SPECIFICATION GAS DISSOLUTION APPARATUS BACKGROUND
Technical Field [0001] The present invention relates to a gas dissolving
apparatus that can produce a liquid that contains a dissolved gas
(referred to as "gas-dissolved liquid" hereinafter) by causing gas to be
dissolved into a liquid in thesgfiectivel drdnienBackground [0002] A gas
may be dissolved into a liquid in various applications and various
purposes. For example, there is a system that produces drinking water

that contains lots i i icular gas, such

as ozone gas, tha(t%tfsg ?ssie8 0 %@%@?ﬁéﬁﬁ%@ 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 industri&lAvagterwaterNbe water in the polluted rivers

and esl, the rain water and the like, and those waters can be cleaned
Tech i dvantage of the sterilizing, deodorizing and decolorizing
looggffects of the ozone gas. For such systems, however, it is desired that the

gas can be left dissolved effectively in the liquid and can also remain

disEblved-éxde ligwielh tonsistéatlysahd wittnkigh stability:ferm longtimehat can

[0003].In the conventional art, various methods for mixing gases into
prodyiesigsligis kndiint. EoretampledreebipbiBgiemsabiopaseras dissolved

.. disclosed in, J ese patent publicatign of unexamined,applicatio :
liaui g o B B R T BT i prective
manidd. 9, a liquid 32 may be delivered by a liquid delivery pipe 31 into a gas

and liquid mixing casing 30
Background

[0002]

A gas may be dissolved into a hguid 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, however, it is desired that the gas can be left dissolved
effectively in the liquid and can also remain dissolved in the liquid
consistently and with high stability for a long time.

[0003]
 In the conventional art, various methods for mixing gases into hiquids
are known. For example, the bubbling method is proposed as disclosed in

Japanese patent publication of unexamined application Heiseill(1999)



having a cylindrical shape, and a gas bubble generator 34, which is linked
to a gas delivery pipe 33, is provided inside of the gas and liquid mixing
casing 30 and on the lower side thereof. Gas bubbles 35 may be
produced by the gas bubble generator 34 as the gas enters the gas
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35 may be mixed into the liquid 32, some of which may be mixed with and
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and @ndlguldwrixingdeasingr«4d. hGvinghtheldglindicahshabe pasdfiked bayehe gas
42 therein that is filled with a filler material 41, above which a shower

bubb}q»ea@lmwc%saﬁrﬂlw%%qmasa ey 615@1211@ RO BAEHGES A (gagueh the
gas dt% élx\ilgr pIP X 4§5’S 'f‘%%r%]? g%% thIBEl %%gnr?lg?r Bpegdc?rﬂﬂgtdﬁg ?huid 32,

BHiGN thereo agas ellvery pip sconnecte tot

somegﬁsvaﬁgch'ﬂ%@W%ﬂﬁl@%ﬂqgfﬁ@l%@&i@mﬂ&@ﬁm thieseeds|neaddition rest of
a gas and liquid mixture delivery pipe 47 is connected to the gas and
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the filled layer 42, while the gas that is delivered through the gas delivery

[0004ipe 45 into the gas and liquid mixing casing 40 may travel upwardly
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40 hgasgnthiiquithmixivee thatpohtains ﬂﬂHdiSBDjVﬁdQ@aﬂ]t@tmmhﬂam fidyd with
a filler material 41, above which a shower head 44, which is linked to a liquid
delivery pipe 43, is arranged. A gas delivery pipe 45 is connected to the gas
and liquid mixing casing 40 on the lower portion thereof, and a gas delivery
pipe 46 is connected to the gas and liquid mixing casing 40 on the upper
portion thereof. In addition, a gas and liquid mixture delivery pipe 47 is
connected to the gas and liquid 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 liquid may travel
downwardly through the filled layer 42, while the gas that is delivered
through the gas delivery pipe 45 into the gas and liquid mixing casing 40 may
travel upwardly through the filled layer 42, going out of the gas and liquid
mixing casing 40 through a gas outlet pipe 46. Through the filled layer 42, the

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



be removed out of the gas and liquid mixing casing 40 through the gas
and liquid mixture outlet pipe 47. There are other gas and liquid mixing
methods. One example is the method using the ejector (Japanese patent
publication of unexamined application No.Heiseil0 (1998) - 290928, for

other®1AMNE) 2RY, anathes examplseistithe roethad tésing dhe Merex How iEMBq uid.
(Japanese patent publication of unexamined application No.
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be solyed by the invention [0005] However, the conventiopal gas and
be vefpethikH éﬂﬁ%&fmﬂép%%fbgaw RARTodh hBRYBRBA Bofas and
liqui(?%iiﬁ%@g%f%gﬁﬁ?@m and mixing a gas into a liquid and transferring
the resulting mixture containing the dissolved gas and liquid, and, for

Mk eases;ane hot intendedifdipltalvingx the gas thsdmaihndisspheg intds the
the liquid with stability. In any of the conventional aﬁfarat,uses, therefore,
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VINg Process canno perrorme ermore, the

the @aslibat hasibeerhdissoived intedhepligdis ipyp hesrparated easilyfremion of
the liquid (degassing), and the gas cannot remain dissolved stably in the
unexiiguigedt ariylie tiopr Sint8AEHE Tdh dos aeummigdn that the
conventional methods or apparatuses cannot meet the needs of
dissolving the gas into the liquid effectively and efficiently, and then

allowing such diss@jyed 9psps repaindissrivesNtheNjquid consistently

and stably. [0006] 3 The present invention has been made by considering
the above describechpeablentsofcheprigr &lte anddnisitmerefore an object
f the present invention to eliminate those problems of the prior art, and
[ansgrovide agas

However, the conventional gas and liquid mixing methods and
apparatuses that have been mentioned above are intended for dissolving and
mixing a gas into a liquid and transferring the resulting mixture containing
the dissolved gas and liquid, and, for most cases, are not intended for allowing
the gas to remain dissolved into the liquid with stability. In any of the
conventional apparatuses, therefore, the problem 1s 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 liquid 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 then
allowing such dissolved gas to remain dissolved in the liquid consistently and
stably.

[0006]



dissolving apparatus that can produce a gas and liquid mixture that
contains lots of the dissolved gas, by permitting the gas to be dissolved
into the liquid effectively, and then allowing such dissolved gas to remain
dissolved in the liquid consistently and stably for a long time. Means for

sofping prablemt [PROZA U Ardesdo selve thenproblgms destdibed abeve, above

first aspect of the present invention as defined in Claim 1 is to provide the

descrijasddizssiings afpdratnsithat ichidd aigdhdisdoningrdebics for ddgsing sent
. an turbulent flow to be produced in a mixture composed, of gas and liguid
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enhancing the dissolubility of the gas into the liquid and providing the
lots ditlid costaining such Hissolvedttyas: (thieged o dsthied gdsatissotvethe liquid
liquid" hereinafter), an injection gutlet connected to the gas dissolving

effectarggide Ptdnibeh by dssiVeEigtiad it o presifthamen WhitHn the
. - the gas-di jquichin I e injection outlet into the
hqm%%}sgs%%rsﬁ%% C%?ll Oé&%%&é?gﬁ%ﬁ#@%%%?dh the gas-dissolved liquid can

be taken out. [00081 A second aspect of the present invention as defined

in Claim 2 js to provide_the gas dissolving apparatus that includes a gas
Mea&i&sﬁl\‘yiﬁ@lﬁm Wo&ﬂ@gﬁhg an turbulent flow to be produced in a
{Ooo,mixture composed of gas and liquid (referred to as the "gas and liquid

ixture" hereinafter) while the gas and liquid mixture is being introduced

intpther-das disseineg Wevisestheredyl ehanenc e dissolbilithebthe of the
gas into the liquid and providing the liquid 4 containing the dissolved gas
presenéfemednsias the "dasidisdolvedliguin" Ihéreitmflerpvaddnjdetiosrsutessolving

connected to the gas dissolving device for injecting the gas-dissolved
AP B BrLRA o FoR R IR THE GCithe Loty e Ctid et flow

to be PERRARK NSRS RIESSHIRBEK of gas and liquid (referred to as the “gas

and liquid mixture” hercinafter) while the gas and liquid mixture is being
infroduced into the gas dissolving device, thereby enhancing the dissolubility
of the gas into the liquid and providing the liquid containing such dissolved
gas (referred to as the “gas-dissolved liquid” hereinafter), an injection outlet
connected to the gas dissolving device for injecting the gas-dissolved liquid,
and a pressure tank in which the gas-dissolved liguid injected through the
injection outlet into the pressure tank can be stored, and from which the
gas-dissolved liquid can be taken out.

[0008]

A second aspect of the present invention as defined in Claim 2 is to
provide the gas dissolving apparatus that includes a gas dissolving device for
causing an turbulent flow to be produced in a mixture composed of gas and
liquid (referred to as the “gas and liquid mixture” hereinafter) while the gas
and Hquid mixture is being introduced into the gas dissolving device, thereby

enhancing the dissolubility of the gas into the liquid and providing the liqud



through the injection outlet into the pressure tank can be stored, and from
which the gas-dissolved liquid can be taken out. [00091 A third aspect of
the present invention as defined in Claim 3 is to provide a variation of the
gas dissolving apparatus according to Claim 1 or 2, wherein the gas

contaSissRivipgdeyicgdngludes an injertiar ping thrrughwhightha; gasa liguid”
liquid mixture introduced into the gas dissolving device is to be injected in
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the gas dissolving device further includes a flat base space portion
throuybvitlediagestidbafiietenthihavihg twe oppositeniallsafacheg dppediteand from

_ each other and each having a passage hole through which a liquid
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that the locations of the passage hole in the opposite wall on the

downgtiean sisie-arefouh of iineswith itheclecationsotiterpabsag€holairs is to
the opposite wall on the upstream side and that the jet stream of the
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present invention as defined in Claim 5 is to 5 provide a variation of the
injecgab dissbivifuy appératistastording toClairh Zfflwhdreirpattbastene dtirbulent

the two, opposite walls within the flat base space portion has a plurality of
flow ipthgdethpieea dhal & Pty O TERBEHTARTS mfé%‘ﬁﬂ%epal%%ﬁer-

mouﬂonnected in parallel are linked to the respective ones of the

A fourth aspect of the present invention as defined in Claim 4 is to
provide a variation of the gas dissolving apparatus according to Claim 3,
wherein the gas dissolving device further includes a flat base space portion
provided as said 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 the two opposite walls,
wherein the 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
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 may strike against the opposite wall on
the downstream side within the flat base space portion, producing a violent
turbulent flow in the stream of the liquid.

[0011]

A fifth aspect of the present invention as defined in Claim 5 is to

@]



passage holes. [00121 A sixth aspect of the present invention as defined
in Claim 6 is to provide a variation of the gas dissolving apparatus
according to Claim 4 or 5, wherein the opposite wall on the downstream
side includes a protruding portion formed in the position opposite the

proviR@saage ala dn the QRROSItE WalsaN the Upsiaam i, RBd@ PASERTSaim 4,
hole on the outer side of the protruding portion. [00131 A seventh aspect
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Invention as defined in Clalm 8 isto provide a variation of the gas
passaligsbhblisg apparatus according to Claim 7, wherein the gas and liquid
ixing portion is a gas and liquid mixer pump. [00151 An ninth aspect of
[001 gcrﬂe present invention as defined in Claim 9 is to provide a variation of the
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[0013]

A seventh aspect of the present invention as defined in Claim 7 is to
provide a variation of the gas dissolving apparatus according to Claim 1 or 2,
wherein including a gas and liquid mixing portion on the upstream side
thereof, for mixing the gas and liquid together.

[0014]

An eighth aspect of the present invention as defined in Claim 8 is to
provide a variation of the gas dissolving apparatus according to Claim 7,
wherein the gas and liquid mixing portion ig a gas and liquid mixer pump.
[0015]

An ninth aspect of the present invention as defined in Claim 9 is to
provide a variation of the gas dissolving apparatus according to Claim 2,
wherein the injection outlet for the gas-dissolved liquid is arranged such that
the gas-dissolved liquid can be injected through 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.



the internal pressure within the tank to any desired pressure value. [0017]

A eleventh aspect of the present invention as defined in Claim 11 is to

provide a variation of the gas dissolving apparatus according to Claim 10,

wherein the pressure adjusting valve is provided for setting the internal
[001dressure within the pressure tank to any value between above the

atmospheric pressure and the atmospheric pressures of + 0.6 MPa. [0018]
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dissolving device, thereby allowing the gas-dissolved liquid to circulate

the ibetwednptihesgas: cdissbiving devink anchthe peessuteiankf019] ire.
_accordance with the present invention, when the gas and liquid mixture is
[001elivered into the gas dissolving device, it can produce a turbulent flow in
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provilereasing herdissolubility0f i gasiate thediguicud haxresditing to Claim 10,
gas-dissolved liquid may be injected through the gas-dissolved liquid
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the gas-dissolved liquid, 7 thereby increasing the amount of the gas that
[001&¥an remain as dissolved in the liquid. In particular, the gas-dissolved

liquid injection outlet may be arranged . such that it can ipject the _ )
gaSBiSTENESR REHR: rgjﬁ@rﬁmééwwlaas@aiéﬁfwémhﬁ}lmm 12 s to

provi%?gséi%i@alﬂ%ﬁrSF%H%eéﬁ@%@é’oﬁ%ﬁ% gkg%g!&(fus according to Claim 1 or 2,
wherein it further includes a return pipe for returning the gas-dissolved
liquid within the pressure tank toward the upstream side of the gas dissolving
device, thereby allowing the gas-dissolved liguid to circulate between the gas
dissolving device and the pressure tank.

[0019]

In accordance with 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 liguid 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-dissolved 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,



substantially along the direction in which the flow of the gas-dissolved

liquid is caused to revolve within the pressure tank. In this way, when the
gas-dissolved liquid is injected through its injection output, it may produce
a jet stream that causes the gas-dissolved liquid existing in the pressure

theretdnkderbavathenevolyingnflaw. e assestitathe-dissolvathoas dassbered in the
distributed uniformly and evenly in the liquid, and can remain as dissolved
liquidohsigtertigua shebpwithiss tHedigliauobor siva thatitlemay be arranged
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on or near the gas dissolving device in order to ensure that the dissolved
subsigas cdivbelinjectée idiodhe pressw tank bs duieklyfadhipassibibissol thdt liquid

. it can remain as dissolved in the liquid. One or%n;ge as-dissolved liqujd
is cappeiotPodtidial Heay B vk, BREFHEP b ng%d §0eh thgtea the
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jet sthayamtbeaevalving flowowithindhel pedskyre thoki 40024 InTHe pressure tank to
gas-dissolved liquid may be obtained by the gas and liquid mixing portion
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mechanical mearns or processes, such as by using the known ejector or

and f4BingimetnedeRigiawbly, the gas and liquid mixer pump may be used
as the gas and liquid mixing portion. When the gas and liquid mixer pump
{00204 8 used, for example, the gas may be introduced under the applied

MR tHEl T HSHRSTANER ¢ e SO FULIE e g ded as
part g?ptﬁé%sg%:g%%%gggﬁﬁ%? kAN plvays PeKeRtWERE tB]s dissolving
device by way of its delivery pipe. Preferably, the injection outlet should be
provided on or near the gas dissolving device in order to ensure that the
dissolved gas can be injected into the pressure tank as quickly as possible, so
that it can remain as dissolved in the liquid. One or more gas-dissolved 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 liquid mixing portion may be implemented by using
various mechanical means or processes, such as by using the known ejector or

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

the gas and liquid mixing portion. When the gas and liquid mixer pump is



eliminate the need of using any other means, such as an air pressure
pump, to place the pressure tank under the applied pressure. [00221 The
gas dissolving device according to the present invention is only intended
for producing a turbulent flow in the gas and liquid mixture introduced into

used,lBergasdissRlVing: deyvice dhereby inceasiag dhel disspIUBDI O thecgasire into
into the liquid and then delivering the gas-dissolved liquid more easily or
the gquicklys Desirablyvite tubiilent by shsuta behsrobaselybdtiacoidierrkingly. In

..and effectively. For example, this violent turbulent flow may be produced
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baffler may have any form, and may be arranged in any position, without
elimideparting frend thevspinig amg sadpe of the presenit iventien: Ratkewrtheump, to
baffler may be implemented by a flat base space portion that will be

placeddiipess et {5282 drid BarfePmes BES5igided in the form of a flat
[Oozzt}ase space portion that includes two opposite walls facing opposite each
other, each having a passage hole through the liquid passes, and a
cirgiaferantibilwell sy rauntisgdte space lhetweentha:eppasitewdlls: is only
_ Within the flat base space portion, the opposite walls may be provided
intenglgsh fivat theodesigs df tHebpdeshgélevlein thBoppdsitaRwhlllangte mixture

: stream sicﬁ is out qf ling with the locations gf the passage hole in the, . ...
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of thORpesitewalndage each athenhdn thisiwayi e tied stream efdhe latiguid more
that has passed through the passage holes in the 9 opposite wall on the
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violeal eég}gg ug n:qcta?ger}gl %glgggg%rgé%%\i’; O%%%%&ggte%g;}bq{i%h&t%w may be

produced by causing the gas and liquid mixture to strike against the baffler in
the gas dissolving device when it is flowing through its injection pipe. The
baffler may have any form, and may be arranged in any position, without
departing from the spirit and scope of the present invention. Rather, the
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 includes two opposite walls facing opposite 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



provided, and reduced-diameter injection pipes may be connected to the
respective passage holes. This may produce the turbulent flow with the
increased efficiency. Note that the total bore cross-sectional area of those
reduced- diameter injection pipes should be smaller than the bore

oppoSRSHraecHanal & ?ﬁéﬁ%”émi@&ﬁ?@@ﬁ.ﬁ@%g&?ﬂ%@%&?ﬁo@%f%ﬁl on the

side. In this way, the flow rate of the injected stream can be increased,
downihtereby prdeuging! thartgrbentflewtmord vielentio$00251 The
as-dissolved liquid that has been injected into the pressure tank from the
[ %as-dissolved liquid injection outlet port may be stored in the pressure

Jas dissalved iquid inection oulet port ure.
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provideliverngithe gassthden thetpiessye iy wayi pkthamresdwecpuimei dds to the
desirable that the pressure within the pressure tank should be provided
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For example, this internal pressure may be adjusted to any value ‘
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of +0.6 MPa. As itis referred to here, the atmospheric pressure
Tn th&ﬁr?@%’or‘i&&%ﬂ% FASGalingBroBHE h S GHArGHMAIR MG tHe thereby

prod REG? wiglapkis lecrted#0029L {fishamebe noted that the gases that

may be dissolved into the liquid in accordance with the present invention
[0025Fre not limited to any particular 10 type, and any of the gases such as

0zone, oxygen, nitrogg}en, and the like may be chosen as appropriate. It
shddig &8s Besrpteadragtig thabdt ARe tGasBa bl haressure tank

1’:’1&01}@3%I ié) Iveads%lesggf‘}gﬁitqg Qa8 g{f f arotxg?eta%%gguéggﬁ]uﬁg @%o%e in the
y service water, sea Water, polluted water and the like may be use
pressure tank, from which the gas-dissolved liquid may be taken out as
required. Although the pressure tank may be placed under the higher
pressure by delivering the gas under the pressure by way of the pressure
pump, it is desirable that the pressure within the pressure tank should be
provided by the gas and liquid mixture delivered from the gas and liguid
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 1s
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 the present invention are not limited to any particular

10



as appropriate. It should be noted that the applications in which the gas
dissolving apparatus of the present invention may be used are not limited
to any particular application, and the gas dissolving apparatus may be
used in any of the applications in which the liquids containing the

type, HRRONMEH SPERS ga%egtlﬂaeﬂ-a%ftﬁ&;r;g,tew%]\é@ntmrb%%?aﬂmw P&e may be
appreciated fromthe foregoing description that the gas dissolving

choseapparatysrapeoading tostheubdesésit nwentien inbhidesaHeqgad sdissolviligeh the
injectar that may produce a turbulent flow in the gas and liquid mjxture

BaseS Y ibfs BRI ORI E irtEHE T8 cdy, MRFEHrEEEmgRE lauids such
as thdlg %&%9'%%9&%%%?%?&%%%@%3?&3{5‘911&9%@1 X E SOGR AL may be used

gas-dissolved liquid can be injected to the outside, and the pressure tank
as approfichtthe gasidisddived liguiedinigeted o the icjedtarsinio théiich the gas
. E;%ssure tank or into the space within the pressure tank can be stored,
dissohria gremnaichthel Jhe dsssrrdInna ey Brdehversd dott Botsiteited to

any ;%Q' %ﬁ?&h%ﬁ%g&%?ﬁc’%ﬁ I?#%%%i&rlgoéps%clfﬂw %ﬁéﬁgﬁi&iﬁgﬂé’a hebg.aﬁsed n

can ISSO Inas r example, t one pas ntil it

any ofesRMeHIRktaied ane helgahe IaquRIBAINS: s oo/ \ed fof kb lexiendeds are

time of period. Note that the apparatus can have a reduced-size
utilizeghstruction, and may be manufactured at reduced costs. BRIEF

DESCRIPTION OF DRAWINGS [00281 Fig. 1 is a schematic diagram

illustrating the general arrangement of 11 the gas dissolving apparatus in

FEffo8E5qr g]}ﬁ;t@m%ﬁmbodiment of the present invention; Fig. 2 shows
the neq%{?k:)or 00

d of the pressure tank in the gas dissolving apparatus of

[0027F}_ig. 1, in which (a) is a perspective view and (b) is a cross-sectional plan
VIeIVt\:I; may be appreciated from the foregoing description that the gas

dissolving apparatus according to the present invention 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-dissolved liquid 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 is a schematic diagram illusirating the general arrangement of

11



Fig. 3 is a partial cross-sectional view illustrating the gas dissolving
apparatus of Fig. 1; Fig. 4 is a perspective view illustrating the gas
dissolving apparatus of Fig. 1; Fig. 5 is an exploded view illustrating the
flat base space portion in the gas dissolving apparatus of Fig. 1; Fig. 6 is

the ¢hPerIResve Yiexpllustalind thencepraancriswithegas eisdolMingent of the
apparatus of Fig. 1 being assembled together; Fig. 7 is a schematic

presedibgrasmithgstiating part of the gas dissolving apparatus in accordance
fano%her emboglr%wtof ese ti ve t|on Fig. 8 re es&ntst o
ﬁﬁs( )ﬁ]ﬂa"(ﬁ) |ﬂ‘§1 ul? fo eplﬁr’%’oseo comparing © 8as

dlSSOIbﬁ’lWWH% Qg"t??gpr?s?ﬂtd\m’i%@'pc@Vi’ghaﬂfa%i%}g’écgq@eo{‘%v@rﬁﬂ:dg(b) is a

9 is a diagram illustrating one example of the gas and liquid mixture
crossaeeording tolthe yroy art; and Fig. 10 is a diagram illustrating another
example of the gas and liquid mixture accordlhlg to the prlor

Explénatioh B ABRIEHAIST 1667911588 LigSoN "é&bé?éﬁ% cﬁﬁ& dissolving

appaf E%gg ntainer 3 liquid delivery pipe 4 gas delivery pipe 12 6 gas and
mixer pump 8 gas dissolving device 9 gas dissolving devices

81183, 8@,&7af|ptab@s&$ﬁa£ei|@wti¢h189fﬁﬂ'ﬁ@gdfhelgt&i fosinjbating db@ aratus of
gas-dissolved liquid 814 protruding portion
Fig. I
Fig. 5 is an exploded view illustrating the flat base space portion in the
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 illustrating 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 liquid
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 liquid storage container
3 liquid delivery pipe

4 gas delivery pipe

12



10 gas-dissolved liquid 11 pressure tank 14 pressure adjusting valve 15
liquid outlet pipe 20 return pipe 21 gas-dissolved liquid injection pipe 21a
outlet BEST MODE OF EMBODYING THE INVENTION [0030]
(Embodiment 1) A first embodiment of the present invention is now

6 gasdesaripediRymsierngds Figs. 1 through 6. Referring to Fig. 1, the gas
dissolving apparatus 1 according to the present embodiment is shown,

8 gaswhictelmchgldswdiguid storage container 2 for storing a liquid 10a (such
as,water) intq which any suitable gas such as ozone gas is to be

9 gaso‘?é%ﬂaga‘.’%\ iGUiE Telivery pipe 3 is connected to the liquid storage

gz’gggg,ag@eﬂgt %@@%Cq%gig@gyogipe 4 is connected in parallel to the liquid

delivery pipe 3 on its intermediate way, on the downstream of which a
89 ingas mnddiglic dixenpurnim g isiprexidddssdihenl diisidelivered through the
gas delivery pipe 4, for example, the pipe 4 may have its end open to the
814 paphBepHeReP WUHER any suitable gas such as ozone gas is delivered, for

exampl .gelivery pipe 4 may be connected to the gas supply
10 gassoﬁ%ggﬁg&il?%?t@x flow pump may be used as the gas and liquid mixer
11 preuB& takhie liquid delivery pipe 3 has switch valves 5a, 5b that may be
operated to open or close, each of which is located near each of the
14 prgpsysamdandtigsivisti€am sides of the gas and liquid mixer pump 6,
. respectively. The liquid delivery pipe 3 also has a pressure gauge 7a and
15 ligug ‘flrlfi? P#B%0cated on the downstream side of the gas and liquid

20 re‘ﬂﬂ%%raﬂﬂ@p 6. On its downstream side, furthermore, the liquid delivery
pipe 3 has two branches extending into
21 gas-dissolved liquid injection pipe

21a outlet

BEST MODE OF EMBODYING THE INVENTION
[0030]
(Embodiment 1)

A first embodiment of the present invention is now described by
referring to Figs. 1 through 6.

Referring to Fig. 1, the gas dissolving apparatus 1 according to the
present embodiment is shown, which includes a liquid 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 liquid
storage container 2, and a gas delivery pipe 4 is connected in parallel to the
liquid 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 valves 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 example, each of which is
connected to the forward end of each of the two branches of the liquid

deliver RiRefBw shawmia{iBs. dsadtd. Fack of theddag ¢igselvirg pump 6.
devices 8, 9 is provided symmetrically of the center axis of the pressure

The lankd ediviearitrispdircheas dovralarafl gl fHolifbdtlvith respebetorgrated to
cylindrical pressure tank 11. Each of the gas dissolving devices 8, 9 has

open aﬁl irfj Cgt%neoeﬁ%ét%# its érl\lNalrSd end: ﬁ}%lﬁlg {fWhié itlneO gats?-1 islslgl%gg am and

downliquid ihayale BieHed3neciicallyidne 8as dissalying dyieesi B B alte liquid
arranged so that the gas-dissolved liquid for each can be injected in the

deliveliregtipe 8ublstariialyaatorng theaigaction Ta vwhdhahidoyaswissolidd ligaiks d on
is caused to revolve within the pressure tank 11. The consfruction of the

the dguengiesiving HedictL vire e LHBEd iMASEHINARP 1§ & s S nstream
side, STRRAREH, the, bve AR dIsINIPg devicesale (Rrovidas asshowR Athe into

described above, but any number 0f'the gas dissolving devices may be
the resdded withautl imiNdion. (0A82hérdhepressutelianklidsalessith, each of
~ gauge 13 and a pressure adjusting valve 14 are provided. The pressure
whiclydgge ‘1@@1@%%&% heriRRBe faternal pressure within the
[003 1Qressure tank 11, and the pressure adjusting 14 valve 14 maybe used to
djust the internal pressure of the pressure tank 11 to the predetermined

prassere Igyeksiesinaik the itHialoreeswkeslevel irkdlaseehn pieses, 9, for
should be varied to any desired pressure level at any time. On the lower

exampdeiotrshthy prédsbre sapknrk atrstelis Hhiigulicrvutist ik ab ehaghisof the two
pranGERREER S e e o b g SO K, DI
gas dRKEMIHECE INGRIEESWE L0 e diQysh RLBL PG 1oMAR &AW axis of the
pressure tank 11 so that it is directed downwardly and inclined with respect to
the cylindrical pressure tank 11. Each of the gas dissolving devices 8, 9 has an
injection outlet on its forward end, through which the gas-dissolved liquid
may be injected. Specifically, the gas dissolving devices 8, 9 are arranged so
that the gas-dissolved liquid for each can be injected in the direction
substantially along the direction in which the gas-dissolved liquid 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



delivery output 16 on its forward end through a filter 18 and an ultraviolet
sterilizing device 19 that are provided on its intermediate way. [0033)
Now, the details of the gas dissolving device will be described by referring
to Figs. 3 through Fig. 6. In this embodiment, two gas dissolving devices

valveSi § @igyorevided, farciamplhant bavel theddenticalfsiecies sthusiatiie 11 to

gas dissolving device 8 is described below, while the gas dissolving
the paedietegngniot dE@éﬁt@é’d Nl howeveb Imatbise desttiptios sfube deeel that

dissolving_d lied t dissolving,device 9, Th
105 M8 QNN N Ao ST LE i oD R Il e e

is epnneciadnthe diayichdelivery Bms&i@nﬁ@ﬁmvyn%ﬁ@@m@%@&m outlet
injection pipe 80, there are flat base space portions 81, 83, 85, 87

pipe hfrahgedsindhatotddr tantheapheasting asrakbaffiby mapre@fl‘aewwfﬁhb fratve 17,
base space portions 81, 83 arﬁ interlinked by way of a set of six reduced-

throughnerar pipke gmngbisplved digy phee PO g BELGESIEE 11 can
be taReWAAT 35¢hal Sk deducedndiamaler pipgsiB4Bde angiile 118t Rases tiquid

space portions 85, 87 are interlinked by way of a set of Six reduced-
delivdigmeiepptpes 3 86 Eachofthe: detiveads Hianfetenpip@sindathsetdtraviolet
has a bore of the same cross-section and the total cross-sectional area of

sterilirdngo Aavisall diinet sixsoissade diamate dpipanpiéath ¥8vis set to be

[003 maller than the cross-sectional area of the bore in the injection pipe 80.
0341 15 As its details are shown in Fig. 5, the flat base space portion 81

desgsiped pboyetinnkides ebase spacesmemher®iiandvalbase sRaeeibed by
member 81.0. The base space member 800, on one hand, includes an

referpppodite iah 830t hvavivedralaing. pI@tetl‘nﬁmemhﬁ)élpé@rphem@vaﬂl%ohssolvmg

devicg P gp KA S (S As e ROIBI52 BRI Gt IRt . Thus,
the g&ﬁ&ﬁl&&m@ﬁm@@e @@88&%&@@ p@ﬁ%ﬁﬁ@ﬁw@ﬂébgamﬁsgmhﬁg device

other hand, includes an
9 is not described. Note, however, that the description of the gas dissolving

device 8 may be applied to the gas dissolving device 9.

The gas dissolving device 8 includes an injection pipe 80 on the inlet
side that is connected to the liquid delivery 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]



opposite wall 811 having a round plate form, and a peripheral wall 813
adjoining the circumferential edge of the opposite wall 811, the opposite
wall 811 having six passage holes 812- 812 arranged at angular intervals
of 60 degrees in the circumferential direction. The opposite wall 811

furier;ipcluies]a eyindsieannrofruding. partieh 81A-qnthe cespacthgddstion 81
formed to a thickness equal to the width of the peripheral wall 813. As

descishedrlrorigsnglutes 4 ok fladbagesphes félomelathe tsase apagecmber

mbers 800, 810 are, joi together such that the respective opposite
310. (EOROT, B Calt e Db S0 o hch GpBBEIE ACIAREA DR Ce all 810
havik@SPECtve REriRNar! walls.803.813:peing  joined clasgly vatoULARYiaRs the
therebetween. [00351 As its details are shown in Fig. 5, the flat base
circuspiae poribads: nCludesbase spacel hfthibarse800p84deimmahichthdraving a
base space members 810, 810 are jained together such that the

passygepbtie Yrpdihe HAISTAL 81T ChAIBE pRiced tTalRIBHHES P BAHmAY be
conn%gl & Wi dhe locations.of IHeRAs52gA 70163 81k. 810 Ong&p,r%@ﬁttﬁufdes an

811 being out of line by an angle of 30 degrees with the locations o
oppothepassige 1oles 8ids 84 2rinithd gihercodposite sad 81 Ipanth kbtatherall 813
respective peripheral walls 813, 813 being joined closely without any gap

adjoimaratdiesisamreadsel aitseyihahePPROFIANG pdridhs B1o drhete wall
811 %Q%£§§rg%%2gﬁ%%gngt@gf?ssIg‘fi'hg\_(%ht%%%rﬁgggcg\éeggr%gxgﬁ%ﬁ%ggrvals of 60

roug mate contact with eac orming a e space

degr&QuRd thRe CirshrnirRAcatif Theretherendpief the peducedvdiametar further
‘ injection pipes 82-82 connected to the respective passage holes 811, 811
incluidethe fiat badeisphpeqtoribm 8 parsivoidced theeepderespetidiérmed to a

oSS 0 5 S e o RSP s

and D2RE BRAGERATUQD 8347 SOPNEHIeA 19 HeHadu e diamais « aioNs 10 are
pipes 84, 84, respectively. [00361

joined together such that the respective opposite walls 801, 811 can be placed

to face opposite each other, with the respective peripheral walls 803, 813 being

joined closely without any gap therebetween.

[0035]

As its 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 814 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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Similarly, the flat base space portion 85 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

oNgRPReEite wall 83l heinglowkdr inedhytan ange 3 gegreesanithvinescted
locations of the passage holes 812, 812 in the other opposite wall 811

to thengviesthecregseasre hpieipRdral Sl 8 thegila baimeejshasecikseipn 81 are

withqut any gap therebetween. In this case, the.cylindrical protruding .
conn B SRS GRG0 R S AL g SARF 1 tide o the
flat HESPRYIVE fRBNaIseRds braughi ?&&%@Q{%I@Q@tﬂﬁ with eacthethetvnstream
forming a ring-like space around the circumference. The other ends of the
side pddusedldiabveterspectiqropipes 88-84 conmontetk dotthéhespettived -diameter
assage holes 811 on the downstream side of the flat base space portion

injecggn RIBGAMSLEF 18 $ARYINEPonding passage holes 811 on the

[003 pstream side of the flat base space portion 85, and the passage holes
11 on the downstream side of the flat base space portion 83 are
coimacied 1o, thiee rdudedscdigmetep injectin® pipes] 88¢ 8haespectivelynembers
[00371 Next, the flat base space portion 87 includes base space members

810, 816, BooYnabnidts thaBasBagsaseemdintiaidr o’ oo sdfoiteh together such
that %thrter%z)t% g%%%%%ﬁg%ﬁ%o\g gﬂ%ltg l\lialgsl%lcleir? %]é ?{Ja}%é%f?é%%g?ggtgo .(?site each

Opposi t the respective peripheral Ing

otheloipadhdlasely it any gake therabersb s18 (Ehesothen emdsgiibeite wall 811
reduced-diameter injection pipes 86-86 connected to the respective

beinpasyagé holedg1ama tigdedoiviSirdegreideortine hatlosséiogpacd pbftipassage
e g R S S v
TR e L T
In tlinjectcr outputaydrh thread pwhich die ggssdissolvedillibuid hiay bwstream and
dowxigji;?‘%tgr% sides have their respective forward ends brought into intimate
contact with each other, forming a ring-like space around the circumference.

The other ends of the reduced-diameter injection pipes 84-84 connected
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.
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[00381 Now, the operation of the gas dissolving apparatus 1 that has
been described so far is described below. In the following description, an
ozone gas, for example, is used so that it can be dissolved into the water,
such as the sea water, for example. Initially, the internal pressure within

thepresawe Bl may ke set datthenprirdetainvitioth pRasURS Ievetdynected

means of the pressure adjusting valve 14, and the sea water may

to thepmadpashiise placedasiideid A0k intibdiglee —edragercomaindr theriiiat base
switch valyes 5a, 5b, 123, 2; may then be opened while the,s itci‘%31 " th
Space BRI LR AN 16 58 AnH LTS TRRBH Do ey BolSaerdisdp the

flat bSLhatIbe REPRS 938 can badnoduced inin the D% amd lgieh SiIm side of
pump 6 through the gas delivery pipe 4. The ozone gas that has been

the fiatrodasedsipte¢hegesandiiigui mixeregempthenaythende piged$Gton the
the sea water withjn the gas and liquid mixer pump 6. As the ozone gas(is n
es a

downpipgBisEsved Hothe LERAEE e ME PLIn g S AR TR fd THREPE™
inje ct%?yol?lz;g ﬁl{ﬁ?ﬂj R %%OWH‘%@? %H‘es & "in%%%qgf'@uii@ %9‘ e Fnjected.
p hough the liqui

ump 0 delivery pipe 3. While the gas'and liquid mixture
[0038ik being delivered, its pressure may be measured by the pressure gauge

7a, and its flow rate may be measured by the flow meter 7b. [00391 As it

is MelerdiptinpeifEine IRfuidactoarysipel vinse YaraaRd iguld thitkedres been

ay, then go.to the gas dissqlving.devices 8, 9. As the gas dissolving 18 .
deser B B B0 AR TR SR AR Rl B R Wb e

for exd@fplisselvingHevies £ willhe desaibed kelomtanshthe-aperaiopHardhte sea
gas dissolving device 9 will be not be described. The gas and liquid

watemfrtupgcgmphas been introduced into the injection pipe 80 on its inlet side

may then be introduced into the internal space inside the flat space
T B BB RIS B0 B SRS e A pgias be set

to thé%%%ﬁ@&rﬂ%@@é'd %QQ&&”E&U@P@M‘&&%B@ E?Pe@ﬁ@&datﬁﬁlsting valve

14, and the sea water may previously be placed as liquid 10a in the liguid
storage container 2. The switch valves Ba, 5b, 12a, 12b may then be opened
while the switch valve 17 is closed, and the gas and liquid mixer pump 6 may
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 liquid 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
liquid mixer pump 6 though the liquid delivery pipe 3. While the gas and
liguid 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 7b.
[0039]

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

mixture may then go to the gas dissolving devices 8, 8. As the gas dissolving

18



protruding portion 814 and hit to the protruding portion 814. Afterward the
gas and liquid mixture may flow to the outer peripheral side of the
protruding portion 814, and may then be delivered into the reduced-
diameter pipes 82-82 through the passage hole 812 while it is striking

device@dRINSt e 0ppOSHEWaB 14 . tRuringnihispioness, the gaseaddiguior the gas
_ mixture may produce a turbulent flow while striking against the protruding
dissolyoroddigearid widloppodiewwdipdl belaw, tridirbbfeuffow tieay Msntbe gas

._.the bubhles of ozone gas into.much, more smaller particles, which can
dissolyjag éjsvlﬁgs_ IWéE?i%?o%ﬁ% l%%éi WA er;tk?eﬁie gas-dissolved liquid mixture
may be 2 QbIARGe D Nin aY-OPAG As it indaliversddthreudihideche injection

reduced- diameter pipes 82-82, the gas-dissolved liquid can be flowing
pipe SWithits snorbasind speed, Ar hay theodeddtiodaddt:intg eha gingplike inside

space through the passage holes 812, 812 on th t ide of the,
the flgfabpagsRpaed poHih 3 .%W%bia‘fﬁéjﬁfégﬁﬁﬁ-ﬁﬁgﬁp %@Qﬁ%@oﬂa‘é@ﬁ% the

flat bap&segg&c partian.dhe gas and ligyid Mg can b HAWRINtthEward the

space by keeping the decrease in its flow rate as small as possible. After
protrutli;gdrpwatipio 8he spaté.ithe ghe anddigquldnmpixreionad tden flow
toward the downstream side, where it may strike against the opposite wa)l

814t prochidnigha wpreAnMIBARIG RONCRE e Jhy Gut i tier peripheral
side O(I,:ﬁ') dl.ﬁ:ed- dc;%nl]l % |p%]§é(}pqugpi1 t%%ﬁasr’fi’a eﬂ{)é%s §%22§ %g%%et%eeinto the

StrBEM 'Side  Rs e passage hdles o tfte upstream side t

reducPASsRgR.1&heIgs.an Yregipwinsiseam site aprpsavided slactsthat ikile it is
locations for the passage holes on the downstream side are out of line

strikisgfhigiemlytait: effecvetywath fddard usithe iddatirectssiid pazagad liquid
T O S T —
oSBT SO 0 Ao s e, g e
bubblozone gasintgakeiligoidnTlbnpthee smaller particles, which can then be
dissolved into the sea water. The gas-dissolved liquid mixture may be
obtained in this way.

[0040]

As it is delivered through the reduced-diameter pipes 82-82, the
gas-dissolved liquid can be flowing with its increasing speed, and may then be
introduced into 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-like
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 violent 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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gas-dissolved liquid may be introduced into the reduced-diameter pipes
84, through which it can be flowing with its increasing speed, going into
the flat base space portion 85 where it can produce a violent flow in the
same manner as for the flat base space portion 83, enabling the ozone

holes 93s tabadivsrivad intaiie soa Walkn gffgctively. fihea dgasedissabieds for the
liquid within the flat base space portion 85 may then be delivered into the

passafiat badesspace hartido 8 nstheugh théaredueedudianieténpipsaifeigsily and
The gas-dissolved liquid within the flat base space porgion 87 m 0
effectaly ol GrECRAB EHEA B RETHARGARD DA BRI b 1o apstream

side, &%Wéﬁéfﬁ@(ﬁ@‘@d% gitran akeagai E%mgmlegﬁé&s%@gmles
through the passage hole 802 into the injection pipe 88. When the

on thgaspdisseluedidpidzsirikasedgainstitheagpposite alb8Pbsiteawadlsdll on the
produce a turbulent flow that will increase the dissolubility o{ the

downgaganto té fiquit [8941ETHe gASRIdeBled i tHRAHES Bedh fich. further
increegs%l!sve{g(% ”Ef?s %‘?d%’ﬁ%g NRPA, So%ﬁlge §8‘§’”§Hﬁ?‘f‘ﬂ1§éd%'&a¥dbeq‘hen, the

Injected from the injection outlet for injecting the gas-dissolved liquid 89 at
gas-dibgolourard,end ahithe injection pipe:88irinto the spabecwdhlisthe pressiyres 84,

tank 11. With the gas-dissolved liquid 10 being stored in the pressure
througiniwhicthés qandhss Sload nguid thattis isapeaguentip ifjdctdaingnnte the flat

two gas dissolving devices 8, 9 may provide its, injecting force that places
base S GRRGOINEN R 40) SOOI el FAR 13 Jober g Tanes
as for PRUANAY actian sodhatiheligyid I Osanviinysveile 028 nevehdng Wi ssolved
the pressure tank 11, and thus can be distributed uniformly. This also
into tAvoistsathattiee extest palt.oTbzome gdsstdvmdyirenidinndidsoivébe flat base

locally will be dissipated from the liquid so that.the pzone gas can remain
space QR BOnBRBrREh G HETTEBMY. [R45A A par 8RS oher hon 87

T L e TR
the flat base space portion 87 may go from the circumference of the protruding
portion 814 toward the downstream side, where it can strike against the
opposite wall 801, going through the passage hole 802 into the injection pipe
88, When the gas-dissolved liquid strikes against the opposite wall 801, it can
also produce a turbulent 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 liquid 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 its
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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under the compressed pressure. When this occurs, the internal pressure
can be adjusted to the predetermined pressure level by means of the
pressure adjusting valve 14. When the gas-dissolved liquid 10 that has
thus been stored in the pressure tank 11 is to be taken out from the
revolRIRSSEEh Ikl ihe switchavatve] 14 idaphhes ependd sodhabilie dowid fHOmly.
can be removed from the pressure tank 11 through the liquid outlet pipe
This 50 Whenlthehgdstbissotveddigaitt 1 eomeairgpaniiiaRpvhismerin rﬁPwolved
be rempved.through the filter 18 ar. the ,gas-djssolyed liquid 10 may he .
locall b SRIAGRS i Avifet LMot SNt GRS emai

Ster tér the gas-dissolve

dissoliguidhis claaned imthisayoh mawbgdelivered through its outlet port
16. Such gas-dissolved liquid 10 contains lots of dissolved oxygen and

[0042Diseful minerals contained in the fresh water, and therefore may be used
as the drinking water after it is passed through heliésgbse uent water

cIE R BFOeQeo Rerititrt Pibel B0 T BEOLS AACRILA BethE i firgure tank 11
or thd rgﬁ%g&&t%@ gn ot%e QA fan _'Q%P%tﬁ%g%g' ved:liavida i 11

so that the gas-dissolved liquid stored’in the pressure tank 11 can be
underehinaship thessidrpgessaitaingh eihioisghdberstulre pipee2 Adlthaughire can

this has not been described so far in this embodiment. By circulating the
be adgastabdelvEadiquiedssararmact pressurs davel PEDsfRagaichhtaipFssure
1thr%% Qet e, return pipe 20, it is ensured that the gas-dissolved liquid
JrFcohtain 10ts of the dissolved gas. [00431 21 (Embodiment 2) In the
Preceging genbodimentolythe Daatissovingdexice Sliaprovisedsioridie in the
upper space within the pressure tank 11 so that it can inject the
pressgas-tisdolbaslitulceftorkdts injedtiom shep rowavd eHa gisldisseivey Tighigalve

existing in th tank 11, through t N
17 sueg o RBIE 241 oH Lo U 1o s T4 ok BT SABBM HierR L e tank
11 tHSRQWR g1, ﬁ@gng?ﬁé%i@sﬁm@gﬁ“%mame prviged owtsidaihgid 10

pressure tank 11,
contains any foreign matter, it may be removed through the filter 18 or the

adjus

gas-dissolved liquid 10 may be sterilized by using the ultra-violet sterilizer 19,
After the gas-dissolved liquid 10 is cleaned in this way, it may be delivered
through its outlet port 16. Such gas-dissolved liguid 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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gas-dissolved liquid injection pipe 21 is connected to the lower side of the
pressure tank 11, so the outlet 21a which is the forward end of the liquid
injection pipe 21 can be directed into the gas-dissolved liquid existing in
the pressure tank 11. Note that the upstream side of the gas dissolving
(EmbEWGES8 anay be similar to that in the preceding embodiment. [0044]
Although the present invention has been described with particular
refertnea te thdiomisoahmdimsenand the speuldsseluipardtisganhitirovided
. present invention is not limited to those embodiments, Qut other structure
in the, BPRATUREL RSB ']rﬂplr@?ﬁeﬁtreetf WitiSod (Inléoipaiﬂ‘ o (e & the

|nSg from ﬁ1e splrllilalnn

zas-diSeOPE PTG RIGSER, IMMenHA L b xamRiRs) tIAR4pll The REesenLINeEIORquid

is described by showing specific examples of the present invention and
existipgdnarhand eosparinmihdse tespegtivehexampiess pBxygén ishesen bgdiment
the gas to be dissolved, and utility service water is used as the liquid, int
2 that,gaEreiRe BRI BB Gl ﬁfmrﬂ%ﬂ@vﬁﬂ@?%%r%présoﬁeﬂ&&ge 5. 7 the

oas dllanvfﬁ%tfﬁ ’é@%@é%%f?"ﬂ@gpl%‘{%@&%%ﬁ%'Qﬁ@ E@l%ﬁ%b?&iiifﬁeﬁz]aiﬁd the

used, ard Is operated to cause the oxygen to be dissolved into the utility
zas-disgolicedvaignily dipyirigiheipimsphedsmirdatedheapparaivg instide of the

second example of the present invention, the gas dissolving apparatus .= .
pressyesdibad ihlthadekiodinidet 2is whidkds o&t@iof@w&b?e%ﬁfe%ﬁh? liquid

injeCt%né]? é?riﬁtc%ig%f%\ﬁicg W(?fz%c%% p{){/} Oesé'ce 5 sprc%vslgggf&f ﬂ?ﬁléyﬁ%'@r%lg}?nﬁ in the

e oa
e gas-dissolved liqui stored™in the pressure , the

press9as-gisselyed Kauid inremuved fiam the prassyre kankdbraugih himeuieutice 8
port provided on the lower side of the pressure tank. The internal

may lpressulairtththpressitectapnksattiget ohpdlanswspheric pressure of

+0.2 MPa. In the examples of the prior art that are provided for comparing

Although the present invention has been described with particular
reference to the embodiments 1 and 2, it should be understood that the
present invention is not limited to those embodiments, but other structures
and features may be implemented without departing 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 is
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 dissolved 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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the examples of the present invention, the gas and liquid mixer pump is
used to mix the gas and liquid together. In the respective examples of the
present invention and prior art, the gas is dissolved into the water or is
mixed with the water, respectively, and the respective amounts of the

place P¥y@eigheepiainsias disadlved i shatilater sareimeasared atpgdulaevice is
time intervals as expressed in terms of minutes by using the oxygen

providadtéehakdivene thephraten dakmikecen sedhvhighee MsgaIDE w4 in the
____manufactured by Towa DKK company). At.the. end of the , predetermine .
press ARG p RS SRR B S0 AN LA BAIEG. CEfaiin i bssure

tank PPREH 2nd mﬁg)[ﬁ; pled AR dba BspactivevarmaEnts of the Pxygatre tank.
as

that remains issolved in the water are measured again at regular time
The iimtervel$ gzrexpressed inherrps ofsninutbankie axgiziin tf tiibeegperdimheric

amounts of thegdissolved oxygen that have been measured over the time
PTessiyye Bfé*é%ﬁt@éllr‘?"l' able 1 and Fig. 8 (a), and variations in the respective

ampunts of the dissqlyqs Oxyaen that have been neasuied AtsHPSring with

operation Is stopped and then resumed are presented in Table 2 and Fig.
the ex3:Npldnay bRseendeam itakiasidn? dnddrigsa 8dd)qb)dthaitke pooynis used
_of the dissolved oxygen can be increased and can be maintained
to mixgheigtenmpandasisbipgithasng time, by using the gas dissolving

apparatus of the present invention. |n parti lg 1 ik .
N e S s T PR R AR iy o ehe
gas 1OHIREJIGUE BxistiEevibitcther23 prassdredink tine amauntefghectively, and

dissolved oxygen can be increased remarkably. [0046] [mg/LI Target

the reEpee{inmnpiiachiie 071t2E dxy gon S0 30 UGBS Bratpielyobiothe water
are m%;}siﬁeglgé?; %%'glu%ggtdfgié Li‘rr?ﬁserSV%}SGaséoeg%?eggézd in terms of minutes by
using the oxygen meter based on the diaphragm galvanic cell technique
(Model DO-24P manufactured by Towa DKK company). At the end of the
predetermined time, the gas dissolving operation or gas and liquid mixing
operation is stopped and then resumed, and the respective amounts 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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Example 2 9.3 11.8 14.8 17.2 20.3 24.1 33.2 37.042.1 43.1 44.945.2
Prior Art 8.9 9.5 13.13 15.0 15.8 16.7 19.3 19.9 20.2 19.9 20.2 20.1
[0047] [mg/Li Target Time [day] Machine ]st day 2nd day 3rd day 4th day
5th day Gth day 7th day 8th day 9th day 10th day 11th day 12th day
pressi@MBIRIL 681R0-LAR 8- 6.A3the 3 BB X036 334302 dfn/ XamRi®ased
245.133.932.429.127.525.223.923.022.121.6 21.220.7 Prior Art
remardBly6.0 15.3 14.9 13.512.811.811.2 10.6 10 9.5 9.2 [0048] The gas

[0046ﬂ

issolving apparatus according to the present invention may be used in
onjunction with the system in which the sea water is desalinated, for

example, wherein the apparatus allows the ozone gas, for example, to bgg /1]

Tlnixed W it_h (dissolved inig)_ theseaw &t;ﬂgeﬁglcd]veiy, thereby producing
fR&°brinking-water containing-lots-of dissolved-oxygen-Fhe-apparatus
M3AB{P&Isp Be Useéd ﬂ:n Gonjunittion fith tAe sydfem iFPwhicA theihdustiial 59
Exanpsée watet, the svaterdn the paliuteldzaviersidakessdr ni@rshes or thzgaifd.2 |
exaWBIEr aredrediad Py usingite ozpne 9as, fos example.swheraimihass | 452
P o g dotoleHAInG And eotibRLing oHABE of (Holoaohb-5o 24 20

T g Tt UTlo

HMJ.

CLAIMS What is claimed is: 1. A gas dissolving apparatus including: a
[0047§as dissolving device for causing an turbulent flow to be produced in a
mixture composed of gas and liquid (referred to as a gas and liquid

miviura)l while the-aas - and liand-mbduire-is-haina-introduced-into-<aid nggmg/L}
7O C VTS tric gaoarroa— oot ||||/‘:E||:u|\.[léj [SASLILY | mrmrogaoccuu it oanu 9(&0
rargdissolving.--device, 'rher_eby_enhanr‘ingl e e lubility of the gas into-the
HachiRe o 2o G| AT A TP B I 8 S G SEP G PR AP ED 7R av
Example HasitlissoNed HEdid)+46 | 43 | 423 | 88 | 367 | 36 | 354 | 352 | 347
Example 2] 45.1 33.9 32.4 29.1 27.5 25.2 23.9 23.0 22.1 21.6 21.2 20.7
Prior Art] 202 160 15.3 14.9 13.5 i2.8 11.8 11.2 10.8 10 9.5 9.2
[0048]

The gas dissolving apparatus according to the present invention may

be used in conjunction with the system in which the sea water is 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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an injection outlet connected to said gas dissolving device for injecting
the gas-dissolved liquid; and a pressure tank in which the gas-dissolved
liquid injected through said injection outlet can be stored and from which
the gas-dissolved liquid can be taken out. 2. A gas dissolving apparatus
including: a gas dissolving devigeTig/iaagsing an turbulent flow to be
produced in a mixture composed of gas and liquid (referred to as a gas
What amdliquig dnixture) while the gas and liquid mixture is being introduced

into said gas dissolving device, thereF enhancing the dissolution of the
gds MBAREIRTTY T8 APRVIGRYHRS bi/ﬂli]&lgéntaining the dissolved gas

(reie%é%dcfféééﬁi@@%éjﬁéé?!f’&dé%@h@%&@i@ﬁ?ﬁﬂ@%ﬁeﬂ%ﬁ%%%i@é@t‘éd in

gas dissolving device for injecting the gas-dissolved liquid; and a
a mixpresstomprieith avhiek thedybsdissaivbe tigdiddnjecteghintortid igpatenixture)
inside said pressure_tank through said injection outlet.can be stored

. . nd . .
while o GiichHe 8 SUH A O G BB CHREHG, 7 s Lssolving

deviced?sfsr? l\{‘?e a%%ehrggjc gﬁ%@nﬁqs@oﬂ%imtjyof)g’t‘ﬁ@e%%lg A 933 liguid and

dissolving’device includes an injector pipe through which the gas and
providipud midurt intiaduessintei agid gas disselingdleyae is(te feeinjbcted ims  a

25 the form of a jet stream, and a baffler for producing a turbulent flow in
gas-disyol jsrd ddeaid When said jet stream strikes against said baffler. 4. The

gas dissolving apparatus as defined in Claim 3, .wherein sai e
di%lW&céb%?cg‘glﬁlr ate(%()irﬁc Ue égi agl ?IaStal%(; assp%lcsg %@r’t?ﬁ ap%‘é%/? o pecting

the gdQrmQfdng hatligriand.having two opposite walls facing opposite each
other and each having a passage hole through which a liquid passes, and

a aimé@t@ﬁ&h@dﬂl%ﬁ@nﬂh@gﬁ&‘émwwéémﬁtwtﬁdﬁﬁtmﬂgh said
e T L 0 R RO O R Ve b
takenbgout of line with

2. A gas dissolving apparatus including®

a gas dissolving device for causing an turbulent flow to be produced 1n
a mixture composed of gas and liquid (referred to as a gas and liquid mixture)
while the gas and liquid mixture is being introduced into said gas dissolving
device, thereby enhancing the dissolution of the gas into the liguid and
providing the liquid containing the dissolved gas (referred to as a
gas-dissolved liquid;

an injection outlet connected to said gas dissolving device for injecting
the gas-dissolved liquid; and

a pressure tank in which the gas-dissolved liguid injected into the
space inside said pressure tank through said injection outlet can be stored and
from which the gas-dissolved liquid can be taken out.

3. The gas dissolving apparatus as defined in Claim 1 or 2, wherein
said gas dissolving device includes an injector pipe through which the gas and

liquid mixture introduced into said gas dissolving device is to be injected in
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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

the foSRAGE PosianrdHaducHD AbLeien fbpledhilawdmtbe:sitgant afdhein said jet
liquid. 5. The gas dissolving apparatus as defined in Claim 4, wherein at
streateashaneatisiitl tins apposiikovaig avitkinsstid HafBese space portion

h lurality of holes, and I it d d- di . )
o e RS rpaa s S h Sgiegn said
gas d3RK PASSAS NRIeR O P eGP HissoliingiapRateAs slelined i Gl th the

or 5, wherein said opposite wall on the downstream side includes a

form pfathedingffentiom ddnarechin thve positicatoppedite thelpassageshitednch other
said opposite wall on the upstream side, and a passage. hole on the outer

and %@&@oﬁé&mﬁroﬁuamﬁsﬁsﬁi&ﬁﬂ?. Fheguedi wﬁ%gaap o RASER et

circuﬂﬂfgpé'n(mgl%gﬁ’ligﬁ%rmlﬁdiiﬁg%ﬁ@gsﬁlagz%sm&q{dsgﬁiQ%B%E?J%&%e walls,

the upstream side of said gas™dissolving device, for mixing the gas an
wherdiguichtdofitheb SeTheagaspdissolving ppparbidssas: HefinedtihCladmt ions of the

wherein said gas and liquid mixing portion is a gas and liquid mixerPu_mp. .
passageThelgas dkesvipgsapparath e ad BefHedns BisyBhegrCiamPaL of line with

. herein said injection outlgt for the gas-dissolved liquid is arranged such
wgara:a?oz fe (g)g%-%%}ssol\?gd |qeui8'iil:<§;18ng & %gi?edl%hroueghogg%sftj%c |oanH on the

upstroyiiettowans thesuriace jot the-gagrdissolved fauit @xigting dnpsaided through
pressure tank, and can be directed in the direction substantially along the
the paissctiohilavhichhhefionsite the Jasndidsonedtigainhisickused & révolggainst

within the ssure tank. 10. The gas dissalvi t defined i )
the ORI BHdl ARiei S HE AR TR et Bpl LG S ion

produ\g@h/g fop ARG a1 dRErnAl RE?%ﬁ‘ér%t‘?’étQiﬂ hegprespigdiank to any

esired pressure level. 11. The gas dissolving apparatus as defined in
_Cléirfi‘h@,g/alseimlscﬁ&i@gneqqsmratatﬁtﬂidgﬁialwé in (rovided for betting tHteleast
one (;?t(;{rggl %‘rggsglg%\évslgggn walls within said flat base space portion has a
plurality of passage holes, and a plurality of reduced-diameter injection pipes
connected in parallel are linked to the respective ones of said passage holes.

6. The gas dissolving apparatus as defined in Claim 4 or 5, wherein
said opposite wall on the downstream side includes a protruding portion
formed in the position opposite the passage hole in said opposite wall on the
upstream side, and a passage hole on the outer side of said protruding portion.

7. The gas dissolving apparatus as defined in any one of Claim 1 or 2,
including a gas and liquid mixing portion on the upstream side of said gas
dissolving device, for mixing the gas and liquid together.

8. The gas dissolving apparatus as defined in Claim 7, wherein said
gas and liquid mixing portion is a gas and liquid mixer pump.

9. The gas dissolving apparatus as defined in any one of Claim 2,

wherein said injection outlet for the gas-dissolved liquid is arranged such that
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the pressure tank to any value between above the atmospheric pressure
and the atmospheric pressures of + 0.6 MPa. 12. The gas dissolving
apparatus as defined in any one of Claim 1 or 2, further including a return
pipe for returning the gas-dissolved liquid within the pressure tank toward

the gMEHRSIRAN Sia Rl 2aid gesidissebdnandevicsd JARTeRy AQWING iRt toward
gas-dissolved liquid to circulate between the gas dissolving device and

the sumépresSubetank: @iksolved liquid existing in said pressure tank, and can

be directed in the direction substantially along the direction in which the flow

of the gas-dissolved liquid is caused to revolve within the pressure tank.

10. The gas dissolving apparatus as defined in Claim 1 or 2, wherein
said pressure tank includes a pressure adjusting valve for adjusting the
internal pressure within the pressure tank to any desired pressure level.

11. The gas dissolving apparatus as defined in Claim 10, wherein said
pressure adjusting valve 1s provided for setting the internal pressure within
the pressure tank to any value between above the atmospheric pressure and
the atmospheric pressures of + 0.6 MPa.

12. The gas dissolving apparatus as defined in any one of Claim 1 or 2,
further including a return pipe for returning the gas-dissolved liguid within
the pressure tank toward the upstream side of said gas dissolving device,

thereby allowing the gas-dissolved liquid to circulate between the gas

dissolving device and the pressure tank.
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