SPECI FI CATI ON  GAS DI SSOLUTI ON APPARATUS BACKGROUND
Techni cal Field [0001] The present invention rel ates
to a gas dissolving apparatus that can produce a
liquid that contains a dissolved gas (referred to as
"gas-di ssol ved | i P BCIFACATEPNer) by causi ng gas
to be dissolved into a liquid in the effective
manner. Background [0002] A gas may be dissol ved

into a liquid,i (& l.i I an d vari ous

pur poses. Fo AéggﬁsﬁgﬁfﬁﬂﬂfﬁNyéﬁgAEVQPQ t hat

produces drinking water that contains |ots of

di ssol ved oxygen, by causing a particul ar gas, such

as ozone gas, that i alinate sea water to

be di ssolved into t é&§g§§3&29g§§in the effective and
Techni®fifHiei®ent manner. There is also a systemin which

the ozone gas is used, for exanple, for the purpose
[0001] of cleaning the waters, such as the industrial waste

water, the water in the polluted rivers and | akes,

e prasentansengiot télmtbs ke, a and thesbingt isaeanshitat can

cl eaned_ by taking advantage of the sterilizing,
producg@oligpid itﬁgt santaioro aodiszo%gecbfgae dirsfeated e oz Oges-dissolved

.. ”gEsH Far z ch systens, however, it _is desired that -
hiquid é%’ei’gtec’-‘ Yr@Usapg giissiop ¢ dassavedantoelliguid inhdie effective
| iquid and can al so renmain dissolved in the liquid
mantehonsi stently and with high stability for a long tine.
3] I'n the conventional art, various nethods for
Eﬁﬁiﬁz&ﬁﬁ&ng gases into liquids are known. For exanple,

jooo2] the bubbling nethod is proposed as disclosed in
Japanese patent publication of unexam ned application

Helgael Wdy1 9290 issoided into a liquid in various applications and
various purposes. For example, there is a system that produces drinking
water that contains lots of dissolved oxygen, by causing a particular gas, such
as ozone gas, that is used to desalinate sea water to be dissolved into the sea
water in the effective and efficient manner. There is also a system in which
the ozone gas is used, for example, for the purpose of cleaning the waters,
such as the industrial waste water, the water in the polluted rivers and lakes,
the rain water and the like, and those waters can be cleaned by taking
advantage of the sterilizing, deodorizing and decolorizing effects of the ozone
gas. For such systems, howevez, it is desired that the gas can be left dissolved
effectively in the liguid and can alsoc remain dissolved in the liguid
consistently and with high stability for a long time.

- [0003]
In the com;'entional art, various methods for mixing gases into liguids
are known. For example, the bubbling method ié proposed as disclosed in

Japanese patent publication of unexamined application Heiseill1(1999) -

..1.




188255. One exanple is shown in Fig. 9. As shown in
Fig. 9, aliquid 32 maybe delivered by a liquid
delivery pipe 31 into a gas and |iquid m xing casing
- =3 havi ng, a._cul indr.iGgal. gh . Sq bukbl
188255, Onst BespSisis b3, B AR g e \‘k}/‘gruﬁd Simay be
‘deliverdd by i&'%fﬁv' | i afyh hy H%E%'Zﬁi ing 30
dehverggsblfn?é Ig%‘ﬂ&an o%l%tshgﬁi g’&eirlﬁglfggats hereof(ﬁHGas uggﬁsgjng

having3PcTRYdRE IIRAHC ach DY delR@ @Fble diilth@o08RekRicH i3An&Sd to a
the gas enters the gas bubbl e generator 34 through

gas deliviery 1§ipe Ik @oyifependde dihigeggasndubph@smidinmyasing 30
be mxed into the liquid 32, some of which nay be

and omtikxedowet bidndhdrash|Ged biuttldes %6 gag, banprdadieedeby the gas
of which may be renoved out of the gas and liquid

bubblergexiengtoraid agtho gasrenighs dhe gas ithhletgepieyat@sd4 fhrough the
this way, the m xture_t i s_conpaosed of the liqujd .

gas delHery Hins 63\/8“&10@95%%?“@3{%% Ray. 0¢ goiFed e quid 32,

nat.her nmethod which.i.s called as "the filled-1a
some CiWAIGRRA DérBRAGE Witks SBAOHREPH o) FRUo1gie FRS{HHQ the Test of
. . nethod, a gas, and l.i.qui d m_xi.ng casing. 40 _havi
which g5 e BuVen a6 of 484ins PR naRE ik d ot B, 38, fiSuen »
' E i th: f (A [ [ :
cas ouliBt bbb 5814 e Gl KRS mhne b 1o MREA I 1yuid ana
dissolRiiPSediayi e ShtARGRd. A gas delivery pipe 45 is
connected to the gas and liquid m xing casing 40 on
[0004]t he | ower portion thereof, and a gas delivery pipe
46 is connected to the gas and liquid m xing casing
ADhore ishenotieermephot ivohnichher exdied he “abdiftliedriayergdssolving
and liquid mixture delivery pipe 47 is connected to .
methotheAgabowndin Fggi d0nmxithyy vedhed, 4@amanfdigwgemixing casing

portion thereof. In this pethod, the liqujd that ]l:lﬁ .
40 hawegithecabintiramltsiand bas ¢ Glerarsr frghersin ghay jetilled with

hower, head 44 may. b lied in,the f .of . ..
a Aille Figriat AdmabAEC SHBYGY S SHEIETeThid. FHECF i Ftkqchfpup liouid
.42 thr h which the, iquid travel. . I
delivefy, AT fe T REa 4y SoHTaky 1BF e JSSBBEH o che g
' . _ Ui . i or s
om0 YRR chBRUED tn835 e hORLYC RABEAD il  ihcciver
pipe z{dﬂi@!&ﬁné&%_df b 18Rk La¥esnd iR Re-@Ht @fsihPe4@as 3RE upper
iquid mxing casing 40 through a gas outlet pipe
portiof6ehekBpRUDD dd@itidd | edghayaid 42uidhenixture delivery pipe 47 is

connected to the gas and liguid mixing casing 40 on the lower portion thereof
In this method, the liquid that is delivered from the liquid delivery pipe 43 to
the shower head 44 may be supplied in the form of a shower from the shower
head 44 into the filled layer 42 through which the liguid may travel
downwardly through the filled layer 42, while the gas that is delivered
through the gas delivery pipe 45 into the gas and liguid mixing casing 40 may
travel upwardly through the filled layer 42, going out of the gas and liquid
mixiﬁg casing 40 through a gas outlet pipe 46. Through the filled layer 42, the

gas and the liguid may travel in opposite directions, while contacting each



gas and the liquid may travel in opposite directions,
whil e contacting each 2 other. In this way, the gas
may be dissolved into and mxed with the liquid. The
gas and liquid mxture that contains the dissolved
other. Bashidwsiypbhaigaedmi®ybe hsselvededhtouindimixed gath ahe Liquid.
l'iquid mxing casing 40 through the gas and |iquid
The gasiantduneuoltlistuE getddontihesdhardsstlved ggasthamdbbtained may
l'iquid m xing nethods., One exanple is the nethod
be remgspaputhel thegrsrand dpmnds sipan e vasphilcdiomghothe gas and
..., unexam nel(il application No.Heiseil0O (1998) - 290928,
hquid pErtwre AR PIPEI -anot her exanple is the net hod

ing the vortex flo u Japanese,.pat e .
s it HEt g b RHER. SIBRRE dp oo One example i the
000-161278, . e S Y : :
methods, BRfoa, 86" eid or VX3 By Ebne “PRVER, (G LI{Goth) of  uibkamined
licABWEXR Holdle1 6009681 | 996b283%:AMhihb Y| Anlliatidl le i
appac nmet g\%; gn_ agpargar)t uses that have ggagn ?renti ongaexamp ° 18
the maR¥e wails | tHeeRdeehf dlowi POy BhipaR@se MhXtdiE dubdRation of
into aliquid and transferring the resulting mxture
unexamimddhpphicatibhNai ZE00-16d 2985 fandxam@léld, and, for
nost cases, are not intended for allowing the gas to
remain dissolved into the liquid with stability. In
any of the conventional gﬁ)ﬁar atuses, therefore, the

problemis t FAIMMARGROT ITAE INEENTERD| ved

efficiently dit mght take g long tine until the

gas has beeRTo 'eé‘%&?%oscéﬁﬁghﬁa}eymwlﬁnthe gas
(00051 di ssol ving process cannot be perfornmed efficiently.

Furthernore, the gas that has been dissolved into the

l(Iig%iegefm %?ebgoﬁggﬁfﬁhg? %i la%fxd; re ng%nth&e%ql%@% Srél&thods and

egassing), an € gas €anno

apparazgggée ¥h%€‘ Hahe Hée%uﬂéntiéni@é%b%%eaﬁ%rﬁﬁblﬁﬁgg th g%édwmg and

escription that t conventi onal nethods or

mixingdR RIS 65 1kANAA ndReAnéfRerineeHs rekulties thitige tdd@taining
gas into the liquid effectively and efficiently, and

the distbbred gdd el dgpedc hndi $eohvedt @asst ara sotmintedideddby adlowing
in the liquid consistently and
the gas to remain dissolved into the liquid with stability. In any of the
conventional apparatuses, therefore, the problem is that the gas cannot be
dissolved efficiently, and it might take a long time until the gas has been
dissolved completely. Thus, the gas dissolving process cannot be performed
efficiently. Furthermore, the gas that has been dissolved into the liguid may
be separated easily from the liquid (degassing), and the gas cannot remain
dissolved stably in the liquid. It may be appreciated from the above
description that the conventional methods or apparatuses cannot meet the
needs of dissolving the gas into the liquid effectively and efficiently, and thén
allowing such dissolved gas to remain dissolved in the liquid consistently and

stably.
[0006]



stably. [00061 3 The present invention has been made

by considering the above described problens of the

prior art, and therefore enbodi nents of the present

i nvention seek to elimnate those problens of the

pripr art, and provide ,a gas dissolving apparatus

thi; © cBFeSMdd iR e%tlﬁﬁshéﬁdﬁle?ﬂumfgﬁ XA @npdering the above

C i | ot s,,0f t.he dissolved s, b rmtti
desorfit B PR RERE aits ARt hRESpT GRip i aeialahy present
3 . h-ownd [ I to remin )
inverfiih bHA0 4 e RHERe G SERAEBLIRS Rt LE el proride a gas
dissoRrih8n§arius MeAN8a Yrodoky 'angaQEﬂlal &Gid f390 e ‘%hat contains

According to a first "aspect of the present invention,
lots of hke elissolped\Hade By @ﬁ@ﬁtﬂifﬂ;& ¥h8Go P BbUR b the liquid

i ncludes a gas dissolving vice for causing a
effectivalpuhadt tHdmowullbwihg pradddied]ved gagi tot t6@aCOMSSEYed in the

. .of gas and liquid (referred to as the "gas and

liquid ¢apsigtenthkt and stabheforad deng tishel e t he gas and

l[iquid mxture is being introduced into the gas

di ssol vi ng devi ce, thereby enhancing the

di ssolulil.ity of. the gas into the liquid and’
Mea%ﬁ‘@hﬁﬁ@’l{lﬁﬁ??@'&iﬁl@ contai ni ng such dissol ved gas
_[0007¥1ref erred to as the "gas-dissolved |iquid"

ereinafter), an injection outlet connected to the

g%cc‘cﬁrag&% yﬂé gqlilf’s%\ﬂs%%c{ QF thé gyirggéﬂfqiqlvtegﬁkor}, 0 mrgﬁs provided

gas-dis and a essure t

a gas Ugsol €% Sh5SAEAHAt AR uddY & %ta%dditsgélq’%g% éi%lagcee- for causing a

injection outlet into the pressure tan an |
turbubiror éldw andbbr proddedh ihha afstEls RMeshdd @i h€athd liquid

be taken out; - wherein said gas dissolving device

(referfarkitades the “gap ectdrliqiifentiftotghhatiahftehE wigdé taBdzas and
. . Jliquid mxture introduced into said gas dissol ving

Liquidgeirtere és theipg intnpdecest into tthe gas nlisfolaingtdevice, thereby
enharthii 3 etolSbiggrdiobhen S88haEq Bhe it priading the liguid
conta BB P B S FOera L B i, tiaui
hereirﬂ&férj),o %1_1 injection outlet connected to the gas dissolving device for
injecting the gas-dissolved liqﬁid, and a pressure tank in which the
gas-dissolved liquid injected through the injection outlet into the pressure
tank can be stored, and from which the gas-dissolved liquid can be taken 0uf§
wherein said gas dissolving device includes an injector pipe through which the
gas and liquid mixturé introduced into said gas dissolving device is to be
injected in the form of a jet stream, and a baffler for producing a turbulent
flow in said jet stream when said jet stream strikes against said baffler; and
wherein said gas dissblving device further includes a flat base space portion

provided in the form of the baffler and having two opposite walls facing



provided in-the formof the baffler and having two
opposite walls facing -4 opposite each other and each
- having a passage hol e through which a liquid -passes,
and a circunferential wall surrounding the space
t wee site walls, wherein said flat

b said t oppo
opPOSER SaCh AHEeE MY GACheh BTSN BcAsehEn halarthmegh which a liquid
|.ocati gns _of t.he passa hol e in,.the opposite wall on.
passey AR5 &G PP AT 8HFr°a+n41Pﬁet%pﬁHaF%§§Fwe?8 said two

. : ' - of t ole j.n the o i,te
oppos AL RHR8 sl STRIPTLIDA Faboh i pPPERHLShgtophat the
locatibhg dfithdl shddhat s iﬁaﬁﬁeeﬁpp(;ﬁfé)ml Bﬁ%éﬁa&@v@ﬂggljggbf side are
in the opposite wall on the upstream side can Strike ,
out ofllgaé REithtreeaBdREThe Godlibn HBf the Fﬁ@a\!ﬁ’gé hERMSIEopposite wall
within said flat base space portion, producing a
on theiwpemeatushid entl fHaiwthe jéhetistaneah e ligaid ithdi has passed
[ 00081 According to a second aspect of the present
throughvidwet passagetzrle insther enpatett walbas the sgoitvemy side can strike
._apparatus that jncludes a gas dissolving device for
agamégﬁgﬁ g Prasite ¥ sl anthe IdéWItﬁii?r%%mpﬁﬂdeEEtglmrﬁaad fladt bage space
. conposed. of gas, and ljquid _(referred to as_the_"gas
portiog, 3}%‘93&6%1%8 %g’i?]ﬁl‘]é"t“ﬁbl‘lgﬁ%aﬂ?@rlﬁ e sieepmeofbiae Hqaid.
[OOOSLiQUid m xture is being introduced into the gas
i ssol ving device, thereby enhancing the
di i ' Lgui d and . .
or SEOERte A4 sfoorl € sPAS ST ekt MRLENRRH hrag igaeovided |
a gas digdo@vt y I&sg)! ik kG4 e devi - :
s her ei na t%f’?’f‘%}ﬁfs im?ﬁagg?l ?gﬁd%afgl%t%d%lgﬁﬂ%g?%(ﬁl oG %Oéf causing a
turbubag dioss dlovbegpdedteal fiar a infiixeGid NGripesed of gas and liquid
gas-di ssolved liquid, and a pressure tank in m%lch -
(refertdrb to gas the Sgak veand 11i quiddniing ees’cHeicinaftehk vipd€ @he gas and
. ..inside the pressure tank through the injection
liquidoprirbgrd 4% daihg prizeduced tinhk thanghe diseoling ahelite othereby
whi ch t he as-dissolved |iquid can be taken out;
enhanging the dé%?(gubﬁéwd‘i’fs@tﬂ grmingethe Bauidandderovaging the liquid
i njector pipe through which the gas and |iquid
m xture introduced into said gas dissolving device
iIs to be injected in the formof a jet stream and a
baffler for producing a turbulent flowin said jet
stream when said jet

_4a_



stream stri kes agai nst said baffler; and wherein said
gas dissolving device further includes a flat base
space portion provided in the formof the baffler

and having two opposite walls facing opposite each

contaffti | 5asbeelvaRd o TRl cit 1 Whel | 2ac-dissolved liguid”
e B R AR RO i cevice o
. iged sl | i f th . hol e. :
oo B P TR o PRS0, S PSR Y e
gas- d%gslohlf&ﬁli%ﬂ‘iﬁj%g?é il tltl{éesop 4 QCREI AN h % rlﬁé %‘sﬁldrgatgz%g €through

e in the opposite wa n the upstre

the idjbétiot Reitletingb ri@am@fsstife thhtWa b8akoPak, afP$&AA which the
t hrough the passage hole in the opposite wall on the

gas-dispsiveehtiiidecoarbesttnkka agai adlerbhe soppogid elivallhin device
the downstream side within said flat base space :
includysr ah onjecpropiye thyoaghi wheett the gadandntiqalbmiktutehmtroduced
: streamof the Iliquid., %OOOQ_l_An enbodi ment of the
into sprdgandissoleimeg devige dvbelbs injacteiddnite form vla jetsstream, and
i sspl vi ng, appar atus, ~wherejn the gas .di ssol ving L
a bafflg} B DA Ar kbt Glow dpeakh il ghradm oNbeResaid jet
as dliquid mxture.introduced i.nto the . .
stroa ] Ralfn mgtin B8 BaPe AR RRCwt: foithEad BRasatring device
' ff in teur bul ent
rur g ARAER R 00 ook RO P2l OERACHe varmer

and h%fgﬁ%%%vot %Gét@%fa{llsefacinkw(fitéq@%ﬂ] SheMed ??({}L (}elaving a

e pr esent 1 nvention provi _es a varil ati _on 0 _
~ passag@shélics shtougly WRPEH af Usquith §efishs ! AR dIaS shesRivbAfial wall

device further includes a flat base space portion
surropndinigiget: ssacabetvbadif beid and oppubitg walds, wheashtwid flat base

wal | s facing opposite each other and each having a .
space mrtmgeishprevidedr sugh that cheaocationd qfatsepassagk hole in the

circunferential wall surrounding the space between
0pposiifeWalh 0gphaei dev nainesm ide ere omé of dincasishsregsed to the
locatidss to% %ﬂelpsassage hole in the opposite wall on the upstream side and
that the jet stream of the liquid that has passed through the passage hole in
the opposite wall on the upstream side can strike against the opposite wall on
the downstream side within said flat base space portion, producing a violent
turbulent flow in the stream of the liquid.
[0009]

An embodiment of the present invention provides a variation of the gas
dissolving apparatus, wherein the gas dissolving device includes an injection
pipe through which the gas and liquid mixture introduced into the gas
dissolving device is to be injected in the form of a jet stream, and a baffler for

producing a turbulent flow in the jet stream when the jet stream strikes ‘

égainst the



provi ded such that the |ocations of the passage hol e
in the opposite wall on the downstream side are out
of line with the locations of the passage hole in the
opposite wall on the upstream side and that the jet
b ﬂi-«streamof the liquid that has passed through the
alll8fassage hole in the opposite wall on the upstream
[00103ide may strike against the opposite wall on the
ownstream side within the flat base space portion,

N L (e
the g&rseaﬁgolifﬁ\éerhtﬁp%atég %l?éﬁ‘egﬁstl?e vald ik Ao tch%ngésfurther

di ssol vi ng "appar at us, erein at Ieast one 0

include® aOflpeHdse ¥phdeS portibhnpidiedéd ats BARE LaBAEE AT tl:t'a@f!‘ng two
has a plurality of passage holes, and a plurality of .

oppositeduedts dhdmgt eppositeatdchn ophene&nclomelﬁ:tleﬂvmlgna passage hole
paral l el are linked to the respective ones of the
throughswhigh loligsiid [o0EeE, Andt herirembéeliemsin] wfilk berrounding the
present invention provides a variation of the gas
Spaceo‘?%fcﬂe% e ApparrRasite W@é]fselWﬂl‘tWéndlélﬁoﬂ&t daggldpagh portion is
portjon

Pm“‘iedf ﬁ‘éfgl t{ﬁée I’?q%c?:rf;] l u%?ﬁtsggg LUd§§a§pm&t@ Wil on the
o AR S, ot Sy B B T R BRI i
opposit@%g &?QBQ rpseﬁ?@ %?Bt 1%5. tLQE tgéﬁ ?{rea%f%@t h:orllquid that

has p%@ﬁrt@ﬁrkﬁ h%%rﬁéé%ag@q{dlg' Qh@ cﬁﬁ‘)%sfc@q?réllq}ﬂ %ﬂﬁétﬁgam side

portion on the upstrean13| e thereo or mXxing t

may s@fikeadighinisguhd dmasfifietvall bAOKE dowAstRIm %ﬁ@@%lﬂﬁﬁi the flat

of the present invention provides a variation of the
base gEsedpssodw,i prodppagas udolesteribulee fpas ianthd steath of the
y danIng portion is a gas and liquid m xer punp.
1qul

[0011]

A further embodiment of the present invention

_5a_



[ 0015] Anot her enbodi nent of the present invention
provi des a variation of the gas dissolving
apparatus, wherein the injection outlet for the
gas-dissolved liquid is arranged such that the

provit?%j.s gS%%’é%a‘éﬁS?flehG%“g%B? Qﬁﬁifl%%ﬁ%&g lfSt P\%ﬁglgqu gteleast one of
" di ssal L e il i o | ot _

e SRR VAR OS99 B AR iy o

passagb el hgndid §E&IANy Bf Y@H&&b&-ﬁ%ﬁ@ﬁéﬂirﬁ%@ﬁﬁﬁ%ﬂ)i}a%Lbioﬂnected

I's caused to revolve within the pressure tank.

in pafdlGkeAihked bethe vosped®id onbs bhehPpageite hakant i on
rovides a variation of the gas dissolving

[OOlZEpparatus,,mherein the pressure tank includes a
pressure adjusting valve for adjusting the internal
praxyles ambodimente of 4hk presany investipadpmvédenrevariation of
val ue. [0017] A further enbodi ment of the_present

the gas, desnolvimgnBRatRidiss Whetedni G epposite Wald an $heldawrstream

.. .a ratus, wherein the essyr.e adjusti.ng valve, i

side iGN ot oI udiRg PREHERAOT RGN RN CGh SR TR ORI E i Rassage
-, re tank val bet meen ;above the

hole i EE DBRBsIE Wall nthe whErrpia SUE ERAG PaSieitheleqn the outer

side oPthd Robdfie JIPGSL An alternative enbodi ment of the
pr esent mveﬁ on provides a variation of the gas

[0013Ppi ssol ving apparatus, wherein it further includes a
return pipe for returning the gas-dissolved |iquid
Wit het feenlps disseriicof ahK grewant intdetivRSirosade s adea@htion of

the gas dissol ving device, thereby allow ng the
the ggaglidicdyuhyetpbpamiud, twherainulmiedbet weesast hadghguid mixing
di ssol ving device and the pressure tank. [0019]
portion on the upstream side thereof, for mixing the gas and liquid together.
[0014]

Another embodiment of the present _invention provides a variation of
the gas dissolving apparatus, wherein the gas and liquid mixing portion is a
gas and liquid mixer pump.

[0015]

Another embodiment of the present invention provides a variation of
the gas dissolving apparatus, wherein the injection outlet for the
gas-dissolved liquid is arranged such that the gas-dissolved liquid can be
injected thi‘ough the injection outlet toward the surface of the gas-dissolved
liquid existing in the pressure tank, and can be directed in the direction

substantially along the direction in which the gas-dissolved liquid is caused to

revolve within the pressure tank.



In accordance with enbodi nents of the present
i nvention, when the gas and liquid mxture is
delivered into the gas dissolving device, it can
produce a turbulent flowin the mxture while it is
Gglomﬁng t hrough the gas dissolving device, thereby
tom zing the gas into snmaller particles within the
[y d ] ing . the dissolubility of the . .
g B BN T PRL STRRO Db EEh e IRG Y rbtigl el Periation of
o> | niect _ . i
the ep} IR FBph ENRE] STARRRHER KRR A LERRIRC TR, g prossure
~ adjus@irdeialv® ENsSUARudthAl (Heiglie3nal VRdss @RS wh i
- din;égol ved stably wifthin the qu‘é}?d. RO Wit SHEl a0 any
desirddhpregasedizdael ved liquid is injected into the space
~ wWithin the pressure tank, it can draw the gas that
[0017gxi sts in the space of the tank into the
. gas-dissolved liquid, -7 thereby increasing the
arbiigrther empbodjzeethaf thapressnii mvantiinspoowddsiavatiation of
liquj.d. .In particular, the gas-dissolved |iquid . i
the gag @%%%ﬁl%t%ﬁéﬁa%%ewgﬁr%mgé&e paepsugatadiustng valve is
-inject the -dissolved liquid toward the surface of
vroviddl 564 st d e, uibitral nresdits mighith thh Sroesusdiignk o any
. n .t j ' tialdy_ along,the
- value SRREPASIAC R, Eib PR AR R UL L BB PR pressures
of + 0ld b4l is caused to revolve within the pressure
tank. In this way, when the gas-dissolved liquid is
[0018] njected through its injection output, it nay produce
.a jet streamthat causes the gas-dissolved liquid
eArst altgraatitdeemiessientt afikthe phavatt RevaetohVipigvides a
~ flow. As a result, the dissolved gas can be -
variatgpm of theiged digsiliongrhppanatwsy eviigreim it frerthiegancludesd return

) can remai n as dissolved consistently and stably
pipe for rritwamg theygag dipeoyep hewkd within pee guessirs binkdoward

liquid injectipn_outlet may be prqvided as art of .
the “Pﬁgfe@a% dides o it A c‘gg%lﬁ’lﬂgygﬁiéwéonﬂw@ga @dlovrag the
_1:0as_di;ssol vi ng .devi ce ,by wa f its geliyver i pe.
gas- iR pE By I tFlaRe R wih Bhe b Aspbihg, BePieqna the
pressi¥e Qmprear the gas dissolving device‘in order to
ensure that the dissolved gas can be injected into
[0019]t he pressure tank as quickly as possible, so

[001

In accordance with embodiments of the present invention, when the |
gas and liquid mixture is delivered into the gas dissolving device, it-can
produce a turbulent flow in the mixture while it is flowing through the gas
dissolving device, thereby atomizing the gas into smaller particles within the
liquid and thus increasing the dissolubility of the gas into the liquid. The
resulting gas-dissolved liquid may be injected through the gas-dissolved liquid
injection outlet into the pressure tank, in order to ensure that the dissolved
gas can remain as dissolved stably within the liquid. In addition, when the
gas-dissoived Liquid is injected into the space within the pressure tank, it can

draw the gas that exists in the space of the tank into the gas-dissolved liquid,



that it can remain as dissolved in the liquid. One or
nore gas-dissolved liquid injection outlets nmay be
provi ded, and may be arranged such that each of
those outlets can inject the gas-dissolved liquid in
therebyt i@ reh diagt fhenasithaitash thal &ys thhorgnt hemain estdissplived in the
whi ch the gas-dissolved |iquid can have the revol ving
liquid. Hl partittlirnthé gaprdissoived tlagkid jrgeetipn Pwslet may be arranged
gas-di ssolved |iquid may be obtai ned by the gas and
such tHatqiti dawiiingt ther grendisaolend riguish tpVeFidbRe Swrige of the
. upstream side of the gas dissolvin evice.. T hs as
gas-disaiuer | QAR NS OR LB RIGSHES dAPE b oy has Alpetion
various nechanj.cal .neans ot cesses ch .as o
substarighy a?q;f%g Eho e et 3F e EBE RN, Ol sHhsldived liquid
i ref.era t TETYo N
is causgd® BBy, WRefRE A1 drclibee A0 RHRAI S aofh the

gas-disgtﬂg'ehilﬁﬂgﬁ {8 ; écmﬂoﬁglﬁiﬁsﬁﬂectﬁ&ﬁ o®%pP| 8 mbBSroduce a
gas may be 1 ntroduced under the applied pressure into

jet strehRetigcAls2sahd ffk-dasobaad Siouidlakidthes @asho drebeure tank to
di ssol ved acceleratingly. In addition, when the

have tB@SedbBAALVAGW. i Asli 4l resultnj Het edssaived tdwes parsburdstributed
tank, the pressure tank can always be kept under the

uniformlyphiédvends surthe fikusd.camd @it memaie ashéisgelbgdogonsistently
usi ng any other nmeans, such as an air pressure punp,

and stabdy wthigethédigridssure tank under the applied

pressure. [0022] The gas dissol ving device according
(0020} t o enbodi ments of the present invention is only

AT 4% s CUPEITA T Bl o8 Froviced
pare oS BH I IAE GRBOEI R UEBHIHIRG he gag disoling

ice 381 U6 et BEL P85y Ph5SOP LhAUhe TEEERS id b
device g)gjl {gég;dfn%g @@hgﬁs}: 9{1}2@ bV &b rablyH Uik Hﬁé@tl@;@%dﬂe{etoéhou e

sira e turbulent flow should b

provid®d QLG8 tne DOttRVERL elikbolvang @dfiectinvetder Forensure that the
exanple, this violent turbulent flow nay be produced

dissolveY galsimbetitgegad arnd theqoicssmirxttank 4:0qeiaklkers possible, so

agal nst the baffler in the gas dissolving device o
that itwhenrdmaisas ldessalyed inchgiinnsd.i Gne crimarpepe diggpdved liquid
injection outlets may be provided, and may be arranged such that each of
those outlets can inject the gas-dissolved liquid in the direction substantially
along the direction in which the gas-dissolved liquid can have the revolving
flow within the pressure tank.

[0021]

The gas-dissolved liquid may be obtained by the gas and liquid mixing
portion which may be provided on the upstream side of the gas dissolving
device. This gas and liguid mixing portion may be iniplemented by using
various mechanical means or processes, such as by using the known ejector or

bubbling method. Preferably, the gas and liquid mixe: pump may be used as

the gas and liquid mixing portion. When the gas and liguid mixer pump 18



baffl er may have any form and nmay be arranged in any

position, without departing fromthe spirit and

scope.of the present invention. Rather, the baffler

may be inplenmented by a flat base space porti.on_ that )
used,for lexgEnries the igag mpgther introdesid wrdepahelanplindphressure into

i ded. i he f f flat b ti . '
A X R .
a0 S5ue S350 A PR PBRRTER IR LR ek e

' I /1o fl .
prss RECR USRI oRBORLIE Nl ) gL, This

climiRARViHieHeS¥EH ukhaS ?%19 %th@ﬁ ald A0S khtNean RGS ﬁ?&%dggl pump, to

in the opposite wall on the upstream side is out
place lthegrekétird fignk hocktithesaliddhproangage hole in the
~ opposite wall on the downstreamside, in the
[00228i rection in which the two opposite walls face each
other. In this way, the jet streamof the liquid
t Hhe Igas Pusobdnghdovigh aé¢rergiss dgeemdlodsmients e t19: present
) opposite wall on_the upstream side can strike against
inventiga i§ppEiintended fgnprqsucinginsrrhedent flow, ipthelgas agd liquid

. . the. violent. turbulent flow [Q023] On each of the two
mixtughigdroduged |1ato (s sps wét){a'aggaé%vws; ehely gecreasing the

e g e P TS0 LA BB T acvea
oGS0 L e L M 5o PSSR proucea

both AbR&t ahH%‘f?eCti@éi%’.CFgf egﬁﬁiﬁé,eﬁhiisrui@fétﬂt%rﬁh[’&ft flow may be
shoul d be snaller than the bore cross-sectional area

produdéd bheaiiing the @elsi D0 BigRed RiexL8e to efrikb e ddRstt @abaffler in
side. Inthis way, the flowrate of the injected

the gat deswleiary Hevicecwhesed, id flemehy thoagdlc itsgitjbetion pipe. The
turbulent flow nore violently. [0025] The o _

baffleygsani bavt very forpi andhamashde bewmdad ectay ipesttithewithout

ressure tank _ . : . . 3
ng from the spirit and scope of the present invention. Rather, the

deparﬁ
_ baffler may be implemented by a flat base space portion that will be described
later. | | |
[0023]

The baffler may be provided in the form of a flat base space portion
that includgs two opposite walls facing oppositer each other, each having a
passage hole through the liquid passes, and a circumferential wall
surrounding the space between the opposite walls. Within the flat base space
portion, the opposite walls may be provided such that the locations of the
passage Hole in the opposite wall on the upstream side is- out of line With the
locations of the passage hole in the opposite -Wall on the downstream side, in

the direction in which the two opposite walls face each other. In this way, the

jet stream of the liquid that has passed through the passage holes in the

-9..



fromthe gas-dissolved liquid injection outlet port

may be stored in the pressure tank, fromwhich the

gas-di ssolved |iquid my be taken out as required.

Althquh the pressure tank may be placed under the .
oppositgedl opiths irsdregmauilp van; stgikeneggjast Ghe epporie wall on the

pressure. by y of the pressur pu it is
downghream gide, A ueme theywleat fileng YBressure tank
Hﬁx&%hOU|d be provided by the gas and liquid m xture

elivered fromthe gas and liquid m xer punp, as -

d ribed Ler. t hatt [ I f

rat RECele e PRIt VAl dFa Ot BB, p RS RS h g gmay b

; u [ 1 UE S, Al LN JRVAS y
oV Fe o e S AL R "SRR ALY to the
respebive pasRIgRAhodE£STUHIE MBY PRodiddThedthfbABYt VAbWEe with the

bet ween above the atnospheric pressure and the
increadab effickeney.pdrgsutieatothd QobaMBare Asrobt-sestional ereadof those

to here, the atnospheric pressure corresponds to the
reducpdeliaimdtey imjessom e pipes hesbombd r dresmallehildmt Hhe bore

pressure tank is located. [0026] It should be noted )
cross phelionabares of thh apamainipelion £3pe wagvidador kBe ungirepm side.

in accordapce with odi nents of the present
In this,yét (1R BPY Fake Pl F{Btaew%eaawew eRBdraancrggsed, thereby
t ype,, and f.the gases.such as ozone, oxygen,
p““hﬁgﬁggg%ﬁ“'ﬁﬂﬁ?ﬁéﬂ?WR%gﬁ%§“%%nﬁ¥hosen as appropriate.
t should also be noted that the liquids into which
[0025 . L
he gases may be dissolved are not limted to any

PaFd eHsHisdoPed 1ANHd {HM S BUER inf2td D entH thd E)).‘le?sl}lere tank

service water, sea water, polluted water and the

from TRy Besdeblved BRRI®PMjédteon |dutddo ot bR agobedsidiad in the
the applications in which the gas. dissolving

pressappanakysfrotn ewhindi nhnt gaodiddodved dsguid nnaertid ankeayout as
be used are not limted to any particul ar
requizgh| Adthdugh tded piessyes tinds ohayneappacest umderayhbe higher
used in any of the applicatigns in which the liquids
pressuphbyi dehyering the st vadeyddespaessurei by 2eay of the toressure

pump?fit tig %leis?ya% Eeit nat the pressure within the preésure tank should be
provided by the gas and liquid mixture delivered from the gas and liquid
mixer pump, as described earlier. Note that the internal pressure of the
~ pressure tank'may be adjusted to any appropriate value by using the pressure
adjusting valve that may be provided within the pressure tank. For example,
this internal pressure may be adjusted to any value between above the
atmospheric pressure and the atmospheric pressure of +0.6 MPa. As it is
referred to here, the atmospheric pressure corresponds to the prevailing
pressure in the environment in which the pressure tank is located.
[0026] |

It should be noted that the gases that may be dissolved into the liquid
in accordance with embodiments of the present invention are not limited to

“any particular

-10...



[00271 It may be appreciated fromthe foregoing
description that the gas dissol ving apparatus
according to enbodi ments of the present invention

i ncludes the gas dissolving injector that nay produce

v B s e i, ) G e
chose . FPRLIRPAE 5 RGDHE B 0 M B icn e
soss AT 4 AL EGp A P Oy AU PESTP R 00 e

as thd AHERYYeriRbOviNS, BELFRIER pdlRNEdOkatdi £nd BBe 3RRCR Ay be used
within the pressure tank can be stored, and from :

as apprbphiaté hét gasudd ssolmedd! it thempecdedny ehe@hich the gas
t he outside, whereby the gas can be absorbed into

dissolvimeg hipgai aturmefe mbbidanents y{ thdhprgasitdarehtion maglbeedsed are
in a_short time (for exanple, through one pass)

not lignted tot apeqmrsicwWar e tiandanddhgagas chiasolemg mpparatus
as di ssolved for. an extended tine of period. . Note _

may b asegp agﬁp%.f? EROPRILCAIRRS B0 VEBhebha liiids containing the

. construction,, .and, may be manufactured at reduced
dissolygd ke'separatitifidody pTI ON OF DRAWNGS [00281 Fig. 1

is a schematic diagramillustrating the general
arrangenent of -11 the gas dissolving apparatus in

Effec%C&PfHérﬁﬁzééﬁﬁBIgne enbodi nent of the present
on; Fig.

Inventi shows t he nei ghborhood of the
[oo27pressure tank in the gas dissolving apparatus of

Fig. 1, in which (a) is a perspective view and (b) is

alt ahagsbeegppravadtd dronti ehe Bi@oidgi degerp@tibhathat the gas

cross-sectional viewillustrating the gas dissolving
dissolapparanesradiis Fageorthingi tp etnbsdian@eiss pécthe epneisewt invention
.. Illustrating the gas dissolving apparatus of Fig. 1;
includes the gas dissolving injector that may produce a turbulent flow in the
gas and liquid mixture while it is being introduced into the injector, thereby
increasing the dissolubility of the gas into the gas and liquid mixture so that
the gas-dissolved liquid can be injected to the outside, and the pressure tank
in which the gas-diésdlved liguid injected from the injector into the pressure
tank or into the space within the pressure tank can be stored, and from which
the gas-dissolved liquid may be delivered to the outside, whereby the gas can
be absorbed into the liquid more efficiently, the gas can be dissolved in a short
time (for example, through one pass) until it becomes saturated, and the gas
can remain as dissolved for an extended time of period. Note that the
apparatus can have a reduced-size construction, and may be manufactured at
reduced costs.

BRIEF DESCRIPTION OF DRAWINGS

[0028]

Fig. 1 1s a schematic diagram illustrating the general arrangement of

- 11-



Fig. 5is an exploded view illustrating the flat base
space portion in the gas dissolving apparatus of

Fig. 1; Fig. 6 is a perspective viewillustrating the
conponents of the gas dissolving apparatus of Fig. 1

the gabetin@ohasenabedringctifehccdidhneé wEtlR GehadBbb&iment of the
diagramillustrating part of the gas dissolving
presen@pesstiors; | N accordance with anot her enbodi nent of
the present invention; Fig. 8 represents two graphs
(Bg. ahdskidys st mepghihorhecd ofsiliet pressutechaaplr poséhe gas
) of conparing the enbodi nents, of the present invention
dissolvipg rppssstup Pl Kige lpin grhighy §88F1i89a perepeciivy Hpvamnd (b) is a
illustrating one exanple of the gas and |iquid
cross-spetiplep di'ng to the prior art; and Fig. 10 is a

Fagr.am il |l ustrating. anot her, exa e .of the,gas an .
BT hinAth T G R FAE DR gine i 28 Wissolving
I ion of nunerals [00291 1 gas dissolving
apparagggé’?gtqg's?’ 2 liquid storage container 3 liquid

delsl MeEY ﬁéﬁg)e@tig%svi@%l ﬂMFé’t)faE’i'n%etler%z@s E?s%o?ﬂglg: A A tus of

m xXer punp gas di ssol ving device gas di ssol ving

Fig. 1;devices 81, 83,85,87 flat base space portion 89

injection outlet for injecting the gas-dissol ved

I Figubds adldxpiodedudewglipst tatnglbedgdst Hassopyadportion in the

liquid 11 pressure tank :
gas dissolving apparatus of Fig. 1;

Fig. 6 is a perspective view illustrating the components of the gas
dissolving apparatus of Fig. 1 being assembled together;

Fig. 7 is a schematic diagram ilustrating part of the gas dissolving
apparatus in accordance with another embodiment of the present invention;

Fig. 8 represents two graphs (a) and (b) showing the test results for the
purpose of comparing the embodiments of the present invention with those of
the prior art;

Fig. 9 is a diagram illustrating one example of the gas and liguid
mixture according to the prior art; and

Fig. 10 is a diagram illustrating another example of the gas and liquid

mixture according to the prior art.

Explanation of numerals
[0029]

1 gas dissolving apparatus
2 liguid storage container
3 liguid delivery pipe

4 gas delivéry pipe

12



14 pressure adjusting valve 15 liquid outlet pipe 20
return pipe 21 gas-dissolved liquid injection pipe
2l1a outl et BEST MODE OF EMBODYI NG THE | NVENTI ON
' [ 0030] (Enbodinment 1) A first enbodi nent of the

6 gas apd eRANE hhmentuep | S now described by referring to
Figs. 1 through 6. Referring to Fig. 1, the gas

8 gas dakebohyidegi@pparatus 1 according to the present
enbodi ment is shown, which includes a |liquid storage

9 gas disephtvangelevicdsor storing a liquid 10a (such as water)
into which any suitable gas such as ozone gas is to

81,83, 8he8dilkidhaseyspacy Pefi®R del i very pipe 3 is connected

. . tothe liquid . storage container 2. and a gas
89 injeciign QBF];?tngénJ&’C%’%’gc‘an%%? &9 V%fﬁ}hﬁuuﬂ | to the
814 rItilggid delti.very pipe 3 on its internedi ate way, on
PrEFRRFEWR S Y2 Am of which a gas and liquid mxer punp
i d ' . When air is delivered through the gas
](]gasgg#?9§$§ﬁgﬁ§g 4, for exanple, the pipe 4 may have its

11 pres8Rfk PPEID to the atnosphere. Wien any suitable gas
such as ozone gas is delivered, for exanple, the gas

14 presdabé udhysthP&advéray be connected to the gas supply
source. 13 A vortex flow punp may be used as the gas

15 liquahdutietipipe m xer punp 6. The liquid delivery pipe 3
has switch valves 5a, 5b that may be operated to

20 retugpanper cl ose, each of which is |ocated near each of
t he upsiream and downstream sides of the gas and

21 gas-diss@lepdiiesid puisst®n P¥epectivel y. The |iquid

91 -t?elivery pi pe 3 al so has a pressure gauge 7a and a

ao0ulf¢ly neter 7b | ocated on the downstream side of the

gas and liquid mxer punp 6. On its downstream side,
furthernore, the liquid delivery pipe 3 has two

br anchgsgexieNdE"GF RVBODYING THE INVENTION
[0030]
(Embodiment 1)

A first embodiment of the present invention is now described by

referring to Figé. 1 through 6.

Referring to Fig. 1, the gas dissolving apparatus 1 according to the

present embodiment is shown, which includes a liguid storage container 2 for

storing a liquid 10a (such as water) into which any suitable gas such as ozone

gas is to be dissolved. A liquid delivery pipe 3 is connected to the hiquid

storage container 2, and a gas delivery pipe 4 is connected in parallel to the

liguid delivery pipe 3 on its intermediate way, on the downstream of which a

gas and liquid mixer pump 6 is provided. When air is delivered through the

gas delivery pipe 4, for example, the pipe 4 may have its end open to the

atmosphere. When any suitable gas such as ozone gas is delivered, for

example, the gas delivery pipe 4 may be connected to the gas supply source.

13



the pressure tank 11. Note that there are switch
val ves 12a, 12b, each of which is provided on each
of the branches. [0031] In the pressure tank 11,
there are two gas dissolving devices 8, 9, for

X JBPS ﬂ@ﬁcglfxﬂ{phMHyCBe ilfseqpag%%%st fnll Fﬁ;ﬁiﬁ{jﬁﬁfc& pump 6.

end of eac e two branches the 11 qui

The lLifigdi &@Wexﬁa B33 1ass shawh halvedSa, Sbafitht?2makabh dferated to
the gas ssol ving devices 8, 9 is provided

open &Y kimek! i @adl wlotwhitle BehéeiteaiXireaef ehtlie ofprtRssupetream and
tank 11 so that it is directed downwardly and
downsimeeli aedsviftthergmpand liqgnidt mexey pundr Hca¢sypresimly.elhe liquid
~ tank 11. Each of the gas dissolving devices 8, 9 has
deliverynpirens ed6¢ dyrsoutiressere Basigeof avamd adipwimetarglb located on
which the as-di}ssol ved Ijqﬁiﬁd .may be i

. ' d.
the dowpaerean i of the efsand i %X%@%&@s%%ﬁ downstream
: d hat .t he. - di lhved 1iquid { he. .
side, AEEHBRAT; B bThe (R Ey i B e BAbr 55BRdige tnco
the priffiel BFE'PE AP TP (HaSeNE0e Rubih i Wt 18, ench of

which EOPRIViHEE e §ehaBsadtiisgel ving devices will be
described 1n detail later. In the present enbodi nent,

[op31]the two gas dissolving devices are provided as shown
and descri bed above, but any nunber of the gas
dirssiod piragsurdetdrded 1 maetre ape dwaeds Witduduing devices 8, G, for
limtation. [0032] In the pressure tank 11, a
examppy, eszly of guogd 13 candeatedr s siheefamyarsh end ofvahele of4the two
are provided. The pressure gauge 13 nmay be used to
branchesmft e lipaid detwenapips & saf showohimFigre hpragdstrBach of the
k 11, and ressure 14 veﬂ ve 14 ma

gas di‘%ﬁwefw%?@i%tw‘ﬁlﬂ%%?ﬁ?éﬂf’%tgigéweofo# q fgiter axis of the
prossuPh SERE AP 4 it DEn PR REALOFe BGRRHY R rospoct
the e ISCRAPRFGRE RO b8 SPGB L AR e 0o am
injecti%% e(;l&'l@ius Sl fst Aokl chRCEBirbish Wit dch@“%%@ﬁis%il?@d liqmd

hat is connected to the pressure tank by way
may bOfinfectvil! BPeVidcttiyl the gas dissolving devices 8, 9 are arranged so
that the gas-dissolved ligquid for each can be injected in the direcfion
substantially élong the direction in which the gas-dissolved liguid is caused to
revolve within the pressure tank 11. The construction of the gas dissolving
devices will be described in detail later.

In the present embodiment, the two gas dissolving devices are
provided as shown and described above, but any number of the gas dissolving
devices may be provided without limitation.

[0032]
In the pressure tank 11, a pressure gauge 13 and a pressure adjusting

valve 14 are provided. The pressure gauge 13 may be used to monitor the

internal pressure within the pressure tank 11, and the pressure adjusting

14



t hrough which the gas-dissolved liquid 10 stored in
the pressure tank 11 can be taken out of the
pressure tank. The liquid outlet pipe 15 has a liquid
delivery output 16 on its forward end through a
valve 1fithiebe I8edrtd adyust thavhtd@ial weesutd af tige geatisoee $18nk 11 to
that are provided on its internediate way. [0033]
the predevermiredetrasdsreolevdie Iynsirablysdhei nytiddviresswid leped that
described by referring to Figs. 3 through Fig. 6. In
~has beeahpsesehﬁbqui‘/ﬁbhe vanwsd §agnyi deured Ryessdeilevsl 8t any gpme.

provi ded, for exanple, and have the jdentical o
St e dewer pogsion pﬁéh@&sreﬁsgg%|tw§gihe&}ecr@ § ¢ diquid outlet

e 165 a0 T S5 B0 e
oSBT TIONAR I8 o B con
v ok bSLH00E LD ST PEIRO R A Bipe oLl

deliverf%%hrc eTLEl @8 Rrwalrbleend)t®ebuoR DiffleeB08 dherae alaviolet
| at base space portions 81, 83, 85, 87 arranged in

sterilizifhw@teoicdard it enc pracidedgmstsaintafihkediate way.
respectively. The flat base space portions 81, 83
[0033] are interlinked by way of a set of six

reduced- di anet er pi pes 82-82, the flat base.s

Dori ohe dFailss ok did rmeer Risdaluins dexjeeorill det dgpcribed by
reforring gocigor 1 WEORE TF. B D (thi P BB VR GRS dhesolving
devices £ Ska DraVided: dot srpBwie, aull RE%: B5% 180G R rBbrdiag Thus
the ga$HIRoFHSEHATEL KON ARG HoM ) wBIRSRIOEES dlving device

9 is noPl RRSribeR, MG SESwhves §haltOtIRE d3BR b BbN! FRMhE RRs dissolving

cross-sectional ‘area of the bore in the injection
device Bllﬁﬁﬁ%- a9t to $he A dissoBtiakl devagegshown in Fig.

5, the flat base space portion 81 described above

iTied gelesliasdiaieg Shade: Beimrdnd80Grangeatibaspipspd¢ en the inlet

menber 810. The base space nmenber 800, on one hand,
side thiah¢é noesecinddppds Hguididelsesy pipe 3. On the downstream side of
the injection pipe 80, there are flat base space portions 81, 83, 85, 87 arranged
in that order and each acting as a baffler, respectively. The flat base space
portions 81, 83 are interlinked by way of a set of six reduced-diameter pipes
82-82, the flat base space portions 83, 85 are interlinked by way of a set of six
reduced-diameter pipes 84-84, and the flat base space portions 85, 87 are
interlinked by way of a set of six reduced-diameter pipes 86- 86. Each of the
reduced-diameter pipes in all sets has a bore of the same cross-section and the
total cross-sectional area of the bores in all of the six reduced-diameter pipes
in each set is set to be smaller than the cross-sectional area of the bore in the

injection pipe 80.

[0034]



having a round plate form and a peripheral wall 803
adjoining the circunferential edge of the opposite
wal | 801, the opposite wall 801 having a passage
hol e 802 on the center to which the main injection
RisP MYt LeNrdeHed in TReg basahepfice ba$beampaddOpordion 81
the other hand, includes an opposite wall 811 having
describadraiove plchhéed or bascanpae permpbe 880 awd la BAS: space member
adjoining the circunferential edge of the opposite
810. Thmbhs8ifact mecmbeo3tl omaphe mmfrimm@e%m oppsstigevall 810
~ holes 812- 812 arranged_at angular intervals of 60 .
havingdegresad; mlake &1Bunted ept iRemiRheadt Mol Hf3 adjomning the

B rel e e
s S8 S S0k 4 A G0 B PP o
connecgei}%eg?lg G P Oée%&?é’] Iﬁ%ﬁlbtekl egh ﬁ,s t%hns RACE o IEEDE S BOthcludes an

jorn ogether suc at the respecti've

opposi@PRAI] tﬁellv‘@iéh‘ﬁg?gé’ r&ddd G tbefdhdcand hOpbagheral wall 813

opposite eac r, with the respective peripheral

adjoinit@l {ke 808um3dBeRgledet of GG Epmsaty waill BOU] tlypgepite wall
t herebetween. [00351 As its details are shown in Fi

811 ha¥ving hex fpBisalpeshokpap2 p8iLi arrifzed ntlampsabasgervals of 60
space nenbers 810, 810, in which the base space

degreerenberte itcumaential jdirensdon ofdcherrnnsite twall B8Aé further

] respective opposite walls 811, 811 can be | aced,to

- includ¢se evbpdotalonodendirgpertion &4 e thecanteonthay 1§ fogmed to 2

e
) t t . I [

o 4 GESBE 0l BEEPTRAPEREY W el A Al oo o
foined (iR K00 RO So bt hoSSLYMILOHL 8 cat placed

to facegig)%tggﬁgid&hp@trﬂéﬂ%tﬁ e pBspdRivaIpetip®RrhPRdlls 803, 813 being

stream si des have their respective forward ends

joined @Id%@ghﬁvitﬁdﬁ@ah?_t%(a[fﬁﬂ%&ﬁ@tﬁ@én.wi th each ot her,
formng a ring-like space around the circunference.
f0035]16 The ot her ends of the reduced-di aneter injection
pi pes 82-82 connect ed _ .

As ite details are shown in Fig. 5, the flat base space portion 83
includes base space members 810, 810, in which the base space members 810,
810 are joined together such that the respective opposite walls 811, 811 can be
placed to face opposite each other, with the locations of the passage holes 812,
812 in one opposite wall 811 being out of line by an angle of 30 degrees with
the locations of the passage holes 812, 812 in the other opposite wall 811 and
with the respective peripheral walls 813, 813 being joined closely without any
gap therebetween. In this case, the cylindrical protruding portions 8§14 on the
upstream and downstream sides have their respective forward ends brought

into intimate contact with each other, forming a ring-like space around the

circumference.
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to the respective passage holes 811, 811 in the flat
base space portion 81 are connected to the
correspondi ng passage holes 811 on the upstream side
of the flat base space portion 83, and the passage
M eest 3t lon &ldf thie tekecddwhisinne@mingiadmropipesed F-Batconnected
base space portion 83 are connected to the reduced-
to the rlispeetise passagetiaddes Bilpe8id4in 8ae fladdprast $padeyportion 81 are
[00361 Simlarly, the flat base space portion 85
conneciatctaitlee chmasvobding pepprge hodap8 1 oo thenuppiream fide of the

flat bagép g enBOT TP oty e OhBEPFRtogOlS Bk S Hhan ¢l G petream
2 | 281

. acgd to face opposite_each other ith the .

side ofRBEoiiRb e 5 HATe TRy Bonore sopastredils pt JRguced diamete

... 0PpPQsit I .bei.ng out of line by an angl e of '

m]ecu%ggﬁjeegsr%%\é@(\i/ﬁﬁeﬁﬂj%%%p‘?ngati ons of the passage ghol es

[oo3e] 812, 812 in the other opposite wall 811 and with the
respective peripheral walls 813, 813 being joi ned

¢liaseANMyME Bldt Y GraRelpeFrbetdmeatludénbhbé Spaasenembers
the cylindrical protruding portions 814 on the

810, 8 MpSkrearianbe bdgunsareaneailtes $iHyB1thete joiesgderigevker such
forward ends brought into intimate contact with each

that thetteepectioe mppgsitervals 191ke &lijacan he mlaced he face opposite each
circunference. The other ends of the reduced- .

other, witdnEhelodagjastoidhensrsaegibges Hitn &dag ongoppesite wall 811

boing GBSt B S B e b tB IISHASELR LS passece

motes 808 6 FRE OB P RE S IR LR B SR PERL Fpeceve

perion RERSAARIELE S 15 i RENRER S B P e Bocen

In thi%'gag&} Ehe! ;ylﬁ:?&féeﬂ Brpga88y ?_@m&&@ mect owetle Jf98ddm and
xt, the flat base space portion 87 includes base

downsERAGE HBED YaSeBHbir 180Pectite Woraarihendabeosplcénto intimate
menbers 810, 800 are joined together such that the

contact edpkechickethppdsrinényal tia cBlike B0Le @anubd thleanechmberence.

face opposite each other, wth the respective

dEhé phenbndabl sheredsosi-veametevimedtionaspry S 4 connected

any gap therebetween. )
to the respective passage holes 811 on the downstream side of the flat base
space portion 83 are connected to the corresponding passage holes 811 on the
upstream side of the flat base space portion 85, and the passage holes 811 on
the downstream side of the flat base space portion 83 are connected to the
reduced-diameter injection pipes 86- 86, respectively.
[00371

Next, the flat base space portion 87 includes base space members 810,
800, in which the base space members 810, 800 are joined together such that
the respective opposite walls 811, 801 can be placed to face opposite each other,
with the respective peripheral walls 813,803 being joined closely with any gap

therebetween.

17



17 The other ends of the reduced-dianeter injection
pi pes 86-86 connected to the respective passage
hol es 811 on the downstream side of the flat base
space portion 85 are connected to the correspondi ng

T L
to the HE&péét?Je B§§§ag%PBSFeé°8E§'&Q 8¢ dswhoraest ehd Bf the flat base

i nj"ection pipe 88 on t downstream si de, and the

space IBI%Y&{ d5611d @nridiged Rhatic esrrRspen & oPpovdadeshales 811 in the
i njection output port through which the gas-dissol ved

flat babé gphce peytibe §7jRctled pasEARBRLINGG] drhthedewatstoeamfside of
the gas dissolving apparatus 1 that has been
the flatebest barhcsopbrnon s8dest cobadetrsl dlve imectionf pinoiithgn the

descrlptlon an ozone gas, _ for_exanple, is used so
downsieam istdeapndahei fuatard ent of the inaedion Nipp 58 pragides an

sea water, for exa Initia i nt.er nal
injectigh QUSb eP T IHFAUERGY Bk 0P @ ARy S gy be ipected
[0038]t he predeterm ned pr essure I evel by neans of the
pressure adjusting val ve and the sea water may

I I
B
descrlgr%i) T I@gé’s&ﬁaélpﬁgﬁ% whiche fbﬂ@wﬁi\g H%Bcﬂgk%% ho bﬁ)ne gas,
, the gas and liquid m xer punp

for exé?ﬂﬁIeatlg‘i’mé@ sbhﬁiattll‘ﬁQ:aQZBél 11886 ve &nnbe thé b ey, C@u’dch ats @he sea
the gas and liquid mxer punp 6 through the gas
water, 46t exemplpi pe 4. The ozone gas that has been
introduced into the gas and liquid mxer punp 6
t hreifi ably, irha énitanitsl rfeessea widhen the piressuttetays lérmay be set
liquid m xer punp 6. As the ozone ggs IS being
to the @Irgé@w@:unedtnreﬁﬁ@r% develh e rmewr% of ?JPFP?FgHeg%%JUéﬁng valve
uid m xture may be dell he domn rea
14, anéI | e éﬁat%%‘?e&a?aé’n@rel"’r% @é?ciﬁtﬁﬁ ik gﬁ Phdhe lquid
el e, 3. Wil i g
sorashy GHGAFLLVER RUBE sl FrLB5, 928,320 M be apence
LRRRW & of 'x%W @hE 6
vt FREHAE BT (R e o fharsa o v
be operated so that the ozone gas can be introduced into the gas and liquid
mixer pump 6 through the gas delivery pipe 4.

The ozone gas that has been introduced into the gas and liquid mixer
pump 6 may then be mixed with the sea water within the gas and liguid mixer
pump 6. As the ozone gas is being dissolved into the sea water, the resulting
gas and liquid mixture may be delivered to the downstream side of the gas and
liguid mixer pump 6 though the liquid delivery pipe 3. While the gas and
liquid mixture is being delivered, its pressure may be measured by the
pressure gauge 7a, and its flow rate may be measured by the flow meter 7h.
[0039]

As it is delivered through the liguid delivery pipe 3, the gas and liguid

mixture may then go to the gas dissolving devices 8, 9. As the gas dissolving
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As it is delivered through the liquid delivery pipe
3, the gas and liquid mxture nmay then go to the gas
di ssol ving devices 8, 9. As the gas dissolving 18
devices 8, 9 may be operated in the sane manner, the

devices 8P #HdOBel Gferbied dasthadbs st widihdletheeoferattion fir the gas
descri bed bel ow, and the operation for the gas

dissolvifli Séotivé r§) WiV itee d@suiibbd bbeioat, ded déecopbeatiodher gads gas
and liquid mxture that has been introduced into the
dissolvinpgjdevideo wihl be 180 hendéscgibbad.et side may then be
i ntroduced into the internal space inside _the flat =
Bhs gas packligvad imorktgre thab has beap privedyeethanto Hopmnjection
, Upon engeri, the _flat base .space portion 81, .the . .
pipe 80 Qgtsltahafqti sjag dnﬁy%hﬁpgﬂ%ﬁ%trﬁé‘%%%@ ipfRthe Lppprnal space inside

v e SR R i D iy o
flat bas% os?)}gic%ropotgr?%no gt%gq:lrlrgga{spzﬂ?& %qudigl; g?xﬂirgt flfi%lygﬁggée&' 9599rd the

hén be Ivere

protrudﬁfgﬁjgﬁgqgn 3\!}]1%%8 MiPkShe PoBrudibcaitaRidh81 Rassage

0
e It Is striking against the opposite

Belohrwddd  thugAd g nbilth Guidl ERS6re BE flas @nthd batdrdperipheral
m xture may produce a turbulent flow while striking

side of agai BebtEhdEngr @ortidinn@i4poand omadl4handbthdebpaosi tato the
wal | 811, and the turbulent flow may atom ze the '

reducedvdbbheterofpipeond2fids thmpoghudhenpaesagemihde 812 while it is
. particles, which can_then be dissolved intqQ the seg ..

strikingyagemst the qprosdtewaill 8411 Paring fhig precesnythsogas and liquid

mixtury ?&@3 323@1:4& fdaé‘l SEBa i AT PG 2L RE Bstinphdbe protruding

portioni 13 €68y (8hect 2 s Sl L EEL S ali i ppggmine e
; e

bubbles8 ig og:qﬂ? h%éé( efn‘l?(? 366ch hIElggg g%ﬁlgﬁieep ?;f%fﬁﬁge Q,O{N‘?ﬁclg 12n then be

( upstream si _ : ase space

dissolv&gritdftBntﬁ - o8 RV dimg thes-fideidKaiqeRRGRiWukBI thay be

the flat base space portion, the gas and Iiquid
obtained Pat 4Hi€ v be drawn into the space by keeping the

decrease in its flowrate as small as possible.
[0040] After it is drawn into the space, the gas and liquid

m xture may then

As it is delivered through the reduced-diameter pipes 82-82, the
gas-dissolved liguid can be flowing with its increasing speed, and may then be
introduced inte the ring-like space through the passage holes 812, 812 on the
upstream side of the flat base space portion 83. By providing the ring-iike
space within the flat base space portion, the gas and liquid mixture can be
drawn into the space by keeping the decrease in its flow rate as small as
possible. After it is drawn into the space, the gas and liquid mixture may then
flow toward the downstream side, where it may strike against the opposite
wall 811, producing a viclent turbulent flow and then going out into the
reduced-diameter pipe 84 through the passage holes 812-812 on the

downstream side. As the passage holes on the upstream side and the passage
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flow toward the downstream side, where it may strike
agai nst the opposite wall 811, producing a violent
turbulent flow and then going out into the
reduced- di anet er pi pe 84 through the passage hol es

holes o%#&{eﬁé@gﬁ%ﬁ%&%ﬂn %ﬁggéfer ?@H\rﬂéjda suth 1HE PRS3888tiPAY ﬁf%r the

. and the passage 19 holes on the
passag@%é%r&@"tﬁé dgoRheriRaaYi getd seh olfabf tikge | 9effidiontly and
for the passage holes on the downstream side are out
effectivlly Witlerssddd €b €Ré ycaaivhs €61 ebé ipusbygavhbles egahd tpstream
the locations for the passage holes on the u§st ream
side, thsigde; dishelvgddigiisistiatdthd bgohdnjdvaed ihsobglenhi massage holes

through the passage holes on the upstream side can
on the spstlepnstsidkeangsuredy sthikeopgetnitethgoppggite ghalpll on the

downstream si de,  producing a turpulenf, flo .
downsteadscidel PIRANEME (F { HEFOUISHET dhecolpgively which further
. di ssol ubi I'i .0f th zone gas into_the.liquid, Then
increasphothtyatieap et i azn 1505 TEFOdRted i Chan the

gas-dis{sq?lgf\%ﬁﬁgéwd(i %nnﬁ' iorei U RERubda in%grtgl%gped\@ée@d%%mtgﬁ% B?pes 84,

creasi'ng speed, going In

throug]% !v@kﬁichbﬁlsci%nsgg%ovﬁqgt &2 86 We%g%ﬁ; el LI AHGEiAo the flat

ent  fl'ow I n the "sanme nmanner or the flat base

base sp%,@@?%r%‘ht SOy e €RAR H A ddea GFORAL FBSw A R same manner
issolved 1nto the sea water effectively. The

as for @RS fidk S@eveshdd E@i‘ﬂioﬂ\ﬁggﬂiéhﬁlb‘lﬁnﬁlme bane: gapaoebe dissolved
portion 85 may then be delivered into the flat base

into thspanewpdet iaffedwely.hTheghe s essdded digeidametiein phpdlat base
86, 86. The gas-dissolved liquid within_ the flat )
space WEsosBacmapthénbaekingrgd mtorihenfagihangnppaehpertion 87
of the protruding portion 814 tfmard t he dgegéifea 1
through| the, regiecas fiamarerspinase Sy dithsT bt H@S'g’&ﬁa vade liggpgl within
i 801, going throu t he sa hole 802 into .
the fla{ Pt PpasF BPHIOT 80, 0 & TRET JB6 HhASBepeacT phlifg protruding
. strikes against ihe osi te;wa .+ LI Ccansyal .
portior, B4, g‘éwﬁg‘?uﬁl}t?u Idgﬁvtnsggggé\l/v&t gige ’vvll'wi}:feﬁlgnlI(;C r g%% e&?hkeéj1 #ghinst the

. i | i | i p o i . 1 1 . . . .
o 330, 90 OB P e o e
88. WH& \i;ki’eeégéi&iﬁ‘éogvé@ Siguili e&HIQY REPRst 38Be D pokite wall 801, it can

ownstream side may be injected fromthe injection

also prodidcela t@¥Fbulent flow that will increase the dissolubility of the ozone
gas into the liquid.
[0041]

The gas-dissolved liquid that has been delivered into the injection pipe
88 on the downstream side may be injected from the injection outlet for
injecting the gas-dissolved liquid 89 at the forward end of the injection pipe 88
into the space within the pressure tank 11. With the gas-dissolved higuid 10
being stored in the pressure tank 11, the gas-dissolved liquid that is
subsequently injected from the two gas dissolving devices 8, 9 may provide 1ts

injecting force that places the gas-dissolved liquid 10 existing in the pressure

tank 11 under the rotational action so that the liquid 10 can flow while
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i njecting the gas-dissolved liquid 89 at the forward

end of the injection pipe 88 into the space within

the pressure tank 11. Wth the gas-dissolved liquid

10 being stored in the pressure tank 11, the
revolvigaseidhias the ededdwpel thitkhal, aad dubsequbntdiytribjitat ediformly.

fromthe two gas dissolving devices 8 9 nmay provide
This aléd avoidy Butti the Pecess paxttopbaces gakdhgasndy seotamddissolved

liquid 10 existing in the pressure tank 11 under the
locally mitlabe chiasiradefloffomp thadia nkd soi guitdtho ozane fgascan remain

. ile. 20 revolving within the pressure tank 11, and
dlSSOlV%&:&%n%ﬁw ams: Vit hagh EW]?]EWH y. This also avoids
[0042]that the excess part of ozone gas that may remain

di ssolved locally will be dissipated fromthe liquid

S TR R B B ST sl e, o 1

or the Bﬁygéﬁ’rlferg@éd tgl ke NPondl 330! MY Piddi thd Iiﬁ'eﬁsure tank 11

pressure tank 11 or the oxygen derived fromthe

under 10PEMPRSsJBAY pPEAifet WEhoh egsdrRchiagkthkblintendel pré&ure can
conpressed pressure. Wien this occurs, the internal

be adjuptedsiyr ehe predotendjnsd adetseutrddepeleist meainsed! the pressure
pressure | evel by neans of the pressure adjusting
adjustinglwsévd 44. Whien t he gas-di ssolved liquid 10 that has

t hus been stored in the ﬁressure tank 11 h; to be .
Vken e spsoiiseelyedr Hayid 10 diet1has (hdissRper rstorpd an the

ey Y 3SR TR e A TR i

D s L
[ . Q.- -.di i awid.1Q. N

11 shobbbb 8 6P ool ] 9t AR B 08 i 10

. Af . 9a5: dicss ol viad |, gui ' i i h
contsofd 165 SRR AT B AR Sk g o e

gas-disSHURRddguill 38Gh¥edd itauiltbdObgamiaknheltta-ololet sterilizer 19.
di ssol ved oxygen and useful mnerals contained in the

After theegds-didselvedithuiihed af eleanay ibethisestapsitt ey be delivered

drinking water after it is passed through the )
througbuiisequélet patterléc| Sanhngaprdiseslsed liquid 10 contains lots of
dissolved oxygen and useful minerals contained in the fresh water, and
therefore may be used as the drinking water after it is passed through the
subsequent water cleaning process.

A return pipe 20 may be connected between the pressure tank 11 and
the storage container 2 for the gas-dissolved liquid so that the gas-dissolved
liquid stored in the pressure tank 11 can be returned to the storage container
2 through the return pipe 20, although this has not been described so far in
this embodiment. By circulating the gas-dissolved liquid between the pressure
tank 11 and storage container 2 through the return pipe 20, it is ensured that

the gas-dissolved liquid can contain lots of the dissolved gas.

[0043]
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A return pipe 20 may be connected between the
pressure tank 11 and the storage container 2 for the
gas-di ssolved liquid so that the gas-dissol ved
liquid stored in the pressure tank 11 can be returned

(Embod‘iﬁeh'ﬂ@)swr age container 2 through the return pipe
0, although this has not been described so far in

Iﬂﬂ tBe g;ﬁf@@éﬂlﬁgrémbBﬂlman al ahiengnst diesgivingidesitev@ds provided
l'iquid between the pressure tank 11 and storage

in the uppeaisyerce2withhnughet heegsetrer hapk pkl 20, that iis camsumpegt the
that the gas-dissolved |liquid can contain |otfs of

gas-dissdiwedilspodvionydts ipBoHRD ertletogwrdethe gpsidisspiged liquid

precedi ng enbodi nent. 1, as di ssol vi ng ice 8
wﬁmw@wmwmﬁ%&ﬁwéb%W%%%%%&%®@wﬁ
o that it .can

s i g S A SR R e 1 0
T T
gas* d18§aﬂ'§f@8%@§ﬂ)&f 1ﬁ}%_?§10 z;llﬁé 0 chot 8P RN Gower @8de of the

gas |sso ving device 8 may be

pressut® Syhled ol shéendder PraseHieht @thel Yorvae el of the liquid
gas-di ssolved liquid injection pipe 21 is connected

injecticnOpigee2] @eer bsiddecdtbdteo yheegastdesdodmdd liuidoextibing in the
outl et 2l1a which is the forward end of the liquid

pressutenjeaadt i1dn NotpetiRit than upetubamctidd dfnthe ghe dissolving device 8
gas-dissolved liquid existing in the pressure tank

may belsimiNot b thettin tle ppeteding esrbedgrerhe gas dissol ving
device 8 mmy be sinmilar to that in the preceding

[0044] ebodi ment. [ 00441 Although the present invention has

Aot Drarnt Brehtfs, RhsphSihErerisd Mgk Rapsicular
refere L S e:%h.g:,]?l\éa %}Silagnne I %e,rl]ozti Jrllu?t Ll?g%ﬁoq%#nlggéeurtlderstoodythat the

pre senp ?n{réﬁ’th&qu@t 6t Wb RAH IBPaLd 'eﬂﬂ)cT &1&!@1&@ eh8Pidthbr Afuctures

he present i1nvention. (Exanples)
and features may be implemented without departmg from the spirit and scope

of the present invention.
(Examples)
[0045]

The present invention is described by showing specific examples of the
present invention and prior art and comparing those respective examples.

Oxygen is used as the gas to be dissolved, and utility service water 1s
used as the liquid into which the oxygen is to be dissolved.

In the first example of the present invention, the gas dissolving
apparatus described in the embodiment 1 is used, and is operated to cause the
oxygen to be dissclved into the utility service water by drawing the
atmospheric air into the apparatus. In the second example of the present

invention, the gas dissolving apparatus described in the embodiment 2 is
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[0045) The present invention is described by show ng
specific exanples of the present invention and prior
art and conparing those respective exanples. Oxygen
is used as the gas to be dissolved, and utility

placed S8FMHEEhNA R shRe t4ARIaRY A NRili{IM At Wtk SIpdiPRievice is
B |

oxygen I's to be dissolved. In the first exanplé o
providddh P8 Eseatink HRNKAABr ihbe tBhRSeak-5oW ) iR RFES in the
"described in the enbodinent 1 is used, and Is
pressuepeipt efhen, chesead-Hessobveddiyuid kerainosed Viedm the pressure
the utility service water by drawing the atnospheric
tank thabnghrthe dute uappat aineyiddd onhhesloswardsidz anfiiibe pfesshee tank.
_ present invention, the gas dissolving apparatus .
The ingrenali prrpsuget He @toduehtnTe Aanks ape pseicdd big satgeospheric
t he e re tank, and a utility service water supply
PreSQﬂ@éV?@izﬁg%aprovided for delivering the water into the

assdissolved liguid stored yn the re e tank, . .
Hdhe' Samples of Sapolty piigthar peS palbbEd ordiRarine with
t r; t he t put k :
the exeffy RS Hifhe (R4 b ABRIRUREL Y AP oA WLIE o s used
to mix PAEESYLed WytietYctRetr € tanks are set to the
at nospheric™ pressure of +0.2 MPa.. I n the exanpl es of
TR HRr icpedfite IHAMPIR HF ONé dedsd iBMedh PG ERr art, the
t he exanples of the present invention, the gas and
gas is Hisguivéddnin¢ertipumates oarsedmikedniwitht tiee gaseandediagtively, and
together. In the respective exanples of the present
the respaviéneizonoants of the cmygent tleat yasains di sbebolwddi it e water
the water or is mxed with the water, respectively,
are megfured aé negypar time mpuvaRlS aF eKpEeR{gEN terme of minutes by

. remai ns as di ssoJved.in the te are asured at .
using g Raeer; MO e ool sorast'ibexﬁag §ERn sy ARicopell technique

o JRESE, B0 SR R T 0 M ond of ehe
predet%%le%%%&daﬂ%( i%%‘"‘@ti%o%ﬁé’gﬁ%%@ionpﬁr & gﬂﬂ H&ufd“?mixing

eterm ne € gas dissolving operation-or

operat®@Si@RthddULAIM KL RAGresAREERL hAR 11 SEORRRARGaSER of the
resumed, "and t he respective anounts of 'the

oxygen that remains as dissolved in the water are measured again at regular

time intervals as expressed in terms of minutes.

The variation of the respective amounts of the dissolved oxygen that
have been measured over the time are presented in Table 1 and Fig. 8 {a), and
variations in the respective amounts of the dissolved oxygen that have been
measured after the operation is stopped and then resumed are presented in
Table 2 and Fig. 8 (b).

It may be seen from Tables 1, 2 and Figs. 8 (a), (b) that the amount of
the dissolved oxygen can be increased and can be maintained consistently and
stably for a long time, by using the gas dissolving apparatus of the present
invention. In particular, in the example 1 in which the gas dissolving device

has its outlet directed toward the surface of the liquid existing within the
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oxygen that remains as dissolved in the water are

nmeasured again at regular tinme intervals as

expressed in terns of mnutes. The variation of the

respective anounts of the dissolved oxygen that have

e a e t esg I T
L i TR A G R e i
nnnarkgggynts of the di ssol ved oxygen that have been

nmeasured after the operation is stopped and then
[0046] resunmed are presented in Table 2 and Fig. 8 W It

may be seen from Tables 1, 2 and Figs. 8 (a), (b)

that the amount of the dissolved oxygen can be [mg /1]
Tar) ngreased and can be nmal nt @gugéeq go]nsn stently and
g? bl_y |u” a Ullg lI g, UST Ig lIIC _g S UI bUI II Ig

Machiitanatlud df thé prés nt4 nvent¥%n. n g8rtiPul 49 | 30
ExambXe thes.exXargd p1d4i|nowhiazh | be7 gas1 disssol s INgsTieybze | 64.2

exampfe> 2] 93 O e 1AL ST G0 OB | 58F [0 460 Pha | 1849 | 452
Priondatints-bf, ofie] e Pad ddxyden | ik | D85 It onbes] 202 | 201

remar kably. [00461 [ng/L] Target Tinme [m n] Mchine
[0p47]0 1 2 3 45 10 15 20 30 40 50 Exanple 1 9.2 12.3

15.4 19.0 22.1 26.7 40.1 49.5 56.1 63.0 62.8 64.2
Example 2 9.3 11.8 14.8 17.2 20.3 24.1 33.2 37.0 42. 1[pg/1]
48. 1 4479 4?2_Pmrr‘§;§?§;ﬁmﬁﬁ__*
TATSSl) 6 2 4093 10-0-20-2- 19 0-26-220-A—|-0047L Lt L]
achini i+ dey 2o papl B G A o e o 670y T B SR 7 P g G 120 ey
Example/ hﬁt'xjay5051t h 483y 6th [dé&y 7t dayd 8t BE-Uay 3Ot h 3gay; BOt h| 347
Exampleddylahl t fnodaye 12t e dayersExasmpliexsd 693.50.52.146.92644 262 43 207
resor o84 238 1530 I 1 58 7154 Ty EXAMN R 5] B3 | o
644 IJ. 1L ZLT.937Z20. £ £35. I LS. L. 2170 21,2 20,1

T0048]

The gas dissolving apparatus according to the present invention may
be used in conjunction with the system in which the sea water 1s desalinated,
for example, wherein the apparatus allows the ozone gas, for example, to be
mixed with (dissolved into) the sea water effectively, thereby producing the
drinking water containing lots of dissolved oxygen. The apparatus may also be
used in conjunction with the system in which the industrial waste water, the
water in the polluted rivers, lakes or marshes or the rain water are treated by
using the ozone gas, for example, wherein the apparatus allows those waters
to be cleaned by taking advantage of the sterilizing, decolorizing and

deodorizing effects of the ozone gas.
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Prior Art 20.2 16.0 15.3 14.9 13.5 12.8 11.8 11.2
10.6 10 9.5 9.2 [00481 The gas di ssol vi ng appar at us
according to the present invention may be used in
conjunction with the systemin which the sea water is
desal i nated, for exanple, wherein the apparatus
all ows the ozone gas, {@rABMSnple, to be nixed with
.(djissolved into) the sea water effectively, thereby
What igyelsamednig  t he  drinking water containing lots of

i ssol ved en. The appar.atus may al so be sed in
Lo s e R ag S PR Ln b rdust eyl
wast e .wat er.. t . in th i )
A HEARRE g ey T bonbul G RO A1) e e in

a mixttﬁ@-%oﬂ?&{%dg&s%\aaé thqft?lgﬂbgrege}/i‘g@&ecb%bst D3RR Bl¥Sd mixture)

al | ows ose ters 1o be aned by taking
while tBE\RARt AYE IRfuitiNBiRh B 15 BdinG, ird86MLEQId Zhi0sAAdzas dissolving
deodorizing effects of the ozone gas. 24 CLAI What

device, itheebly nathdscang. the glssaliudsbty iofotlappaksains the liquid and
i ncludi ng: a gas dissolving device for causing an
providingr bbkerdiqdidovedrdabeing othe edissolveal nizas uleefeormbstr as a
~of gas and liquid (referred to as a gas and |iquid
gas-dissalxeddiguidlhi e the gas and liquid m xture i s being
i ntroduced into said gas dissgplving evi ce, ,thefreby_ i
ERHARRG AN PHéledi %"é’&e&g?(fit? g2 gﬁﬁgli’ﬁg"ﬁ% CY¥e or 1jecting
| j.qui.d d .providing the liquid containing the
thegasdﬁ%%&V@@ﬁ“ﬁH@’@?@?erred to as a gas-dissolved

lg: p%é'sgéu'e @zﬂa}k %%ﬁffcglpth%#%se%hs%%%%ﬁhﬁﬂl& 9%3%22%} @dough said

SSOl Vi ng Vi ce cting € "gas-

injectiohl Mééib c%ﬁ?\?)éags RRaSHLE A whibWh E ki ssolved liquid can be

gas-di ss iquid injected through said 1injection
taken oQYil et can be stored and from which the gas-dissol ved

liquid can be taken out; wherein said gas dissolving

chdreen isadcd ydesdassolvipgcdevicpipel udwornghinjector pipe through

which the gas and liguid mixture introduced into said gas dissolving device is
to be injected in the form of a jet stream, and a baffler for producing a
turbulent flow in said jet stream when said jet stream strikes against said
baffler; and

wherein said gas dissolving device further includes a flat base space
portion provided in the form of the baffler and having two opposite walls
facing opposite each other and each having a passage hole through which a
liquid passes, and a circumferential wall surrounding the space between said
two opposite walls, wherein said flat base space portion is provided such that
the locations of the passage hole in the opposite wall on the downstream side
are out of line with regard to the locations of the passage hole in the opposite
wall on the upstream side and that the jet stream of the liguid that has passed
through the passage hole in the opposite wall on the upstream side can strike

against the opposite wall on the downsfream side within said flat base space
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whi ch the gas and liquid m xture introduced into said

gas dissolving device is to be injected in the form

of a jet stream and a baffler for producing a

turbulent flowin said jet stream when said jet

~ streamstrikes against. said baffler; and wherein,

portions gredyeingdl sudent fyreelenédldwnnHée stmermaesthe bpaid.

base spgpe portion provided jn the formof the
Bafgasy 1§ﬁ@11"ﬁﬁgi3ﬂ’é3%r\%u%|é’é§éidﬂ€gvval s facing

opposi,t e each ot her .and each hayi sage ,hol e .

ErPELHERRTER PVIFT GOR R PaaSRn AR QU o dohtgdeed in
a mixtu%lc{on%‘%e%u : %.{]sg aﬁgq%tiﬁft%cﬁ‘e?eeﬁ\éﬁ% afh a5t PERYE b &ture)

wal 1°s, erein sal at base space portion 1s

while tIi?% idedy $ERathatigdehe DOt iRRsd Rded ﬂ?toggéiﬂa@z?s Rl lving

he opposite wall on the downstream si are out

device, Ofhdrbhe ¥hkiméiegarHet QidsbRudiosabf @Rs B8hs tiRoPASS d8fuid and

hole in the opposite wall on the upstream side and
providihpatththdiqwid sdorgaimiofg t tiee | dipsolivddhatabasrqfasset to as a

t hrough the passage hole in the opposite wall on the
gas-disgrdsed dmmidi de can strike against the opposite wall

on the downstreamside within said flat base space. =

apsinjertaen putistcgnaiested ty isald gas dissnlviar devieq Ipp injecting

t t f the liquid. 2. A di [ vi
the gaS&Bg%QSlé{%gg{pﬂﬂéf G gl: qgl gas di ssolg\a/lisngI (SJIZ\?i \élen?or
' turbul ent. fl to b d dinp. .
A it etEorpis el Brigho i, goridarel elenarifantstad igto the
space iffie S DA TE R et G o BOR b8t gped and

from witRW @R ¢4 NI ERYv &N DRI nt B 1k S8 @yt i on of the gas
Into the liquid and ~ providing the |iquid containing

Wi rdi s Sk ¥ &g s0aks0T|her 88dickOndbudes gasmdes®el yipd through
liquid; an injection outlet connected to said gas

which tHegzol anddicdedimextioe intFetddagintoreidaansdiissolvweg device is
liquid; and a pressure tank in which the

to be igmsted ssothedoriyguwifdaiiejtestredni,.nandt aebaflracéor mepdecing a
sai d pressure_tank through said injection outlet can )

turbulepg fiqwriagsaidgiets fﬂafﬁami%ﬁel@ Heligadet ditsenyeidikegagainst said

batflers Sk P 2keN UL

wherein said gas dissolving device further includes a flat base space
portion provided in the form of the baffler and having two opposite walls
facing opposite each other and each having a passage hole through which a
liguid passes, and a circumferential wall surrounding the space between said
two opposite walls, wherein said flat base space portion 1s provided such that
the locations of the passage hole in the opposite wall on the downstream side
are out of ine with regard to the locations of the passage hole in the opposite
wall on the upstream side and that the jet stream of the liquid that has passed
through the passage hole in the opposite wall on the upstream side can strike
against the opposite wall on the downstream side within said flat base space

portion, producing a violent turbulent flow in the stream of the liguid.
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wherei n said gas dissolving device includes an

i njector pipe through which the gas and liquid

m xture introduced into said gas dissolving device is

to be injected in the formof a jet stream and a

baffler for producing a turbulent flowin said jet

81 Thamashéissshiiflgj stp sstataamssd efiked imgaiynene shicthims 1 or 2,

baffler; and wherein said gas dissolving device
whereirf att least ionel ofleeid thiapppaside spable widiniwidphat bgse space

. i.n the formof the baffler and_having two gpposite._.

portionhag § plugalipy of pssspee holen apfar P N Geg-diameter

. . .. passage hol e through ich a. ]iquid,passes,. .and a .

injectio pgRcanBirered aatrallel rie P ket thetBoreg chiPRauips of said
S ig3 two opposite walls, wherein said flat base

passag%ﬁg g‘portion is provided such that the | ocations of

h?hga@ﬁsa@fssggeiﬁg; g:ﬂ%tﬁg PRSI EndREhL aMy 588 of th%\ r%3el'eceding

ownstT eam Sl out of Irne wth regard to
claims, | RQEREEANSs AR LRPoRABSIAAI Nohethd AHOnePRA%h t SideWahtiudes a

on the upstreamside and that the jet stream of the

protrudihgyidttidiaforasd das sl poksivien gipoRéteptiss ageshgd crala in said
the opposite wall on the upstream side can strike

oppositagealisin the wyminsamesidal, |ansh at passaanboleeam tdiedeuter side of
within said flat base space portion, producing a

said protirgdemg poutibol ent flow in the streamof the |iquid.
-25a 3. The gas dissolving ap a_atas as defined.jn
AnyhergasoflisePling aPRATAEUS ShEPHPACAR 2RSPe Llspim 1 or 2,

it S e VR e e 0 b e R 6037 S0id s

. plural.ity.of reducgd-d] r ' ' pi pes

dlsso}w%‘ n(iee‘(:lf;%’dfo!rnmlp}grn & ﬁleq gggg%lhﬁﬁﬂ%@t%%%hgﬂr especti ve
an qfheo%a@ EHiQso&Q?ﬁ% %gﬁ)_al}glt€§ -as?defiN€d AASCH$E Y, WhBrein said
apparatus as definhed”in any one of the preceding

gas andcl_ig’uﬂf mi%es Plobtidal id HLPRBEliYald nfiket pauipwnst ream
side includes a protruding portion fornmed in the
PoSiHd @asoppesiviast hpppesuageshdténed saindy opposi CBaim 2,
wal I on the upstream side, and a passage hole on the

whereimuait irgedgonfoutdeti forphet gasddimgopod lignid & amanggassuch that
di ssol ving apparatus as defined in any one of Claim1l
or 2,
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including a gas and liquid mxing portion on the

upstream si de of saird gas dissolving device, for

m xing the gas and liquid together. 6. The gas

di ssol ving apparatus as defined in Caimb5, wherein
.and quuLd,nixing ortion is a.gas and

said ., gas C
the gaa'ﬁhﬁﬁpb’e% ligiud gam by inyerdeq ddranghsiajfdigieppan sptletaloward
efin in a one of.Cl.aim.2,. wherei,n said
the surfe. 8t Sa et v e Tiand HiStingdh: vod piegaiae fank, and can
. rrnanged such. .t ha -26.1 - diyssel v Li.quid. ga :
be direeuiI0AS HELLN LR, SRHAIRSHEEopdRel ficiffhe flow
of the 2R diREEVRH 1 'cﬂ?ssézﬂh&%{’ta’ g, d1i g %iﬁhﬁ%%ﬁ%?@@sé&e%&.
pressure tank, and can e directed int direction
sulpcaphk alikyoldh 8 G @5 @G HeAnkd WUk e okl DWyherein
of the gas-dissolved liquid is caused to revolve
said preksbltd thiad pheaisleseat apkssude AHpugase didsel firngdjusting the
apparatus as defined in Caim1l or 2, wherein said
internappessiure wakknitrhel prkesuae proksr enadessednresalive ldved.
adjusting the internal pressure wthin the pressure '
Padlbet saanlisedying dnpeaesus &5 doineddgn Chaingds wherein said
di ssol ving apparatus as defined in Caim8, wherein .
pressur@aa%us&r@sgaf‘@ éﬁjpagﬂadﬁ& P srting Phointraaal giressure within
setti the internal .pressure within the pressure
the prefSie fhkdf 4l Felie heuietithale i abmgpRe et cSsure and
r t ic pressures of + 0.6 Mra.
thea‘“@ﬁﬁiéﬁ%%8§§gﬁFé§§F3ﬁ%§ﬁ@%§%ratgs as defined in any
e : K i
R e B e A B A T
further Ahehsdihg 4 aBkuieWAbhE fobercyshiRathsiode- dksslded Hgdid within
di ssol ving device, thereby allow ng the
the pregasrditastl vedatd qhied upetans Widteofbehitkerst dzsghang device,

di ssol ving device and the pressure tank. -27
thereby allowing the gas-dissolved liquid to circulate between the gas

dissolving device and the pressure tank.
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