DESCRIPTION LIQUID MIXING DEVICE Technical Field [0001] The present invention relates to an
device for mixing together two or more kinds of liquids, and more specifically, to an device for mixing
together two or more kinds of liquids in a predetermined mixing ratio. Background Art [0002] There are
cases wWhere a step of mixing together two or more kinds of liquids is carried out in a production,
processing, or analysis of products, half-finis Ei%f#écfggaterials, or specimens in various industrial
fields such as chemistry, medicals, food, an uctors. When more than a certain degree of
accuracy is required for the mixing ratid-BRHEiykdd N HREABKVE mentioned mixing step, the liquids
are often mixed together by a batch method which has excellent weighing accuracy. [0003] However,

mixing bﬁéé e.bg Wgthod may involve difficulty in realization of an inline process for the production,
or the like. [000 en compatibility between liquids to be mixed together, such as a water-oil based
emulsiolPU8 idwidevitiesr BldiFeTBHOE &F HheE TriikiAl FRibCE MBI ingidRat b ikt atdvRihdingsch as

a matrioandyanladditiven dsevepg tafgel iy mayatakie @ denfp tinmextin gabiemé dullyvansfo o naidkingls of
ParticuIﬂl&i}ﬁa{\ékﬁnatggquﬁqglgip@%g&q{g%%gme is set to be larger so as to increase throughputs or

when stepwise mixing is required, such as in a case where liquids A and B are mixed together before
a liquid C is mixed therein, it takes longer time for mixing, which often poses an impediment to a
reductidhaickgmaiiod ot for the production or the like. [0005] Therefore, there is examined such a

method hai A fifigtdiReaiQr eistibwirgeaqfiset Y Hichak i IXed LS CONICHIBFLIR i@ FEGINGHINE 95

merge the firsff Ii%l%id with a ae(:(t).ndr:li\%uid ata predeterrrlﬂned r?te bdustingl{)l.fpjps.orle ectro agnetic
valves s6 a8 to Mix ltrégaetl?}reor those two kit %%glic(fﬁi q %9’ eandd augn%ikeapurﬁ?)lsorean %{é)l ator”
(stirrer) NODUG]vith fhiecAmeeRsdn cplid Wik sambé pesornbd subeaysivelynatlike lthe erderand
methodsand:Beacetthe. timw ieguikeg Jotithe mixeg Stepiegrebesavedu @O0 7isHawavesd individual
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changed depénding on the pulsations of the pumps and further atfecte y operat(fon accuracy of the

pumps BHiifd dfsaibesdynate FavasthrgnidHeB I b RXSFOtEYsTHY 8 NecResdiiFhevitable to mix
togethefdanyd amhouatsoftiiniids, gnchhdnceltheephishtions iaivikie pdiifis dng iinre dHgstio mefering

control ggqggﬁ&r&%rfgmﬁ%byrggﬁ%roggd&qﬂg {he accuracy of the mixing ratio. [0008] Further, when
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the stepwise mixing is necessary, the time lags in metering contro| are integrated, and hence it

become dre AMFERIERIRAIRAHtrRcAREaPaBIdhel® bE mixed together suchi as"a wafer-oil

based emulsion, is low or when a difference of the mixing ratio between liquids to be
mixed together, such as a matrix and an additive, is very large, it may take a long time to
achieve fully uniform mixing. Particularly, when the mixing amount for one time is set
to be larger so as to increase throughputs or when stepwise mixing is required, such as in
a case where liquids A and B are mixed together before a liquid C is mixed therein, it
takes longer time for mixing, which often poses an impediment to a reduction in time or
cost for the production or the like.

[0005] Therefore, there is examined such a method that a first line for distributing a first
liquid at a fixed rate is connected to a second line to merge the first liquid with a second
liquid at a predetermined rate by using pumps or electromagnetic valves so as to mix
together those two kinds of liquids by means of a snake pump or an agitator (stirrer).
[0006] With this method, liquid mixing can be performed successively unlike the batch
method, and hence the time required for the mixing step can be saved.

[0007] However, individual pumps are used to supply the respective liquids in this
method, and hence the mixing ratio may be changed depending on the pulsations of the
pumps and further affected by operation accuracy of the pumps or the electromagnetic
valves. High-speed flow processing is necessary inevitable to mix together large
amounts of liquids, and hence the pulsations of the pumps and time lags in metering
control become larger, thereby further reducing the accuracy of the mixing ratio.

[0008] Further, when the stepwise mixing is necessary, the time lags in metering control

are integrated, and hence it becomes more difficult to maintain the accuracy of the
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1 mixing ratio. Patent Document 1: JP 07-047257 A Disclosure of the Invention Problems to be solved
by the Invention [0009] It is an object of the present invention to provide a liquid mixing device capable
of mixing two or more kinds of liquids in an accurate ratio. [0010] It is another object of the present
inventiop o; provids 2 liquid mixing device capable of mixing together two or more kinds of liquids
successijvel an accur e]rf cﬁ? ing a batch method. [0011] It is still another object of the
present iﬁ@g‘ntloﬁ%ﬂb a%i g{ xm§device suitable for the production of a W/O type emulsion,
especially W/O type emulsion fuel. Means for solving the Problems [0012] The present invention which
has beanikasiaite sole the apeye mentioned problems provides a liquid mixing device including: a

zrnsé SuF)Pr'Xb%%%rpof%ress%ﬁ’Pe\ﬁ'% ‘rﬁlf'erﬁt liqu %I:l;l second supply system for supplying a second liquid;
[0009] It is an object of the present invention to provide a liquid mixing device capable
of mixing two or more kinds of liquids in an accurate ratio.
[0010] It is another object of the present invention to provide a liquid mixing device
capable of mixing together two or more kinds of liquids successively in an accurate ratio
without using a batch method.
[0011] It is still another object of the present invention to provide a liquid mixing device

suitable for the production of a W/O type emulsion, especially W/O type emulsion fuel.

Means for solving the Problems
[0012] The present invention which has been made to solve the above mentioned
problems provides a liquid mixing device including:

a first supply system for supplying a first liquid;

a second supply system for supplying a second liquid; and

a liquid mixing system that receives supply of the first liquid and the second
liquid from the first supply system and the second supply system, respectively, in which:

the first supply system communicates to the liquid mixing system through a first
flow rate regulation unit having a first path sectional area;

the second supply system communicates to the liquid mixing system through a
second flow rate regulation unit having a second path sectional area; and

the first liquid in an amount corresponding to the first path sectional area and the
second liquid in an amount corresponding to the second path sectional area are allowed to
flow into the liquid mixing system, respectively, by making an inside pressure of the
liquid mixing system negative (claim 1).
[0013] In the present invention, the first liquid and the second liquid are allowed to flow
into the liquid mixing system at flow rates corresponding to the first path sectional area
and the second path sectional area through the first flow rate regulation unit and the
second flow rate regulation unit having the first path sectional area and the second path
sectional area, respectively, by making the inside pressure of the liquid mixing system
negative. Thus the first liquid and the second liquid can be mixed together in an
accurate mixing ratio without being affected by the pulsation of a pump.
[0014] The term "liquid" in the present invention means a substance having a liquid-like
property and includes a solution prepared by dissolving solid matter, a suspension
prepared by dispersing solid matter, and an emulsion.
[0015] The term "path sectional area" in the present invention refers to an area obtained

when the path is cut on a plane perpendicular to the flow direction of a liquid in the path.
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a liquid mixing system that receives supply of the first liquid and the second liquid from the first supply
system and the second supply system, respectively, in which: the first supply system
communicates to the liquid mixing system through a first flow rate regulation unit having a first path

sectionahaied: In th@%?&%@fjﬁ%‘&ﬂ%ﬁysﬁ?@?&%ﬁw%i@%%%f@ %@x‘iﬁ@@@%‘?@@%ﬁd{ﬁi@@iﬂ}ﬁ%@@ a
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correspbpiditgotige seecnd pamtsestiperabdrea areaalowed to flow into the liquid mixing system,
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presentdpe\/reeﬂtli?pdl%hﬁltcirﬁt Iliquid and the second liquid are allowed to flow into the liquid mixing system
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accurate mixing ratio without being affected by the pulsation of a pump. [0014] The term "liquid" in the

pump .
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preferab1§,llf e“ilqlﬁld rrﬂ%ﬁél device furthgr inthides %r}%sasﬁraeccénﬁeorlvmegn% SF inver |nag the hSide
pressurd bfitieUiidfd mikiry fsterngetireBrshagHeva amicpositive hsetibduieaflg: and first
agitatingomesing fok agipativenthenfvist dighlidpree: thpisecandiguid tiowing theveis frenmtieiliguidegixing
system, in_which predetermine ounts of.the first liqui he ¢ liquid are allowed to
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mixing $Y&idPBREbMSSHd &R (Quith 21 RBDLTY 1 tRe FreSEHY Ve Mo iSRedetermined amounts of
the first liquid anblethiisécopgliguivk arm allowed ioclow intahbesticsinalgitaiiag mearaiad phecesdrmined

intervalgiiQ pe aQitated. (St lrﬁggan}g[qu(,@ngx 53;;@%%9? aneynts gp‘etch’e first liquid and the second

liquid which flow intﬁ the first aiitating means at each interval to a certain small volume, mixin

uniformity by adit&tihgf i TYEPRYitAtHY EHRE BAH BE LARAAEEE O SEIH RSP IRVRREDH
preferalbiyy ithef liepidaneixirgy tisvooeufurt hew ingl udes sdcpaid agittittnglmeans for agitating third liquid
and fourth liquid,fiwing dhareineTare & thirchsuppRly 1 Rysie MR a fouibnsuprly S¥starpe sasrectiely, in
which: pressure of the liquid mixing system is transmitted to the second agitating means so that
the third liquid in an amount corresponding to the third path sectional area and the fourth
liquid in an amount corresponding to the fourth path sectional area are allowed to flow
into the second agitating means, respectively; and
a mixed liquid of the third liquid and the fourth liquid agitated by the second
agitating means is supplied into the first supply system as the first liquid (claim 3).
[0019] In the above mentioned invention, it is possible to carry out two-stage mixing,
that is, the mixing of the third liquid and the fourth liquid and the mixing of the mixed
liquid (first liquid) obtained by the above mentioned mixing and the second liquid in a
single process.
[0020] Further, the third liquid and the fourth liquid are allowed to flow into the second
agitating means at flow rates corresponding to the third path sectional area and the fourth
path sectional area through the third flow rate regulation unit and the fourth flow rate
regulation unit having the third path sectional area and the fourth path sectional area,
respectively, and hence the third liquid and the fourth liquid can be mixed together in an
accurate mixing ratio in the second agitating means.
[0021] Therefore, according to the present invention, there can be realized a liquid
mixing device capable of mixing together three kinds of liquids (second liquid to fourth

liquid) in an accurate mixing ratio successively in a single process.
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the third supply system communicates to the second agitating means through a third flow rate
regulation unit having a third path sectional area; the fourth supply system communicates to the
second agitating means through a fourth flow rate regulation unit having a fourth path sectional area;

whe_n t%myexar%\%ugﬁ&feme i'iﬁléﬂtmﬁﬁinﬁréﬁﬁ%ﬁ‘y?et%mﬁﬁsﬂeﬁﬁ%% 5@@&@?55@@5&“%&%@
mixing s scge IS transmitted to the second agitating means so that the third liquid in an amount
correspbnC Pnge?o the third path sectional area and the fourth liquid in an amount corresponding to the

fourth path sectional areé@ anélaMor@d:to flow into the second agitating means, respectively; and a
mixed liquid of the third diquick g the fauitbHigith agitated by the srpaadragitating maams fpaupplied
into thegirst %ufpcp%gyﬁtlem ap th%firs,t li Hid (claim 3). [0019] In the above mentioned invention, it is

. ranc allowed to Tlow a% . o . . . . .
possible to carry out two-stage mixing, that is, the mixing of the third liquid and the fourth liquid and the
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second agitating means at flow rates sarresponding ta,the fhikd Pat sectional.tea g the.fourth path

sectional area through the third flow rate regulation unit and the fourth flow rate regulation unit having
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[0021] TherefRisderPpding (e the.rgsent invention, there can be realized a liquid mixing device

capable ixing together three kinds of liquids (second liquid.tp fourth liquid) in an accurate mixing
et sul QLS 1 R e RS ST o Bres AL eR din oy ity RETG: Sihor
second @yitaimgynesheihiibiag mAbWper;nonuniformply rhlitp bagisdiehp Bnsting whieh asliquid
from theiotlawe postisnbraa ched And-allewiech 8 flaw, @apturality of ®Rgnoh & piksality OhéntrgIALiom paths
into whigh. liquids.from.t Jurality of branch h and allowed to floy:; . the
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integratiil sath<hB I BRaPRIAS P IntbethR BEEHER B NS and merged into the integration paths and/or
colliding 00t vdlistbt thecbeanchveathsorthd dnibtyatiopapsitps (Giaionid). of the liquid in the first

and/or second agitating means is reversible (claim 5).
[0025] In the above mentioned invention, when clogging occurs in the first and/or
second agitating means, the clogging can be cleared by reversing the passage direction of
the liquid in the first and/or second agitating means.
[0026] Alternatively, the liquid mixing device of the present invention may be operated
so as to reverse the passage direction of the liquid in the first and/or second agitating
means at regular or irregular time intervals. In this case, clogging in the first agitating
means and/or the second agitating means can be prevented or suppressed.
[0027] Note that, in this specification, the following inventions (1) and (2) are disclosed
as inventions related to claim 5.
(1) An agitating device or comminuting device for agitating a liquid or for
comminuting (grinding) solid particles dispersed in a liquid by letting the liquid pass
through a path having a predetermined path sectional area at a predetermined pressure
and/or a predetermined flow rate, wherein:

the device including means for reversing the path direction of the liquid in the
path.
(2) An agitating device or comminuting device including a first integration path, a
plurality of branch paths communicated to the integration path and a second integration
path communicated to the branch paths for agitating a liquid or for comminuting solid
particles dispersed in a liquid by letting the liquid pass through the first integration path,
the branch paths, and the second integration path, the device further including

means for reversing the path direction of the liquid in the device.

[0028] According to the inventions (1) and (2), there is provided an agitating device or
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[0023] In the above mentioned invention, the liquids can be mixed together very uniformly without
producing a lump or nonuniformity by an agitating function which is produced when the liquids are
branched into a plurality of branch paths and the liquids in the plurality of branch paths are integrated

into the iptaratiempathsiQr egﬂmmh Qﬂ@arragsc%gg%rgwnmmw the wewgénﬁ@@tr@, [9924]
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means I rev%?é f& (A&t B foB25T | oV HEHo S IRVETtdH thhel &bggia B dry
first andmrcsmmmuagrmmgwreaﬁgame @If)ggmgrﬁamgbércremmwrrgvéﬁgﬁglmérpalg%a@evmrebnron of

the liquishiey i irsb agrsd{@rrse@mwtﬂgifpmggeeﬂa&mzéi Mtemgiiveln the iRwvid smixingedeyicerof the
present. |nve é may. e qp?rated SO as to reverse the passage direction of the liquid in the first

ar time’1nte
and/or secn agitating means at regular or irregular time intervals. In this case, clogging in the first

agitatingieahs Bndyer RFes sBEoR Hielin@ TREAAR Yar e HrsveRtél GFSUppréssEd. [O0DPT NS that,
in this specifidapiaih, tbet follohingninvadjionshit) @hd{2pare disclosed as inventions related to claim 5.

(1) An a9iaind ﬁleéﬂ‘éea%%’%%%t}f& (i’r?%%tﬂ{ agitaling Qdk%ldsg%%cﬁmﬁné%ﬂﬂﬂa(ﬂﬁ%%Q}eso"d
particles dispersed in a liquid by letting the liquid pass through a path é‘t%'a predetermined path
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integrativne paxgy ces IBEaALRIPEINEG, and the second integration path, the device further including means
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), ther (.[10\/[')%% I}lc?(gs %n\gap %:Caepglgle of performing opening/closing operation; and

the first opening/closing valve and the second opening/closing valve perform
opening/closing operation synchronously according to the inside pressure of the liquid
mixing system (claim 7).
[0032] In the above mentioned invention, the first opening/closing valve and the second
opening/closing valve can be opened when the inside pressure of the liquid mixing
system becomes negative to such an extent that the stable inflow of the first and second
liquids from the first and second flow rate regulation units can be expected, thereby
making it possible to further improve the accuracy of the mixing ratio of the first and the
second liquid.
[0033] In the present invention, preferably, the first supply system communicates to the
liquid mixing system through a plurality of paths;

at least one of the plurality of paths communicates to the liquid mixing system
through a flow rate regulation unit having a path sectional area which is adjustable; and

remaining paths out of the plurality of paths communicate to the liquid mixing
system through opening/closing valves capable of performing opening/closing operation
independently (claim 8).
[0034] In the above mentioned invention, the amount of the first liquid flowing into the
liquid mixing system can be roughly set by opening any of the opening/closing valves
installed in the paths provided with the opening/closing valves and finely controlled by
adjusting the path sectional area in the path having a path sectional area which is
adjustable. Therefore, ease of setting the amount of the first liquid flowing into the liquid
mixing system or the mixing ratio of the first liquid and the second liquid can be

enhanced.

Brief Description of the Drawings



comminuting device capable of clearing clogging by reversing the passage direction of the liquid in the
device when clogging occurs in the device (path), or an agitating device or comminuting device
capable of preventing or suppressing clogging in the device by operating so as to reverse the passage

directiongpfthe i’tqgl.i;d iréAheaH&Vli@ﬁ PhrEQUIAN AL IHHSIRE RS KF%W_@{?&JQQ%%@&@?i@é%&rﬂl\ﬁ%mion'
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having g neft,seciangl areswiigh ifadiystable. Therefore, ease of setting the amount of the first

liquid flowing into the liquid mixing system or the mixing ratio of the first liquid and the second liquid

can be enhanced. Brief Description of the Drawings
Best Mode for carrying out the Invention

[0036] Figs. 1(A) and 1(B) are explanatory diagrams illustrating a configuration of a
liquid mixing device 1 according to an embodiment of the present invention.

[0037] As illustrated, the liquid mixing device 1 includes a first container 10 for storing
a first liquid, a second container 20 for storing a second liquid, a liquid feed pump 50,
and a mixed liquid container 40 for storing a mixed liquid of the first and second liquids
which are mixed together in the liquid feed pump 50.

[0038] The first container 10 is connected to a first inflow unit 13 of the liquid feed
pump 50 through a pipe 11 and a coupler 12, and the second container 20 is connected to
a second inflow unit 23 of the liquid feed pump 50 through a pipe 21 and a coupler 22.
[0039] The first inflow unit 13 includes a flow rate regulation unit 14 having a
predetermined path sectional area S1 and a first inflow port 15 provided with a check
valve 16, and the first liquid from the pipe 11 is guided into a pump chamber 51 through
the flow rate regulation unit 14 and the first inflow port 15.

[0040] The second inflow unit 23 includes a flow rate regulation unit 24 having a
predetermined path sectional area S2 and a second inflow port 25 provided with a check
valve 26, and the second liquid in the second container 20 is guided into a pump chamber
51 through the flow rate regulation unit 24 and the second inflow port 25.

[0041] The liquid feed pump 50 includes the pump chamber 51 with a predetermined
capacity and a plunger (or piston) 52 which is reciprocated in the pump chamber 51 by a

drive source (not shown), and the pump chamber 51 is provided with an outflow unit 43
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[0035] Figs. 1(A) and 1(B) are explanatory diagrams of a liquid mixing device according to an
embodiment of the present invention. Fig. 2 is an explanatory diagram of a liquid mixing device
according to another embodiment of the present invention. Fig. 3 is an explanatory diagram of a

liquid mf'zsiaa&l%\a'ﬁet@q'ﬁ@rqmaora@ﬂwe@r@mﬂima%&fom Mﬁ%%%iﬁ‘{@rltip@nd 23FIgND S afht,
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of an illustaativedagitetorpiped in the present invention. Best Mode for carrying out the Invention [0036]
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contain connece t% Cond inflow unit 23 qumn é)ogpumpé V{/hroug aplpe and
a coupl@p i qOoB9YTEhR iRt HiksWPbahid iamnthad@geevﬂ@w rHie vegedaiontbpinne Havimdse. 1(A)
predetermingshpativ segtioraharga @iea@ara drsthinfiew p e ibHeioyidedowitle a eheckvale: heard the
gf(; ltlf?g '%1; rtgl?]l}ér\‘ss p(éPoséé % AMIARA IR 2 DR CEMRE L SKoygtLINE floky rat(qquIgHenyHNt 14

liquid and the second liquid are allowed to flow into the liquid mixing system from the

first supply system and the second supply system in amounts corresponding to the path

sectional area S1 and the path sectional area S2, respectively.

[0045] Meanwhile, while the plunger 52 moves from the left end position toward the

right end position in the pump chamber 51 in the direction illustrated by the arrows in

Fig. 1(B) (discharge stroke), the inside pressure of the pump chamber 51 becomes

positive, the check valves 16 and 26 are closed, and the check valve 46 is opened. As a

result, a mixed liquid of the first and second liquids which flow into the pump chamber

51 is guided into the mixed liquid container 40 from the outflow port 45 through the

coupler 42 and the pipe 41.

[0046] In the above mentioned liquid mixing device 1, the flow ratio of the first and

second liquids into the pump chamber 51 corresponds to the ratio of the path sectional

areas S1 and S2 of the flow rate regulation units 14 and 24. Therefore, the first and

second liquids can be mixed together in an accurate mixing ratio without being affected

by pumping pulsation.

[0047] Note that, the flow rates of the first and second liquids into the pump chamber 51

also depend upon the properties of the first and second liquids and the inside resistances

and pressures of the pipes 11 and 12, and hence the mixing ratio of the first and second

liquids in the pump chamber 51 is not always equal to the ratio of the path sectional areas

S1 and S2. However, it is easy to determine experimentally the path sectional areas S1

and S2 with which the required mixing ratio can be achieved.

[0048] The liquid mixing device 1 may be provided with means for keeping the inside

pressures of the first and second supply systems constant (for example, liquid level

sensors 10a and 20a and supply pipes 10b and 20b), or means for keeping the

temperatures of the first supply system, the second supply system and/or the liquid
7



[0040] The second inflow unit 23 includes a flow rate regulation unit 24 having a predetermined path
sectional area S2 and a second inflow port 25 provided with a check valve 26, and the second liquid in
the second container 20 is guided into a pump chamber 51 through the flow rate regulation unit 24 and

the Sec%ﬁiiiﬁ‘goé’yd%ﬁ_ﬁ %n@gﬂ@](f&eé%f&eq RHQ?%@Q&@%@ES E'@@tQHW_&P chamberplowith 2o
predetermined capacity and ehglunger g‘)rsplliton 52 which is 1 Cé)froti%tetd in the imp chambtr 51 by
a drive BOUYER (FOfER6WAS, Ald NS PUMB chaliiBel 51185 3ded Witk an" Ltk tnit %3 6" in'addition
to the abtranhewpiphesyfirstanadéecohel infiow Uaitsd thexsp 3. Note thsit] thehtarge s sluagy M mithis
embodimenh RaaNsad e hanisMIWRCRIESHI PRAIRS iPathe Pprep«shamber 51 to increase or reduce
the insi I e or capacity. of the pump chamber.51. [0042] The.quiflow unit 43 includes an
oution U5 i e A, 8 B I TR S e G e S T
mixed lif\idi6diaffesd 20 RROAMRLINY aresid A the? bipernd 4bo48] MeréaHBge Ml adhetaquid
mixing dadice Iyithia insitcontatherfll gk 4pips i theonstiute] gliist subioly Siestdomy afatleeoprésent
inventiop,; 1hq ?ﬂfﬁﬁd container 20 and the pipe 21 constitute a second supply system of the present
invention, and the pump chamber 51 constitutes a_liquid mixing system of the present invention. [0044]

While tHGIAgEFS 22mionis frott By e @ ErBb Lt RN s QTSR BHith BBsRioh HtHE painpe
chambetedicin The: dinsbtigrtdlastréted dmytthéi meovefithEigrd{@it (suctivrstrokedtthéh imisidetpeessure of

the pumpLchambelpl REcaMes heoative Jheniegk valve 46 is closed, and the check valves 16 and
26 are iBS%fﬁ.fﬁ?ea r.esgjcllt, the first ngid alad the SECOI”Id liquid are allowed to H%/%/ in%othhee ﬂ ui

.. 1 mixin VICE the sa conjiguration. as uid,.
miIXing sys rom t‘hguflrst Suppl%/ system anaat?le secona supp ygSysatem IN amounts corres ondlng to

the patiS&stigikvaeeal S tHbayathisebititnsay avees 33 arasgettiv ey 10bu 51 Méanwalehg ik he
plungerse2tpaxes feamithadeft endmpositen towarskinetightend posiion mithe menpoehambeidl in
the direggoncgllilstrated by the arrows in Fig. 1(B) (discharge stroke), the inside pressure of the pump
chamber 51 becomes f)ositive, the check valves 16 and 26 are closed, and the check valve 46 is

opened! K Alrels % hvikish métincof evéctirse ARt st ifglias WRICHITIAK Iy ithapting enditber 51
is guided into hlheohixied diquith cahtgier, 40cfidgu tthendxiflgwl padrtedd Haroudith themebuplemd@eand the

pipe 41{Q046k |ndhe, aBoYe mentiued guid midng geiceit the Rwiatgiclthe frskand sgcpnd
liquids into theést)ump chamber 51 corresponds to the ratio of the path sectional areas Si and S2 of the

P
flow rat@ FBGUTAHShANIEU Yeaht SR HHERIE HRS AR A5 SECSHA G iRy &8 Heahtkéddogether in
an accur®é hhixivy e dtie twithp itdbeingaatfobtedl by punipiggthelBattoma (0647F doieahanthecfiouseates

of the fiKﬁh&ﬁ‘@lﬁeﬁ%@e'iﬁ%@ﬁ;@%mﬁ@Hmlﬁbﬂmrﬁla&%&ﬁé’@ﬂ@ 4RO tB? %@Hgfﬁ'gil@f Ehﬁﬁ‘ irst
and secong. Ii?ufds and th§ insid% resistances and @Eessqres of tge iE)es 11 and 12, and henge the
Secl1 as a T‘S:Sh SC€

.. (0] arca, Suc owsS, valve, needle valve, or agm valve, ma [+ S
mixing ratio o &gt &hd second iquids 1n the pump charmber ROt always equgl 6 the Tatio of

the pattitsetabresl AfeaiZdid S2. However, it is easy to determine experimentally the path sectional
areas Sj@Hh BAwvithewlhigh dhe irsi@gireehvisixing vatio cane harabiey@@eratures, and viscosities of

the first and second liquids and the inside pressures of the first and second supply
systems are made constant, the relationship between the opening degrees of the valves
14a and 24a and the mixing ratio of the first and second liquids and/or the amount of the
produced mixed liquid (flow rate in the pipe 41) can be obtained through experiments.
[0055] Therefore, when a control unit C1 is constructed such that the opening degrees of
the valves 14a and 24a can be controlled, and the relationship obtained as described
above is recorded in the control unit C1, the opening degrees of the valves 14a and 24a
can be automatically controlled by the control unit C1 based on the mixing ratio of the
first and second liquids and/or the amount of the produced mixed liquid input into the
control unit C1.

[0056] Further, when the relationship between the opening degrees of the valves 14a and
24a and the mixing ratio of the first and second liquids and /or the amount of the
produced mixed liquid is obtained in advance for various conditions (the kinds,
temperatures, and viscosities of the first and second liquids and the inside pressures of
the first and second supply systems) and recorded in the control unit C1, even if those

conditions change, the control unit C1 can also be constructed such that the opening
8



[0048] The liquid mixing device 1 may be provided with means for keeping the inside pressures of the
first and second supply systems constant (for example, liquid level sensors 10a and 20a and supply
pipes 10b and 20b), or means for keeping the temperatures of the first supply system, the second

sup:oly) strrmsand/onihe Jiguld T4mixing sustem canstantdivsGxample, A hrEmosiat hath higater, or
cooler)ino

rder to prevent changes in.the properties (such as viscosity) of the first supply .system, the
cocont USRS, SRS ALt T (IaTbat acs TR Chn 5, BF AT AR Tofg
ratio of thedirsednd decohd Hosdstcantbe predestddnjeeddjquié-liquid mixing device 1 may
additionaiyshe prvideds withex faughiorjeyrlingthel liguid deedpuspiplrand dlav metgnsdl daxala, and
41a for moniorng fnedigwsates AGRNITPANG IR of the st fauicnd(on fag, second liquid and/or
the flow rate of the ml‘xeqlgliqu!d..fg l(blj Elg. IS an explanatory diagram i\fﬁJStrati'ng a configuration of a
liquid miihfdedice diastbriihgts dsotser dnsdififertianerpiéseritintentiohacte that, lifw. 2,
the containetig 12,v26; danth4Bigrke moAshowinl (BOSER Eket lidhaid stexingmigyieei2 habvthie ISamed 27

configuraion, as il Gfdhe N T Rg devistrliexrrPE gLt éﬁ%ﬂﬂ%&ﬁ?“%—?&”&%@%&%@ﬁ%b'e of

adjusting the path sectional area |nflace of the flow rate regulation units 24 in the liguid mixing

device T19B0BYF IR A0 HRIkinG d%%éjz?ﬂﬁjetgﬁrﬁgeé:ﬁeﬁ?]ﬁ thi? &P&@Afﬁqﬁﬁa%‘f%ﬁﬁl?ﬂe{ﬁcg‘i can

be obtalneddimaxidigate vilve llquid-raixing/desice IZBias additional advantage that the mixing ratio of the
first ant@@WPCkHOdﬂgflii@utiQﬁﬁi%ﬁg'mémgéﬁt%@ Ganife privsied 12 any ﬁﬁlﬁ? QM&%UP'HTQ the
openlngddeqrees of th% valves 14a and 24?.2[9933 lélo that, any valve able of re ulaqu“gﬁ flow

rate succesive y%nrts(fept)vﬁ §UsSh the hseiad pressarg B EsE lpsurﬁbeg SShibef STHB8E moetssnega ive by

changimthéhpaahndeetiondl areal wischthe alenens sadiis, vdedre Vared r/ diaprragne valyey hsay be
used ashieivaleildaardod4ae[@udd] khthetigusd mbdoe eevice amhen dbeokingssctemperpddes,
and viscpsiti f the first an ng-liqui nd_ the insi re s, pf the first and secon ply
systemgﬁagree%é(g 8%8%%%1%,%ﬁi%gglaggr%ﬁ]?ﬁet%’ggl 1ﬁ)][(lagogf)eyni?%li%gegtrﬁegeslSosfl (tﬁgea/rg%sélsf%lfg ;#g 24a
and theARIRM GG T HePHRIBAY SEEHALINHES AhtdTthe amount of the produced mixed liquid

(flow raf® i @he Phpecddjecan ie:dbtainkchthiopgle expedimbattir f0QnD] Sdverefdiguwdhiernra domtret unit
Clis COWW&%@Q%C*EHQSIS&%OE’EMQe&{ﬁeiﬂfeﬁﬁ‘%Né"\ﬁ%ﬁ%@eaﬂ%i%%a;%@s'a?ec%@”%e%ﬂw the

relationship obtained as described abagve is recorded in the control unit C 1, 1;he ogenln degrees of

the valve¥ TR and 238531 BE 2l BIRAGEAIR/ Reh(aN&e P tha badtor omil ¢ '{e55483 R $HE Hiking
ratio of thedirst drd fsedonul lispsidsdahdiod theaanhourtngf ehle producedawired Yigaid hapel imtocthen
Cogtrzoli uaitiﬁth{QQ%ﬁ_L Euﬂ%%fﬁ?ﬁﬁ}s_thtﬁaf%dﬁfﬂﬁ@$fﬂ§}_@%’if§ﬁ& t@quxfﬁeming degtre]?fhof the valves 1_4ad
an 1XI atio e Tirst ana secpna ligul a or tne amount o e proauc IXe
ettt e B iR e S R R R e e
and secBad RtfidRcamtPiE ieiddByprBesurbof e fifst Afa sedbadisupplnsysiardsy ssdreesrded in
the conehtiplt Gni, evemifithase eensitiens change; tha contralwmitaGch tancalaede aansipuaiad such

that the&w&gg& the valves 14a and 24a based on the required mixing ratio of the first and
second liquids and/or the required amount of the produced mixed liquid.
[0062] Fig. 4 is a sectional view cut on line A-A in Figs. 1 to 3 of a liquid mixing device
4 according to a further embodiment of the present invention.
[0063] The liquid mixing device 4 differs from the liquid mixing devices 1 to 3 in that it
has the plurality of first inflow ports 15a and 15d and second inflow ports 25a to 25d
(four each in the illustrated embodiment), the first inflow ports 15a to 15d are connected
to the first container 10 through pipe systems, each including the same check valve 16,
coupler 12, and pipe 11, etc., as in the liquid mixing devices 1 to 3, and the second
inflow ports 25a to 25d are connected to the second container 20 through pipe systems,
each including the same check valve 26, coupler 22, and pipe 21, etc., as in the liquid
mixing devices 1 to 3. Note that, in Fig. 4, the check valves 16 and 26 provided to the
first inflow ports 15a to 15d and the second inflow ports 25a to 25d are not shown.
[0064] In the liquid mixing device 4, it is preferred that a valve 14a capable of adjusting
the path sectional area be provided in the pipe system of at least one first inflow port 15a

and that an electromagnetic valve 17 which can be opened and closed independently by
9



degrees of the valves 14a and 24a can be automatically controlled based on those conditions and the
mixing ratio of the first and second liquids in the mixed liquid to be produced and/or the amount of the
produced mixed liquid. [0057] Fig. 3 is an explanatory diagram illustrating a configuration of a liquid

mixing %%\4'@%13@668@1%9 éQrﬁr%ﬁ"bBJHhﬁﬁ@éT&bHﬂ!erPfﬁéf § @t@ﬁ?sss%ln\éﬁ”stﬂ}ﬂe [995?8 Ihm%ll'@lh‘kq
mixing de |ce 3 hasia sam onfi uratlgS as that o qell,lld mlxdri dewcebil ﬁgff n"? d 1(B),
except tlﬁl Blelibh Sertf etit Vafves 7l QAP ecrﬁealr SBehed aRd cbséE By 2 RoAtrbi tiHiEd 2 %re
additiorzii prsvigad] bagcen phevildod ra’tetlitegumuémsmwms@@ah@pgumweﬁe@ﬁlvwve@rw%@nd 26,
respectivelyitinitha liquid-iixingdrvicg lein FigsidiA) andel Bk {0029 the: liolidspbiagndsyise 3,
thei |n3| elg{essu e fthe pumprcp%mbergg%etge dlaplacement ftheqqlurigerrosr()the Ioiaq of tl"l

clo

Or € l‘OIllC con én 6){)
plunger is tecte yasensor nots own), and the control n|t sest ctromagnetlc valves

17 and < 8PHROPBURY WReR tRe’itidide pressure of the pump chamber 51 becomes a certain value
or more{afasgpens theieleatrormagetic valves dné anc 27 synehsonahisiywbentthefinsidef prsessude of

the pump chamber;al %%mg%&&‘%ﬁé'ti}u‘{ﬂbi%@i&% 53064 1 Al?g'bﬁl%?@et'%y“gﬂkqﬁl{jg“%‘?"&%gﬁ\é'ce 3,

the first and second liquids are allowed to flow into the pum er only when the negative inside

pressurtBi5S BOMPERSHRAET e thliMiiA 41 Fle‘déiésrhi B‘Yalﬁﬁ‘es a}r?éi’ 4R dadia8HaEHRIGR:t the
mixing ratiboof mmrs&ﬁr\obséédmm&m@y:aadbe@@hhmllm mokecactimately can loé ditaimed imd

additionte §ha spmsefisat asthatehbthe Ilqwﬁgnwmaﬁ;\émelm[qgéﬁltmt@h@%m hediqyicsmixing
device 3, the flow rate r %ugatmn its 14 ‘?T%: may also be substituted by the valves 14a and 24ain
[

the Ilquf(]ﬁl mlx% eov?cet fné conﬁo? un may also be constructed such that it automatically

controls[%)é@b&ﬁﬁgﬁegrées%hmé%me@1S¢atw124@@ba§édltmfﬂlﬁ>évréﬁem@étﬁrﬁmg vaie dtiee first
and seqaedfiiquidﬁwW/péﬁhe1rﬁ51u'trepbarawraulosuherarqduqedﬂrIixeddiwidu&@aZﬂ Hig. s aate

sectiongl, uatCUS ins £ iy 'sges |d Buxing deyice 4 g 4 B lio of
SonaL Y A0S 5 G i 018 i mng e gpzoring e ey

embodim nto t e;resent invention. evice 4 QUI mixing
t

iq UId mix
devicesthed35h 4R Wﬁ%%dtﬁé%‘ﬁﬂ%lﬁ?/“of’ﬁréﬂnﬁbmﬂﬁ@r]csﬁ%g}aﬁﬁ’ 1BRFAHE SECOREF FITOMASBRE 25a to
25d (fouratach it tetifustriatad émsbadiivent)othe fifst imfdonsSparisl iba Edelﬁd)anegnennevz:te@htoz’me flrst

containgk 14 foyphipipe.s¥aiemsnsacty Neluding [he same chegh valygihe, caupieh A2, and R

etc., as in the liquid mixing devices 1 to second inflow ports 25a to 25d are connected to the
second COHEQHES 2y tH}%JﬁﬁVﬁﬁpé‘é@%%%“%gi HSCldnE RS SRS EHARR BINE 26 2cbliphiér22sand

pipe 21r&toired in the liquid mixing devices 1 to 3. Note that, in Fig. 4, the check valves 16 and 26

F(;g‘é'éﬂelfbk%ﬁﬂe fustd nﬂQW Hpﬂ%lla@ut@ ]n'ég(ﬁ{gj dg@f@eprkdlﬂgﬂf‘ﬁ’ep@&ﬁ&lﬁaﬂﬁt%éqj & Q:Glﬁh@@@ﬂé’ﬁ'
n the mixXx e itis erre that a valve apa eo ]US the
ceeenah el ERREBRIRS Coldd R B Ll A i ERR AR P SR A SRE e

e|ectrorh%l@ﬁ@ﬁéhﬁa?|v@ewmméh%m%@yém%@ﬁlasedlﬁ%ee&mmmﬁy bSthdAd lodererdréhic
control becprevider in poetpipersysesas:atialhongema otitheeiner finst vafloyy p@&aﬂ,@m@ 4hd.tHds also

preferredthat.a yalye % 8%@%1?'%195 i J‘Q c%atihﬁ‘F&J'?HQ'aa}ﬁ%%r? %G& Edpkﬁ?x%}ﬁswm

of at least on secon OW port 25a and that an electromagnetic valve 2 W can e opened and

closed |H85b%hﬂ8hfﬁ}lb‘§flh%dv6p€fé%ﬁ8ﬂ?’d%Bﬁirélfﬁ)éiiyrém?ﬁ“ﬂf?é pipéd é’)%%f@ﬁi%‘%? 8 Bt of
the othemsesanchihflowiderts@5hd¢a25de pressures of the first and second supply systems), the

control unit C1 and C2 may be constructed such that it automatically controls the opening
degrees of the valves 14a and 24a and the opening/closing of the electromagnetic valves
17 and 27 based on the various conditions and the desired mixing ratio and/or the desired
amount of the produced mixed liquid.

[0068] Although Figs. 1 to 4 illustrate that two supply systems (first and second supply
systems) for supplying two kinds of liquids (first and second liquids) are connected to the
liquid mixing devices 1 to 4, one or more additional supply systems for supplying one or
more kinds of liquids into the liquid mixing system may be connected to the liquid
mixing system in the liquid mixing devices 1 to 4. In this case, the additional supply
system(s) may have the same configuration as that of the first or second supply systems
which are described for the liquid mixing devices 1 to 4.

[0069] Figs. 5(A) and 5(B) are explanatory diagrams illustrating the configuration of a

liquid mixing device 5 according to a still further embodiment of the present invention.
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[0065] According to the above mentioned configuration, the amounts of the first and second liquids
flowing into the pump chamber 51 are roughly set by opening or closing the electromagnetic valves 17
and 27 of the first inflow ports 15b to 15d and the second inflow ports 25b to 25d and finely adjusted

by the W@JM?@]l%%ﬂ%s%ﬁﬁéﬁ ‘ilﬂeFfigStﬁ'}Q Sﬁf@ﬂqlﬁkﬁ'%ﬂ%@%@%@@dh%%%y&'d%ét é%mgﬁri@ﬁc;f?
facilitate th workfofse &gﬁﬂpe mlxm ratlo of the flrsgtand second I| |ds 0066 rexa Ie when

the patt sedidn t' Fedtiation Gnits T4 %‘ftthé'?lr ﬁflg P hSHEA gb%si A% all si
and theSp}QIlHE’é@l@lﬁmlfar%alsq}flﬂwenﬂgwlk%tﬂe%ghf&ﬁénmm 28 vichedsecomiiidfloan jsones 2Kb fier25d
alre all S they rﬁ]ilqiirﬂifﬂfdfﬁﬁllt tmqéﬁfﬂﬁafns@ﬁfﬁmmme%@m@easmdﬁhaxé#}aﬁéa Ayrerandgrtie
electromagnetic yalves 1.7 of two of the first inflo r c,and-the glectromagnetic vajves
27 of thrée $ ngefgn in ov\%loplétrhsqi%ﬁto iﬁé%%?ls r?nxmg rgtl%nca:gfn ﬁlne E(lzlélntro? d By the
valves BAathfRIEhaPoPEhe/ ﬁr§1‘1§n%ilseaébh&1ﬁ1ﬂ’dw3pb1rt§0151&téﬁé“25‘éga§ Fétftﬁii’eb‘qw%?ﬁ Nt kHak, in
the liquighthifongthdvipe s, whar the: comitfohuiyt @itdd copsthecteg aydhthal i attoheatigadyocohdrols
the opepife dROfRSs AR VaMES 147 aRE Fia: anddhs IsiafiansipLRMERA e OPRBIRg/FIRSinG of

the first |nflow orts 15b to 15d and the second inflow or[lt%@ b to 25d and the opening de rees of the
valves T48%nd»ha%hd (e ﬁﬂ%ﬁal}%’o“* 6P{H%Sfr7rét%@ecﬁﬁ?&%&uﬂ@%ﬂﬁfo?%é%‘%@m% i d
producedmixedr|igichislothtaihéd)fonbasipustanditionsflkindsn termp eraturtes cantl oiscositiés efthe
first anqlggggeq,ﬁquids and the inside pressures of the first and second supply systems), the control
unit CI onstructed such.that it automatically controls the o ng degrees of the
valves idr%l%gi Seaospeecnllﬁafci,:l(\)’é?r% %ﬁ‘% rl?oVeronrlmgllglr?e |§ vz%ves(P '/&émd 27 based on the
various &%W&ho& aHel&ﬁétéésiﬁe@mlﬁllﬁgfﬁaﬂdﬂ%lrmm tHe idesiratearpdunat af thiediodlaedmixéd
liquid. [#A68] Athpughrigse & imé dhusirate thattyeaupphi isksiem (Hestandisecond SupRiy gy stems)

f I t ds,of | id t 1
04 N m%i“rZ%S@t.oEa%ﬁﬁu%% ST e e T e i

mixing $§&EATIRTRY HE %ﬂhéé’t ?6%“5%8%)&%‘%%%% fHe G OHE ik iRy BViSEs 1 to 4. In this
case, th®addljtidinel suipplysysienn(s) imdywhaue the samé 60ndigucatior asdhat of dthenfirsh dnskecond
supply ysteqss Which e deseribed for t*}ﬁdﬂ‘}‘fﬂy”&'ﬁ“ﬁ‘&ﬁ@ﬁ’ I6GEhd IH 4 1[995%1&:1{9{%11%@1@&9 o4B) are

explanatory diagrams illustrating the configuration of a liquid mixing device 5 according o a still further
embodifi8RT S EHE prédit Meemioa e [Hﬁ‘?oﬁ Y OSHARAMPRYS 8ia, tHeliqiteHidigEele 5
has theasainél@dmﬁguraﬂgraaglthm@fsmeel|d1>m&11¢1hmiingl(tl@\ﬂceb11aﬂmtﬂ excepntiatitd firsg supphy
system ggg&prﬂghml%fyﬁkljgggi into the quuid feed pump 50 includes a third container 70 for storing
a third li (ji E rth rr1atr<'i1(|:ner 8q1for storl L f ud't %wd an %gltator ?g)tfor a tt%tl the thlrdd'md
fourth nﬁﬁu upp? 'Hept |r(§ and fourl% contalnersa75 an 85l ﬁ%ouéﬂ p|§es 71 ahd gi and the
pipe 11Tftﬂfﬁrﬂ‘fddaéiﬁ@5 ﬁh?eﬁﬂn&ﬂﬁldlﬁﬁﬂﬁéttﬁﬁwaﬂﬁ lﬁa@ﬁwnaefhwm@rp&réal}hyr@rhwam%ﬁatﬁtjether
by agitaiting withithe.agitaier B0 drte 3heriss inflownipitths efdhadiguiddeed pumprblameetiratiiguid.
Note th | (pipes 4 er xed liquid
containg e B e e S St Uit 43 s et ko
[0071] Fﬂﬁ)%zé)b% 8 %%EH al Yiew of the above mentioned agitator 60. [0072] As illustrated in the
figure, thepiple Kl ibcamoectedeiat i thiddliniiddy miniti6d Havieg a flove rete degubasiors urid vaitld ahe

pfedetey*p@eﬁjm%@h%%'&n%é‘f%ﬁ‘l§13 IpI9h3 GRUPIBE 7ReaRd e PIRR Bii8 conRacied toxd faurth
inflow un lation unit Wlﬂ} redeter glned path sectional area S4 through a

62 having a flow rate r

coupler 2. fﬁb%“s%l? m‘% BH’cf’f r‘t‘ﬁl?r% HoBUHIEs 11 R&‘é’f & LYK Lle EPASES O THHW port
63 whicH&7bladohdd o e phemifinnof Branchpathszid eviiest bramehinbcbidek 84, I8ove Bramelhgaths
are integfeé@ddﬂtmmrmag@ti%pﬁ%w # first mergerhlogiks bR @F@s;heetw integiation pathseare

branchesd1 Bto anplural to{}bgaﬂnfp atns %g\glp in %secondngrancitungo %:k 66. (gO?r%L;I'hose kg anch
paths are m?egrai%dn Irto a sin egra jon pa in a' second 'merger Block 67, sing fe m?egratuon
path is Bea%ﬁé&%%@a%wﬁanﬁgéflﬁﬁaﬁmpabh@m Iamﬁurblbraﬁéhmgeb%bktbs ttna%élﬂraﬁcﬁnﬂa% are
integrateshintolegsingledntegaation Paionte thiflowepger Biocko 6O tinethiei neu ppid thes istrgradiangath

is connggied tq él‘fal@ﬂ &b BY @ SouR &8 7RA 4N 1‘5\%&%@6@?%‘?&9%1'%9 rBXing 9&%‘&&? the
third container 7 and e pipe 71 constitute the third su&ﬂﬁﬁfystem of the present invention, and the

fourth cﬁﬁé‘?ﬁé?%b‘%éotﬁ‘éepﬁ’ﬁéhﬁ%ﬁ%ﬁhﬂ@f'h@%&&ﬁﬁ &&fé%%f%ﬁ%&résé‘?ﬁ%%ﬁ?ﬂé’n [0076]
In the abV&/inerttonkadiquid mixmy depios Slokherg tinetplungen 82 wnpwves 63 theedagctionl ilistrated

by the QHva%dQSEE‘O%@D tH&%‘PﬁiQﬁ [Eé%%ss'éfﬁi QB@&W@H ﬁﬁr %k%ﬁ%@?&lﬁﬁ&@?‘l‘{@ gaddhe
check val 6 is opene Whe e inside ssur ﬂ]; %ﬁ[?b 60 b § %gatl e through
(e pipc T AGTS FHETHE B B RN T T e AR At Qe R 5 REARSSORES fror
the third:sdgpky sys@rﬁtmdnwésowhﬂesmpwymtéhmh&mgwtlﬁlésmmj dntifburtenfiewblavits et and
62 in amounts corresponding to the path sectional area S3 and the path sectional area S4,
respectively. [0077] The third and fourth liquids flowing into the inflow port 63 are agitated when they

pass through the branch paths and the integration paths, are branched into the branch paths, are

merged into the integration paths and collide with the walls of the branch paths and the integration
nathe while theyv nace throiriah the firet to third branchina blocke GA



11 66, and 68 and the first to third merger blocks 65, 67, and 69, whereby the third and fourth liquids
are guided into the pipe 11 in a state in which they are mixed together very uniformly. [0078] The
mixed liquid of the third and fourth liquids in the pipe 11 is sucked by the negative inside pressure of

the pumyy chamigy §1lrci0tﬁ|9\’iflﬂ§totﬁ1?hﬁ’fﬁnﬂ&@%m'a%c‘%% tBSOUfo‘ tQ?df'@j 'Nﬂﬁ’&‘éﬁ}lt thd Qﬂﬂ&n%ﬁﬂ with
the sec?nd liquid which flows fr fé?rglthe Ipe 21 al]nd the second i w un|t 23 l?%/ tlon I| ewise to
o

become ARSI HELG St YRS BHA IEFIURR fidufud Which'Ts SRR SUHI8E NS e [SRa T 8H the

outflow Wf%@%ﬁen the plunger 52 moves in the direction iIIustrated by the arrows in Fig. 1(B). [0079]
In the apmyesMeriiongid digluid wixsYg e vig s & aih & msﬂi.bleqm@saﬁw md B/i/p')estélgi% rme,itagi llbtyattt&, the

mixing of theltvhequnasgtg fOl%gpSHQéjld? d thuemm|X|E rg|f<ed liguid (lflr UId obtal thg above
mentlonedgmlxw[l*i;@ He secon quu%l ih'a single process 80 8] Furt er ﬁt 3r?ourth liquids
are agitHters) af@‘iﬁétﬁt%@“ﬁé‘ﬁétr&été&%d%ﬁ‘ﬂﬁ’at‘tﬁ@ ﬁlt]ﬁoW?:Ritti|éIBPaﬁc‘f'iEtPh1fé°a"}§IJF8FRthF

branch pgib2angshtheheranctngaihsl ave integzatéd inio tome Dkevplwahitbetmmgaaﬂﬁmqalatt@]fﬂhus the
third anﬁlEOHéU?)HG%@fr&ﬂ‘?hbﬁc{mﬁ@%?&%th?ftP(&tysHBﬁH%"}’nWJth?é’FPJQ%CF?QIR HEBRFlow unit

nonuniformity. [0081] Therefore, for example, even when compatibility between the third and fourth

liquids i$1o%6P 08P WREA"HE MRIEG Had %@tWéé‘ﬁ‘tHélﬂ%‘F&”éﬁo% AGORIS ‘Gr&ay ifter from each
other (pdifi7$dctlonéharebs 83 mndt B4 ety differifrora ebchathr) ithe thied @bl foartbaliquidsican

be ﬂOW'M’ZbQM‘%‘e“ﬂHJQﬂE'XiHQtSXStﬁ{@ tﬁl%%@t@f'@h‘é’hlﬁ?&%ﬁﬁ%@uﬁ*ﬂi@ﬁ@hﬂ@%@t@%bﬁh hgreby
making it P9 Si dc;gtaktelthe qét nt st%tg oft e rq?xed “qch uid oft e second t urth liqu 5 Su plied
from the ou? A much Detter N i pr arre t“tlllle égatn 058}3% ea (sltlt

surfacelﬁf%tﬁqué@hmpﬁ)e made of hlgh hardness metal such as super steel aIon or ceramic in order

to reduqe(mnpstanﬂhwhelﬂowltestﬁtanﬁﬁﬁm theuilaishand fouariduligyidse [QR31 N thaiswihde dhe
agitator 6,n3s | Eléhlﬁl apd fSHr guugits 81 [@%ra% Whig g 0e s8I0% %Stﬁt‘eeﬁJa,L%Pvga%EQO”d

inflow units 1 the Iq UI mlxm deV|ce conl uratlon res ectlv In th

mentiorf&d éﬁ‘iﬁ%}‘a‘itﬁ‘edt“t‘hé)ﬂ’ﬁrﬂraﬁdpﬁé‘uf*tlht}hﬂ’(fwrtfﬁﬁéa@f’%rﬁf‘@?oft E“églfafortl@@ctn%ﬂflb@ﬂ{éhsame
as the fiisfuadd cacbadniinftain emith diBvang 23 fortinéyliguid cmixpngdievices Aitopldn comfigifratiiy .

respectiygly 4 [0G8H-YYbile '%W%;?J?Rf!ﬁe mentipnad erabadiment; fhere s cxemrlitied A cagSiuvRIch

two kinds of liquids (third and fOL,;I"[h uids) are mixed together in the agitatar 60, three or more kinds

of hqmd%‘%ﬂ%%f B8 el BYRANEPRT HE APty éﬁlﬁybﬁaﬁt%hélﬂff B &H& {Rursh Ha A& ERitEs) as
the thirdlgifiek foonth daflbvo thaits B lanek 62 a lthecagitatam@0Sdngrs ap plyiée adothe e kildodher iglid from

an addifional siPrvueHstBRURs [Q&’@-’ﬂewmlﬁﬂnlmg @b@\teqmenﬂmaﬁdgegpgemﬁrﬁ haeeils exaaplified

a case |n which two. kinds of liqujds dfo rth I| uids) are mixed togethe usin the agitator
60 onIy In Pﬁerter éuorpdl g:r#dt twé or rhore trl%ls 0 q%}ctlspf’nssy\%?stoot% rEﬁl [h(f){toge]t mfstlhe

second tét?p@ly‘?sg}ste}ﬂlér(&d@iﬁd‘?&P@GpW)fgyétt’em&yéérﬁﬁ'@@ﬂéﬁdtcfﬂW@ éb%\ieltﬂ@h‘tlélﬁeﬁ‘tﬁnﬁtﬂl?ﬁ|X|ng
system glusirated in Figs. 1 to 4 by using the agitator 60 in those supply systems.

[0082] It is preferred that the whole agitator 60 or at least the surface of the path wall be
made of high-hardness metal such as super steel alloy or ceramic in order to reduce
abrasion by the flow resistances of the third and fourth liquids.

[0083] Note that, while the agitator 60 has the third and fourth inflow units 61 and 62
which are the same as the first and second inflow units 13 and 23 in the liquid mixing
device 1 in configuration, respectively, in the above mentioned embodiment, the third and
fourth inflow units 61 and 62 of the agitator 60 may be the same as the first and second
inflow units 13 and 23 in the liquid mixing devices 2 to 4 in configuration, respectively.
[0084] While in the above mentioned embodiment, there is exemplified a case in which
two kinds of liquids (third and fourth liquids) are mixed together in the agitator 60, three
or more kinds of liquids may be mixed together in the agitator 60 by additionally
providing the same inflow unit(s) as the third and fourth inflow units 61 and 62 in the
agitator 60 and supplying another kind of a liquid from an additional supply system(s).
[0085] While in the above mentioned embodiment, there is exemplified a case in which
two kinds of liquids (third and fourth liquids) are mixed together by using the agitator 60

only in the first supply system, two or more kinds of liquids may also be mixed together
12



[0086] The liquid mixing device 5 may have means for keeping the inside pressures of the third and
fourth supply systems constant (for example, liquid level sensors or supply pipes) or means for
keeping the temperatures of the third and fourth supply systems constant (for example, thermostat

bath, hegterOrEe0iRr {0 Mder iR Riavent shangsmin stli'sp%ora?grﬂa%&w%%e\ﬁ%qps@ymé thgdbird and

fourth liquid d/or.th d liquid th f, th nt ch t
the mih§ S U S fo AN TN gk o) SRetat L GolArhery heathe

illustratititp shes eppkigrationsof a liquid mixing deV|ce 6 according to a still further embodiment of the
present[inyeaitiona{0088i Amilkistratedive Fgne(A)athe liawit mixing geuicerk hasithe sam@res of
configu %tlotr}}lag tha}éa(f)&rr]ﬁlll UId m|X|n%rqleSv(|:cOensstlt exceggt ti ha§da1neV |tglet8£§r0 fé)rr Saélp altlng the
first an secon Iaqw s suppli éﬁ) fom the pump cham er 5 elfwéen the outilow unit 43 an

mixed namaSétham%wo fNof%eﬂH’a‘E&nthﬁgéf"B(’ﬁ)“aéﬁﬁeé(Bf gtﬁnﬂbﬁérft%d(sfﬁﬁ@s ﬁ}ﬁéb’liya%@Z
second cantainer 20, enixedlbquit container4D, asstagitateoo)rsubseqlientotpthecnflonaupits I8 and

23 are npt SHoWE.| 99?9&5{9?@@65&??9}}0&%' eV Lt AROY S HE%‘%Q&%%%&%WR&%AS

illustrated in the figure, 1 is connected to the inflow part 91 of the agitator 90 throu

coupler #9"¢RE |H¥F6\‘RP|?50‘FPQEH§ BrREEY $ntd Brﬁrtﬁ%\iut‘i}laflSFén‘ShtHBﬂwé‘”‘uﬁ‘}ffHEf‘b‘?&rF@ﬁiﬁ IH?:‘R 92,
those bthnchapdtiisuate ingegdated into two integration paths in a first merger block 93, and the two
integrati@g athsiate Branched H’{@)%Pé“é%'ﬁbﬁ@ﬁ@f@n@fbgﬁéhﬁs qg@'ﬁﬂ@t%@%”@o‘ﬂ@ﬁ&fﬂﬁ%@'@?& 94.
[0091] Thos branch aths aée |nte ated into a F‘?( |ntelg?1rat|c(i)l p%'%ho Intﬁl second merg er block 95,

the singlélintegratio a Sth8 r%lcncc cfli%tcc)’ 4 ;S) urali o?]branc Y 0 AR At |ng Bidkk 96,

those biﬁﬁ@,ﬁ]pa‘isﬁsl]akéq?ﬂ@éralﬂeﬂlmté(a\élr@% hmégiraﬁaw}ﬁﬂﬁmca tﬁukmﬁéﬁgéfrrbpo@m‘?gwm@@nd,
and thezsingle intagwli@fwlathliﬁ@g)ma@&ae to thes piRecpHl tha aicauRlendSs 092D n fibe Abhameng

me”tio'lﬁglz?%]l_ RggY dl‘f QIS0 R’%@Q‘%B?ﬁ S \ﬁgfnb eEh?ldHeet%'é’é‘n”tHétEh%tﬁij QY. IR

arrows in , the Insi ressur e um ecomes positive ereby the check

valve 4873}k & %H%élﬂﬁ%c}:ﬁﬂiﬁ%f tﬁ@ firdY &i5d t88boHt fidgidd ﬁ?h%“ﬁluﬁﬁ(@ bhaﬁ%lé?@ﬂf’ows
into the(mtdwapqrtp@l ot thedatttatoc @Qdthrougin ¢he outiiowihiqwid, thetpiperddOand dhe tauplé047.

[0093] 'I;IagSalagggtrngnﬂlgngﬂ(;wxﬁgtlgq}gdaﬁgvgglgnlgtgc;pghlg@gw port 91 is agitated when it passes

through the branch paths and the mtepratlon paths, is branched m(g the branch paths, merged into the

integratiod %9a]th§1§n(§ Foliiges i SRRIWARY Of i ﬂlka%v&rﬂfa‘?ﬁ’é)ﬂﬁ WML grition paths while it
passes HPG0gh Abei Hrstttotthirchbrian chinegebldok 192, DU i and98 aled tieetficstnbldvrdonefgepbldeks 93,
95, anda%ha\emeg@bmibeg‘i{ st @a&iﬁ@pandtmuiﬂﬂa&@wideﬂ interthe e b fﬁ%ﬂaﬁflﬁﬂblp'@fa‘h%ﬂn a
state in w ch they{c brannh>l<ed tzgekh&i £ 1;%r A t994 In. Itligee ab%\(/iel mentic onedt |d mlxmg
device 8N tirst and' second fiquidS are ag| v the agitatdr o GRStrictad SUH tHat %he inflow
port is Hraehéd mtélablmanﬁyrobb?ahc%pa@w atrlil@ th\é%raﬁéarpam arshiptagratsanats driaer a
pluralitypoii tatagrationpath pafirusg ihe ifirst and seeenadiqhidslear be.mixed together very uniformly

without IRGCING & Lip.EAORITONNILY, 098RLIN ihe I A deyie 116t and gesend

liquids are agitate ythe agitator 90 in a total amount corresp n ing e ca aC|ty of e Ilqwd feed

pump 58 HI8EpPABLEL LY the stBRE ofii 13iiAR &t 5R %Brﬂ'ﬂ?%&ti&ﬁ‘alaaPé‘a\réPfB{eoﬁd?ﬁ%“&Ha?ﬁ 51)
each tinne .aTthusdtheameing dflthe first aincksdoandHiguids can bespadedriare pesfegtdynsettingdhe

capacity, oithe H%h‘%‘cf%ﬁ@'r@%&%t@?aﬁlﬁw&m smll APRIARTA g IQQRRhH THRGIRER (farto
example, even wﬂlen com |I|t between the first and second liquids is low or even when a

differentd e Thiking ? % first and second liquids greatly differ from each other (path
sectionaf8Pads Bi dwda@g\gremnytmﬁed g éauikotlgedy vilve firstvaind seeoanippuide canmse edixed

togethefnery ¥fRIMMiustrated by the arrows in Fig. 1(B), the inside pressure of the pump
chamber 51 becomes positive, whereby the check valve 46 is opened and the mixed liquid
of the first and second liquids in the pump chamber 51 flows into the inflow port 91 of
the agitator 90 through the outflow unit 43, the pipe 41 and the coupler 47.
[0093] The above mentioned mixed liquid flowing into the inflow port 91 is agitated
when it passes through the branch paths and the integration paths, is branched into the
branch paths, merged into the integration paths and collides with the walls of the branch
paths and the integration paths while it passes through the first to third branching blocks
92, 94, and 96 and the first to third merger blocks 93, 95, and 97, whereby the first and

second liquids are guided into the pipe 41 from the coupler 48 in a state in which they are
13



[0097] It is preferred that the whole agitator 90 or at least the surface of the path wall be made of
high-hardness metal such as super steel alloy or ceramic in order to reduce abrasion by the flow
resistances of the first and second liquids. [0098] Fig. 7 is an explanatory diagram illustrating the

configurgfign;qbadigeidyali¥ingidemias 7 according to a particularly preferred embodiment of the
present i ich can be advantageously used foy the ion of emulsion fuel an the like.
10005] G it AR ARG e A TP A Bor QX AhD B0 e ik 71
81, andaRitaed| the agqtaqert6®ar8(lhe09ameca€§1trﬁel@@)rrégpdhé|ngfé@mpmrénts ot hiedidintgixing

device pinrennfigiraiancrishihe mixetdigrisheantaingr AQ, the pipedlinadd the agitaiti Al gre.the
same as Ehe CQIreshon |ng c&mgor}%ntsﬁofs he I| UId mixjn de\ﬁce 6 in onm th §[% OO] In the
togét

S can €er " ver
above men one [ UI mlxmg 3ewce7 t ethlr and fourth qwds can be mixe er very Y

un|form}Vlirﬁctﬁélég‘i‘téfﬂ%ﬁ‘BO’ﬁ?‘éW&b%@ré‘f@%B&ﬂg’?&%f\%fﬁ&l}ﬁ producing a lump or nonuniformity, and
further 4009d liguickofithe dhimdxang thuribeliguidsecéimsiea niixeet wiih Itqm@:mm_d h(gmﬁltw&ry)umlfermly
in the aQEﬂQB?%‘1%”&?8&&35%{6'889%%%%%%% RFP‘E‘H&'@Q% JW}‘%PRH‘QQ farmibe ALAB1 50

Therefore, fuel (such as light oil) is stored in the first container 70, an additive_(such as an emulsifier)

is stored! h‘i’tﬁeofBlﬁ’tkPEéHFaﬁli&?l@Oogﬁﬁetl?ek}% rﬁ&é‘&%ﬁ‘@tﬁ&?ﬁ‘r?ﬁaér%%ﬁ‘i’y(g BFRY PRR(HY PR (for
examplé,ltheafuetiand th&ladditiverarenpixédhin fershs of aeweighti pati dsof a0 HE) imathe ragitaar60;tand

water '%%1%%?1 CE%HE% %@ﬁ@é@f@f‘%@ﬂq%@daﬁ@ Sﬂms%vw @-ﬂ&'ﬂ‘ttW@l?fsmﬁfL!ﬁJ egﬁiaeeadﬂue/e in

the agl rexam In a mixing ratlé)no&] enn"(|:|xture obl %%It %rgd ntht E |t|vet Water 8f

71: 29| erm Welg 05 thére y ma |ng It possff)lflepo proéﬁce emuision fue]fsana e
efficientigdid s@céewsuvelyw"ﬁra sihgie prodéereod 0F] thehisisare, théoagitatbe ddrkiag tide S&b‘@@é
mentione@hw@@gamtjomfmdm@ﬁceameékﬂeft@aanctéha@daiit&vea@asnb@nmisedgt@gatﬁaﬁi(ﬁmuﬂsiﬁed)

very ““'JQ i 11;{%1% go F‘r‘%?%%&%éaé"ﬁﬁ‘?% PJ?%H%"B%S %mé’ dge e’Vﬁj AgiALOR RD has the above

mentlone conrfuratlon an ence satistactory emulsion contalnln fine water

partlcleéq.%f’dr y%@ﬁé%é‘iﬁlﬂ“étfﬂe? h‘ﬂbf&é ééH%@rp?Qd?Ic%tdlB?Sﬁﬁktﬁw@“(éﬁ‘fﬁlﬁfﬁ%fﬂﬁé figllviien
water winigiiehas lowlchmpatibslitnevith fueh [0403jpkurthes] thBapixingcationf tine duddrthe acditive, and

water is,getefgNnRoRY MAmRoNMS Qi e ﬁ%‘?ﬂ%‘i‘%ﬂ@ Juine g she agitator 60 or the pump

chamber 51 from. the inflow units 61, 62, and 23 h ﬁ]vm predetermined path sectlonal areas (S3, S4,

S2) by U208 iken e ﬁﬁ’sﬁf?k?r‘é%%?feddﬁﬁ{é%d Sl’:‘}‘?‘é‘rﬂ%ép%f?élﬂ%éth%‘bé?ﬁfe LY hiEIng
accuracyeotehd mixioglratic ofthercomipohents fisrieh rovbdd themrebyf rHizkipig sepossitsietioremtanke the

quality %t;ﬁbiﬁéyaqfvﬁlﬁarg&%q?dl%atﬂ§m&%mm% g1 4 £xaanaianheiggeam illustrating the
configur %%Bf {%aﬁwd nixi getaev[%]ccl)lelg Ie{llccordmd%to a 7t|ll{£‘urt r(Fmb(P?'?Bﬁ‘ﬂt ggﬁtgglperress%t and

|nvent|o §'eompbnents sﬁ]ﬁsequent & inflow Uhlits aré not shown.
[0105] &@mﬂsﬁr@msnme ﬁéur@@lhélhqami nbdnadevive @hasctHB s aHBC AT ation e dHdivg the
liquid n@@ﬂ@a@a&h@esﬁ and 71rxG@PtHNaiihe kgilaéorsIQis comngaiad ta thenautftaw mmted3 thyeugh
three-way yajve totﬁgo § @”Qlied ¥ A foN ngtb.’{bl- G angd pies 414t a‘élfh%”gi&?ré@ﬁmﬁg liquid
container 40 t rou he th e -way valves 99 arid 100 and pipes 41f and 41g. [0106] The controf unit

C3 perfSPﬁ??%“%&ﬂfn@%é‘rﬂ%?i BRENESS st it AN (VAEAURE three-way valves 98 and 99
sequentiall9@lirdulates thediquid dromithe pipe d Iai ntoetlle Yipe§ Atz ahdrd o dnfi theh thirge-dsayavalve

100 C'r%%ﬁ%%&'aetﬂgetﬂé‘fom&%mp@réw interdbe pipgsA160angd aﬁlsﬁﬁqﬂgtét%%@l&%%t%tﬁﬁt;% way
valves 98 and 100 sequenti a]%/cwcu te the liquid from the plpe 41 intg th %lge&nrae d 41d and

the threBRERFUMVE S8R UiatO8 YA R HAMAHE SIS A1E RS tHE i fourth

liquids can be mixed with the second liquid very uniformly in the agitator 90 in an
accurate mixing ratio without producing a lump or nonuniformity.

[0101] Therefore, fuel (such as light oil) is stored in the first container 70, an additive
(such as an emulsifier) is stored in the fourth container 80, and they are mixed together in
a greatly different mixing ratio (for example, the fuel and the additive are mixed in terms
of a weight ratio of 70:1) in the agitator 60, and water is stored in the second container
20 and is mixed with a mixture of the fuel and the additive in the agitator 90 (for
example, in a mixing ratio of the mixture of the fuel and the additive to water of 71:29 in
terms of weight ratio), thereby making it possible to produce emulsion fuel and the like
efficiently and successively in a single process.

[0102] In this case, the agitator 60 has the above mentioned configuration, and hence the
14



[0107] In the liquid mixing device 8, for example, when clogging occurs in the agitator 90 due to the
inclusion of foreign matter or for another reason during operation in the first state, the control unit C3
switches the three-way valves 98 to 100 to the second state so that the clogging can be cleared by
reversi %éh%rﬂﬁ@ﬂ@ﬁ@&ﬂ@(r‘e@éh%ﬁ%ﬁé@ the agitatar 9008 &'ﬁ?r{ﬂﬁl{%@lﬁl}b%ﬁ\éy'ﬁ@@m QﬁQﬁl g
three-wa%.valveslb% to 100 between the first tate ancg the second B?tg at r?gul ror wregu{ar time
interval§ By the' CittoPIRIt €S 8o diffin te'd ﬁ&tplhﬁoa(,%ﬁab(g prevéfited br SUS5fe<EEl! '8 partial
wear, i.€9nfhevkatiabraidnhsigre sealb Bictieeypaubsihe dgithtordoheahibe praventaw [Onogyater
Therefoparii the liguisk mixing geyied 8ntheragitapiR0Aaving premede pashsmand dateghatienrpaths with
smaller F?)ae'ﬂf]use?Ctiqna\l/a eas can l?lea u Oe‘;\:ll,Cv(\)/pmeraetli)B/i ne m%ilngétejpiformity of the first and second liquids

can be further enhance .Aﬁernatlvely, even when thefirst and second liquids contain solid particles

having 8d&RAiIN &8 Gr emivHan fareignl HittErsha be ddiktsied dopatativh Hesmas Hossibre.
Thus, thﬁ@pmMcaifmhqsangﬁp@ﬁlmdiQMG/mgimgodng%B@an be @Mﬂ&ﬁﬂ&dlplEh{(ﬂilﬂfG] Nofmﬁhaﬂ;ét is
also pogihls, Q. rRRSHIUEIhe RGN RAHB e iBLEMPING H8ViEeS 3 /10 fSROWA inshriggoH(Hy and
5(B) and Fig. 7 such that the_ passage direction of the liquid In the agitator 60 can be reversed, b

: y
employiHts tHE XA dBsrigUAfoR 8 tHS: O thE RARR HRAAY tevitd BMA%HiE e TloghiMy irithe
agitatorad0wan e ickbared omgrevented. ({1 tdinpign @is an explanatbrihdiagram dfiap agitatertlizo
which is@ Maighienef the:agitatar b9 3rd 04 e dgwgmixingdeyices 5 to 8. [0112] As illustrated in
the figulﬁa,lq; apitat%r 110 has an irgf ow port 111.ﬁnd arE.outft chorft 112 %/.vhichfar connected to
each other @a p1§th 1123 gaélapPer?fe stmine plé%ﬁr%elf:lﬁongl area S'Ehd A Satﬁ e l(f;lt?l] El.”é‘? £
making daEipeeSsineondihe 1iyaid iklther hiowpbedime positithe (R R thin Heaking-theNptesdie Bf the
liquid infthe eutflawppaentd 2utsegtive:(th xhthenlitiuidwantthesinfione paite1dd: sillews moved toward the
outflow pot 1 2,raugh Ihe Pt L1g, L‘%%,l?lle"h%ﬁ%?%%%r 1&9\;&%%'HQédtﬁé"}.abrﬁea%%edu?ﬁ%’oﬁ"Xed
effectively by a function such as Cavitation or Shear force genherated when the liquid pass%st rough

the patﬁ&i@by‘?gé‘iﬁn‘é‘lﬂ‘\i@ ﬁé’éjé{%éi%ﬂﬁ%? QF%“élpEJI?é‘&‘?BttHéafn‘fW%BFttﬂ?Q)?Stﬁé?@iﬁﬂBW thhflz,
the flowonatiécof theitigisid ipasgihg lincoug hyther path 43 3o the(patin settiahalazeso Birahd patk keagth L of

the path, 113 and the like [ guitehle YAILES i ineSAMALTIRSt ARINAE 9h e AQILAIRYS B Ady30 of

the liquid mixing devices 5 to 8 can be obtained. [0114] Note that, although the path 113 is straight in
the figuf %t A& RIS A drdeht 1% this case, an agitating and mixing effect which is equal to or
larger tH&hGhE dffect wiieol theipdih isesficiglst can belobined vy the whamge fofsthetatavielinghditection
OLthe ”@l&’édtﬁfel%omﬁiprw\ﬂd&l%sﬂg%i'ar?afWH&I;I&&R?W-JF&%@&W%@CFQD?A &Eﬁﬁﬁl@%i@f‘ sestiona!l I
shape do not always need to be same along the entjre length of the path.113, and the.sectipna
iU R S A s et b Rt o ol
port 111MdAd e BitovIdorand2anascse otattéd with @achotiercsyvepluralivg of Pathad 18090115]
The abaequeentingedi agitatorshg0li§0i ameb kil h¥gyi fre 4sed s andevies for camminiding salic
particleg(making ine,308d pRGIes) ARPRITAE ARG, FHEN AS WRISHPY,{1d fprping the whole
agitator or at Ieagétt é’ surfacle of the path vga?l fror(ﬁ'}wighfiﬁa{gr]dnesslmetaﬁ s)égé as gsjper steel alloy or

ceramid,%4N0d/briBytes) Beiidtimd ing sl <o didifal SraRe End Ry HE B ke BrakthiPathe ARIAI0E
integratith pathw intth e ragitatons @0fand &0, thetaumbéss af thidirascio pathsi agd the dntagriatidie

P T L BUREL C S s i vl
iqui ing i u ) [ iz |es.

particlod 4o BE A0 SIPEHELE 5By () AETCER  hENBAH Se oA A< o th UG A Sl 115, the
numberagfithi@paths 113, the sectional shape of the path 13, and the pressure(+P or -P) to be applied

to the ligyic§qr Igtiig diRass, thyoughdhmpatte kB iethe agitaters W @ccondireviedhensiZerantkate
properties .of the arrtligles to be comminuted 49}16. Even when t%@ Qﬁes%%%?rgirect{oeffctpe Iig{lljéd in

andt seg sfate at regular or irrégular time intervals uni 0
the aglta?ors 0, (5) andtalioals % £&
in the agitator 90 can be prevented or suppressed, or partial wear, i.e., uneven abrasion of

the wall of the path in the agitator 90 can be prevented.

[0109] Therefore, in the liquid mixing device 8, the agitator 90 having branch paths and
integration paths with smaller path sectional areas can be used, whereby the mixing
uniformity of the first and second liquids can be further enhanced. Alternatively, even
when the first and second liquids contain solid particles having a certain size or even
when foreign matter may be contained, operation becomes possible. Thus, the

application range of the liquid mixing device 8 can be expanded.
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reversed, the agitators 60, 90, and 110 can obtain the effect of agitating the liquid or comminuting solid
particles dispersed in the liquid. [0117] In the device 60, 90, and 110 for agitating the liquid or the
device 60, 90, and 110 for comminuting the solid particles as above, the passage direction of the liquid

in the d?(VlQ%FaN&% rﬁl\é.%rsﬁdlp)ﬁﬁ]@ }ﬁﬁ@%%%&rc%%ﬂ%kr@tiﬁg %él?t'@ﬂ&e%m 1@'%'@%&’&% Fﬂﬂx@n‘%r the
equwalent techrg cg Hg‘{é urati n to };\)ﬁ'}aere g pvice 60, 90 anc{ 110 can
be clearé vélrﬂ of par? | Wear caﬁaﬁéaéﬁtgﬂﬁgﬁ {118
While thd phesleﬁmﬁventi@m msabereﬁ(beserme@ewagwohxrmnMYnm@emmmmﬁgqm@lw [¢5]

understaqnd thatithe presenihinveptioavie a8 limitediheteieanddbainaiinuh ehaneas amd naedifieations

may be rpade Wlthlr%et\be scope of the appended claims. [0119] For example, while in the above

mentioned em odeents there is exemplified a case in which the Ila uid feed pump is used as means
for maklfd thé |ﬁ§$de9p}*‘7e§éh X BFE B esaiY b ste ey ativel thehifdides presuiiré of thk WRfuid
mixing systemrmay bednsadie negatiue bynaxin gtheviamtiiosd 8r means. [0120] Further, while the first to

fourth SHPPﬂ%]Syﬁ'serﬂ%%[?a%’J‘ Qﬂcrt%‘é 16 figComaingliga0r 24 07@1’a§”9'n89n§}’c519' 180, the firghip fourth

liquids, resgectlvely, and the liquid mixing system is connected to the container 40 for storing.the

mixed lig Wtﬁ@rébl&\?e"}‘ﬁé?ﬁlé‘ﬁ‘w%Bﬁﬁ%@n‘f@cmtﬁfﬁ by @A iblids Ay Bepéﬁ%‘ifl?éalm?dithe
first to foarth supipiyadystemS frot dhelimdeofathe lpre ilousipkaoestes pagrd the odixbe liquid fronththe

liquid mixmngwyiem mayola)ﬁﬂiée@b’)sgpegbeﬁuﬁ&%hﬁlérﬁ&fsm% %lftlﬁ%q%ﬁ\icp[ﬁ%ésoﬁ‘?ﬂlg%] iEBﬁ
conflgurﬁtg)n 0 he d{: %&h mateﬂléalmsﬁg\ee anqls feach me tE))er | the abo%ile mentloned

embodiments %rewﬁs Ies lélnd(}'ille present’ voerrtltlon IS notlTlml?eV(% hereto. Incfusflrla Oﬁf’pr”cablllty

[0122] THE Iibmelgﬁlkh’igméhnéé%f the present invention can be used to produce emulsion fuel by
mixing tpgattl]erlﬁuehea@gatd«ddﬂvelendhwatqaiar&@@a widelebehsedifodtherniiings eftwaricmene

kinds of [iqyids requred,in YRAURL, Of 6'}985%'3‘!:!&?'%3\@ d%%y]?qr%%tat&@eéot% %ﬂ; éﬁs%/mssﬁ%ted in

the above mentlone em odlments can b used as an device g toget two or

more kiRYsS BRIt iR1S Yiguifd (hikilg deviee!isddt alser ad H X8 mARtinddi @Hé@%@‘ﬁf@\jrﬁﬂfﬁg]@ewce
for comrhintiting (grindihghsoligupdrpeistndispessed itha pauidl IGLAIMPath settiddiguidanisingdevice,

Compri%@% length L of the path 113 and the like to suitable values, and the same effect as that
of the agitators 60 and 90 of the liquid mixing devices 5 to 8 can be obtained.
[0114] Note that, although the path 113 is straight in the figure, it may be curved or bent.
In this case, an agitating and mixing effect which is equal to or larger than the effect
when the path is straight can be obtained by the change of the traveling direction of the
liquid or collision with the inner wall of the path. The path sectional area S and the
sectional shape do not always need to be the same along the entire length of the path 113,
and the sectional shape of the path 113 may be circular, elliptic, rectangular, or other
desired shape. Further, the inflow port 111 and the outflow port 112 may be connected
with each other by a plurality of paths 113.
[0115] The above mentioned agitators 60, 90, and 110 may be used as an device for
comminuting solid particles (making fine solid particles) dispersed in a liquid such as
water by (1) forming the whole agitator or at least the surface of the path wall from
high-hardness metal such as super steel alloy or ceramic, and/or by (2) adjusting the path
sectional areas and lengths of the branch paths and the integration paths in the agitators
60 and 90, the numbers of the branch paths and the integration paths, the curvature of the
paths in branching or merger blocks, and the pressure to be applied to the liquid for
letting it pass through the agitators 60 and 90 according to the size and properties of the
particles to be comminuted, or by (3) adjusting the path sectional area S, length L of the
path 113, the number of the paths 113, the sectional shape of the path 13, and the
pressure(+P or -P) to be applied to the liquid for letting it pass through the path 13 in the
agitator 110 according to the size and properties of the particles to be comminuted.

[0116] Even when the passage direction of the liquid in the agitators 60, 90, and 110 is
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a first supply system for supplying a first liquid; a second supply system for supplying a second liquid,;
and a liquid mixing system that receives supply of the first liquid and the second liquid from the
first supply system and the second supply system, respectively, wherein: the first supply system

Com_mupé%ﬁ%éép the liguigk Sixing, systemdhiongha fH@I_afiQWH@t%ﬂf%QP|@P%}é9€§ﬁ?\{i&9 Adirst Rath
sectional area; the s condﬁiggﬁ ste comrﬁunl.c tes to the liquid mixing system through a
v

i [
socond SN T iRAas AL PRty e

ot 'Psth €&ional area; and the first liquid in an
amountl&ddréspbhdiegdevise fridt Bathasdctibfalcareaisaianthéhsedonddiquidhia davagsotpt 90, and

corresponglingrtedhersacoind RRENSERIigRaiarea arapliowed toflewataithectingn o bhagd igystem,
respectiyely, Ry making,an nside pressyire o ihe fiquid. mixing system negatives 2, A LAY miingd
device according to c]ilalm ,¥urﬂ1er comprising: q. pressure control means for inverting tﬁe Inside
pressurbigf theTidhfdamibiry dystenh Heifedh (Y Ve dAR Hoshveaperiodican)y slaseingspithe
agitatindewgansppagitatingl the diridiglidraddoihpreeeond liguidl flowifigethareinads e theehguidanixing
system, ¢ parWﬂ%QrWﬁ@%@%i@ﬁ%&moums of the first liquid and the second liquid are allowed to
flow into the first agitating means from the liquid mixing system when the inside pressure of the liquid

mixing $dteth bEEe FodiREt I %CKIRGUIdHhixiG Yeiss ARESrRAGD tlinthCor U sithe
comprisingpsdcondtagitatingonbeamsdiors tapthtings tHird ficps ich amaviourtmliguith flduwing dhéraiet framda
third supply $%sfem and B IQUAKLSHRIIM RUSIEAY FRSPaRlVRAMRRIRIN the sdbiSetHFd RLIRPYYSHRIEM

communlcates to the second agitating means through a third flow rate regulation unit having a third

path seCtibNAl area; the fourth supply system communicates to the second agitating means
throughl8 FbRithFfeve xarendsg uratitn ianib & alntcafentie pedre sehaibmg dredhere is exemplified a

case in which the liquid feed pump is used as means for making the inside pressure of the
liquid mixing system negative, the inside pressure of the liquid mixing system may be
made negative by any other method or means.

[0120] Further, while the first to fourth supply systems are connected to the containers
10, 20, 70, and 80 supplying the first to fourth liquids, respectively, and the liquid
mixing system is connected to the container 40 for storing the mixed liquid in the above
mentioned embodiments, the first to fourth liquids may be supplied into the first to fourth
supply systems from the line of the previous processes, and the mixed liquid from the
liquid mixing system may be directly supplied into the line of the subsequent process.
[0121] The configuration of the device and the material, shape, and size of each member
in the above mentioned embodiments are just examples and the present invention is not

limited thereto.

Industrial Applicability

[0122] The liquid mixing device of the present invention can be used to produce
emulsion fuel by mixing together fuel, an additive and water, and can widely be used for
the mixings of two or more kinds of liquids required in variety of industrial fields.

[0123] The agitators 60, 90, and 110 illustrated in the above mentioned embodiments can
be used as an device for mixing together (emulsifying) two or more kinds of liquids in a
liquid mixing device, and also as a comminuting device or a grinding device for

comminuting (grinding) solid particles dispersed in a liquid.
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when the inside pressure of the liquid mixing system becomes negative, the pressure of the liquid
mixing system is transmitted to the second agitating means so that the third liquid in an amount
corresponding to the third path sectional area and the fourth liquid in an amount corresponding to the
fourth path sectional area are allowed to flow intpthg gggond agitating means, respectively; and a
mixed liquid of tTet |rd liquid and the fourth li wd agitated by the second agitating means is supplied
into the first supply sy%flégnlgéxtlﬂg rst'fiquic’ 4! Rﬁlﬂ%ld mixing device according to claim 2 or 3,
wherein: 18 theaffﬂgﬁfaﬁwﬁl}seﬁﬁiﬁma@tmkh%% toshprised; an inflow port; a plurality of

branch paths intpseic adispligl §iam thednfepppaidsabienshed and allewed to flow; and

one oraplurah% ?f mtgglrl%t)ig[rl\ ath |ntot}\l/\ékt1|cf‘gclleqf9|e%ssfro the lﬂl‘al{1¥ ?f brarlig Rgthﬁ;earsee mer ed
and allowed to w

dand qU| Iomég rom ther r?{‘low port Is aglt en passmgt rough
the braﬁ&tPﬁéﬁﬁglﬂﬁéetﬁéf ?ﬁt@&?&lﬁbﬁyﬁéﬁﬁéab HYf B tHPRORESBFEh IS (REHSY BldinYy METHEd into
the integration pathsi and/opdglliding wite wallsndd the boatchlpaihs o thegntegeatiohpatdis.a first 5. A

liquid mixing ﬁ?é"P@g@Pﬁ%Q'ﬂgﬂoh%}’n% ﬁ;&'@ﬁﬂ? %gglgngyrh%%m a passage direction of the liquid in

the first and/or second agitating means is reversib liquid mixing device according to any

one of claims 1 %55 SFRBFEHT YirsY Pam §8Bﬂ8ﬂ8l%€’r@é éﬂo‘l‘b‘? M&%éc%ﬁ%&tﬁyéé%’ﬁbﬁ%ﬁ%% i
adjustabteond Tlowvliquidregxing devics heconding ¢to@ny onb of dliaimd drta 6awherein: the first supply

system CommU'ﬂlﬁafﬁ%tt(?lmﬁd“ﬂh"gmﬁ'fﬂﬂgrﬁy&;?f@smf?@g& Qdc lEﬁ%Q@FS@lBQ(ﬁ'@@Hﬂﬁ)Maivﬁ&ﬁﬁﬂ@%@f
performing oj fln /closing operation; seco J)C%gfisé m communicates to the liquid

]L-) h(} nana nt COITGSP(il’l tO t ?C 1ona arca are a OWG
mixing Systém thtough'a Secon openingfclosin § vave dapa performing openlng/c osing

Operau(f,l@gnglto the liquid mixing system, respectively, by making an inside pressure of the

liquid mixing system negative.

2. A liquid mixing device according to claim 1, further comprising:

pressure control means for inverting the inside pressure of the liquid mixing
system between negative and positive, periodically; and

first agitating means for agitating the first liquid and the second liquid flowing
therein from the liquid mixing system,

wherein predetermined amounts of the first liquid and the second liquid are
allowed to flow into the first agitating means from the liquid mixing system when the

inside pressure of the liquid mixing system becomes positive.

3. A liquid mixing device according to claim 1 or 2, further comprising second
agitating means for agitating third liquid and fourth liquid flowing therein from a third
supply system and a fourth supply system, respectively, wherein:

the third supply system communicates to the second agitating means through a
third flow rate regulation unit having a third path sectional area;

the fourth supply system communicates to the second agitating means through a
fourth flow rate regulation unit having a fourth path sectional area;

when the inside pressure of the liquid mixing system becomes negative, the
pressure of the liquid mixing system is transmitted to the second agitating means so that
the third liquid in an amount corresponding to the third path sectional area and the fourth
liquid in an amount corresponding to the fourth path sectional area are allowed to flow
into the second agitating means, respectively; and

a mixed liquid of the third liquid and the fourth liquid agitated by the second

agitating means is supplied into the first supply system as the first liquid.

4. A liquid mixing device according to claim 2 or 3, wherein:
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the first opening/closing valve and the second opening/closing valve perform opening/closing
operation synchronously according to the inside pressure of the liquid mixing system. 8. A liquid
mixing device according to any one of claims 1 to 7, wherein: the first supply system communicates to

the liquid mixingy sfermn dhiesiofeadralin, ahratlisins cofpigast one of the plurality of paths
communicates to the quuidh%iéi\gg system through a flow rate regulation unit having a path sectional

area which is adjustablea;nal p ?é?naining paths out of the plurality of paths communicate to the

liquid mixing system thraughiepesind/ oyl walles ieapathd df pelfamsing opeingieibsing operation
indepergl@itlifed and allowed to flow; and
one or a plurality of integration paths into which liquids from the
plurality of branch paths are merged and allowed to flow; and
the liquid flowing in from the inflow port is agitated when passing through the
branch paths and the integration paths, being branched into the branch paths, being
merged into the integration paths and/or colliding with walls of the branch paths or the

integration paths.

5. A liquid mixing device according to any one of claims 2 to 4, wherein a

passage direction of the liquid in the first and/or second agitating means is reversible.

6. A liquid mixing device according to any one of claims 1 to 5, wherein the first

path sectional area and/or the second path sectional area is adjustable.

7. A liquid mixing device according to any one of claims 1 to 6, wherein:

the first supply system communicates to the liquid mixing system through a first
opening/closing valve capable of performing opening/closing operation;

the second supply system communicates to the liquid mixing system through a
second opening/closing valve capable of performing opening/closing operation; and

the first opening/closing valve and the second opening/closing valve perform
opening/closing operation synchronously according to the inside pressure of the liquid

mixing system.

8. A liquid mixing device according to any one of claims 1 to 7, wherein:

the first supply system communicates to the liquid mixing system through a
plurality of paths;

at least one of the plurality of paths communicates to the liquid mixing system
through a flow rate regulation unit having a path sectional area which is adjustable; and

remaining paths out of the plurality of paths communicate to the liquid mixing
system through opening/closing valves capable of performing opening/closing operation

independently.
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