DESCRI PTI ON GAS- LI QUI D SEPARATOR Technical Field The present
I nuention relates to a gas-liquid separator for renoving a liquid, such as.

noi sture, contained in gas including high-pressure air. Background Art
As one of gas-liquid 6 separators, t here is conventionally known
an air dehumdifier using a coolant such as chl orofl uorocarbons. In the

dehum difier, high- pressure air is_cpoled by a coolant to condense water
vapor in air for renoving the vapor. Such an air dehum difier has

envi ronnment al problens due to the use of a coolant, for exanple,

chl or of | uorocar bons, and al so requires additional devices such as a
conpressor or condenser for conprepBSCRIPTDONCOOl ant and a heat exchanger

for cooling the high-- pressure air. Another problemis that a running
cost is Trelatively high because a power source for operating those
devices i s necessary. In another known  dehumdifier, noisture in
hi gh- press+LEQBID SEPARADBOBI by passing the high-pressure air through.a
filter provided in a dehum difier body. Thi s
Technical Field .

The present invention relates to a gas-liquid separator
for removing a liquid, such as moisture, contained in gas

":) including high-pressure air.

Background Art
As one of gas-liquid separators, there is
conventionally known an air dehumidifier using a coolant
' such as -chlorofluorOCarbons. ' in the dehumidifier, high-
' pressure air is cooled by é coolant to condense water vapor
in air for removing the vapor. Sﬁch an air dehumidifier has
_'environmental problems due to the use of a coolant, for

e#ample, chlorofluorocarbons, and also requires add;tional

"dévices such_as.a compressor or cbndenser for compressing
'-:the coolant and a heat,_exchanger for cooling the high-
' pressure air. Another problem_is that a running cost is
'f_relatively high becauée a power source for operating those

de

is necessary. =

:Hin éhéther” known dehumidifier, moisture in high-
pressure air is removed by passing the high-pressure air

through a filter provided in a dehumidifier body. This



dehum difier has a problemthat if the filter becones noist during use,
not sture that has been put on the filter wwth the high-pressure air
passing through the filter is extruded to the rear surface of the filter,
causing the dehum dified high-pressure air to be noistened again. |If the
filter is saturated with noisture, such a problemis nore serious, and
the dehum difying effect is so reduced that the filter has to be cleaned
and repl aced periodically. To solvé the above-nentioned probl ens, the
i nventor proposed a conpressed air dehumdifier in Japanese
Unexam ned Patent Publication No. Hei 8-290028. The proposed
dehum di YePrunG@IFicieshas al problewluehat RESHge fibtes HesohRyimgist
passage provi ded respectively to the | ower and upper parts of. a side
surface efurdmy| asd;i eddidmye hhaitndas hbekaw mitanber ther éidteax ceithsi on
surface disposed at a position in front of the introducing passage for
col |l i si orchef hEigh-prelssuyei dérppassiiory ditarougly thél diltefr dis ettruded
collided with the collision surface. Further, a conical receivin | at e
with an dgerthg rearesumfade ofether fiiddiesnf ¢auainangde idehuweidbiied
chanber, and a barrier plate having air holes formed therein is provided
above t h&iBrNRAIRPFR afdr to bepscdshenpd oagRénpr opdsehBefddiths i &8,

conpressed air iptrpduced,to the holl ow cha r through the introduci
P saturateélwfih moisture, such a prg%fem Qs ﬁ%re ser{Bus, angg

- the dehumidifying effect_is so reduced that the filter has

'1:} to be cleaned and replaced periodically.
To solve the above-mentioned problems, the .inventor
"proposed a compreéséd air dehumidifier in Japanese
Unexamined Patent Publication No. Hei 8-290028. The
proposed dehumidifier compriseé an air introducing passage
and a discharging passage provided respectively to the lower
and upper parts éf' a side surface of a cylindrical body
having a -hollow chamber therein, a collision surface
" disposed at a position in front of the introducing passage

' for collision of air, and a guide part for changing a flow

e of air that has collided ﬁith the coilision surface. Further,

: a; conical receiving"plate with .an opening formed at the

center thereof is arranged_ in the hollow chamber, and a

' _ barrier plate having air holes formed therein is provided
- ébove the receiving plate.

. According to thé_prop@sed dehumidifier, compressed air

- introduced to the hollow chamber through the introducing

passage violently collides with the collision surface,



passage violently <collides wth the collision surface,

-3 wher.eby noisture contained in the conpressed air is turned into

wat er drops. Al so, the air is changed in direction substantially at a
right angle so that the air, is released into the hollow chanber to foll ow
an inner surface of the hollow chanber. The released air is separated into
nmoi sture having large specific gravitygand air having small specific
gravity due to centrifugal force wunder whirling. The separated
moi sture is dropped and received by a drain, and- only dehumdified air is
di scharged through the discharging passage. Thus, the proposed

dehuni.di #herebgn mbisturat lopntadmed invitdieureompnessadr aiw theuturned ng

t he devi ces conventionally enpl-oyed, e.g., a conpressor or the like to
produce poter walelr adrgps{ || drsavhi thenextls tis behangedceih direcAriaobj ect
of the present invention is to provide a gas- |iquid separator which can
achi eve 8uhp§patisaddar s2afod wkghietangye isgprihabgthehainbbyere¢ileassskd
dehum difier proposed in Japanese Unexan ned Patent Publication No. He

8- 2900281nto he| hedlevworchambery &t i Bpllow ameimpgrc spfaaen| efofthehe

ol 6. 28B038R FRGHIRE{ n VRl ERLFPSED: Fidh 13 GRRPHFERO CORES: ASISRLY ¢
with thepgobhisS ik gar LBEE1 2! Ykt "R  U58 MUV 80211 specific
 gravity. due -to centrifugal forcé uﬁéer whirling. fhe
) ) separated moisture is dropped and received by a drain, and
only dehumidified air is discharged through the discharging
passage. Thus, the proposed dehumidifier cén efficiently
remove moisture in air without ~using the devices
'bbnventionally employéd, e.g., é compressor or the like to
3 produce power, and an air filter which needs to be replaced.
1 An object of the presenf invention is to provide a gas-
. liquid separator which can achieve a higher separation
~effect by . improving the above-discussed dehumidifier
;“ proposed in  Japanese Unexamined Patent Publication No. Hei

©-8-290028.

h;Disclosure of the Invention

The basic principle of the dehumidifier proposed in

Japanese Unexamined Patent Publication No. Hei 8-290028

_?iyith the collision surface to turn the moisture into water

'~ drops, and whirling the gas at a high speed for centrifugal



drops, .and whirling the gas at a high speed for centrifugal

separation into gas and |iquid. To enhance an operati ng ef fect of
the proposed dehumidifier, therefore, it is i mportant to whirl the

i ntroduced gas at a higher speed in the cylindrical body while
mnimzing energy |oss during the collision of the introduced gas with
the collision surface, and to prolgng the time when the introduced gas
remains in the cylindrical body fo“the extent that positive
centrifugal separation in the cylindrical body is ensured. ' Mor e
specifically, the present invention provides a gas-liquid separator

wherein ggas il gh Ato | HaBr oxhdedilguid. e ehHenser fame ogferating
cyl i ndrical® contal ner having a holl ow chanber formed therein, a

di schar gipgrport ber @hecha@ipused defasmidifiegas- thquedosepar dtl oni$s
provided at the top of the cylindrical container, a collision surface
Wi th whi cimportafes tauphiell themitercgaechi gaspett aopighes sheed giide
part for changing a flow direction of the gas after colljision sg as to
f!OM/annghencymmaurmmdl:hndyuxhiﬁetminlmlzlﬁglﬁﬁGFBUaﬂQ§§ﬂ994k§gi?P%
circunferential direction are provi ded in the cylindrical coptainer
atba posi tobhisdohaed the inbrgdycedl @aspirith gthecoldF o NSRFRy a
substantially coni cal _shape with an gpeni formed at _a _cent.er_thereof
is pandi ded prelengpsbe Jdme orheR Fﬁ& H&W‘bﬁ% gPSwi %‘u“as?-ens s

roj ecting central ' Lvi .

Prol ' {g.he cylind?:%rctarlo (I(%(I: e1(:jo dtc_')ﬁ\gwg}r{gekg %h\é'td%otﬁ%ive centrifugal

::B separation in the cylindrical body is ensured.

More specifigally, the present invention. provides a
gas-liquid separator‘wherein a-gas inlet port is provided in
the-side surface of a cylindrical container having a hollow
chamber formed therein, a diséharging port for discharging
gas after gas-liquid separation is provided at the top of
the cylindrical container, a collision surface with which
gas suﬁplied from the géé inlet port collides and a guide

part for changing a flow direction of the gas after

collision so as to flow along an inner wall surface of the

cyiindricall cdntainerl in a circuﬁferential direction are
provided in the cylindrical container at a position. to face
the‘gas inlet port, a receiﬁing plate havihg a- substantially
conical shape with an opening formed at a center thereof is
: ﬁrovided in an upper portion of the hollow chamber with a
- projecting central .poréion faced downward to divide the
hollow chambei into upper and llbwer' hollow chambers, the

~

upper hollow chanber partitioned by the receiving plate is



hol | ow:chanber into upper and | ower holl ow chanbers, the upper hol | ow
chanmber partitioned by the receiving plate is communi cat ed
with the discharging port, and a partition having at |east one venthol e
and di vi ding the upper holl,ow chanber is disposed above the receiving
plate in opposed relation, said collision surface being curved to foll ow
an inner wall surface of the cyIinerch;container or inclined so as to
wi den a fl ow passage toward the downstream si de. The nechani sm
descri-bi ng how upon hi gh-pressure air, that contains a |liquid, colliding
with a collision surface, the liquid dispersed in gas is condensed into
t he for mcommuirigalteids, widh ndthe/edilseharginy darti fi exhd | ta | padtdivieve
inferred as follows, Wien gas containing a mist-like liquid collides with
a col | i sheving falceleans wnre i vegthokey anshadjvddingdithest ippeandhalisow
released froman outlet, whereas the |liquid cannot be_quickly changed in
di recti ofh2FREY | dfis disROSeAnAPATRedhenakecRaVARY splekat ihe dpnpaed
stagnates i.n.the vicipity qf the collision surface for a nonent. A
succeedi FEIHECRy kBa1dqGod Lhsian %uf%FF@ Reing, cyr¥ghatihgfaidew ja
liquid p i cle nd _as_a _result, of epeating the abpve process,. the
rﬁst-likgkh%%nﬁﬁ%grngigge 24 lBﬁFﬁ&&'lﬁQPﬁqip?BrﬂFoFQE%ﬂQﬁﬁet.
Accordi n@ly - d ted Sy4, [ ' N nt.ai_ni lquid,with a
Cor T o ol S I S S0 FRPRACE, S5ppE A e L 1t

The mechanism describing how upon high-pressure air,

") that contains a liquid, colliding with a collision surface,
the 1iquid dispersed in gas is condensed into the form of
droplets, has not yet_been fully clarified. It is, however,
inferred as follows. When gas donfaining a mist-like liquid
collides with a- cdllision surface, the gas is quickly
changed in direction and then released from an outlet,
whereas the liquid cannot be quickly changed in direction
and flows at a slower speed than the gas so that  the liquid

- stagnates in the iricinity of the collision surface for a

moment. A succeeding mist-like liquid particle ‘joins with a

'st_agna_ting mist-like liquid particl_e, and as a result of
'repeating the above piocess, the mist-like liquid particles
aié finally turned into the form éf a drbplet.

Accordingly, it is iéquired to collide gas containing a
_,;l;quid_witﬁ a collisién_sﬁrface with propef energy. In the
.f a§humidifier: proposed in 'Jépanese Unexamined - Patent
?1Ppblicétion No. Hei 8-290028, however, since the introduced

gas collides with the collision surface - almost



dehum difier proposed in Japanese Unexam ned Patent Publication No.
Hei . 8- 290028, however, since the introduced gas collides wth t he

col l'ision surface al nost - 6-
perpendi cul arly, energy |oss caused when the flow direction of the gas is
changed after collision is large, and thus whirling force for-the gas
cannot be sufficient. Hence, the gas-liguid separation by centri fugal
force wusing a difference in specific gravity is linted. In the
present invention, the above problemis solved by formng a collision
surface to have a curved shape following an inner wall surface of the.
cylindri cgbrpeiiBidifilarlP/ éAekfy IS ocassé@ whean thd | Bropadsaeetiomr d
t he ~downstream side. Here, the term"curved shape following an inner wall
surface obft heheyldaydr i salcleigad naiftermeasslsstbn aishapeges ahhawitimd he
gas, which is released fromthe guide part to the vicinity of the inner
wal | surfahdrdfindhefoxgye i idri thle gad aarmiot tive f sufifictikeatit. cHenicdi,ndhe th -
the. wall of the cylindrical container and to whirl along the inner wall
surface tgasedfiquid deparatiese diyi nctemtimigiudrl colforten asinge, athe
inclination nust meet both requirenents of permtting the separation into
gas and | dafifengnse con | speehfifdoragdsvnds dd®iFed.oss caused when the

flow direction _of the gas is changed after the collision. To this end,
the collision IurtBeeREeSeRY | ﬁ@Hgf})"rl"l"- the ePPP"e,.Rﬁﬂrlél?ﬁ‘eFér R éj 3

Lerrl by forming a collision surface to have a curved shape-.

' ) following an inner wall surface of the cylindrical container,
or to incline so as to widen a flow passage toward the
downstream side. Here, thé. ferm "curved shape following an
inner wall surface of ﬁhe cylindr'iéal containers" means such
a shape as allowing the gas, which is released from the
guide part lto. the vicinity of the inher wall surface of the
cylihdrical container, lto flow without colliding with the
" wall of the cylindrical container and to whirl along the

inner wall surface thereof.

In the case of inclining the collision surface, the

inclination must meet 'both .requir_ements of - permifting the
separation into gas and iiqﬁid upon collision and reducin'g.
energy loss caused when the flow direction of the gas is
- changed after the collision. To this end, the collision
-':f-surfa:c_:e is inclined by 1. - 5 * , more preferably 1 ~ 3° ,
-'with' 'respect to the éléhe perpendicular to the incoming
‘direction of the gas. If the inclination angle is too small,

the energy loss would be small, but the efficiency of



wi th respect to the plane perpendicular to the incomng direction of the

gas. If the inclination angle is too small, the energy |oss would be
smal |, but the efficiency of | i quefaction, i.e., separation
into gas and liquid, is reduced. Therefore, it is desired that the
inclination angle be set to fall in the above range. ~The operation
of. the gas-liquid separator thus constructed will now be described in

connection with an exanpl e of renoving noisture in air. Wen
hi gh- pressure air containing noisture is introduced fromthe gas inlet

port under several to several tens atnmpspheres, the air spouts into the
cont ai neri plefadt f8nspeedet hroggparbeigns hnktet gaportandnd Likpii Lol 1iges
with the collision surface provided in the position to face the gas inlet

port. Affedudcddi, t@Berefiore,s dhanied desfred dilzct ithe sdrdiratfdbhow
t he i nner wal | surface of the container while being guided by the gui de
part, armhgkehbbewsetnto fhélcini kel edloveomaaigeer from the downstream end
of the guide part. As mentioned above, as the air containing
moi sture  viBhent Igperationes ofagakthst gas-lidnidsi opepanatare, thus
succeeding mst-like water particledjoins wth a preceding mst-like
wat er pafenstruebedorwd hhit diowWir Bss. descadded oan cenpesetign fydhh AN the
hi gh-pressure, air. is Qhangsd_ i n diregtion to follow the inner wall
surf ace e¥ampie8ht fefoving moisture in air. When high-pressure air
'~ containing moisture is intrddﬁced ffam the gas inlet port

'-) under several to several tens atmospheres, the air spouts

into the container at a high speed through the gas inlet

port and then collides with the collision surface provided

in the position to face the gas inlet port. After that, the

air is changed in flow direction so as to follow the inner

wall surface of the container while being guided by the

guide part, and is blown into the cylindrical container from

the downstream end of the guide part.

As mentioned above, as the air containing moisture

- violently collides against the collision surface, a

‘succeeding mist-like water particle joins with a preceding
mist-like water particle to form water drops. In addition,

. since a flow of the hi§h~pres3ure air is- éﬁanged in
direction to follow the inner wéll surface of the container
5 immediately after being blown from the gas inlet port, the
ﬂ_?ﬁater drops are Separatéd 'froﬁ the air under centrifugal
': force due to a difference in épecific gravity. Moisture in

air is thus separated.



I medi ately after belng blown fromthe gas inlet port, the water drops’
are. separated fromthe air under centrifugal force due to a difference in
specific gravity. Moisture in air is thus separated.

The air and the noisture blewn into the cylindrical container fromthe
downstream end of the guide: part rises toward the discharging port while
whirling in the formof a spiral flowat a circunferential speed in
accordance with the curvature of the Trfhér circunferential surface of the
cylindrical container. After rising while whirling in the formof a spiral
flow, the air and the noisture are bl ocked by the conical receiving plate

provided in th h%ppgirpcﬁﬁdOrEheOmeEQFBEEl W1 SPAMEG{to W‘Eﬁ%euo@9mlha§¥.cal

descend once along a |ower surface of the conical receiving plate.

moi sture chykBiRGr NEforakdle diOWAstPEAN Udd EeWtndt guiddr Fidrt p'i:Ci\é'e%ed
at a bottom surface of the cylindrical container by gravity. On the

ot her handowhkhl@ aHe fdﬂga;mér?ﬁnﬁop&wr aviidse beeirlsagaiat athegresital by rd ses
toward the central opening o coni cal receiving plate while being

sucked frepirhd abbow, atand icircumfereattidbr epgled t e duddmiancaantish
and the. discharging port to an air tool or the |ike connected to the
di schar gi theportrvaturehefpr tbentinmenciccumfergndrita | snrfacei nof attHeeast
one vent hol e and divi ding the upper holl ow
cylindrical container. After rising while whlrllng in the
form of a spiral flow, the air and the moisture are blocked
 ) - by the conical receiving plate provided in the upper portion
of the hollow chamber, whereupon they descend once along a
lower surface of the conical receiving plate. The moisture
turning into water drops then falls down into a drain
provided at a bottom surface of the cylindrical container by
gravity.
On the other hand, the air from which moisture has been
separated gradually rises toward the central opening of the

conical receiving piate while being sucked from the above,

and . is supplied through the hollow chamber and the

dischargiﬁg port to an air tool or the like connected to the
discharging port. 1In the present invention, the partition
having at least one venthole and dividing fhe upper hollow
chamber is disposed above the receiving plate in opposed.
_#elatioﬁ so that the air flowing'throﬁgh the central opening
of the conical.feceiving piaté does not directly flow into
the discharging port. With this arrangement, the air is

allowed to remain in the cylindrical container for a longer



chanber is disposed above the receiving plate in opposed relation so that
the air flow ng through the central opening of the conical receiving plate
does not directly flowinto the discharging port. Wth this arrangenent,
the air is allowed to remain in the cylindrical container for a |onger

-9- time to ensure the gas-liquid separation under centrifugal

force prior to proceeding to the discharging port. Thus, in the
gas-liquid separator of the present ?i"nvention, noisture having
relatively large specific gravity S separated fromair in the
cylindrical container due to centrifugal force. The separated noisture
i's turnedipdt @o en¥aker Q&@pgagm&q;ﬁra @é?ﬂﬁa%bh tiredd Mneent@lilfugdlf ace
of the cylindrical container i n par the | ower surface of t he
coni cal fgeekvprdol aie pf'&'t@ébdiﬂi@ t\@tEhedaﬁza&hrattmd@Mport. and are

coll ected and recovered by the drain provided at the bottom surface of
the cylindricaghuegnt dimerthe gas-liguddaddidpanratiarthefabthe cpasisamtion,
it is prefarable in the gas-liquid separator of the present invention
that a - inveotiwed myeidioure hbgvhngg aelatdastly clargeesphclific gmavity

hem spherical inner surface should be disposed between the coni cal
recei vi ngsplsaparapedt feqmrairi dm obbe il induical epavaiges due donical
receiving plate to forma partitioned smal | chanber between the curved
menber afeNEFigmeal shPrsee  Ther S9RAraked vMadSshuxe. 1s turned into

water drops upon contacting with the inner wall surface of

rﬂ) the cylindrical containér or, in part, the lower surface of

‘the conical receiving plate. Then, the water drops rﬁn down,

‘and are collected and :ecovered-by the drain provided at the
bottom surface of the cy;indrical_éontainer.

In addition to the above coﬁstruction, it is prefarable

in the gas-liquid separator of the present invention that a

curved member having at least one ventholes and a

hemispherical inner surface Shauld be disposed between the

. conical receiving plate and the partition over the central

opening of the conical receiving plate to form a partitioned
u_émall chamber between tﬁe curved member and an upper surface

"6f-the receiving plate.
By providing the éurved.member having the hemispherical

..falnner surface to form the small chamber, the 1liquid

component which has not been recovered by the conical
_;ece1v1ng_plate is captured and turned into droplets by the
inner surface of the curved member. These droplets fall

"down to the bottom surface of the cylindrical container



By provjding the curved nenber having the hem spheri cal I nner surface
to formthe small chanber, the liquid conponent which has not been
recovered by the conical receiving plate is captured and turned into
droplets by the i nner surface of the curved nenber. These droplets
fall down to the bottom surface of the cylindrical container

- 10 - t hrough the central opening of the conical receiving plate, and
then are recovered by the drain. The-r&son why the curved nmenber is
formed to have a curved inner surface is to enable the droplets contacted
with the inner surface of the curved nenber to fall down nore easily.

If the- whi s Dbl . Sl L quid s 4S t h,
I O I e
L0 1 nehlc il i, lobapiaunsy e i o flo e |
avoi d suchygvdnaneatier lifs OfddnaderyeRLPE! 8 hrvhd Mathdh dberses ved to |

menber, the anount of blown-out gas can be nore easily controll ed.

| f the yeghhphie hdidedrdpléds evhradternigrcanghé henneentdudmdoreedehe the
partition are too close to each other, the gas blown out through the

vent hol e ofirved membed ifyll Wown mbrecéayipe.t hrough the vent hol e of
the partition, and the gas -is sonmetimes acconpanied with the Iliquid

as mentioned dlfovehe Byaar reniing ishe blenrholomtof firbm ctheedgas-liquid

) separator is .too much, the gas after the gas-liéﬁié

") separation would be accompanied with the 1liquid in the

cylindrical container due to a strong rush of the gas. It

is, therefore, required to determine the amount of blown-out

gas so as to avoid such:-a drawback. If only one venthole is

formed in the curved member, the amount of blown-out gas can

be more easily controlled. .

If the yventhole formed in the curved member and the

venthole formed in the partition are too close to each other,

the gas blown out thfough the venthole of the curved member

_would directly go through the vénthqle of the partition, and

:the gas is sometimes accompanied with the 1liquid as

" mentioned above. By arranging the venthole of the curved
 member and the venthole of the partition in 180° opposite

. positions around the center of the curved member, the
'Tffiventhole of each member can be maximally apart from each
ﬁTiibther; causing fhe gas discharged through the wventhole of
- the curved member to temporarily remain in a space defined

by the outer surface of the curved member, the lower surface



menber - and the venthole of the partition in 180[err] opposite positions

around the center of the curved nenber, the venthole of each nenmber can be

maxi mal |y apart from each other, causing the gas discharged through th
venthole of the curved nenber to tenporarily remain in a space defined
the outer surface of the curved nmenber, the | ower surface

the partition and the inner surface of the cylindrical container. As

result,

the liquid can be effectivélly~ prevented from bl owi ng out

together with the gas after the gas-liquid separation. The curve
menber and the partition may be fornmed integrally or separately.

order toofkegRe PifrtiADNE- anfEEHONEHNRPS i§d1ﬁ€§ée r %ga:tlhl'gé'f) g:&?ii?xm

respective ventholes fornmed in the curved ne

an I on,

however, ddntisfiryef er agke ahatedlpr curtifsd NMBAAEId ardid Nee PaFFEAR
formed integrally. The distance between the gas inlet port
the col |prséventsad f icemi dlsviing deti hogeeheangpieh Bhe YadMart88! &he
preferably, 5 - 6 nm |If the distance is too short, pressure |oss would
becone | @age-lidqinesepayatiénit is too long, the resulting separation
effect by collision would not be sufficient. Thus, the distance shou
preferably be BThe aqurved| nembér =gl e thengpartitidiur theer , be orfdrined

pur pose of violently colliding as _
integrally or separately. In order to keep the above-

B

mentioned positional re;ationshib’ between the respective
ventholes foﬁned in the curved member and the partition,
however, it is preferable that the curved member and the
partition be formed infegrally;.

The distance between the gas inlet port aﬁd the
collision surface is set to be in the range of 3 - 15 mm,
more pfeferably, 5 - 6 mm. If the distance is too short,
pressure loss would become larée. éonversely, if it is too
long, the resulting separation'effect by collision would not

be sufficient. Thus, the distance should preferably be set

‘to fall in the above range.

Further, for thg purpose of #iolently colliding gas

with the collision surface and then changing the flow

- direction of the collided gas for centrifugal separation,

- the gas inlet port is preferably provided with a throttle

,w;portion,_which comprises a nozzle mechanism or the like, for

;f?increasing a. gas flow speed.

In order to minimize energy loss and to ensure a smooth

flow, it is desirable that both the collision surface and

e

of

d
n

t he

and

d



with the collision surface and then changing the flow direction of
the collided gas for centrifugal separation, the gas inlet port is
preferably provided with a throttle portion, which conprises a nozzle

mechani smor the like, for ;increasing a gas fIOM/speed In order to
m ni m ze energy | oss and to ensure a snooth flow, it is desirable that
both the collision surface and -12-

the guide part provided in the cylindrt @&l ~container be formed as an
i ntegral nenber having a continuous surface, and that an
attachi ng/ detachi ng mechanismto attach and detach the integral nenber

through ! PRe0agui8eCtpRPt! ﬁfovi’&é’éi' tHH S daatitie dRkecdde ot blse t o

prevent gas age rou a Jolnt portlon bétween the collision surface

and the gfbs?ﬁeaafés 6% "BhbkgrAlAikeb&P! HRSS Y hh%orﬁﬁfiﬁﬁ'@'ﬁéc.@urface,
container, and to enhance™ the gas-liquid separation effect.

Furtherm)éﬁd biatdehhni 88tachinkl/AetdptEsrye medienei shurtounsiethdly tdred
inner wall surface of the cylindrical container, the collision surface and

t he gui dedpgaich atle hiroyéduga Dumenibegashwbugh |1shentgasiucmde‘t1 oporhe bal et
port through an outlet (downstreamend) of this flow passage space along .
t he i nner pweiided.f ac&hdfs t fleatyrendnakes idonpaissdihle htof |predentctgas of

the gas can be easily controlled, and also energé | oss can be linmted at
a | oner ﬂ-eaéqag@orrﬂd”twgﬁlt hat hécdém cPartian cdbehyeene fhe | melhision

surface and the gulde part, to malntaln air—tightness of the

' 1) | cylindrical container, and to enhance the gas-liquid
Separation effect. |

Furthermore,. by defining a flow passage space

surrounded by the inner wall surface of the cylindrical

containei, the collision surface and the guide part, and

blowing out the gas which is introduced froﬁ the inlet port'

through an outlet (downstream end) of this flow passége

Space along the inner wall surface of the cylindrical

container, the flow direction of the gas can be easily

- cohtrdlled;'and also energy loss can be limited at a lower

 level compared with the device of releasing the gas into an

open space without any barrier.

 Brief Description of the Drawings

‘Fig. 1 is a front §iew'of a gas—liquid separator of a

first embodiment .
Fig. 2 is a partly vertically sectional view of the

gas—liquid separator. shown in Fig. 1.



open space w t-hout any barrier. . Brief Description of the Draw ngs
Fig. 1 is a front view of a gas-liquid separator of a first enbodi nent.
Fig. 2 is a partly vertically sectional view of the gas-liquid separator

shown i-n Fig. 1. ; - 13 -

Fig. 3 is a sectional view taken along the line A - A of Fig. 2.

Flg. 4 is a plan view of a blow guide plate in the gas- liquid
separator shown in Fig. 2. Fild "5 is a side view of the blow

gui de plate shown in Fig. 4. Fig. 6 is a sectional view
taken along the line B - B in Fig. 4. Fig. 7 is a
performnce GFAph Bl gl iddsedeMBhalUkdew takéD¥abngAkthedl14de as: 1A qui d
separator showmn Tn Fig. 1. Fig. 8 1s an explanatory view of the
gas- | i quigFk Flg.sgparator shown in Fig. 1, which illustrates how introduced
air is separat’ed into a flow of air and mater dr ops. Fig. 9is a

front view of migas4l iguadpiepardle’y of & blow geidedpdakediiterthe gas-
Fig. 10 is a vertical sectional view of the-gas-liquid separator shown in
Fig. 9. liquid separator shown in Fig. 2.
Fig. 5 is a side view of the blow guide plate'shown in
Fig.'4.

Fig. 6 is a sectional view taken along the line B - B

- in Fig. 4. |

Fig. 7 1is a performance graph plotting a moisture
removal rate of the gaé—liquid separator shown in Fig. 1.

Fig. 8 is an explanatory view of the gas-liquid
separator shown in Fig,.l, which illustrates how introduced
air is separated into a flow of air éhd water drops.

Fig. 9 is a front view of a gas-liquid separator of a
second embodimentp

Fig. 10 is a vertical.sectional view of the gas-liquid

- separator shown in Fig. 9.

Fig. 11 is an exploded perspéctive view of an upper
portion of the.gas-liquid separator shown in Fig. 9.
Fig. 12A is a front view of a member .forming an
collision surface and a guide part; Fig. 12B is a side view
]prf_ﬁhe_member; Fig. 120.ié'a plan view of the member; and
o Fig. 12D is a sectional view taken along the line C - C in
" Fig. 12A. |

Fig. 13 is an exploded perspective view of the member



R

Fig. 11 is an exploded perspective V|em10f an upper portion of the
gas-liquid separator. showmn in Fig. 9. . Fig. 12A is a front
view of a nenber formng an collision surface and a guide part;
Fig. 12B is a side view . of the menber; Fig. 12Cis a plan view of the
menber; and Fig. 12D is a sectional viewtaken along the line C- Cin
Fig. 12A Fig. 13 is an expl oded perspective view of the nenber
- 14 - forming the collision surfacejgnd the guide part, show ng an
assenbl ed state of the nmenbers. Fig. 14 is an explanatory view of the
gas-liquid separator shown in Fig. 9, which illustrates flows of air and
noi st ur.e. Fig. 15 is a sectional viewtaken along the line D- D in
Fig. 14. fomBeisigMiue €oilfaiopi syrdacet laqd rilentgwide partreghowdsigofan he
present invention will be described belowin detail in conjunction with
enbodi nentassemwked nstake qfaﬁhﬁgmembegs 1is a front view of a gas-liquid

separator of a first_enbodi nent; gh 2 1s a partly vertlcally sect i onal
view of the gasEigquildsebBradBr SKRBWANRROEYg. View Fpg  Shes gassdiighg

view taken along the [ine A - A.in
separator shown in Fig. é? which illustrates flows of air

and moisture.
Fig. 15 is a sectional view taken along the line D - D

in Fig. 14.

Best Mode for Carrying our the Invention
Features of the present invention will be described
below. in detail in conjunction with embodiments shown in the
drawings. Fig. 1 is a front view of a gas-liquid separator
of a first embodiment; Fig. 2 is a partly vertically
sectional view of the gas-liquid separator shown in Fig. 1;
Fig. 3 is a sectional view taken'along the line A - A in Fig.
2; Fig. 4 is a plan view of a blow guide plate in the gas-
%g : liquid'sepérator shown in Fig. 2}_Fig. 5 is a side view of
the blow guide plate; Fig. 6 is a sectional view taken along
1.:he line B - B in Fig.lﬁ' 4; Fig. 7 is a performance graph
" plotting a moisture removal rate of the gas-liéuid separator
shoﬁn in Fig. 1; and Fig. 8 is an explanatory view of the
gaéeliquidisepérator sh6wﬁ'in Fig. 1, which illustrates how
introduced air.is sepafated into a flow of air and water

drops. -

Referring to Figs. 1 to 5, the reference numeral 1 is a



2; Fig. 4is a plan view of a blow guide plate in the gas- |liquid
separator shown in Fig. 2; Fig. 5is a side view of the blow guide plate;
Fig. 6 is a sectional viewtaken along the |line B- Bin Fig. 4, Fig. 7 is
a performance graph plotting a noisture renoval rate of the gas-liquid
separator shown in Fig. 1; and Fig. 8 is an explanatory view of the

gas-liquid separator shown in Fig. 1, which illustrates how introduced air
i's separated into a flow of air and wal®r- drops. Referring to Figs.
1tob5, the reference nuneral 1 is a cylindrical container

havi ng an inner dianeter of 70 mm la is a high-pressure air introducing

port haV',gfung ng]gft %n%fam%mawn S 48" ﬂh{exdegﬂ@ggheg otpriq fa@g ng A

di anet er® I's a cover portion provid

cylindrigal ,cga Lﬁ?;gsf%fesls aaﬁ'; éaewn opREL t%\;fhdh@ dP&héEQkOfoft he

cyllndrlcal con g press alr  supply pipe connected

to the ghjgh- BEeSSYr gn @ilr AD6EREAHGIAG PRt hdRingald dihmdifer Bof 4
hi gh-pressuré air di schargi ng pi pe connécted to the air di schargi ng port

I b. mm,TheLé ef g ence quvay alpdrtiom Prawiede $t atthd OB oE i@
guide part, 5a is an air passing groove defined between an outer wall

ci rcunf egghindariealf ammtedinde, bRovi guatde aytiotdrdinndoandoteet wal ithe
surface of the cylindrical <container 1. The air passing groove 5a has a
curved dhapeom of the cylindrical container 1, 3 is a high-pressure

air supply pipe cohnected“-.to the high—pressure air

'ﬁ) ~ introducing port la, and 4 is a high-pressure air
discharging pipe connected to the air discharging port 1b.

| The reference numeral 5 is a blow guide plate forming a

blow guide part, 5a is an air passing groove defined between

an outer wall cifcumferential surface of the blow guide

plate 5 and an inner wall surface of the cylindrical

- container 1. The eir passing groove 5a has a curved shape

following an inner wall surface of the cylindrical container

1. Air is released from a downstream end of the air passing

groove 5a into the cylindrical container 1 near its inner

‘wall surface so that the released air whirls along the inner

wall surface of the cylindrical container 1 without
'~ colliding with the inner wall'surface.

 __ ~ The reference numeral 5b is an attachment hole for the
?f¥blow gulde plate 5, 5¢c is an attachment bolt which is
';;1nserted into the attechﬁent hole 5b, 6 is a conical

reee1v1ng plate provided in an upper portion within the

cylindrical container 1, and 6a is a central opening formed



A L.

following an inner wall surface of the cylindrical container 1. Air is
rel eased froma downstreamend of the air passing groove 5a into the
cyllndrlcal container 1 near its inner wall surface so that the rel eased
air whirls along the inner .wall surface of the cylindrical container
1 without colliding with the inner wall surface. The reference
nuneral 5b is an attachnment hole for the blow guide plate 5, 5c is an
attachnment bolt which is inserted intd6the attachnment hole 5b, 6 is a
conical receiving plate provided in an upper portion within the
cylindrical container 1, and 6a is a central opening forned

at the- Cenﬁ;eth%f é@&ggp'?ga' HESEY 0gn PLabe: 650 A% Fand_ havdhames er

of 12 nm €renceé nune I's a done as a-curved
menber mel entral surface of the conlcal recei vi ng
plate 6, a are mo ve es fornmed in the dome 7, each having a

di ameter of 3 thd S, atﬁér FolfePRrnc?? filnfeddP 7 is a/d¥n®! &5 taordiﬁdréw
the partition eac having a dianmeter of 3 nm 9 is a first small

chanber, }rire #830R4 SE8I lan uppehadditra BNdulifdde ackNi £l SBIdical
chanber . The operation of the gas-liquid separator of this
enbodi nentreddivitey Peatese) i hedare Yhenvengholiess fommerd rin the doméalpi ng
noi sture is blown fromthe high-pressure air i ntroduci ng port |a

t hrough t kadh dlayiresgsardiametewpplfy 3 mm,. 8 is a partition, 8a are two

) venthélés_formed in the partition 8, each having a diameter

':) of 3 mm, 9 is a first small chamber, 10 is a second small
dhamber, and 11 is a third smail'chambe:.

The operation of the gas-liquid separator of this
embodiment will now be described. When high-pressure air
containing moisture is blown from the high-pressure air
introducing .port la thfough the high-pressure air supply
pipe 3, the air collides with a groove surface of the air
passing groove 5a of the blow guide plate 5, thereby
changing its direction by 90° . Then, the air advances along

2 the inner wall surfaca of the cylindrical container 1 in the
- circumferential direction followind'the air passing groove
5a.

The distance between the high-pressure air introducing
port la (the inner wall surface of the cylindrical container
1) and the groove surfage of the air passing groove 5a, with
which the blown air collides, is 5 mm. The air is thus
steeply curved, and moisture in the air is partly separated

by collision. After advancing through air passing groove 5a,



pipe 3, the air collides with a groove surface of the air passi ng
groove 5a of the blow guide plate 5, thereby changing its direction
by 90 . Then, the air advances al ong the inner wall surface of the
cylindrical container 1 in the circunferential direction follow ng
the air passing groove "~ ba. ' The di stance between the

hi gh- pressure air introducing port_la (the inner wall surface. of the
cylindrical container 1) and theé ﬁ%Gove surface of the air passing
groove 5a, with which the blown air collides, is 5 mm The air is
t hus steeply curved, and noisture in the air is partly separated

by col li stea. akkt &rs Bﬂaﬁﬁcumd REHeI08y 2L AdPRSAT NEIHIRBMR P31 from the
- 17 - the air is blown into the cylindrical container 1 fromthe

downst r eadiownst péaihenal rofpasise ngigr pakeiby grisbidiesa) éﬁa then IFidde
formof a spiral flow while whirling. Thus, since the air passing

groove 5in déki nBormbetfweenspikal dilicar whlleCIW‘rmn‘nfmge.ntlahuSl)rfs?tﬂ@c@f
the bl ow guide plate 5 and the i nner wall surface of the cylindrical
cont ai nerthej sadyr véassing sogrneove f Skl odefimedinebetméénsuthace mitéhe
cylindrical container, the introduced air is efficiently separated into
gas and a°+¥ﬁﬂm§eﬁ?n‘ééﬁﬂ-| fwrfacmdodl dhenkblgy |gwikeapiatte 5 aogorthéiange
inthe aif_direction is reduced. ~After .rising until striking against
t he conicb?n?ﬁcﬁﬁh n&ﬁﬁ@%%?fpftFBG Cyliggrigal |eantrirends disorapreedover

surface of the conl a recei vin late 6 toward. the center thereof.
Elow the gnnergJ)ll surface of the cylindrical

'-) container, the 1ntroduced air is eff1c1ent1y separated into
gas and a liquid by collision, and also energy loss caused
upon change in the ait direction is reduced. After rising
until striking against the conical receiving plate 6, the

- spiral flow descends along -a lower surface of the conical
receiving plate 6 toward the center thereof.
Fig. 8 illustrates the abbve—described process in the
cylindrical container 1. Water drops, being forced outward
by centrifugal force caused by the whlrllng of the spiral

flow, are put on the inner wall surface of the cyllndrlcal

centalner 1, end then run downward, along the inner wall
surface. Some water dfoés are separated from the air before
.contacting with the inner wall surface due to a difference
in specific gravity and fall down to a bottom surface of the

. H_éjlindrical container 1.
: .When the spiralﬂ flow' strikes 'against the conical
.receiving plate 6, water drops are put on the lower surface

of  the conical receiving plate 6, and then run down along:



Fig. 8 illustrates the above-described process in the cylindrical

container 1. Water drops, being forced outward by centrifugal force
caused by the whirling of the spiral flow, are put on the inner wall
surface of the cylindrical |, container 1, and then run downward al ong
the inner wall surface. Sonme water drops are separated fromthe air
bef ore contacting wwth-the inner wall surface due to a difference

in specific gravity and fall down to a B8ttom surface of the

cylindrical container 1. Wien the spiral flow strikes
against the <conical . =~ receiving plate 6, water drops are put on the

Lf\é\ﬁg sur%gcelower Osfuzgpaecé: oghggleorft?ce}%%jtg% IEll.ll'x‘%tte,lg“.,hea ”v‘i‘a%@%”g%'gk'sg
f t f. _ Af t

zu:)e??ghe?§%egd8¥ o?g%h ?Eantfga?u 2 eﬁope%%%gffa d%%e%bot ttgl)réﬁ gt‘f%wa}%:%aio; o

the cyli ngp' tdhg . 6aCOEBa' Rfle 1 bottom sur¥aket ur&fcoeﬁél nediimdiiedl

flow strikfng agai nst the conical recelving plate 6 is carrie

downwar d ag&thele Mt h the air, separated fromthe air to form water
drops due to a difference in speC|f|c gravity, and falls down to the

bott om SUMAG UYe tEen€Eylhadr igakheonriiadt nElovl . st FhRihgl bgaiwaiterthe
drops are then recovered into the auto-drain 2. On the ot her

hand, theceinidal areeeivibhgpplibiten ©fishearriedcydownivard| togethererwilth
gradually rises in a manner |ike
the air, separated from the air to form water drops due to a
‘ ‘) difference in specific gravity, and falls down to the bottom
surface of the cylindrical container 1. The fallen water
drops are then recovered into the auto-drain 2. |
On the other hand, the air in a central portion of the
cy1indrical container 1 gradﬁally rises in a manner 1like
being sucked from the above, and flows into the first small
chamber 9 through the central opening 6a. The air flowing
into the first small chamber 9 through the central opening

6a of the conical receiving plate 6 enters the second small

chamber 10 through the ventholes 7a and then the third small

chamber 11 through thefventholes 8a. The air is finally

discharged' to the air discharging pipe 4 through the air

-_.discharging port 1b in the third small chamber 11 after
T  passihg those small chambers.

- Io. measure . a. dehumidifying capability of this

- embodiment, 100 cc of water mixed with color ink was mixed

into flows ?f high-pressure air.having different flow rates

from 100‘to 500 liter per minute at a rate of 30 cc/min, as



bei ng. sucked fromthe above, and flows into the first small chanmber 9
t.hrough the central opening 6a. The air flow ng into the first smal
chanber 9 through the central opening 6a of the conical receiving
plate 6 enters the second snall chanmber 10 t hrough the venthol es 7a
and then the third small " chanber 11 through the ventholes 8a. The air
is finally di scharged to the air discharging pipe 4 through the air

di scharging port Ib in the third smatlihanber 11 after passi ng those
smal | chanbers. To measure a dehumdifying capability of
this enbodi nent, 100 cc of water m xed with color ink was m xed

~into flq °e'"?H fy, ok %esﬁ.“rerﬂérfgééiegggic‘;ffﬁfrﬁ-f‘ﬁ%éségﬁ\&éa&?& was HI8iK100

to 500 I per_nﬁ ute at ara _ / _ _
- 19 - 5nedowRd ”hEFﬂaPZfSE*&‘i‘:er eéﬁk“é@ H'oghaﬂfn‘éﬁgﬁ%‘%e?hfB}r‘i’géggbg"‘g??' hto

t he hi gh-pressure al at nospheres through t

suppl Yy BiiRfh-Fpredsdraphiof Exi;pa?l; Rigjes 31 he panpupbnofost he fnked NBLES

recovered through the auto- aln 2 under the above condition in relation

to the aHe &mowWntal®f the FBké€eWwaltied té€oge@Bl Afhfbwgh 7thadl "@§tol00 %
of the inked water was recovered for the flowrates up to 300 Iliter/ mn.

The noi sirnain r emowrdier attheraabsiieghddnyditien edn t pedatdbue teath@d diat the
flow rate of 500 liter/mn. :
flow rate. -
As seen from the graph-of Fig;-7, almost 100 % of the
fi} inked water was recovered for the flow rates up to 300
liter/min. The moisture removal rate was slightly lowered
to a value near 99 % at the flow rate of 500 liter/min.
Since .the water is 'c_olored wit'h- the ink, how the wate_r is
put on and remains in the cylindrical container can be
apparently observed by removing the cover portion. An 
observation of the interior of the &ylindrical containei
resulted in 1little colored portion, and any residue of

- moisture was not found. Further, substantially similar

results were obtained when the high-pressure air was of 3 to

7 atmospheres. In other words, there was no change in
_”performahce depending on the pressure value.

A second embodiment will now be described below.

C§mponents of a 'gas—liquid separator of this second

if §ébodiment ' borresponding._ to those of the gas—liquid

fsépéiatbr of ‘the Ffirst embodiment are denoted by the same

-  ;éférence numerals- and are not explained here. Fig. 9 is a

front_'view of the gas-liquid separator of the second



Since the water is colored with the ink, how the water is put on and
remains in the cylindrical container can be apparently observed by
renmoving the cover portion. An observation of the interior of the
cylindrical container resulted inlittle colored portion, and any residue
of noisture was not found. Further, substantially simlar results
were obtai ned when the high-pressure air was of 3 to 7 atnospheres. In

ot her words, there was no change in pezdermance dependi ng on the pressure
val ue. A second enbodi nent will now be described bel ow. Conponents of
a gas-liquid separator of this second enbodinent corresponding to those
of the gas-liquid separator of the first enbodLnen& are denoted by the
same ref efBPedinghErs afFddand i fotvekbiet hederkiana Fi"é.eWQ‘ﬂ:s € f9JRT

oy o |l A e SRR L B 8, ST, 45 oo rghaded
19U, SeOBLELSL RO bRcF Dor? of! Sovddy! A0 EAR OHEC T g B IS
e o0 pubEPEhs” iy FInoR Sl AR W Anan A gy oA
rerher By, B SR vk ket s d usknpae G,
the collisjon $4rhaGd RN&{d¢ of the member, Fig. 12C is a plan view of
] the'member, and.Fig. 12D is a sectional view taken along the
'—) line C - C in Fig. 12A; Fig. 13 is an exploded perspective
' view of the member forming the collision surface and the
guide part, showing an assembled state; Fig. 14 is an
explanatory view of the gas-liquid separator shown in Fig. 9,
which illustrates flows of air and moisture; and Fig. 15 is
a sectional view taken along the line D - D in Fig. 14.
This second embodiment differs from the first
gmbodiment primarily in the structural members which
correspond to the blow guide plate 5, the conical receiving_

plate 6, the dome 7 and the partition 8.

First, - a -receiving  plate 31 corrésponding to the
Eonical receiving plate 6 in the first embodiment will be
described. In this second embodiment, the receiving plate
3; is formed to have a lower surface'which has an arc-shaped
sedfidnal'view; i.e., ﬁhich constitutes part of a spherical
sufface. By providing such a curved lower surface rather
than the lineai lower surface as in.the above embodiment,

water drops contacted with the lower surface of the



gui de part, showi ng an assenbled state; Fig. 14 is an explanatory view of

the gas-liquid separator showmn in Fig. 9, which illustrates flows of air
and noisture; and Fig. 15 is a sectional view taken along the line D- D
in Fig. 14.. This second enbodinment differs from the first

enbodi nent primarily in ‘the structural nenbers which correspond to
the blow guide plate 5 the conical receiving plate 6, the donme 7 and the
partition 8. First, a receivirngt plate 31 corresponding to the
conical receiving plate 6 in the first enbodinent will be described. 1In
this second enbodi nent, the receiving plate 31 is forned to have a | ower

sur f ace g@é%gvyﬁgagﬂaeac 102080 o8GR WBlndeg: et 6N egaToUL o0

part of eri suar aée provi dg such a curv surtface

rather  than ?Qg MR 1@%&4@6 bR t§‘$ %@ﬁ‘éﬁx eE!BSE%%‘E:%ds weper

drops contac ower ace

- 21 - tﬁécabﬁbn@lﬁﬁﬁetﬁé phEtE%&th@‘Hn €R8 RN teaMbodimdnt da1
Next, an I nternedi ate nenbe whi ch corresponds to the done 7 and the

partiti oped ddbdiEpdd /s st mrbctwl_@nge@bha dbsearénpd.a pArthits cyecand
enbodi ment, a partition 35 having a circular formin a plan view and a

curved nnabﬁng% cirspdiadeddmmonin he phahi vien dhdare dwtved mensgrabiry
with each other. Further, the partition 35 and the curved nenber 37 have
ventholesuSﬁandédaﬁmamfbhee@aﬁtitﬂon_BEsamaiﬁmtmed integrally with
each other. Further, the partition 35 and the curved member
'i) 37 have ventholes 35a, 37a are formed therein, respectively,
so. as to locate in 180 ° -opposite positions around the
center of the curved member 37.. In this embodiment, since
the partition 35 and the curved ‘member 37 are formed
integrally with each other, the positional relationship
between the ventholes 35a and 37a is maintained.
With the above-described arrangement, that is, the
venthole 35a formed in the partition 35 and the venthole 37a

formed in the curved member 37 are arranged in 180 ° -

opposite positions around the center of the curved member 37,

'the_venthole 37a of the curved member 37 and the venthole
35a of the partition 35 can be apart from each other to the
.;;maximum, causing the air discharged through the “venthole 37a
._f:_'__of the curved member 37 to temporarily remain in a space
'.i;deflned by an outer surface of the curved member 37, a lower
';;surface of the partltlon 35 and the inner wall surface of
lethe cyllndrlcal container 1. As a result, water drops can

_be effectlvely prevented from blowing out together with the



so as to locate in 180 [err] -opposite positions around the center of the
curved menmber 37. In this enbodinment, since the partition 35 and the
curved nenber 37 are fornmed integrally with each other, the positional
relationship between the ventholes 35a and 37a is nmintained. Wth

t he above-descri bed arrangéenent, ‘that is, the venthole 35a fornmed in the
partition 35 and the venthole 37a forned in the curved nenber 37 are
arranged in 180 [err] - opposite pesgzi-ons around the center of the
curved nmenber 37, the venthole 37a of the curved nmenber 37 and the
venthole 35a of the partition 35 can be apart from each other to the

maxi mum causin ai r di.scharged through the venthole 37a of the curved
nenber 3W1¥oafE%§oF ?lﬁ? r&ﬁﬁq+4y %g defined by an outer surface of

the curved megper sS4, '5% Wghégseung er 410SREER | bR edpoRlatk L1 kRaer

wal | surface bRSRh& ai ner ares r drops can

be effeqbivelgugdgv§?% ‘yﬂlﬂ fEké%“eﬁBgﬁiﬂgﬁtwhﬁﬁlt@% desaflbe .

e gas- |qU|d separati on. , a bl ow

gui de mergper 441 Wﬂe%?l&oré SWANGS teible 12 add OW3gUi ke Pl 5Eu1dehe

first enbodi nent escri bed. As is clearly shown in Figs. 12
and 13, fhbanblow PUidgprises MNMEInddr CHEYI o IsutdRicecollbsinasy f ace

41a and a gui de part 41b continuously extending fromthe collision
surface ddade Apspacallsf idwmrt inudisly nretterdingurffe d¢he collision
surface 4la. A space defined by.the inner wall surface ef
' ) - 'the cyiindrical container 1, the above—described collision
suiface 4la and the guide part 41lb serves as an air passing
groove 4lc. In this embodiment, the collision surface 4la
is formed to extend linearly and inclined 3° in a direction
to widen the air flow passage from a plane-perpendicular to
the incoming direction of air (see “@” in Fig. 12D).

Such an inclination of the collision surface
contributes to not only increasing the efficiency of
liquefaction of moisture by collision with the surface, i.e.,

%§§ 'vseparation into gas and 1liquid, but aleo reducing energy
'iloss caused upon subsequent change in the flow direction of
the incoming air.

Returning to Fige. 12 and 13, the reference numeral 41d

,ifis an internal thread foimed in the blow guide member 41,

”ffand:43 is an external thread which are able to mesh with the

fqﬂ%internal thread 41d. =~ The external thread 43 has such .an
‘outer configuration as allowing its insertion into the high-

pressure air introducing port la. Also, the external thread



the cylindrical container 1, the above-described collision surface

41a and the guide part 41b serves as an air passing groove 41c. In

t hi.s enbodi ment, the collision surface 4la _ is formed to extend
linearly and inclined 3[err] in a direction to widen the air flow
passage from a pl ane perpendicular to the incomng direction of air
(see "[err]" in Fig. 12D). Such an i nclination of t he
collision surface contributes 8» mot only increasing the efficiency
of | i quefaction of noisture by collision with the surface, i.e.,
separation into gas and liquid, but also reducing energy | oss caused

Ret Erﬁflré,f JSFEOPISEd Bitd® ¢ Bl B Mo tap dpifed "SETRakE:
i nterna %\%rﬁﬁ rE8ETRY 's%fg{ﬁe 4 oy Qgﬁgfngeggﬁ:'faé& and c@.%fg}'%ér Z%%Q4ld

ext er nal r ea |ch are e to nes Intern

The ext efpahelineAG Y Eﬁﬁn%dbc?ﬂ:lon 43BULeY aco%agaiaul%@a&ilﬁ&:ng
its insertion into the high- pressure air introducing port la. Al so,
the extergstehhhgathe screw. - 23 - 43
Is provided with a flange portion 43b fornmed at a head end thereof to
serve as a beghen®luw f gagdeamenber sddt $s43slaced Lnarrehe icylhedtieale
portion 43b in a radial direction for- fastening the screw.

The bl ovcgntdiéneenbler i4l as mammwed ithathetbyl i mterndl threaht dilderis in a
manner that the internal thread 41d is positioned to face the

hi gh- pr epeaitianed tor faes thedrighwpressure air introducing port 1la,
'i). and the external thread 43 is inserted through the high-
pressure air introducing port 1la, and meshed and fastened

with the internal thread 41d of the blow guide member 41,
thereby fixing the blow guide member 41. Accordingly, in

this embodiment, the blow guide member 41 can be attached

from the side of the high—pressure air introducing port 1la.

This structure effeétively prevents air from leaking

- through gaps around the attachment bolts 5c inserted through

.the attachment holes Sb; and hence air-tightness. of the

cylindrical container 1 can be maintained.

Thus, the gas—liquid éeparator of the second embodiment
_of‘ the ‘present invention can provide the abo%e—mentioned
.advantages in addition to the various functions of the first
”?émbodiment described above. .
O The_ following advantages can be achieved with the
,iprésent invention. |
'(1).The rémoval rate of a iiquid component can be increased

to nearly 100 % even for air introduced under high pressure



and the external thread 43 is inserted through the high- pressure air
I ntroducing port la, and neshed and fastened with the internal thread
41d of the bl ow gui de nmenber 41, t hereby fixing the bl ow gui de nenber
41. Accordingly, in ‘this enbodi nent, the bl ow guide nenber 41 can be
attached fromthe side of the high-pressure air introducing port Ia.
This structure effectively prevents air from |l eaking t hr ough gaps
around the attachnent bolts 5c inserted4t hrough the attachnent hol es
Sb, and hence air-tightness of the cylindrical container 1 can be
nﬁgnéained Thus, the gas-liquid separator of the second

enbodi nent present_inventi an_provi nt ed
a(rjrt\;ant agdsith e?ddlst%“gﬁ"?o %W?Hﬁ%uslq‘%%qc Ib%g Tt 0‘;41?1? D PEELEN 2Rl
enbadi nent descrlbed abh ' The follow n advanta es can be

achi eved ¥t Hed o p8W8§ént i nventi on. (1)gThe renngal rate of a

liquid Cogyﬁﬂﬁé?—hh LPerbOEhEaShat a £EG1DPRELY HUkFA&YeRsT Qurdda g

i ntroduce igh préssure 24 -

with a si tLUCt UG £ NELYET NG IR JDVEP! § RAFISndPical e@nitaiheld pover.
(2) Wth fﬁif?ﬁaf&wgﬁﬁFt a collision surfaceR%Q curvedato foll ow an inner

val | surfage ;9f-13 fad | BEr ddlert0at ff'l@ﬁf Péssafei vwardl thew dimmat feamw
passage toward the downstream
side, liquefaction of moisture by collision with the surface,
i.e., separation into gas and 1liquid, is efficiency
'Q:B performed, and energy loss caused upon subsequent change in
the flow direction of the incoming gas is reduced. As a
result, . the gas-liquid separation can be achieved -with high
efficiency. | |
(3) With the feature that a curved member having a venthole
which is disposed at the position between a conical
receiving plate and a partition, and over a central opening -
of the conical receiving plate, provides a small chamber,

the liquid component which has not been recovered by the

conical receiving plate is captured by an inner surface of

the curved member and turhe_d into droplets. The droplets
fall down to a bottom surface of the cylindrical container
through the central opening of the conical receiving plate
and then recovered through a drain.
;"(4) With the feature'tﬁat'é venthole of the partition and
- the vénthole of the curved member are arranged in 180° -
opposite pos\itions around the center of the curved member,

the vénthole of the. curved member and the wventhole of the



side, liquefaction of noisture by collision with the surface, i.e.,.
separation into gas and liquid, is efficiency perforned, and energy
| oss caused. upon subsequent change in the flow direction of the incom ng
gas is reduced. As a result, the gas-liquid separation can be achieved
with high efficiency. (3) Wth the feature that a curved nenber having a
venthole which is disposed at the position between a conical receiving
plate and a partition, and over a centd%al opening of the conical Treceiving
pl ate, provides a small chanber, the |iquid conmponent which has not been
recovered by the conical receiving plate is captured by an inner surface
of the_curved ne r.a t i dr ts e 0 S own to
a bott oﬁlagd:ﬁecé'(?@ g%%t%eggyl %ﬁgr%iq‘caﬁkglgnt %lgjr:lgr o%ﬂggugﬁét Ikll)tl'e}‘?e%:erﬁt%gr’gjfljﬂop'eni ng
of the ' r | Vi plgat hﬁ%ﬁ&hq{hf&? er@qeth‘;@ﬁjﬂ}gogedr £N. £hé&4)
Wth thgggggﬁﬁﬁe%%ﬁ%tgggbeﬁ?ﬁgie t he part?%ipn and the ventﬁole o% t he
curved ERRAIY H&nsdF 2PgelePotdMiay lrema BPPLST he spatie! iU IO UR ARe
center of the curved nmenber,” the vénthole of the curved nenber and the

vent hol @u¥fert NSurface of the curved member, a lower -sgbGrfacep®f ithen can
be apart fromeach other to the maxi num causing the gas di scharged

t hr ough plaet imeirdrhchied oant hanedursuasFacerbef thet eyldnairnilgal ereniainea. space

defined by an outer surface of the curved nenber, a | ower surface of the
As a result, the liquid can be effectively prevented from
blowing out together with the gas after the gas—liquid

_) separation. | |

(S} WwWith the feature that the cufved member and the
partition are formed integrally with each other, the
positional relationship between the ventholes formed in the
curved member and the pértition, respectively, can be
securely maintained. ./'

(6) With the feature that the distance between a gas inlet

port and the collision surface is set to be in a range of 3

— 15 mm, pressure loss can be limited at a lower level while

ensuring the gas-liquid separation by collision.

(7) With the feature that the gas inlet port is provided
with a throttle portion for'increasing é gas flow speed, it
is possible to enhance the gas—liéuid separation effect by
géllisidn and, further, to effectively carry out the gas-
5;;iqﬁid separation by’ ceﬁtfifugal force in the 'subsequent
.fﬁébpéss. - |
,;(é) With the featﬁre that the coliision surface and a guide

part both provided .in the cylindrical container are



partition and an inner surface of the cylindrical container. As a result,
the liquid can be effectively prevented from blow ng out together with the
gas after the gas-liquid separation. (5) Wth the feature that the
curved nenber and the partition are fornmed integrally wth each
other, the positional relationship between the ventholes fornmed in the
curved nmenber and the partition, respectively, can be securely maintained.
(6) Wth the feature that the distance Bétween a gas inlet port and the
collision surface is set to be in a range of 3 - 15 mm pressure | oss can
be limted at a lower level while ensuring the gas-liquid separation by

T T
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and a oul BErtpad BESTRCed olitiehs mredfiae' fp; Mrc o al ik RineuEsgee

and a gui provi de cy contaln are

- 26 - bt gy@l Lyt i da1anchiPa fhé AC BRI/ €St éﬁhhaaerr&q{@négammggght ach

and detach the integral nmenber through the gas inlet port 1s provi it
I s possi bkaph@a#BioH dfifett ;i ght ness

Industrial Applicability
“j) The present invention can be suitably employed to
dehumidify éir which is supplied to, for example, air-
operated machines such.as.air motors and air breakers, air
blowing apparatus for bl_owing away powdery dust, ‘and | air

blowing apparatus for drying and cooling.




of the cylindrical container and to enhance the gas-liquid separation

ef fect. I ndustrial Applicability The present invention can be
suitably enployed to dehunmidify air which is supplied to, for exanple,
air- operated machines such as air notors and air breakers, air blow ng
apparatus for blow ng away ‘powdery dust, and air blow ng apparatus for
drying and cool i ng. - 27 -

CLAI M5 1. A gas-liquid separagdr- conprising a gas inlet port
provided in the side surface of a cylindrical container having a hollow
chanmber fornmed therein, a dischahging port for discharging gas after
gas-liquid separation provided at g #@g of the cylindrical container, a
collision surface wth which gas su ﬁ@ fromthe gas inlet port col I i des
and a guide part for changing a flow direction of the gas after coll.ision
so as to flow along an inner wall surface of the cyllndrlcal cont ai ner

1 o o | Con L PLiher} 558" bOpartiel et bkl AU Aflceopitrr
subst ant pallt dekPNifal tREARSI i AL PeRIENYaf Oéﬁﬁnarléaienésﬁtétlﬁ@iof
having a hollow chamber formed therein, a discharging port
for discharging gas after gas-liquid separation provided at
the top of the ey1indrical container, a collision surface
q) with which gas supplied from the gas inlet port collides and
a guide part for changing a fldn direction of the gas afrer
collision so as to flow aleng an_inner wall surface of the
cylindrical container in a “circumferential direction
provided in the cylindrical container at a posirion to face
the gas inlet port, a receiving plate having a substantially
eonical shape ‘with an opening formed at a center thereof
.provided in an upper portion of the hollow chamber with a
prejecting central - portion faced downward to divide the

” hollow' chamber into upper and lower hollow chambers, the

*'upper hollow chamber partitioned by the rece1v1ng plate
‘communicated w1th the discharging port, and a partition
' having at least one venthole and dividing the upper hollow
dchamber disposed above the reeeiving ‘plate in opposed
3f;reiation;;wherein°
.. 'said colllsion surfece being curved to follow an 1nner
'iwall surface of the cylindrical container or 1nc11ned so as

to widen a flow passage toward the downstream side.

—_—
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provided in an upper portion of the hollow chanber with a projecting
central portion faced downward to divide the hollow chanber into upper and
-1 ower hol | ow chanbers, the upper hollow chanber partitioned by the
receiving plate comunicated with the discharging port, and a
partition having at |east ‘one venthole and dividing the upper holl ow
chanber di sposed above the receiving plate in opposed relation, wherein:
said col lision surface being curved to 4%l ow an i nner wall surface of the
cylindrical container or inclined so as to w den a flom1passage toward the
downst r eam si de. 28 - 2. A

gas. | Lauid separatof asdlefigafa | Seflehiby 1, s WhgLEL fod CHEVes gRpDe

having at |east one v e’ls dis at a position between said

recei vi ng:h@@tﬁl aad éardedpa:ﬁémbéen mﬁl&geraﬁ hqe%w' BHeOfvéﬁtHoﬁ.éceié“ ng
plate, a small chamber being fornmed between said curved nenber and an

upper sudfiggRsid ot dar \,ﬁ@g“mﬁ Petwden said- refeiangl plditd BRArs408 as
defined in Claim 2, erein the venthole of said partition and the
ventholepa&txtmdhcandmbv&mbtheﬂapemin@g@f|§a180h§ddlvxnm0puhte, a

positions around a center of the curved nenber. 4. A gas-liquid
separ at oismad ldefliankie x nb€il ngmfozmediimtaieers asalid ucuesrede mMembean carsdi an
partition are formed integrally with each other. 5. Agas-liquid

separ at oupReTigfunfaare ol aakd Ieceiving plate. _
3. A gas-liquid separator as deflned in Claim 2,
=:) wherein the venthole of said partition and the venthole of
said curved member a:e-a#ranged in 180° -opposite positions
around a center of the curved member. |

4. A gas-liquid separator as defined in Claim 3,
wherein said curved member and said partition are formed |
integrally with each other.

5. A gas-liquid separator as defined in Claims 1.- 4,
wherein a distance between said gas inlet port and said
collision surface is set to be in a range of 3 - 15 mm.

- 6. A gas-liquid separator as defined in Claims 1 - 5, .
. wherein said _gas inlet pcrt is pr-ovided with a throttle
portibn for.increaSing a gas flow speed.

7. A gas-liquid saparator as defined in Claims 1 - 6,
wherain said dollision surface and said guide part both

.Q,iprbﬁidéd in - said cylindrical container are formed as an
: 1ntegral member, and aﬁ attaching/detaching mechanism to

attach and detach said integral member through said gas

~inlet port is provided.

I | HIIH i !li!



wherein a distance between said gas inlet port and said collision surface

is set to be in arange of 3 - 15 nm 6. A gas-liquid separator as
defined in Claims 1 - 5, wherein said gas inlet port is provided with a
throttle portion for increasing a gas fl ow speed. 7. Agas-liquid

separator as defined in Clains 1 - 6, wherein said collision surface and
said guide part- both provided in said cylindrical container are forned as
an integral menmber, and an attaching’ #taching nechanismto attach and
detach said integral menber through said gas inlet port is provided.
- 29 - . A gas-liquid separator as defined in Cainms 1 - 7,

wherein the i n@er \Kaodsal %{83?8 g;%![ a:%% 'a{lﬁfa .}Lngamlﬁ' RV aimsd d-

col lision surface an ne a OM/ passage space, and t he
gas '”trOﬁﬂéﬁglhfQ@éﬂiﬁhéfﬂﬁ%lpoéﬁrfhéebbﬁwgaﬁﬁtd&T&%d%ld&ﬂ'éﬁnﬁﬂlﬁbr,

downstream end of said flow passage space along™ the inner

surface ghidsatdlle¥libndrégpfag@ntaiidiebaid guide part define a flow
passage . space, and the gas introduced from said inlet port
is blown out from an outlet at a downstream end of said flow

passage space along- the inner wall surface of said

cylindrical container.
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