgﬁﬁ Britpal
10 side fromthe intake channel 5. @Tgart itioning wall section
15 def i W3 Aiyien tee ahalisuapertsns tmé seating sphembantosregnestine dhaseh 4o geeate
side (a high pressure side) is forned in the casing 2 to separate the
rotor chranbgflo® fpaea tli¥e bstmédn shpppattitnopiagdwedakectiprs jécentd dre tfhet

di scharge side. Between the partitioning wall section 15 and the ball

bear i ngsorldoritact Bealst®fd psasapaikéd RYadNd0 IRBWEHY tEhP Tt DoBRoHNRE seal 16
di scharge side, a first non-contact seal 16, a second non-contact

seal 17anmﬁe asebdum s@alcoiaga&rfeau nst alednl gpéaﬁ kfaddy d@rbeft&fge@l tipe ééaBQ&
chanber sid The first and second non-contact seals 16 and

17 are ﬁ&?ﬂ%@a& knewn | ol srraﬁf 398l s, in which passage of a fluidis

suppr essed Creating a 4 St ance of approxi mately 0.02 mm

around the r O[the cas?r?gf E furt\ﬁne% E]nctlggesl & tloev(r] tplrgsnsu% commumicating channel 23 for

allowing the outflow space 19 to communicate with a low pressure space 22, which
is a space, isolated from the intake channel 5 of the rotor chamber 3, in the
midstream of compression, a pressurized communicating channel 24 for introducing
the target gas at high pressure into the pressurized space 20, and open
communicating channels 25, 26 that communicate with the open space 21 and the
outside of the casing 2 so that the open space 21 opens to the atmosphere.

In addition, the water injection type screw compressor 1 is further equipped
with a water recovery unit 27, which separates water from the target gas discharged
from the discharge channel 6, a water supply pipe 28, which re-supplies the water
separated and recovered by the water recovery unit 27 into the intake channel 5,
and a pressurized pipe 31, which introduces a part of the target gas from which
water is removed by the water recovery unit 27 into the pressurized communicating
channel 24 through a filter 29 and a regulator 30. The regulator 30 is adjusted to
reduce a pressure of the target gas almost to a pressure slightly higher than that of

the low pressure space 22. For example, when the pressure of the low pressure
9



causing a high pressure loss of the fluid that is to pass through the
clearance. The lip seal 18 is placed in an orientation in which the

| ubricating oil for the ball bearings 11 can be prevented from
flowing out toward the rotor chanber 3 side. The first

non- cordgaet 2%ed8 apfroximetde i3 Mba- tlonpaskusiead sbéce 80dist Adjubicd SeBé
18 divide the shaft supporting and sealing space 9 into respective

spaces diendst 88aGHr@8s Rt (bl 0W3MREP whicIDR! MRRE: bY@pBad:tiaky 019 ML |than
section 15 and the first non-contact seal 16, a pressurized space 2

bet Weenthtegﬁetseﬁx%toﬂﬂ@ 1§&nl§)e§5m%esq3' d6oang, Lhe 158cond Aop-£q ta?gﬁm&g%

17, and anm open space fween the second non- co act séa

the l'i p,seal 2 further inc a | ow. ressu
commun| tﬁeﬁaﬂagﬂ%%?feﬁn%e% B a e eRg B B PP ol o e&xwpé anorifice,
comuni cat e, Wi.t h ﬁ | ow pressure space 22, which is a sp i sol at ed
from t heay nkakestalad fe) the presspeizedmipe cHarsereean the, reRaaRrd 30 renintae

conpr essi on, ng essuri zed comruni cati ng channel 24 for introducing
t he t arppessyazedaspase@h. pressure into the pressurized space 20, and
open communi cating channels 25, 26 that communicate with the open
space 21 and Ihhbedhtiscoefigiretiveateasnjogtich sypd dratwichepepenr Ipbeciudd the
opens to the atnosphere. In addition, the water injection type

screw capploesske 19tisid sbrh RehiReisnPPRE thé 1y Brovatied s c}!a‘.é@ CZQQﬁé&d@ Bhé rétbr
whi ch separates water fromthe target gas discharged fromthe

di SChar&Pan%@r”@eén@th@té(Pgteg SURR ¥rddsBfe RheMheh ther SERRE 1GF Jrf&ure
3 ﬁe wat er PLE I nto %he

wat er separate and recovere recovery unit

ke GRS pP BB RYE %@s%.ug*zﬁgnﬁ%g%‘é’@y%ﬂsm%s%ﬁ%&%f@emf@éw
flter S %ecpﬁbeaﬁ%‘?f%# i RO Lo sbor A Tcsdlus AU Bersiattedn
a pressuyre of the target gas_ alnost to a pressure sllghtly hlgher .
than t hie @}ﬁalf%mwls%stgar first pepecoppactssal dfamid dhe iRk shedt 7, a tiny

pressure of the | ow pressure 9
stream of the target gas flowing from the pressurized space 20 to the outflow space

19. Due to the stream, the water discharged from the rotor chamber 3 into the
outflow space 19 along with the target gas is prevented from entering the
pressurized space 20. In this way, the lip seal 18 can be protected against damage
caused by water that reaches the lip seal 18, to thereby block the Iubricating oil for
the ball bearings 11 from being leaked out.

Meanwl;ile, the target gas is gradually introduced from the pressurized
space 20 through the clearance between the second non-contact seal 17 and the
rotor shaft 7 into the open space 21. Because the target gas introduced into the
open space 21 is released through the open communicating channels 25 and 26 into
the atmosphere, the pressure of the open space 21 is maintained at an atmospheric
pressure., Thus, even if water is introduced into the open space 21, for example,

while the water injection type screw compressor 1 is stopped, damage which will be
10



space 22 is approximtely 0.03 MPa, the pressurized space 20 is
adjusted to be alnost at a pressure (of 0.13 MPa) which is higher by
approximately 0.1 MPa than the pressure of the | ow pressure space 22.
It should be noted that, in addition to the regul ator 30, another

pr essurieflictedionrthe hipases] 18 weh bassept do aaxanplan, eraase themtrodyedevater
installed in the pressurized pipe 31 between the regulator 30 and the

pr essuris 26 asdpe80d8h the ogen cofnfifcdtivs cleanicl 995 625 Wab ehe htth6§iHe98.
type screw conpressor 1, because the outflow space 19 is in

communi oat | Onolk! helebfin O BIBSMT & FRAGCALJ ko, L QoAELRTOEE

3, and the target gas al a pressure er ‘tha

pressure space .22 i s 1rptraoduced [nto the pressurized spaceg .2 t he

b ossurt BRTR £ gurdrsl wlidile: BBy PEET 1 BV naR SOt LS Hoted
pressurized. space 20.,.Thi ener,at.es, in,the clearance between the
First. rbAtobhtas Eramiments Aosrihecs igh 1BRAATY COMPORRYISsET Gameott the
target gas flowng fromthe pressurized space 20 to the outfl ow space
19. m@mm%@@q%é@ﬁm arredemgnated by thasawg refespnecnaumeradp a8 hagasal the
into the outfl ow space 19 along with the target gas is prevented from
ent er i nyevhaspmessimentdsh Hred@@riptiont kektedyg thdse doipposeants wBl vanbe
be protected agai nst damage caused by water that reaches the |ip seal
18, to sdcdpeswddy bl ock the lubricating oil for the ball bearings 11
from bei ng | eaked out. Meanwhi |l e, the target gas is gradually

i ntroduced frop AR rRAREGH: kA SBRBEReddil AUUT thiCe R SARRAE Sncludes a
bet ween the second non-contact seal 17 and the rotor shaft 7 into the

open s 2 awse 3 i c i peqn: e
20 1s rapee hpnfi e i LB SRl P RCR P B IERINAGE:
t he at mgs re, the pressure.of t open ace 21. i I ntai ned.at
an at roSniR Eontedal P ER tHedad be ol TR RRRe it B e B P REGY ke
open space 21, for anple, while the water injection type screw
conpr es@EP SPECE 2dy 63@@@? 3§ grengthse S iR ?"P alb”‘ém]lﬁri? PF‘E?@BQ (’Sﬁwfﬂﬁiga Frgial
seal 18 can be kept to a m ninmum because the introduced water is

r el easedtsifeonlgh loputigpbateesmiine caen rgrunanrisating xhanpsl 2htand Hee open
at nosphere. Next, referring to FIG 2, a water injection type
screw compnesswtirgahacnel 86.ng to a second enbodi nent of this
invention is shown. It should be noted that, in the enbodi nents
descri bed | at®fen when saner toihenehicserasr thosgen Spddae IpwRile Blasring on the
enbodi ment are designated by the same reference nunerals as those of

the prextoushefRAhEEMngARY dififers@std Rlat@NfowHlaatiRdrdRat be&SIe due to
components will not be repeated.

centrifugal force since the sleeve member 32 is rotated together with the rotor shaft

7. In this way, it is ensured that the water is released into the atmosphere through
the open communicating channels 25, 26, to thereby prevent the water from
reaching the lip seal 18.

Further, in the thus-configured water injection type screw compressor la,
the low pressure communicating channel 23a is in communication with the intake
channel 5. Therefore, the regulator 30 is adjusted so as to reduce the pressure of
the target gas to a pressure slightly higher than the pressure of the intake channel 5.

In addition, a first non-contact seal 18a and a second non-contact seal 17a of this
11



The water injection type screw conpressor |la of this enbodi nent

i ncludes a sl eeve nenber 32, which is fittingly nmounted on the rotor
shaft 7 while being slidably contacted with the lip seal 18. On the
sl eeve nmenber 32 extended in the open space 21, a flange 33 is forned
so as tembeliarnthavt ¢ spifojlpeieefuowihd a radi al outside at a | ocation
bet ween t he open communi cati ng channel 25 and the open comuni cati ng

channel 26. FIG. 3 JR69R WheNsthadtake | F @hd GIRE héh-85418E: (REI 0N of PASE
21 while rovvl ng on the rotor shaft 7, the flange 33 dlsperses t he

wat er t gg ihadah Ot S fBq eno%dcﬁﬂttrf}feu&%l)n&g{] f(%o eta{l]ej.Ta,

sl eeve ne I's rotated together with the rotor

iy ough fewﬁ%%&ﬁa A A THG e €l 56 PR %ﬁoni %%ﬁ%%%%f@@% The

h f h he | .18
s COH GUREHMGRREGPa] APRS PEREYHE Wk S momppb agomTidh it Heet awa B

pressure communi cating channel 23a is in comunication with the

i nt ake srheymett fermathen dhecasinghe andauipind BUhi tvadpreseddvald segtians 36
reduce the pressure of the target gas to a pressure slightly higher

t han t hixfimies swoexddlly begposetl akefachanfetwd sedlnviagkl B8] whichaade fespectively
non-contact seal 16a and a second non-contact seal 17a of this

enbodi raphghaiet coelabt abiklgnibRgoppbietli Akfaces 35 andFldeatedl, SKOWBeit NBner
structure of the first non-contact seal 16a of this enbodi nent in

det ai | . ciddinsiapatds b@lo@@ttgdtﬂehf’otof h& e §0RA NN -Go% erﬁﬁélj 38 'Fhich is

o8
which is not shown, has a structure |dent|ca to t?u I rst

o CO 8508t 5] AL REN ! A6, BSCLeARR, LRGBS L Blge Y

casing 2 and, e wth two opposed mall sections 36 defining two
axi al | PEROEES @ggggg%g%es two seal rings 38, which are
respectively brought intq contact with the o gosed surfaces 35_and

| ocat ed, at ¢HEIIERMEETr dianpeirreridhieasal Bpgs dBeae dRRnedEobe srafler than
and an elastlc menber 39, which is disposed between the two seal

rings 39 tmneyulameter efetdie filgmelnhss 3Tsinaerdense make Gspesd dingsrIacastally
35.
movable inside the fit member 37, the seal rings 38 are usually maintained at fixed

positions due to friction force between the opposed surfaces 35 and the seal rings 38.
Upon coming inte contact with the rotor shaft 7, however, the seal rings 38 are
pushed by the rotor shaft 7 and slidingly moved along a radial direction inside the
fit member 37. As a result, the seal rings 38 are self-aligned with respect to the
rotor shaft 7.

This self aligning function prevents, even when the first and second
non-contact seals 16a and 17a are brought into contact with the rotor shaft 7 due to
vibration or other factors, excessively high stress from being applied to the first and
second non-contact seals 16a and 17a. It is therefore possible to minimize the
clearance between the rotor shaft 7 and the seals 16a and 17a to approximately 0. 1

mm. Thus, the first non-contact seal 16a and the second non-contact seal 17a can
12



Al t hough outer diameters of the seal rings 38 are defined to be
smal | er than an inner dianeter of the fit nmenber 37 in order to nake
the seal rings 38 radially novable inside the fit nenber 37, the seal
rings 38 are usually maintained at fixed positions due to friction

f or ce batenke dimeir bepepposepalsiitieaof se8Bnantte tshafts éaltherabysbldadk wdien from
comng into contact with the rotor shaft 7, however, the seal rings

38 are fluwimgdthbyudththg Riarghatéind nandosiactlbaak Yeaanad 7al ong a radi al
direction inside the fit nenber 37. As a result, the seal rings 38

are self-alignsg w : On%}% 7: S Fol
al igning functi O,ﬂ‘éﬂp?%\i;%xﬁ?ﬁ%@%g%ﬁcy\%ﬁisg&%eé% rs%éoa{’nébsaécggﬁddng W ek
non- co . . . r i nt ntact.w th the rotor
hart PACFER B MR AN Bl R BI0, 4 TR BENVERS bt Pe el
from bei ng applied the. firs nd secaond, non-contact seals 16a and
17a | CORPERET el Pk thb SGitR Gnbeent 28 o ROeioB M Arical Ho kA YoRgnd
rotor shaft 7 and the seals 16a and 17a to approximately 0. 1 mm
Thus, tHE-$QH3EE sR3 Adoriteadispased) in1ssquanes e Dreceier dosmbeneideteswarn
17a can exert their superior capabilities of sealing the shaft, to

t her ebythis| notde sheamaberf 3 endthewipngpal ABdogthe trdof shalt 7andtlsesakie side (ow
non-contact seals 16a and 1l7a. Next, a water injection type
screw cmepsweesdde), hs dndhedhng of thadisbharkeesio dhipbniresdurichiide)l NBeth ithe
is showmn in FIG 4. In the water injection type screw conpressor |b

of the filtit dnaFROMFBAL 40 anfliths ke ¥ANéARhcSRAI 14Qra3thoRaBPERseals
non-contact seal 41 are disposed in sequence fromthe rotor tchanber

side b : t ' f
hart 7 oArg P RehEeRte SRR PRI ME (iof iectyia Wk Sk Yol 16
di schar ge; si hi [ re.side). Both the first non-contact seal
40 and %hdefzg%&%ﬁlhgn%}]-&é%%}s‘%ec?ldg'eal 41 are al so |l abyrinth seals having
the structurey,sinla t hogse of the first and second non-contact
Soal 3. 16-and ThReo e e GROR: wSoar@iean coaling space it the {nETesare
shaft suypporting and_ sealing space 8 on the | ow pressure side, a

pr essuriié®d Brpsserized Fléaqecﬁffrﬁ(fgﬁé?d@éFW%%thﬁ ffegt newreontart seel 4&and 4he
and the second non-contact seal 41, while an open space 43 is forned
bet weersecoied sevondtantseebhi awhileemt opdn apaca #2 is forrsehbeti@enTihe second
casing 2 includes a pressurized conmunicating channel 44 for

i nt r oduciingprtthet sealgél fHad tht lip geapri@ssdite tading theéngludss W pEsdurized
space 42 and an open conmuni cati ng channel 45 that communicates with

t he opefniRaa&afidgatanbE 40465iteoRicitd Ehe OeBO gds 8 hidPhrdsBeredRRR the
space 43 opens to the atnosphere. The pressurized communi cati ng

channel , &ds i3 GOBNGE 88 ahA £ BP@& HA cQﬁiﬂ? cﬂgnn}é‘f'%iﬁ hnhe c%ﬁ%?g%ss

fromthe pressurized pipe 31, Tocate ownstFeam o e reg

S0 as tﬁitﬁ%h%r&)\élnd%c@j tfshaltnkl]ethg F8ke W2She casing 2 so that the open space 43

opens to the atmosphere. The pressurized communicating channel 44 is connected
to a pressurized pipe 46, which is branched from the pressurized pipe 31, located
downstream of the regulator 30, so as to be provided with the target gas.

According to this embodiment, because the pressurized space 42, into which
the target gas is introduced to thereby maintain the pressurized space 42 at high
pressure, is additionally formed in the shaft supporting and sealing space 8 on the

intake side, no target gas is allowed to enter the pressurized space 42 even when the
13



According to this enbodi nent, because the pressurized space 42, into
which the target gas is introduced to thereby maintain the
pressuri zed space 42 at high pressure, is additionally forned in the
shaft supporting and sealing space 8 on the intake side, no target
gas i s paktnuwedftihe eniget dabaupked bythe echtapagectdch epeneantye otdpeessor 1b,
pressure of the target gas sucked by the water injection type screw

conpr esslhb Bredsi®e of RBe RhGISWHARE] 58 HiBheK e LN S 8tmSsilrt Si8Eure.
than the atmospheric pressure. In this way, water entrained in the

target gla&ti% ﬁrg@ﬁvg@%é%%%g%? i£HhEts g gﬁg?ﬂloﬁ owbdP 5 EMer h3d feﬁgﬁ ehy

preventing rom gett amaged or preventing t

| ubricatin j or .the bearin rom i ng. . Furt,her, a ..
vator (1 St thOtpb e RER bR B LotiPal 358 enttine comiptet e fenting
enbodi ga%g\tblof. this ] vea}i on |s shovvg in FIG 5. The water injection

type s bHRpieE 8B oy tredearias oIS HBAt i ncl udes a dryer 47,
whi ch is di sposed downstream of the water recovery unit 27 to sugg&yh
t

the target gdSwedrus WhterdgidchionHepdrapeew £pmuesnggHctansoysing dard

pi pes 31, 46 and the pressurized conmuni cating channels 24, 44 to the
pr essuraemaliapat ef tB, ind8ntiGh iis Shéwntiher]G.ah dThothiaainyetibd type zerew
cl osed when the water injection type screw conpressor |Ic is stopped

i's instahBdsédt tlBeoprss Usmbedintintedludes a drykf 4Ne iAWty disposed
enbodi ment, the dry target air, fromwhich even noisture is renoved

by the g¥ehy&8n ot $hé g@?bf £l &y B8t RITER TS th S BASEE 020 del{ll%zzli&iﬁz% in

t hereby bl ock noi stur rom penetrating into the open Spaces

(0,01 e Mgkt PPl b8 SGeRRER i Wi P BESh il

can be mai I'ne rie ition.
even in a situation.of usi lurality of the water .i,nj ion.type
Sor ow CHRPEDLGHTE ot Bh it B R oba . o acri ek S
target gas_is not introduced into_the pressurjzed space 20, 42 in_a,
st oppedmat eralys 18 dei Rinclogsre Waepaihec BatRT s8HHOD) WDE SSHE VA FORREsS SRR tLE 1S
i njection tg&)e screw conpressors_|c because the on-off valve 48 is
i nst al | gdpper tioktadiedting essurized aip®Alt ype screw conpressors |c.
This can elimnate wasteful consunption of the target gas, leading to
hi gh oper at i dm téfeffoartneymbbdicneass ¢lde dyy carget alit, ifrgn tWlach wrbe mabtitrbas
wat er injection type screw
removed by the dryer 48, is supplied to the pressurized spaces 20, 42, to thereby
block moisture from penetrating into the open spaces 21, 43, to which the lip seals
18, 13 are exposed. Thus, the lip seals 18, 13 can be maintained in a completely
dried condition.

Moreover, even in 2 situation of using a plurality of the water injection type
screw compressors 1c of this embodiment connected in parallel, the target gas is not
introduced into the pressurized space 20, 42 in a stopped water injection type screw
compressors lc from another water injection type screw compressors 1c because the
on-off valve 48 ig installed in each of the water injection type screw compressors 1lc.

This can eliminate wasteful consumption of the target gas, leading to high operation

efficiency increased by controlling the number of the water injection type screw
14



conpressors 1c. Preferably, the on-off valve 48 may be
configured, to ensure its reliable operation, for exanple, as a
single acting el ectromagnetic on-off valve of a normally cl osed type
that the valve is opened only while power is being supplied. In

addi ti owompressarsdicso preferable that a so-called pressure keeping
check valve is inserted between the water recovery unit 27 and the
dryer 47. WHefdrably] aheeoh-iff valde 48 m@abebe iconghved) tb YR use newréliaklg
machine, in which a target gas is conpressed or expansion force of

the targeira@ias, fof c&QRMHE, @G siRER AdiiY d6cthOheBn e bx%ﬁf VRS bNY nBRh Ty
and femal e screw rotors housed in a rotor chanber forned in a ca5|ng,

whi | e Wah&ld ivde %Hé@ﬁ}eet%ﬂfr?w nbf %nﬁg%ggﬁ%ﬁm & bélﬂg sHPpk &R qntmtmn

screw rotors; "the screw mach

It is also preferable that a so-called pressure keeping check valve is inserted

between the water recovery unit 27 and the dryer 47.
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a first non-contact seal, a second non-contact seal, and a lip seal,
whi ch are di sposed between the rotor chanber and a bearing for a
rotor shaft of the screwrotor and in this order fromthe rotor
chanber si de; a pressurized communi cating channel for

i nt r odu¥ihag it bleced get gas which is at high pressure into a

pressuri zed space fornmed between said first non-contact seal and said

second Nnon- contwadter SiggdctioANtype screw FiAPLIACERBIUN At GhsCkas is
t hrough whi ch an open space, which is forned bet ween sai d second

non- contRelreS68 0P BEpBRIch Fdrbe 38The tARROSak Cis %Bn@éiltﬁdl, A800%urhf}: foree by

casing. 2." The water |nject|on type screw tluid machi ne acco I ng to

CI a' m %nt%%s%ﬁg\%txﬁﬁg a@ﬁafe e seredr Poqsgfs' (gﬁ%{é}l %1 &ﬁ]g th rmesd! s

i'njection type screw I e

88?? | ot e R 1 S B RARSHC E AR 7 GF G ERaR e E‘@m #rrEapiEs

to said first non-contact seal, to be communicated with a | ow
pr essurbesyERE wid irpchinfecerBPFinghanber or a | ow pressure channel for
the target gas, which is in conmunication with the rotor chanber. 3.
The water in Jaefztato:wnt-qoméa@cﬂeewaf sagodd mapkiontadcesl, dindga lip sGhhiwhith are
wherein: 16
disposed between the rotor chamber and a bearing for a rotor shaft of the screw
rotor and in this order from the rotor chamber side;

a pressurized communicating channel for introducing the target gas which is
at high pressure into a pressurized space formed between said first non-contact seal
and said second non-contact seal; and

an open communicating channel, through which an open space, which is

formed between said second non-contact seal and said lip seal, opens to an outside of

the casing.

2. The water injection type screw fluid machine according to Claim 1, wherein:
the bearing is a bearing on the high pressure side, and
the water injection type screw fluid machine further comprises a low
pressure communicating channel for allowing an outflow space, which is formed on
the rotor chamber side with respect to said first non-contact seal, to be
communicated with a low pressure space inside the rotor chamber or a low pressure

channel for the target gas, which is in communication with the rotor chamber.

3. The water injection type screw fluid machine according to Claim 1, wherein:
16



the water injection type screw fluid nachine is a water injection

type screw conpressor for conpressing the target gas; further
conprises a water recovery unit for separating the water fromthe
target gas that is discharged; and supplies the target gas,

from whi ch t hbeweter injsctauptimest ssdew fluddingackaners & sadweinjeativitt type screw
t hrough a pressure reducing neans to said pressurized conmuni cating
channel compkesddrefonadraprdssirecthedargatpasscrew fl ui d machi ne accordi ng
to Claim3, supplies the target gas, fromwhich the water is

separ at ed i n fgahdr %in%hsé@%o%ﬁféf lteebx}erytdmw&hse%}na%ﬁaﬁg th® vwoakH from the
pr essuri zed communi cafi ng channe . he wat er | nj ectl on type SCrew

fluid r%{%gé@%asaﬁl%%éjﬁﬂg]?éx%ﬁ 4 V\/nerel n an on-off valve, which is

cl osed eration er injection type screw fluid machine

I's stopped, is_i d in sai ed conmuni cati,ng .channel or

inafiow paﬁﬁpsﬁ?ﬁ%%% Tied Shin g’i b TR e R oD Ao BLRt walr
I

communi xge%gxlrer}% Cl?l?irtmethrough a pressure reducing means to said pressurized

communicating channel.

4. The water injection type screw fluid machine according to Claim 3, supplies
the target gas, from which the water is separated in said water recovery unit,

through a dryer to said pressurized communicating channel.

5. The water injection type screw fluid machine according to Claim 4, wherein
an on-off valve, which is closed when operation of the water injection type screw
fluid machine is stopped, is installed in said pressurized communicating channel or
in a flow path between said water recovery unit and said pressurized

communicating channel.

6. The water injection type screw fluid machine according to Claim 1, further
comprising a sleeve member fittingly mounted around the rotor shaft, said sleeve
member located in said open space and equipped with a flange projected toward a

radial outside.

7. The water injection type screw tluid machine according to Claim 1, wherein

each of said first and second non-contact seals includes: a fit member having
17



6. The water injection type screw fluid nmachine according to Caim1,
further conprising a sleeve nenber fittingly nounted around the rotor
shaft, said sleeve nenber |ocated in said open space and equi pped
with a flange projected toward a radial outside. 7. The water

i nj ect ipRossheuriasesiorhad go madhihecoroeed 0 ageht ott@raicnoss, amhgeryal along
opposed surfaces formed so as to be opposed to each other across an

i nt er vain atiahdiracti@xitelo sdal Baps,ombiich woe seectivelgsonutehwaihethe opposed
respectively contacted with the opposed surfaces; and an elastic

nmenber irfResathdeh \RARicSALMLEWAiHREI bbiveer! SiRYSHD =8l Bing8ab pukh3%id
agai nst the opposed surfaces.

seal rings against the opposed surfaces.
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