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The present invention relates general“m to a fluid mxing and/or an
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causing a first fluid to dissolve a¢seecond fluid therein to its saturation
state or substantially to its saturation state. Description of the Related
Art A'variety of fluid m xi ng devi ces have been devised wherein a venturi
is adapted with different ty[ELBOF TREhANVENTION| ectors. Fluid flow
through pipes and other flow_devices have associated |osses inherent to
the device, depending on t HIBRERENG AkatBTEGFORhe f1 ow channel or device

i s conposed of, and the nmanufacturing method used' to produce the fluid

fl ow device. Al'so, depending on the physical features of the channels

(i.e. surface texture, raﬂgﬁgﬁ&ﬁnu) T%Ffr faces on which a fluid
traverses, pressure head [OSS€s |n%#ﬁe 5%??@33 S. These losses within a
flow device such as a venturi driven flow systemvary fromdevice to
devi ce, %@J\Q}@Qﬁ I&J&%t%ﬁh?m cal elenent adapted thereto. For exanple,
| osses ocrated w mechani cal el ements such as check val ves,
mechani cal injectors, blowers, conpressors, punps, etc. during the
i nj ection of Thejpmkseaitr inwenthien ekedatassgenerdahly o a fluid mixing
and/or an aerating apparatus. The invention also relates to a
venturi-type or suction-type fluid mixing and/or aerating
device, and also to a device for causing a first fluid to
digsolve a second fluid therein to its saturation state or
substantially to its saturation state.

Description o he Related t

A variety of fluid mixing devices have been devised
wherein a venturi is adapted with different types of
mechanical injectors. Fluid flow through pipes and other flow
devices have associated losses inherent to the device,
depending on the type of material the flow channel or device
is composed of, and the manufacturiﬁg method usedito produce
the fluid flow device. Also, depending on the ﬁhysical
features of the channels (i.e. surface texture, roughness,
etc.) or the surfaces on which a fluid traverses, pressure

head losses in the flow results.

- These losses within a flow device such as a venturi
driven flow system vary from device to device, depending on
the mechanical element adapted thereto. For example, }osses
associated with mechanical elements such as check valves,
mechanical injectors, blowers, compressors, pumps, etc. during
the injection of liqﬁid, air or other elements within the
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-1 1d~~111168~ *ACTI ON* WO 01/ 78884 PCTI US01/ 11936 primary flow of fluids

t hrough the flow device serve to mnimze fluid flow and i ncrease the
pressure differential. Generally, the principal goal for maintaining fluid
flow within a network of interconnected flow channels or (g{./ﬁ b

accordi ng WO /3884 principles in mechanics of fluids, is Y ﬂﬁﬁ 9?1 ze total
pressure head | osses associated with the respective nechanical el enents.

Most .of é:}xgﬁ'rfacx?;\ﬁw %fﬂ'fm‘l'dél @hfrbqyndeuecemhad@;ﬁ@ lsedvieotbeduce the

~ total as. herein, describ the i nsta nven Wthout
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mechani cal el enents as recited above, a S|gn|f|cant drop in the volune

flowrate oc Fﬁethfty o1y, %@VL:,SQ? fod il el satliacksobhe

m xi ng of nul mary or stream of
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Petroe LH&HMDSRP oo NElhnd ﬁ%&%e@?ﬂééa&ﬁsméﬁhaﬁﬁﬁ téf My uildsqr isetbo a

st ream of, pul p stock V|aa |_ur J S U4 N I during the
ef f | uent™ ’s‘{) ?‘ﬁaelce‘ngeg %&é eJta}tﬁt “81%?1 %§I sposed within
the fl oweﬁp&cﬂrﬂ:w mﬁaﬂﬁmlnglamentsectMoehtwf tfihe mmverttn@na tal head

| oss unl r +8S i3e No.
2,424, 6 LE' ] ssue Vfoéé&rﬁg r%!vselc@ggggaata rg&u@émr%(ﬁﬁg\t}hzgagh?gﬁBSFso

suf f er s 3% diRuridy desasibed by fbe éE}SEBB\?em‘ﬁF%’rﬂrhr i Uevi ce having an

adj ﬁSt at&l@nﬂﬂrdaait]gecﬁédlmmgc ltheepreasiiteshead posadadiassocinted the fl ow
path or t|

the total* dte( lmechérﬁr.la{ln We%‘._%ogg) {8%1@.&%’ e e My ?P‘ég%ﬁh“' butes to

|"'0ss as si'm pat’ent__0 Q her
varletleirQﬁ qnthq“yqlﬂmgnﬁ%qy 5p§e occurs w1th1n most flow devices.

This directly affects the mixing of multiple fluids within the
primary fluid channel or stream of typical fluid flow devices.

For example, U.S. Pat. No. 2,361,150 issued Petroe
discloses a method and apparatus for admitting chlorine to a
stream of pulp stock via a plurality of injectors or nozzles
during the effluent stage. The mechanical injectors are
peripherally disposed within the flow stream or path having a
direct contribution to the total head loss unlike the
differential injector as herein described.

{ i

U.S. Pat. No. 2,424,654 issued to Gamble discloses a
fluid mixing device which also suffers from head losses as
recited above. A venturi flow device having an adjustable
throat section includes baffles disposed directly in the flow
path or throat (i.e. in-line injectors) of the device which
contributes to the total head loss as similarly taught by the
patent of Gamble. Other varieties of in-line injectors are
those taught by King (U.S. Pat. No. 3,257,180), Van Horn (U.S.
Pat. No. 3,507,626), Baranowski, Jdr. (U.S. Pat. No. 3,768,962)
and Longley et al. (U.S. Pat. No. 4,333,833).



those taught by King (U S. Pat. No. 3,257,180), Van Horn (U.S. Pat. No.
3,507, 626), Baranowski, Jr. (U S. Pat. No. 3,768,962) and Longley et al.
(U.S. Pat. No. 4,333,833). -2 WO 01/78884 PCT/USQOL/ 11936 U.S. Patents

i ssued to Secor sgu S. Pat. No. 398,456) and Mazzei (U S, 6
4,123, 800)VHi0IBe a venturi flow device conprising a B Ser ] eet or

di sposed at the throat section of the device. The patent of Mazzei in
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however o teduce TossesS at e throat section unlike at of the .
i nst ant dowpariisesh aapheradiitydefcprEEdneanss wipgh aye anogdardys i ssued to
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syste er e ection
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203339) & etl{scg’br}tfol ﬁlo%O%’SGﬁé}EIFOééé BdP 870, 525) and Evans (GB
oW

132074) di's RO evi ces genera vant to tthat of the instant
i nvention. The difference between the instant invention and the

U.S. Pat. No. 5,693,226 issued to Kool discloses an
apparatus for demonstrating a residential point of use water
treatment system wherein an injection port or suction branch
injects a contaminate material in a direction perpendicular to
the flow stream via hoses adapted thereto. The differential
injector according to the instant invention is different in
that the injections are made in a direction parallel to the
flow stream which significantly reduces head losses attributed
to the differential injector as herein described.

U.S. and Foreign Patents by Monroe (U.S.-Pat.
No.4,765,373), Luft et al. (AU 203339), Gretton-Lowe (GB
802,691), Hollins (GB 870,525) and Evans (GB 132074) disclose
flow devices generally relevant to that of the instant
invention.

The difference between the instant invention and the
related art is that the differential injector according to the
instant invention provides mixing and/or aeration without the
additional need of mechanical injebtors which increase the
pressure head losses in the primary flow stream. Mixing or
aeration occurs by injection in the general flow direction of



related art is that the differential injector according to the instant

I nvention provides m xing and/or aeration without the additional need of
mechani cal injectors which increase the pressure head |osses in the
primary flow stream M xing or aeration occurs by inject'5¥hf gener al
Pl ow dl r coNOTBIA 5 W0 01) 79884  PCI USOL! 13956 o i n 1 BGTUAIes OF0
very | ow | osses conpared to conventional flow devices. In this regard,

none of 4 Nga &P EW MEFRArPRE tANJeRdt BOWSlossek aronidrded tai ngul arly or in
conbi nation, is, se%[; éo descr.ibe the instant invention as clainmed. Thus a
r

di f f er enfPRYERMAQRAL LAY HSYFERe af or ement i oned probl ems is desired.
SUWMWARY OF THE | NVENTI ON The injector according to the instant invention is

a fluid mxing Gl Kol RfelBY! ERe NANGRD Sidt i dnd Patenkel,. Sone
enbodi ments al'so I nclude a cqnstricting prinmar fluid inlet and :
el ongat etRkeR et theke 8 ieulaniyc PEadB Fﬁ'@gl%ﬁ' 1 YL SHESERe 50 BR8P d

flow A siggoisstant | invkentSiorpulsl edatimed. t MEhdoravadiE feorenitdalof a di scharge
outlet, through at t..0  Whi ' : i dlge wal | of the
devi ce, WJ%%%?' 0 ogcfr?%nthpépggg’%%@ggbl%ée&&D#C?rhéiréjﬁﬁelslﬁelegielasg it passes out

of the inlet section to an enl arged-size, pressure releasing, discharge

section. One or a pluralityupaRer s TheedwwrENE @econdary fluid into the at
| east one recessed channel. The secondary fluid ports are connected to a

secondary fluid injection port or are open to the atnosphere. After the
di schar ge secrheninjdmtaon xetdrdings toabheeingtante dnverdign 48 & ongat ed

condui t peeid s £fhd AUty d Gerataagdacy: b a1y he gmhazy €1disgeol ved in

the primar lurd, Up to Its satu&atlon ft éeé c,‘Aé(’:rgzsotrrcycr%:g_;tll_ly 'rtim'as a

pri nci pa?-ng*b‘} ectSRe PR RERLS ALEG 1nclu g primary
fluid inlet and an elongated throat section to increase the
velocity of the primary fluid flow. A secondary fluid is
pulled into the forward portion of a discharge outlet, through
at least one channel which is recessed in the wall of the
device, by suction action produced by the primary fluid as it
passes out of the inlet section to an enlarged-size, pressure
releasing, discharge section. One or a plurality of ports
feeds the secondary fluid into the at least one recessed
channel. The secondary fluid ports are connected to a
secondary fluid injection port or are open to the atmosphere.

After the diécharge section, the mixed fluids can be

passed through an elongated conduit section to cause the
secondary fluid to become more dissolved in the primary fluid,
up to its saturation state. ’

Accordingly, it is a principal object of the invention to
provide a differential injector for reducing total head loss
in a flow device by injection.

i



provide a differential injector for reducing total head loss in a flow
device by injection. wo 0in8884 PCTIUS01/11936 It is another object of the
invention to provide a differential injector which mxes fluids and/or
aerates fluids wth a m ninum nunber of attached nechani?gtnﬁgﬁﬂg ts. It
is yet anoMM B8 ect of the invention to provide appara Xi ng
primary and secondary fluids such that the secondary fluid is dissolved in
the primary figigdgUpndther tcﬂoﬁatuw ithe shoéstidh te prdwiddier object of
[

the i t t j d f tial inj ' | i nbl ed
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obj ect owitheaimimivammunberr of dé¢tacimedomedhahbemhtelements v angenent s

t hereof for the purposes described which is'inexpensive, dependable and
fully effective in acconplishing its i These. and ot her

' nt ended pur poses. :
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THE DRAW NGS _FI G i S rs t] I3€\W. O ' rés j ona
venturi FRuPRgvRetry RS RE kI Ul obng BRI A EEUPL0 00 e
prior aits sahucatiomastatenturi flow device in FIG 1. FIG 3. is an
expl oded perspective view of the, differential injector according to the

present inventjon. -5 01/ 78884 P 01/ 11936. ' pl oded
Cross-sect i oni vP el %‘\f/l\g[l'heer Jﬁcé"rg’;gtlg F F%Y%%’f "Jr’:ljla(%b%%fﬁﬁ%&f ?FI G 3,

i |1 ustradififerenpial alnisctodr iwkjimlt iien eahdbyehssémpledjanrding fluid within
the disassembled for inspection, cleaning or repair.

It is still another object of the invention to provide
improved elements and arrangements thereof for the purposes
described which is inexpensive, dependable and fully effective
in accomplishing its intended purposes.

These and other objects of the present invention will
become readily apparent upon further review of the following
specification and drawings. .

: i BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a prior art, conventional
venturi flow device,

FIG. 2 is a cross-sectional perspective view of the prior

art, conventional venturi flow device in FIG. 1.

FIG. 3. is an exploded perspective view of the,
differential injector according to the present invention.



flow device for mixing. FIG 5 is a cross-sectional view of the
differential injector of the invention according to an alternate
enbodi ment, illustrating a plurality of channels coupled by a annul ar

cavity for hgkectlng fluid within the flow device for F@ﬁﬁﬂ?FLG% 6 is an

expl oded pWOMEEBHve view of another enbodinment of a dif i nj ect or
according to the present invention. FIG 6A is a partial exploded view of

gr godi fi c?t i %@f 4 tlfgef llfesfaea Qi‘oE'bGse@tldﬁaCi \?ﬁemo&ntmm oded
Ss-sectiona W ,0 erentia af; 4 F I 8 is an
expl odedP g%,%e%t'e’cat drTQIeC\Hoé'waSFofﬁén eﬁ%g%f%bﬁ{ &1]14 %a%éng §7 inits
aizegblepuﬁ&?uityFaﬂalﬁihcuaom phannel sefpr otk atring fJadd wishini BReof t he
enbodi e , with a nodified discharge section. FIGS.

9A- 9F ar %‘gh%é:\'tjfcﬁﬁc f\?’lxgv\n}sl 0 the different arrangenments of devices
according to the present invention. FIG 10 is a partial expl oded
cress-sectiongtgyiswg of d%ossvaéuuﬁbﬁumpvﬂéwrmft&he(ﬂﬁﬁﬁanaﬂ@maﬂ i njectors

of the present I G 11
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parti al &ﬁﬁ’&fafe&alx}f’d}ﬂ'fdﬁ awjektehyl Fludaokbenie i fRA defvieediEbier enti al
injector according to the present invention. FIGS. 12A and 12B are parti al

expl oded™ X EHE- wi th respect

FIG. 6 is an exploded perspective view of another
embodiment of a differential injector according to the present

invention.

FIG. 62 is a partial exploded view of a modification of
the embodiment of FIG. 6.

FIG. 7 is an exploded cross-sectional view of a
differential injector of FIG. 6.

FIG. 8 is an exploded cross-sectional view of the
embodiment of FIGS. 6 and 7, in its assembled state.
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FIG. 8A is a partial exploded cross-sectional view of the
embodiment of FIGS. 6-8, but with a modified discharge

section.

FIGS. 9A-9F are schematic views of the different
arrangements of devices according to the present invention.

FIG. 10 is a partial exploded crqoss-sectional view of a.
] - N
vacuum pump using the differential injectors of the present

invention.



to nodifications of the enbodinment of FIG 12. FIG 13 is a cross-sectional
view of still another enbodinent of a differential injector according to
the present invention. FIG 14 is a cross-sectional view of still another
enbodi nent of a differential injector according to the pr I nyention,
with a bacWOME8dre regul ating devi ce. DETAI LED DESCRIPfﬁ%ﬁﬂ%ﬁ“*&E
PREFERRED EMBCDI MENTS The present invention is directed to a differential
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present gﬂ9€ﬂ?¥o§@€ﬁ Tﬁﬁﬁcﬁ 43ﬁ¥é§§ 18: 18%ﬁ°%ﬁiaifrﬁ§a%5§yE erenced
by nunerpre2ént Chevertisot. of the instant invention is to produce fluid
Lnjectlons of one or nore fluid elements within a venturi-type flow device
aving virtually zero | osses via the nethod, of ¥&ECE§£ e differenti al
|Sé'-’1lg

i nj ector accoF & ngt? olf e Ptk crasfeRerbhonal vari ous
appl i cat hﬁB@héﬁC&nlﬁﬁdﬂﬁbnta&Bﬁta ali fiferene ihdr indéetonratamsliag teatinent

pl ants, waste eat nent _systens, pools, jacuzzies, a mxing device for -7
WO 01/ 7888%° ?QﬁV ﬁﬁﬁé%B paints, chemicals or injectors for dyes and
chem cals, etc. agitation device for water treatment plants and oi

fSFpar afj ion p#@@és, 184 Canm/ﬁlrﬁﬁé){WrtfthWeﬁpYb@@@ Pl d&(;m Yeaperta a
ow device as fammti c y i str Fl 1 and 2. As seen in
t hese fi§8r8931549%ﬁ%?ﬁ? ?ﬁ ?1??%“#559|c89 bﬂ% £§ fluid injection neans
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invention.

FIG. 14 is a cross-sectional view of still another
embodiment of a differential injector according to the present
invention, with a back pressure regulating device.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is directed to a differential
injector which produces mixing and/or aeration in a flow
device with virtually zero or very low losses by injection.
Two embodiments of the present invention are depicted in FIGS.
3-5 and are generally referenced by numeral 20.

One object of the instant invention is to produce fluid
injections of one or more fluid elements within a venturi-type
flow device having virtually zero losses via the method of
injection. The differential injector accordlng to the 1nstant
invention is applicable to various appllcatlons such as an
aeration device for water and waste treatment plants, waste
treatment systems, pools, jacuzzies, a mixing device for



The secondary fluid flow 6 is injected directly into the primary flow
streamin a direction perpendicular thereto. This type of injection

i ntroduces a pressure differential (or associated loss) within the flow
stream whi ch decreases the degree of uniform m xi ng between t@ rimry
and second¥PYV8884i d in the conventional flow device. As F534{S i‘é’ﬁ in FlGS.
3 and 4, the differential injector 20 according to one preferred

ehod e PR 1 SRS LR RLE E3k iyl asla Ehendohiey bedy, 22 having

a vent osed therein ent 4 d
co\rllcent ra}gzl%‘-'ﬂ#’lrfﬁ?s‘ﬁé'&y tox :“’éFeﬁr BF\F/EIQ'H%I‘I rﬂ%ﬁéﬁl‘:)s? FPapalil Bagﬁrg{:hgﬁugh t he

venturi plantlhe etenturi 24 has an inlet port 26 or the influent portion of
the primary flow and an outlet port 28 in the discharge section. The inlet
port converges at a throat section 27 of the venturi 24 and diverges at
the outlet —piamversiomads ilgwndeydres oPrdridanaigingavjar fohdo® primary

fluid S%&%"@é%ﬁa@ﬁa@rfuﬁt&'&mdw &ﬂﬁ@ttaﬁded HJneo;‘tIGs 20 &Ad 200 XABg or
aeration. Depend In%ﬁh§ﬁ1 he area o % icati n sec ngaﬁgsf£U|d

conpri si3RER At FhE eS8 o VPR 'd§ % F'?w ge¥is® §,788s8s, such
as, for felqm’qalmjaautrl)orasmeatwcﬂt ddspbeed @tré’-l'@d&m-’@dtté plethaj ector 20 for
mxing AN § NREIAR FIRCERY-IhEDT it 0al aBE ekithe venturi 24

It woul VI ous to e skilled,artis a% % g Qg g WO 01]{78884
PCT/ usoﬂﬁlfgl%‘»‘ prEerrl ek BFlF‘anﬁ]%tH 3‘ | GPEs 88 4%Wafte
i nt endedh usscoritnny dilngldy £laws pathddr ys fprovided by sbeoinperto802i s

provi de%ﬂgrsémégf%r}%&g 3 TGy:LQf 11%# éb? Qe i Ngnkbt Bpet he primary

fluid P or for aerati the p g P. . The“inpector port 30, as
di agr amiezireany iy @hneamedn A FIP-G“Zc Bon jrexpenddsudani ERALREEC i rst wal |
portion 70 Hftyte of injection introduces a pressure differential (or

associated loss) within the flow stream which decreases the
degree of uniform mixing between the primary and secoridary
fluid in the conventional flow device.

As best seen in FIGS. 3 and 4, the differential injector
20 according to one preferred embodiment comprises a
substantially cylindrical fluid flow body 22 having a venturi
24 disposed therein. The venturi 24 is disposed and aligned
concentric with the body 22 for préviding primary fluid flow P
through the venturi 24. The venturi 24 has an inlet port 26
or the influent portion of the primary flow and an outlet port
28 in the discharge section. The inlet port converges at a
throat section 27 of the venturi 24 and diverges at the outlet
port 28 or effluent portion of the primary flow. A primary
fluid such as water enters the differential injector 20 for
mixing or aeration. Depending upon the area of application, a
secondary fluid comprising various chemicals or fluids
(including a gas:or gases, such as, . for example, alr) as
recited above are adapted to the 1njector 20 for mixing
without injection directly within the throat 27 of the venturi
24, It would be obvious to the skilled artisan to provide the



substantially cylindrical fluid flow body 22. A cross-sectional view of
FIG 3, as showmmn in FIG 4, further illustrates the arrangenent of a
plurality of channels 32 disposed within a second wall portion 42 of the
body 22 for dellverlng a secondary fluid downstreamfro dﬂy& t 27, of
the vent urVOI¥88Y  he ef f | uent portion of the primry flrpu 0 P{g\%@P The
channels 32 as shown in FIG 4 are disposed within the body 22 in parallel

a”angef&ﬁﬁr ﬁlfaﬂéf%%gtotzofbbemj@é%wg 24idBhig® ar mabgesest is _
si gni ficant secondary fluid is injected with substantlally

zero re Wﬂﬁ very | ow resi stance) with respect to the primary flow
direction. This point of injection translates into reduced head |oss
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di sasserdieedrertruril |24st tat ethei Bffluent portion of the primary fluid
flow P. The channels 32 as shown in FIG. 4 are disposed within
the body 22 in parallel arrangement with respect to the
venturi 24. This arrangement is significant in that the
secondary fluid is injected with substantially zero resistance
(or very low resistance) with respect to the primary flow
direction. This point of injection translates into reduced
head loss within the differential injector 20. The
channels 32 need not be parallel to the venturi. Other
orientations are possible and are contemplated. See, for

‘ example, the embodiments of FIGS. 6-8.

According to an alternate embodiment as diagrammatically
illustrated in FIG. 5, the differential injector 20 is shown
as a single unit further comprising an annular cavity 34 in
fluid communication with the secondary fluid injector port 30
and a plurality of channels 32 peripherally arranged and
concentric with the venturi 24, for improving the secondary to
primary. £luid mixing ratio by volume. The channels 32 may or
may not be parallel to the venturi 24. '



FIGS. 3 and 4, for inspection and/or replacenent and/or repair while in
actual use. O her machinable materials could al so be used, such as
al um num stainless steel, etc. The naterials wused for all of the devices

of the present invention should preferably be conpatible | ui ds
passing t hMRIGH8¥e  device, and shoul d be easily nachlnaE%%%E%Pgégée of

production. O her non-obvious advantages of the differential injector 20
of FIGS. 3-5 gbReaghignesgédrotithd i ffvveptinY LAfeeton 206 hgcéot@ing

di aneter ra b bqut 1/2 i section 24 .and_hol ding t hat
reduced &latheﬁmgﬁgfﬂsn Prd tﬁiégﬂl() &b : athi %?aﬂ%@ k %ngth equal
t 0 about camposiitrespi het i amat ariadf wnﬂob-qu@asléEcmaohluﬁd ¢x the exit of

the throgkngew }Lbanfazncw@d%@r@{eerdésar@spo@ﬁheﬂswn&he ﬁléahaw@ section
(near the out exanple t he 1 Iet di arret er in a

e o EHR-PRECaBBIECtPD 20 0] BT 3t Ae 4 nMBA CPE| HhT BoRetetel] on.
thus causangba kashllyupendved easlird shssenpliedayak mllushratedlﬂmnt through

the inl e?_/t%%ﬁ 300, 44 V‘%éPt | eés 3&% o‘iai‘épigcéﬂéné’“&‘%c@fof .

section Torr ol vor I'énce™are creat expandlng
f1 ow, r@@&éédlpré§§uﬁe %??rmu@FhQEquchMQa@ﬁea&é§efbalﬁeC@%%@|%%s°eP¢ect
and promyiged, Mechgas TARuRER@Ndaita fillded @reelesett. ChRONRaSedZaBse

connected t n |n ct o) t throu |n ec |on annul us has a
vol une c gg O# g Wecq] i ne§%Fh§ at Ve ehp aC|%g@{?hat t he

channel spzefcambéur be. cmwlkola v@rtdwtémtfﬂemdenpoasmwloromm theention

whi ch i ge%i Bkl abnk0shbE1 & b d 48Nty qfac%ll%bla 28¢ dagdUbrwherein the -10
WO 01/ 78884 PCTIU801/11936 secondary | uid channels .132 are open to the

at mosphePEOGHCELRBI r inlet side (i.e., at the outside of the device) and
are not parallel to the direction of primary fluid flow (direction

Other non-obvious advantages of the differential injector
20 of FIGS. 3-5 are achieved through the design by reducing
the inlet diameter rate by about 1/2 in the inlet section 24
and holding that reduced diameter in the throat section 27 for
a distance in length equal to about 2.5 times the diameter of
the throat section 27. At the exit of the throat section 27,
the diameter is expanded in the discharge section (near the
outlet port 28), for example to the inlet diameter, within a
length equal to about 1/2 the length of the inlet or influent
gsection, thus causing a build-up of pressure during travel of
the influent through the inlet section 24, with an instant
release in the end of the throat section 27. Torroidal
vortexes and turbulence are created in the expanding flow,
reduced pressure primary fluid, which adds to the suction
effect and promotes mixing. The secondary fluid grooves or
channels 32 are connected to an injection port through an
injection annulus that has a volume capacity equal to several
times the cumulative cgpacity_that the channels 32 can carry.

FIGS. 6-7 show another embodiment of the invention which
is similar to the embodiment of FIGS. 3 and 4, but wherein the
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of arrow Ain FIG 7). FIG 8 shows the enbodinent of FIGS. 6 and 7 in
assenbl ed form and connected to an output conduit 140 which will be
described | ater. The enbodi nent of FIGS. 6-8 includes a converging primry
entry section 124 which is simlar to entry section 24 in_ FIGS. 3 and 4. A
throat secWOM/7888% is provided simlar to that of FIGS. BCARFOUII3MG 5
diverging exit or discharge section 128 is provided simlar to t hat of

FIGS. 3 132'
FlGs o Bfoflaaty sITHY AREAANSs AlE SPERTCS dhe MfbepiglFlon 192 11
angul at etheir ginlst (ﬂldae (ine .ab@lit the éﬂé@ﬁé@%)oﬁm the rdepiee) andraXe. |t
gas b?ennéefulaglrér@él a?:Q'tﬁ'ge Q:l‘mer&ttl@nab@u rfﬁﬂarf‘ﬁeﬂ@ﬁdi £ vt Ejd/fréél:idte
irection_.o r | sf act or r ovi re
results. ge% #/rf L#]gi 7fﬁa S afr 3&833 Hpe g’f“qe%tf ?J% ?%’S%‘bo%t 30
degr ees ané 7cmsam@dl€td) ﬂmrnsu@manpnaecyedntcpmnm@m reendwit as t he

directi oy of wpi{diesd I |1dd GddWpelngaperber of secondary fluid channels 132
is shown by, way of exanple. Fewer or nore channels nay be provided, and

t he channel s 132 may be provided in one or nore annular rings (two annular
rings of chanried senit3s ianemnts dWFIGS . FESS. ifieBydes As @dsmrgingtlﬁitfaﬁcyt he

channel s de Qr whi ch are
distri bu?AQZ% oun‘gleorg ﬁlpe)jl%ggﬂcﬁ%ry O?R?Eégdtl:geer'gl% ES:l SC arge gigrf:t ion 128 of
the devFE@S- Thearthahnels ti'GPaGf sprgiopaledni ePFACEERE BB 2% dificed i n
nunber, grgensf rmaspora tdifl applaneaki diveAgind oui t rbfl&iséhafgee di verging

dlscharge Se d,so o) S
predeterﬁ?ﬁ ﬂ‘gﬁ Ogb%s pé:%%é%%dﬁ%’l&gg%%t ﬁg %ﬁags&g&# gavm&rg';ssur]g% -11
WD 01/ 7888t fungd) MQ%W@WrYeﬁéUidt@hwnﬁ/lﬁjel?r%r%meﬂ%mﬁ ni ng of
the pringhy 7 are not parallel to the primary fluid flow, but are

angulated slightly (i.e., by about 20 degrees) with respect

thereto. It has been found that angles of up to about 30
degrees relative to the direction of primary fluid flow are
satisfactory and provide desired results. Secondary fluid
channels arranged at an angle of up to about 30 degrees are
considered to be substantially in the same direction as the
direction of primary fluid flow.

'The number of secondary fluid channels 132 is shown by.
way of example. Fewer or more channels may be provided, and
the channels 132 may be provided in one or more annular rings
(two annular rings of channels 132 are shown in FIGS. 6-8).
As shown in FIG. 6A, the channels 132 can be replaced by
elongated or oval channels 152, which are distributed around
the periphery of the diverging discharge section 128 of the
device. The channels 152 of FIG. 6A can be increased or
reduced in number, depending upon the application.

As shown in FIG. 8, the diverging discharge section 128
can be connected to a conduit 140 which is of predetermined
length, depending upon the types of fluids, pressures,
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and secondary fluids into one another, as the fluids pass through

el ongated conduit 140. Due to the back pressure provided at the
utilization apparatus (not shown) at the renpte end of conduit 140, the
conbined fluid flowing through conduit 140 is under pressur nd

t her ef or e, WA/7888hasses through the conduit 140, the secgﬁyﬁﬁ‘a’lé??ﬁ primary
fluids beconme nore and nore dissolved in one another until a desired

poi nt, Jh tugat i LN ' €AGRSth i v t '
Cat ur at e DA "SERRC OB pERYRIe Murtiof B ﬁ‘t‘ﬁ 05 W Frceast

, ) W
di ssol viatg sRcOnGRsYaddtiids 1nka PRe LT 1idd the iyt P§Hol es or
Sfirt i ;3| G:ih.x%cﬁigm ,eliaiih@a\mbédl chadaaerieo. abwagtovithe rbddke fdassthreThe i nter nal
i amet er__of .c ui. t . jze L.nf | anQu of back
pressur é’r(?ev\}&% pg&. tI:lf‘f)‘}zr uﬁg%gg‘é,%ﬁe%’égﬁ?%‘gg t ﬁg(g%iesaﬁrf@?le)r rgg:f ra&t(lzqgndui t 140

will decremste temel ipfcleonsiudss s, debel epreined (it fdawing Ghranghvi ce
versa. ldordduit !1'105(1@3u%@%%sgréasaﬂéaﬂﬁdgﬂléﬁeﬂdﬁbprag adugrasaesanount of

back pressure in condujt 1 in_prder to ul.a J m, of the
fluid fl%%m%’g“d&ﬁ a 'iﬁ% %‘Fr%%‘?ég‘? %%%%Itlg‘r?ae&&?‘gli%%troduced to
t he fl owendnle imeideuamde more tdsbaleedein om¢ oviethen omtgild@l desieedes,

di ssol vi pabjhi Lifs - . I : )
of the fr{zﬁirg:g' %QHHovt?ﬁsﬁ%hteﬁ%gSlgﬁagﬁgﬁgpofﬁé' i@rdiinedS Wierolumes of eac

Usi ng t MEHAME HAEIERTE OBy Ped PreRf H%%Ytg‘?%‘ilslsgfk .er e"}‘segg t%%r&,fqe' dcﬁs;tgd
gescrigr@dolilerc?aw tddissclRefieyr ingot onél éﬁot]ﬁe:te,_ ar:xditﬂ;]q)reefcmwmmhat t he
di ot o ST 2, BRARIEIEY batflebletipeh SUAM WD b TREARE ) apon ¢ he
speci fi aland iwdtiigh thendluddpective dianeters may be different. The
out put conduit 140 can be used with any of the enbodinments of the
| nventi on, a$rhseh%lf1|t%rn%91 %@%ﬁl{eggg'of conduit 140 can be sized to
influence the amount of back pressure developed. For example,
enlarging the diameter of conduit 140 will decrease the back
pressure developed in the conduit 140, and vice versa. It is,
in some cases, an advantage to add or reduce an amount of back
pressure in conduit 140 in order to regulate the dynamics of
the fluid flows through the device. The amount of back
pressure introduced to the flow will influence the turbulence,
velocity, torroidal vortices, dissolving capabilities, bubble
size, etc., as well as the volumes of each of the fluids
flowing through the device. Back pressure can be adjusfed
using the back pressure adjustment device of FIGS. 14 and 14A,

which is described hereinafter.

Referring to FIGS. 6-8, it is preferable that the
diameter of the input conduit 141 be substantially the same as
the diameter of the elongated output conduit 140. However,

, depending upon the specific application, the respective
diameters may be different. The output conduit 140 can be
used with any of the embodiments of the invention, as should
be apparent.
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-12 WO 01/78884 PCTI US01/ 11936 FIG BA shows a nodification where grooves
129 are formed on the inside wall of discharge section 128 to increase
turbul ence and the production to torroidal vortices, which nmay inprove the
m xing effect. FIGS. 9A-9F show enbodi ments simlar to that of FIGS. 6-8,
but wher ei WOHE884yice is formed in different conbinati oRSTH dt¥onent

el emrents. FIG 9A shows a one-piece structure rather than a two- piece

struStUre a5 ERONA T3S s Gudhy CIRACABROUNRE! aBboVLE 1 4 30 Rmee i nod

froma conposite plastic rraterl rial's used in the enbodi ments

earlier @RsEhe bb‘éﬁl d¢ orald af r?gﬂst?hﬁé'rgﬁelsecﬁdlf’@r ha8 i bR ircKeAsemi n devi ce
can be nphfiedlends dde tHupmidaickidcan khertedilabedort deseXxaviplch may

drilli ngirg?%‘pgraﬁ%qh)g%%%%%m ques coul d be used. The same reference |

nuner al s e use hrou 9A-9F to designate the sanme or simlar
el enents. The parts shown in FIGS. 9A-9F may be made of a conposite

pl astic matergpds OrgmmF él{di@renﬁ:wch%@rﬁspbaﬁﬁﬂ.ﬁroﬁonﬁaﬂi smterial. FIG 9B

il lustr th nt_ of FI GS. mnt out nver.gi ng inlet
sect on 1588 Thef oot RSt e devage 38, EaPhpa vkl A ARERGRS g bt Prary
fluid fl combinationufdfi ciamponegitoclemeatd .pressure that the converging
portion 124 is not necessary to increase the pressure further. The

enbodi nent of _FIG 9B, as well as all of the other disclosed enbodinments
of the inventitfh; TarPWLSPIRBIESS SHPGEVTRoFRHEE PR Hh in FIG
8, as desieesl. strudtherelms ahooin ik ®IG8B, sthe t't\heaémlsﬁmemt a:n‘.bl the

di schar ectio one &9 'ece
struct u?lg @\heérié &rél afcgla]t%qge%t%lmor% f%\SBSétgth I SC ar e sec |on 128 are
fabri cat®ate¥izd s used 1n the embodiments earlier describe from a

single member. Alternatively, the main device can be molded
and the channels 132 can be machined, for example by drilling.
Other fabrication techniques could be used. The same
reference numerals are used throughout FIGS. 9A-9F to
designate the same or similar elements. The parts shown in
FIGS. 9A-9F may be made of a composite plastic material or any
other suitable plastic or metal material.

FIG. 9B illustrates the embodiment of FIGS. 6-8, but
without a converging inlet section.124. The embodiment of
FIG. 9B is useful when the incominé primary fluid flow is of
sufficient Qelocity and pressure that the converging portion
124 is not necessary to increase the pressure further. The
embodiment of FIG. 9B, as well as all of the other disclosed
embodiments of the invention, can be used with an output
conduit 140 as shown in FIG. 8, as desired. In the device of
FIG. 9B, the throat section and the discharge section 128 are
made as one piece.

FIG. 9C shows a two-piece structure wherein the throat

section 127 and the discharge section 128 are fabricated from
a single piece, and the primary entry section 124 is
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a single piece, and the primary entry section 124 is -13 WO 01/ 78884

PCT/ US01/ 11936 fabricated froma second piece. The pieces are assenbl ed by
inserting the end of the throat section 127 into the bore 127" in the

i nput section 124. The two sections can be press-fit toge i.n

liquid-ti gNOWEMSEr, or nay be adhered together using adﬁé@ﬁé‘@ 193?he
enbodi nent of FIG 9D is simlar to that of FIG 98 but is a two-piece

st ruct ur g dii¥ed ML LR hgl&reuctwns St idsdanB1e3Bpy! N FI G
9D, the throat, section Iéd’ﬁas ed onto a, érge

of .the dis
secti on WWIHFIng fhran 5%‘59??"!95???1 %tl%%el%tg’ﬁ
sect i on. in AshenM iriputhesesathiosh riedt. ofThEl Gﬂogﬁbct:tmupacratrs hearprbesprfets fit

toget hery 6&%4 gjlgg-%]lﬂﬂiUl@@lght fan ngggl' b&y vsh dHUre X 3HRERRY

adhesi ves shows™a simTar e ment, erein thé device is a
t hr eé- pi &N 13qhe]HFEES The throat section 127 is connect ed to the
di schar ge section 128 and to the entry section 124 I n the manner

descri bed ab_ u%ﬁ"?%gdﬁFefg'{] WM Al ggog' {TF{\%&%A ' tr{aq: tor}atm%f EhG 9E,

but further i ongated di'scharge “end
t her eof .butn ml\mmvecg@xﬁcet rﬁ@mmrepaathenbbmm@t@%mlﬁc@sstgv@cgpreu s that

the specid ighsl@yi &e Frs. agﬁpecm‘ Imenbgsil anélttmshtbesecaﬁmlsed from

st andar di zed (i ther %%I it ﬁ% rication and Iw?xm é‘nt ating

exper i ma?ﬁ%ﬁ e ﬂ/ S 8 t| rﬁi FRAE D M4 8t Spart s

havi ng dirﬁsieartssrd 1rth<art:pes‘rmgaria7d| atethat entﬂar@ﬁttheertgtmt fsectdoanpl e, . can

pe  kepiad Cé(}m &/ o2 18eS beedend g Al 0t Gt GRAd.k 110 at
arge en

t he dis evice, as s : rOV|de
mai nt ai nt¢geeN eln a flu:l.d -tight manner, or may be adhered

example by adhesives.

FIG. 9E shows a similar embodiment, but wherein the
device is a three-piece structure. The throat section 127 is
connected to the discharge section 128 and to the entry
section 124, in the manner described above.

FIG. 9F shows an embodiment similar to that of FIG. 9E,
but further including an elongated conduit 140 at the
discharge end thereof.

| i .

An advantage of the multi-part embodiments of FIGS. 9C-9F
is that the specific device for a specific embodiment can be
assembled from standardized parts, thereby facilitating
fabrication and facilitating experimentation to arrive at the
optimum sized device. Different parts having different
diameters and different throat lengths, for example, can be
kept in stock for assembly, as desired.

The elongated co'nduit 140 at the disdhafrge end of the

device, as shown in FIG. 9F, is provided to maintain pressure
over a predetermined distance after the discharge section 128,
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over a predeterm ned distance after the discharge section 128, -14 WO

01/ 78884 PCT/ US01/ 11936 to pronote further dissolving of the fluids in one
another as the fluids pass through the el ongated conduit 140. As

menti oned above, it should be clear that the el ongated co ' can be
used with WQEB8%he enbodi nents of the invention previ ogg'wg%@iégi bed or
to be described hereinafter. FIG 10 shows the enbodinent of FIGS. 6 and 7

used as, &, YAGHHTE PEIPLndP i sBlvigl 881 Eie OF1h1s Pid BHe drothérBas .
flowng t roug entry section 1% S sufflcaent %o. draﬂv& air._or other
secondarthe| £ iR BIER EHePwsh £1pagatgd conduih % ASsuction ef fect
in the chenbtonddlambveh Stirshnuids be céearathapothe milayigated woxidwg tdevi ce.
The cha s f : [ ' ‘'oh , around
'ho dovi 550 G&R bE LEEANALH, odlp Ut ehd SndquEhOR g Ve e MR ich S per
160 and previeusly descyibed Onf&r e A§sasined RexPARfEST The degree of
vacuum or reduced pressure is a function of the physical design

characteristi of .t he devige, a houl ar f .ordi nary
skill in the éf?: ’r{%es %‘ﬂ%iﬁ'{f %@@&"ﬁf‘gegfi Ege%t irgn‘%g,Ci ({76%\%&1%?8% % coupl ed
to an ourpctumupuhpzat The inpiteeleRity ofi theepriragy ddwded Bracuum or

ngﬂﬁgdu??ﬁﬁﬁ O o e e P
from a fPEPGTr BEEPH ??Ylgb“’rg tﬂlﬁﬂﬁ’@% ttE‘? ﬁﬁﬁﬁﬁgiiﬁﬁjfﬁ%én L CETANS q(B)

to the iajsatbiodesffect mmdtheechantoent 160uwbichi sureunded aentvalf | uid

reser voi resu i 72 i 1 i ] servoir
170. FI O%Qigﬁoﬁg gﬁ%i efﬁe tc}/e?l}lltﬁerlij eg‘%l %ﬁfﬁ%ﬁéj&q@/@é‘ ﬁfclemlégﬂjf or
r

recei vi n§OPRE Hagyaf houaing ol n such @ act'fon 2 eVEGe &R uri 124

has a thgRgimsSeat Fon. 12¢. aml ¥dduced pressure is created in chamber
160 and results in the device operating as a vacuum pump. The
degree of vacuum or reduced pressure is a function of the
physical design characteristics of the device, as should be
apparent to those of ordinary skill in the art. The housing
has a pipe-like fitting 162 which is coupled to an output
utilization device 165 to utilize the produced vacuum or
reduced pressure in chamber 160. A second fitting 163 may be
coupled to a second utilization device 166 to use the vacuum
reduced pressure, Liquid from a fluid reservoir 170 is pumped
by a pump 171 through a conduit (B) to the injector device,
and the output fluid C is returned to the fluid reservoir for
re-use. An air vent 172 is provided on the fluid reservoir
170.

FIG. 11 shows a differential injector having a
venturi 124 for receiving primary fluid flow in the direction
of arrow A. The venturi 124 has a throat section 127 and an
outwardly diverging bell-shaped exit section 129. Secondary
fluid is injected into the inlet pofts 132 which may be
provided in any desired number around the periphery of the
differential injector 120. In the illustrated embodiment, the
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outwardly diverging bell-shaped exit section 129. Secondary fluid is
injected into the inlet ports 132 which may be provided in any desired
nunber around the periphery of the differential injector 120. In the
illustrated enbodi ment, the -15 WO 01/ 78884 PCT/USOl/llQa?,ﬂh%F 1§ tia
injector | WQUH84I |y round in shape (or.of other hol | oW§ lzlll hape)
and four secondary fluid flow injector ports 132 are shown. The opposite

hal f of Ogi‘fféfghem f@?gﬁc}%‘aﬁn i delierdi Ay faéndmwéiuaﬂac'c&eoef HtHerar

nunmber secondar ectlon rts. condary fluid flow
i nj ect i oROBBPYstuby %r’én%lﬁ% e a hSFFI@P‘ otﬁ'cﬁ‘f HHEFFer gi ng
section p3otef 18heary estiatm. 1241earm®pd)tsscbahghf scef:ch‘rt&arc}e\hlaﬁ driatt o areas of

t he prlnar qu f 0, qgﬁ%% ar The

vort exes 3? %ﬂovﬁ ép%i 4\hexa ltqo h%;'qgrgr%méiﬁ?b&?n éagjge The vort exes.
are geneaaceudanytﬁbuydc ¥9W3ﬂnﬂﬂ9tlpﬁrﬂﬁras(domnstrean) of the diverging
wall of the diverging section 129, and the main portions thereof appear

BT SThERReSiR LA 0 A AL R LR

round di tbrguglh phetvahl 1eetgfon o d¢aei dévergimy caeqqioradj%&:
SeCO”daWEH:Hfg ié@v‘éﬁa‘l&&}é}{aﬂ%’ secbddaryne1 g1 d f i td@ad rBf.GCttr@_r 120

shown in connected’Vv an out conduit 154 to an outl et

utlllzatpéhmaﬂﬁvf%%l AE XM AT v t&§r8696L|Y°§§Rfrﬁ%P G5F L ERPS3 e devi ce

]9}‘ F:jG iﬁehasrt@késa&ré m'xm\kiyommlyyof ekbmpie ab}eohrimm'a:e!sso dperate with
uids a e_mai r I g fluid flow,
to prOVI§£& n1X|nfh8 £Eé%§§za % ¥§?Eeﬁ ?H ggef ownng hrough t he

devi ce. FTaswardi fdowmgtreaml qf crhﬁ dxyexedng wabkl Rf tthe Biverding rect ed at

an angl egegtabhVe2$ 9 dndVeHe Qlailp port@ohBabhereof appear generally
between the diverging wall and the dashed line 151 shown in
FIG. 11. A egimilar phenomenon takes place around the
periphery of the round diverging portion 129 of the device of
FIG. 11, adjacent the secondary fluid flow injector ports 132.

The differential injector 120 shown in Fig. 11 is
connected via an outlet conduit 154 to an outlet utilization
device. A conduit such as conduit 140 may be used.

The device of FIG. 11, as well as the previously
illustrated debiées, operate with fluids as the main or
primary flow, and also as the secondary fluid flow, to provide
mixing and/or aeration of the fluids flowing through the

" device. The fluids may be liquid or gaseous. The ports 132
are directed at an angle relative to flow A of no more than
about 30 degrees, and preferably less than about 20 degrees so
that the secondary fluid flow is generally in the same
direction as the primﬁry fluid flow.

FIG. 12 illustrates another venturi-like device having a
tubular opening 224 for receiving a primary fluid flow in the

-16-



about 30 degrees, and preferably | ess than about 20 degrees so that the
secondary fluid flowis generally in the sanme direction as the primary
fluid flow i FIG 12 illustrates another venturi-|like device having a

t ubul ar opening 224 for receiving a primary fluid flowin the -16 WO

01/ 78884 P@NWMIB8I 11936 convergi ng section 223, which pri BEFYSIIIHY flow is
then accelerated in the throat section 227. Secondary flow ports 224 are

provi ded_in_a wal t oyt I, e of the
di fferent?A Yer%f%%tsz% z%%é g}é‘éghdgh'q‘gﬁ? %" I'oW | n et pglrts 234 are
connect edceelerarrd cia dgihe Maﬂﬁcﬂgndz%? ne%ﬁ%or&a%rfdtﬂ"{ POXES  as
shown, 0324 hgve i&édio.ﬂ{\%?tm%(ilt 028 8BNtHhe! susley Qimdimﬂdﬁg@at section

227, t Pr bly, th
forwh“%%‘ca”ﬁ%?ti%i S e, B AR AT IR 8088 A Bp RS R A et or
of the tftwhd £bowiimler?2ports 2SHowamei aognected tixtaigdouneeric 12A. In FIG
12A, onl ¥ 85‘:‘?:1%%&#‘1&{%% nﬁiébn%%ff %éﬁdh&%@w &3 NV |dr @Hegnd through

t he openings s rmt inde endent cont rol
of flow GRBeRS FRAMRIFAYI TRy FIMEGe: °&§| FRETOURARY rfiEh SECE i egere
regul at of8, a ahafinere ssoni By tat einulbkubgefingy Tonin EIGEMer in series with

the port 4 r 0 t FIG 12B
is sim Ig¥g$er#% C‘%% Péﬁ%%m%%%hgg%¥?%244 Elltl)émiﬁ t%'JH Iong, oval or
el i pti cad4 serspnd hinhigH-he dinkerigy °fTﬁBen%¥fé?t dte 5 2?@4 & vary,
dependi Ngh&P@Nin e 4 thek ld&taﬂlt ms FEQNSLPR( edrr PLG 4 ]IZJ-\ S alghgmer t s 244
are deS| g bl g. . However, for

i s shownSUBR GRISFTIR HP%h 6253 SI ISBS%{' ES&@%SSS? On%sctll& ughOrt - - 244

the openings shown in FIG. 12A. The ports 234 permlt
independent control of flow access by providing plugs, valves,
flow regulators, pressure regulators, orifices or any other
fluid flow control member in series with the ports 234, to
control the secondary fluid flow therethrough.

FIG. 12B ig similar to FIG. 12A and shows the ports 244
being of an oblong, oval or elliptical shape through plate
226'. The number of ports 244 can vary, depending upon
application. It is considered that 4 to 8 such ports 244 are
desirable. However, for ease of illustration, only one such
port 244 is shown. : * '

FIG. 13 illustrates still another embodiment of the
invention having a converging inlet section 323 which
converges to an elongated throat section 327, and through
which a primary fluid flows in the direction of arrow A. A
housing 301 is provided around at least a portion of the
throat section 327 of the device. The housing 301 has an
inlet port 305 through which secondary fluid enters in the
direction of'arrow D. In this embodiment, no individual
secondary ports are provided for the secondary fluid. The
secondary fluid flows in the direction of arrow D and then in
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I nvention having a converging inlet section 323 which converges to an

el ongated throat section 327, and through which a primary fluid flows in

the direction of arrow A.. A housing 301 is provided around at |east a

portion of the throat section 327 of the device. The hou as an

i nl et port WEM/B8ough which secondary fluid enters in thgbﬂﬂgﬁgtp?on of

arrow D." I n this enbodi nent, no individual secondary ports are provided

arrow D 2hd The 2t {0815k ity seasdshin ek e the e matieon of
In - irectiqn _of arrow E °

and t hen %ﬂ?e%% ?%ﬁdv%?kp#ﬁyl?ﬁlﬂﬁQE dPPS%aFﬁe %@gV|c 1 8t PXAIREY schar ge

304. V%eﬂlﬁh@ @xirmryhe fihrahtedecs ibne 321r dat thecvioinidad? dfnarea vicinity

of area %%&i&%rf SL% %zfera%%fdegnanﬁl auée%hoef@éé@qts Ic“reerteet R to
suck the secon he |rect|8 ro i ntqQ the
primary $v9kdth$oﬁ@099ﬁ4?ﬁxﬁ% fﬂ@&Fﬁﬁelaf thee 1Eﬁﬁﬁkﬂqn§% BFFOM & 13 s
that by mwlmetﬁsnﬁ:hmﬁtﬁmmfﬂmeremt hepprtant yféatine icf |tnnrer oduced into

t he area 304 d of, t f c ﬁnﬁ e $een in
FIG 13, %]H E*?/’?Ee %Pﬁﬁ 1?8 r'1“f.‘(‘5"'|':rg> I gfrak.—gx\gg on? bf% r2>q”f the CI rcuI ar
conf|guraheoprlmashoﬂhuldlxﬂwﬂn$IQ§@@@donntHthgmﬁEQ@p%%4oﬂﬂ%ﬁ than circul ar

can be U&gﬂaml o?n@HE“fTﬂEd(ﬁidadGca%3bEr@MhﬁgédSUbStantla'|y concentric
annul ar condary d flow through the annul ar secondary flow inlet.

FIG. 14 illustrates still another enbodi nent of the invention wherein
primary flui dagl seeniin tPEs dir¥xctthen defvicar o6WFICI ntd isheigelaycandf a

venturi - [ 4, t 427,
bna therOuly RREE 08 SEE ¢ Oburke ﬁ?&%?ﬁeléﬂé?fg%%%fﬁé‘gﬁgﬁ it d

lver
enters tREGEYPNL heﬁ%lsmfheﬁrfsam@z g“lhﬁrt ﬁé‘am FhEFphpBgcan be use

embodiment of FIG. 13 provides substantially concentric
annular secondary fluid flow through the annular secondary
flow inlet.

FIG. 14 illustrates still another embodiment of the
invention wherein primary fluid flows in the direction of
arrow A into the entrance of a venturi-type opening section
424, and then through a throat section 427, and then out
through a diverging discharge section 429. Secondary fluid
enters through the channels 432. 1In the illustrated

' embodiment, the secondary fluid is air. However, secondary
fluid conduits can be provided similar to conduits 234, 225 in
FIG. 12, to feed any desired fluid as secondary fluid into
channels 432. The secondary fluid entering though ports or
openings 432 enters into a turbulent portion of the diverging
primary flow in the vicinity of discharge section wall 4289,
and the turbulence creates mixing and aeration of the primary
fluid flowing through the device. The resultant combined
fluid flow passes through conduit 401 (which may be any ‘
desired length) to a baffle section 402 which is provided to
create a back pressure to vary the mixing conditions. The
back pressure providing device in the baffle section comprises
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enbodi nent, the secondary fluid is air. However, secondary fluid conduits
can be provided simlar to conduits 234, 225 in FIG 12, to feed any
desired fluid as secondary fluid into channels 432. The secondary fluid
entering though ports or openings 432 enters into a turbul ent portion of
the di ver gMOPV B8 nary flow in the vicinity of discharge S50 |1 429,
and the turbul ence creates m xing and aeration. of the primary fluid

hrough ¥repAedigR (il melbee, 834 WATen PSR RERAHY, folneapiaces

; ) len to a barfle ‘'section
402 whi chixed pretrered o dheatfd Xgdp BERDEF 4%l teg“’\?’ﬁ‘r y 1t HESRF R ng
condi ti odétailhein ek, pras iHiRHReVadcpgsdeyé®siom dllomgbafihke18rect4ANn

conpri ses_- 1/ 78884 .PCT{ USO1/ 1193 e I nmber 403

whi ch is’f‘ﬁr%’g%lgg‘g' no ‘:i?cf‘.xelc{n se‘al.ppc’iri‘l'xEgmgnigsﬂbiedrw%%;&lf%ék?ﬁxe menber 404
i s showmimingtzatebstmutting itherifdowl thrangl reandud tc 4d9s- s8cePBA-al ong | i ne
14A- 14A i & Goa frh e TiSHd X b sS URPQRbviIBEREAE Adk ifordlesiaoead be tHENI M ze

obstructing the flow through conduit 407. cone-. s ed.baffle nber 405
i s provi #eE%49he Ahdr e&lalétehé’l%&ﬁﬁv %@%régg’ag&scééﬁepgfe with
the i nclthedatfls ot ioin tderoafideebaflinmm dw haaky pdessakel i ng or back

Pr eSSUr €40 20aL0SH1 i ) ) WS8R D005 npvaBVEdyhouard e

right in space between t nmber_ 405 and the_inclined

wal | 406thedoiaht Im&EEby Ihcrtdesispgcenbebuesn thadaffde meEbEEHE9Pt e
?;] f eCL Oﬁﬁal_r@l'xéb\/ﬂﬁikbiﬁﬁad)aﬁﬂle @Pﬁ@ﬁucé@5 tserapied ricreasd ngethei baBkG 14,
e change i n_bac ressure .cha t rat i ORdids-an he devi ce

and in é’ %?%E%ES h TEHEHE ter%g% gvggg’g?%o‘%#éol{;%#gé ﬁ%gtdc'&%t &SE‘BS% a mxer
to an aet@fois mrved dw resdefthdnf Fitd éﬂ(i_tsTh& ac_hamedan bagk The control
of back @f?%éﬁ'f@ A& e DpehAMing! cBhath S5 WG dehecBr hREr ¥nand
secondar urds In , \

gome cases can convert the device from being thought of as a

mixer to an aerator, or vice versa. The fluid exits via

conduit 407. The control of back pressure also enables

control of dissolving of the primary and secondary fluids in

one another as they flow under pressure in conduit 401.

In all of the embodiments of the present invention,
primary fluid flow, such as water flow, may, for example, be
at a rate of about 1,000 to about 2,000 feet per minute, and
the secondary fluid flow, such as air flow, can be provided
without any applied pressure. Merely ambient pressure and the
suction effect as the primary fluid flow creates suction at
the outlet or discharge area after the throat section, is
sufficient to provide the mixing and/or aeration and/or
dissolving effects. Increasing the pressure of the secondary
fluid flow can, in some cases, increase efficiency. For all
of the devices shown and/or described herein, the elongated
exit conduit, such as conduits 140, 401, 407, can be usgd:and
can be as long as desired to produce désired saturation
(dissolving) of fluids. Lengths such as 1 foot to 100 feet
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one another as they flow under pressure in conduit 401. In all of the
enbodi nents of the present invention, primary fluid flow, such as water
flow, may, for exanple, be at a rate of about 1,000 to about 2,000 feet
per mnute, and the secondary fluid flow, such as air flow, _can be

provi ded WOHESB4any applied pressure. Merely anbient prECRUSINEY  he
suction effect as the primary fluid flow creates suction at the outlet or

di schar %@i&%@fﬁﬂd; e thYaah £68Chh Ofleet Sor SUfdd GlceRletomayopkde the
m xi ng and/ or aeration and/or dissolving effects. Increasing the pressure

of the JERREARLE IR PIMOWNSEANCER: sone cases, increase efficiency.. For
all of the devices shown and/or described herein, the elongated exit
conduit, suc {4 s 401, Tme C . . > @G | ong
as desired tgb%?%‘glﬁégg&we;r%e Gs'a?ér_%%ﬁo}%e di%?oﬁ%%&)ra%ggpﬁggggstﬁgngt hs .
such as haxgey thkanoeendwit 403, Wohigh Palusdori eodecesarg °fbe used,
or frompadle pPledfefe Orard utd13@ihgethévyd pestallef adizie, mehbeemaos,

i nstances. (‘I_(&)ndwt 407 i %Ia? 014 can_be of a.rgl aodrp_eter STell flicagbley

| ar ger tHARCRGHSATE 401 i 6P8 SHTQW R e &FEFEET5F 1Ba

pr essur esysinem ut i In zéone tdpplddptdondl econdiite 4hivery desyveriynshhit .case,
woul d allow for fine tuning of pressures in the system In sone

applications,_ conduit 407 may be v short, A back pressure controlling
G001 oo such s HaRl BrrAmTe copPeetLinS (i iom SR 45 508 tpPBOST 61

control IFIGE deMd cand UAR, ax a batkl pressure cantiddldd ngr demycet bacht ype of
restrictj LCe, pr : i ':86]%1} ﬁggui , vi ded for
any of t%%r%‘erﬁyd#%’ntgls dmﬁ(}g%ékérggescii ed he |n°Eforg%gﬁ?§8F6Eack
pressur deViigee 9% NIRRT 1Yy Simpasiored ccondHd .y FdeYr PEoBFOVALLI: RRTpr esent

i nvent i oghy SoMOthe | daBdEihdnt st BRoRADEAD N dedifstdd edraliaveo but

enconpasses . .
P conitrol back pressure in the respective systems.

It is to be understood that the present invention is not
limited to the embodiments described above, but encompasses
any and all embodiments within the scope of the following
claims.
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any and all enbodinments within the scope of the followng clainms. W

01/ 78884 PCT/USO01/ 11936 WHAT IS CLAIMED IS: 1. A differential injector for
m Xi ng in a flow device conprising: a tubular fluid flow body having a
venturi disposed therein and first and second wall portions therein, said
venturi beWRP1P8hosed and aligned concentrically with s R ETUSY1%ber , f or
providing primary f|UId fIOM/through said venturi, the venturi having an

inlet pog a¥&§FM grort; a secondary fluid port for supplying a :
plurality o? P? | ul or mX| ng with the primary fluid, said secondary port
bei ng di sposed within said first wall portion of the substantial ly
cylindrical fiuid fdiffdreaitiaflloindettyer fog mideiaandal ya fildwd dewridepl ural ity
of fIOW/channeIs sai d channels being disposed within said second wal |
portion o r%%bstant ially cylindrical fluid flow body, and disposed in .
subst anti al | yattt@tslam fdiwidcflow hedyhbaviinga iventafripdimmoped | uid flow in

the Vent&'ﬁéreix‘i”arm %:@tn&nae@eaeaaywaiylgorm %Héfé'rpn%atﬂae direction
of the pr| ow b ecﬁlon differ tla nj ector for

o xi ng | FERER bypeh SSBe A SR SRR Yo AP BRIt | ol | y
cyl i ndricplindéow f:md;prfqmﬁhag pumaryeﬁllaxdaﬁmﬂ a:hn;mgh ysad.ldsposed within

a cent a0k il Vieheh! BVIRY| SR PfeC AL %S it

differenti I'nj ecto m X1 ng evice accordingt cIa|n12
wherei n sai d 2a88%3ndaryyifdadé; BHEH f°§oﬁ‘FP%W’éE9 nPldd¢ad 9o be in fluid

comuni CﬂluDdls V\téfl niiieines @ ehdahg f:_t-umdrpoﬂul_&l o id fs‘eta_roemaJrg»l poxtect or
for mxi 00 b0 & LA EEn 3880" HiPGe ' Saf] PPkl Uy Pt saTd cavity is
substantlally cylindrical fluid flow body, for delivering
secondary fluid to a plurality of flow channels, said channels
being disposed within said second wall portion of the
substantially cylindrical fluid flow body, and disposed in
substantially the same direction as the direction of primary
fluid flow in the venturi, for providing secondary fluid
generally along the direction of the primary fluid flow by

injection.

2. A differential injector for mixing in a flow device
according to cléim 1, wherein said substantially cylindrical
flow body further comprises an annular cavity disposed within
a central portion of said flow device and concentric thereto.

3. A differential injector for mixing in a flow device
according to claim 2, wherein said cavity is dimensioned,
configured and arranged to be in fluid communication with the
secondary fluid port.

4. A differential injector for mixing in a flow device
according to claim 2, wherein said cavity is dimensioned,
configured and arranged to be in fluid communication with the
secondary fluid port and said plurality of channels.
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configured and arranged to be in fluid communication with the secondary
fluid port and said plurality of channels. -21 WO 01/78884 PCT/ US01/ 11936
15. A differential' injector for mxing in a f |ow device according to
claim1l1, wherein said plurality of channels are dispose 1 0 i d
second walVOWRY788bn peripheral to said venturi. 6. A di glf&ef/{éérytllé ei nj ect or
for mxing in a flow device according to claim1, wherein said

subst anlt i a|7| -.ysT.ﬁylAi _@q_!fif%%gntﬁ;hﬂy\ﬁbj)é'df ) chjns -ﬂ’did\fznﬂ'.ed‘ir@ Qemagiilbez .ﬂblaribieC
material. 7. The m Xi eyice of claimd, erein | are

i nt egr al3SFIRHR %Fgg‘éﬁ‘ iai Hhﬁﬁ?lh’éc?q”h% RidH2Ligy %ﬁec )I%%%g%d%\ﬂece of

cl ai m 7,dvdpeyesidn wdahdn saddr aktynd fealke dattdome periphexiado toneaddal | y
fornmed af.ligast, in a wall portion of said second section. 9. A miXing
device for mxing two fluids, conprising: a first section having an inner
passage defining a primary fluid flow path; a second section having an-

i nner passages .of A @WigFerential satécooml far edxing itha ifloer dexdisage of
said first segction, .| east i on. of ' A .hehng
downst r i VFEE (!J:‘(?\Aﬁgtf’tﬂepafa"n’e‘r'fgeggﬂsal%?i%@%&%ﬁ' fagﬁg, ?’?ﬁ?“r&% 15%& i on
connect i fipw Hwdyt rigx made o&cendospesivpPlastsiy rateridlsecti on having a
connecting wall connecting the first and second sections; a secondary

fluid injection ea_i,n,the vicinit said ownst rea id first
section; and'%:pﬁ%?hFPF?ngfd§¥&8ﬁd3 yéiqiﬁc}ﬁrﬁ %ﬁﬁ%ﬂ1§§g§ﬁE%P%LF§%ned in
at | eastare porttegraldly Sartiedobhroughgsavkd cornEatigwemadary fluid injection

channels being integrally forned in said connecting ; wall, and exiting

at,an inner surface of said , . , L a4
8. The mixing device of claim 7, wherein said integrally

formed channels are also integrally formed at least in a wall
portion of said second section.

9. A mixing device for mixing two fluids, comprising:

a first section having an inner passage defining a
primary fluid flow path;

a second section having an inner passage of larger cross-
sectional area than the inner passage of said first section,
at least a portion of said second section being downstream of
a downétream end of said first section; .

a third section connecting the first and second sections’,
said third section having a connecting wall connecting the
first and second sections;

a secondary fluid injection area in the vicinity of said
downstream end of said first section; and

a plurality of secondary fluid injection channels formed
in at least a portion of said connecting wall, said secondary
fluid injection channels being integrally formed in said
connecting, wall, and gxiting at an inner surface of said
connécting wall such that said secondary fluid injection area
is adjacent an inner surface of said connecting wall.
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connecting wall such that said secondary fluid injection area is adjacent
an i nner surface of said connecting wall. -22 WD 01/78884 PCTI US01/ 11936
10. The m xing device of claim9, wherein said secondary fluid injection
channel s extend through at |east said connecting wall in gvener al |

t he
same direcWod¥/78884the direction of said primary fluid f1& T%PH‘.”X(’L The
m xi ng device of claim 10, wherein said channels are integrally forned

through said ggnneghd fiield ARA.RXLeNE1adh 30 GRELEIATsaPRUeloRdaAPOUl 25

relative to the direction primary [ ow. . e m xing device of
cl ai m 11f1nkdr tnjechion fhannels exterdabbyough 2 2838t 931d13. "The ni xi ng
dEVife.Oégﬁhééﬂlﬂé,wawmifﬁrgéﬁﬁﬁ&ki@ghheiSamabgmtfaﬁi%ﬂ4asTﬁw%F1xing Qeviﬁe
of claim ereln_sai conn [ : S ined outwardly and in the
directi oﬂljé?\c,\@b??rrﬁysﬂ%i%nf“fagr&t rf;%r%\églghg‘"dg\%nqgf ream end of said first .
section to said second section. 15. The m xing device of claim9, wherein
said. secondary fluid injection area is located in said vicinity of 'said
downstream end_of said first section, and.,downstream of sai domms#rean1
cigiBest s

end of said fitst TRe:MHH N Fevice @y ceVBPEeHR; fRtd FURTRR

conpri si age ainteyovabhy efbxmeed tiktronghplseddt cosnedt $egowall 5 eand cextend passi ng
m xed pri e %&% fd yi rgkhr r | j

primary %ﬁg&)s{'e%g ]dgrgP]‘ w%ts dtoleogi%'sb?(h)]]%vg%i nggggtﬁgﬁogﬁe‘?ﬁéﬁ# T i%nx?xi ng
devi ce oﬁfcpﬁ}mﬁqﬁ,fzﬁkﬁeﬁkp%ajd conduit has a length which is between
about 1 foot and about 100 feet. -23

12. The mixing device of claim 11, wherein said angle is
from about 15° to about 25°.

13. The mixing device of claim 12, wherein said angle is
about 20°.

14. The mixing device of claim 9, wherein said
connecting wall is inclined outwardly and in the direction of
primary fluid flow from said downstream end of said first
section to said second section.

15. The mixing device of claim 9, wherein said. secondary
fluid injection area is located in said vicinity of said o
downstream end of said first éection, and downstream of said C
downstream end of said first section.

16. The mixing device of claim 9, further comprising an
elongated conduit coupled to said second section for passing
mixed primary and secondary fluids therethrough and for
causing said primary and secondary fluids to dissolve in one

another. B )

17. The mixing device of claim 16, wherein said conduit
has a length which is between about 1 foot and about 100 feet.
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WO 01/ 78884 PCT/USOL/ 11936 i.18._ . The m xi ng device of claim 16, wherein
said conduit has a length mhlch I s between about 1 foot and about 50 feet.
19. The m xing device of claim 16, wherein said conduit has a |ength which
i s between about 1 foot and about 30 feet. 20. The m xing_device of claim
16, wher ei WOH{"88onduit has a |l ength which is between alggafusﬁll*lgﬁt and
about 10 feet. 21. The m xing device of claim9, further conprising a back

pressure adlufé'ngﬁﬂ@Wﬁfﬁiﬁé“&H&%Eé(bfﬁﬁril%ﬁiﬁndwﬁé?&hﬁnsai@rcéﬁhu¥Elng t he
back pressure on t

d
23, The FRRi Ao\ A SBHCLL | 18 IHSEHERTGREI: dafHobaeRd BPLC G 18Rk ng

device conprises a conduit and a blocking or flow resistance providing

nenber in sai focongul tyd o Bl Yl viee SHACH R yRENABLE LAl gEkh NGyt id oW
resi stance provi di ng b ihier wal {f sard _con :

m xi ng dbeBca béngthiwhich ithdefivearhiaPaitodkfRrgt 8pdf RBARE e} s@%ﬁ’fce
providing menber is adjustably nounted in said conduit for varying the

spaci ng betmeen sa d blockln esi stance, provi di and the
i nner wal | s of%sai 7 JBHERY . %ﬁfceﬂé?N %ﬁlﬁbagéV|ggrg%nc?ggﬂﬁgggﬁ&hereln
sai d conHabta hesgtihhcwhich iwmlbecween laboutcilnifoptofndapbont otki fRetenber,
and sai d bl ocking nenber is novable in a direction so as to vary the

di stance between said bl ocki ng nenber d ,said |ned wal'l s, _thereby
varyi ng the b&tk pT%%s‘ﬁPéinQ fevidre Qi %iab\?vcéua BF aFRTBELSIREr2i n sai d
blocklngbaannbEéshﬂﬁeamdjmstingeﬂhvmneamcugﬁbdrtooaphddsehenétmeczmmh

o1/ 78004 TRerroluAf et Ak IR o oMoy Bndbleondanl) cai o

el ongat efiluids in said second section.

22. The mixing device of claim 21, wherein said back
pressure reducing device comprises a conduit and a blocking or
flow resistance providing member in said conduit to provide
space between said blocking or flow resistance providing
member and inner walls of said conduit.

23. The mixing device of claim 22, wherein said blocking
or flow resistance providing member is adjustably mounted in
said conduit for varying the spacing between said blocking or
flow resistance providing member and the inner walls of Baid
conduit. ) ‘

24. The mixing device of claim 23, wherein said conduit
has inclined walls in the vicinity of said blocking member,
and said blocking member is movable in a direction so as to

- vary the distance between said blocking member and said
inclined walls, thereby varying the back pressure.

' 25. The mixing device of claim 24, wherein said blockiné

member has an elongated screw member coupled thereto, and
further comprising a fixed threaded member for engaging said
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screw nenber, the position of said blocking nenber is varied in said
conduit. 26. A differential injector for mxing in a flow device
conprising: a tubular fluid flow body having walls defining a venturi
which is disposed in said tubular fluid fl ow body, and prOV|d|n rimry
fluid fl oWWOMEBA said venturi, said tubular fiuid romPSyH?)Hg ng wal |
portions defining an inlet port of said venturi for receiving the primary

flurd 1oy %%aef. Ol Shertld difors Bl 80! Lhkni 46 e @ ML | Ui d_por !

for supp |'east one m_Xi n rimary fluid, said
secondar%CJFfFVm‘ﬁﬁfﬁkﬁlf' rdé#lwll%%é’éoﬁééﬁy gPﬁ]i‘Hngd“ 4,8 VaFisd £ 1 ow
channel sin s@id ddroqutthannel s bei ng di sposed within a wall portion of said
tubular fluid flow body, and said flow channels being disposed in
substantially the same direction as the direction of prlnary fluid flowin
sai d venturi,2@nd Rpbiffrrent idle injiestart fouf mixing cin futf ek deyrcgai d

vent uri é fgéwﬂ Jng secondary fluid generally al ong the dlrectlon of the

primary UId flo e on into the,outle ort_area of said

Dentur, . 27 o GRS A TS | e B0 BRvARg netHe Ses R, MRt %o di ng
t o cl ai vRHch wherdisposed inlmdiat tfulbuELdrf If dwd 8 ofiyow bodubstrenti al | y

cylindri f $%¥¥Q§ﬂp a I S wthin a
central éé%Y | on Of ghigﬁgh %a1§a§%g¥€%h02ﬁ§$€c t ereto.

28. A d.wmm.%xum%kqw qcbt ngw aPPFohPuR A N Giditig &o ¢l ai m
26, whergbit Sf obamw@ntdfpwdmdyeceimgethefpmma:nmoos]jum last and

rrza’;:a;lga: %n o‘ﬁi/\l% 4%38&4_1 ADC{I;{ L&%gyu%%gnaQ A differential injector for

a secondary fluid port for supplying at least one fluid
for mixing with the primary fluid, said secondary fluid port
delivering secondary fluid to a plurality of flow channels,
said flow channels being disposed within a wall portion of
said tubular fluid flow body, and said flow channels being
disposed in substantially the same direction as the direction
of primary fluid flow in said venturi, and opening in the
vicinity of said output port of said venturi for providing
secondary fluid generally along the direction of the primary
fluid flow by injection into the outlet port area of said
venturi.

t !

'27. A differential injector for ﬁiiing in a flow device
according to claim 26, wherein said tubular fluid flow body is
substantially cylindrical, and further comprises an annular
cavity disposed within a central portion of said tubular fluid
flow body and concentric thereto.

28. A differential injector for mixing in a flow device

according to claim 26, wherein said tubular flow body is made
. . . . U
of a composite plastic material.
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according to claim 26, wherein said channels are integrally fornmed through
said wall portion of said tubular fluid flow body, and extend at an angle
of about 00 to about 25 relative to the direction of primary fluid flow
30. The differential injector for mxing in a flow device according to
claim29, YWR0EB4said angle is from about 15 to about 2BCTA$OVHHS
differential injector for mxing in a flow device according to claim 29,

pherein said 3591 el gy APOHInea1 Fniddthl ReY hokifh SoR d! ity qAAGRAArY

fluid in a primr d, using an In-line mxing device, the method
conpri si ﬁ‘ﬁ?o?-’ﬂbﬁﬂnéoacb?%@s%@‘i Tninngeddr chpraneh? igh W¥e9@llection of
t he m xi pgraledi eRrvhgh hsasd cealll gorad dno of neatdseubitler pflasislirflonel ocity of
the pri flyj dj schargi t ' eased:p §§Pr or. uid
fromthgg‘g%ﬁs#hge% ?%\grlldiér‘l ogg. s%%n sg(?tgﬁ(%nahag?n%}?a aér?sgerfégfra{%s{é

secti onatocathe @huectied of rerimaet ifdnid fdeWduci ng a secondary fluid in
the vicinity of a discharge area where the primary fluid '"is discharged
fromthe first sectio he secandar.y fluid being,introduced in
substantial 1 y3Phe LareRkf FORRRIE no RS EaEr BOF| BBTS ot Mrgio% I ui d 11 ow
m xi ng tdevpecenacyofiing wwdcldion xrondergifll aadd amghstiedinayd said

di scharg ajsando PSS pdne m xed primary and secondary fluids through
a condu??agge%sa g?eﬁét%r%$ned di stance which is substantially greater
than a | argest cross-sectional dinmension of said conduit for causing said
secondary fluBdg.t oThe &Dffiersamt deddd iimjectardfpri mixing |in ca Sfillst antially to

Its satugalhgg Qgizgi'diﬁgtstmpﬂn?%‘lﬁ@ey§0§é%&9§§gle is about 20°.

32. A method for dissolving a secondary fluid in a
primary fluid, using an in-line mixing device, the method
comprising:

flowing a pressurized primary fluid through a first
section of the mixing device which is configured to increase
the pressure/velocity of the primary fluid flow;

discharging the increased-pressure primary fluid from the
first section into a second section having a larger cross-
sectional area than said first section;

introducing a secondary fluid in the vicinity of a
discharge area where the prima:? fluid is disch&rged from the
first section, the secondarykfluid being introduced in
substantially the same direction as the direction of primary
fluid flow;

mixing the primary fluid and the secondary fluid
downstream of said discharge area; and

passing the mixed primary and secondary fluids through a
conduit over a predetermined distance which is substantially
greater than a largest cross-sectional dimension of said .
conduit for causing said secondary fluid to be so dissolved in
said primary fluid substantially to its saturation point.
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33. The nethod of dissolving according to claim 32, wherein said conduit
has a | ength which is between about one foot and about 50 feet. 34. The
nmet hod of dissolving according to claim32, wherein said conduit has a

| ength which is between one foot and 30 feet. 35. The nethod of dissol ving
accordi ng W@ W[7888h 32, wherein said conduit has a | engt WPGHPEH/1MB6het ween
one foot and 10 feet. 36. The nethod of dissolving according to claim 32,

e e oo ol e Tdtitbd e dieGul A0 lacligRe MR B 10 2 038,

37. The neth 15301 V|ng accor wherein'said liquidis

wat er ba‘sﬂ@%ﬁremoﬁﬂe&i copuiiits haisy a ésnghhn\shm ¥ oahweery aRo¥ECSRBar y f 1 ui d

in a prifssy and WebutUHNEet.i n-1ine m xing device, the nmethod conpri sing:
flowi ng a pressurized primary fluid through a first section of the m Xi ng

device which-is configured to increase the pressure /veloc i.ty 'of the
primary flui @341 oWheliregthadjiofg dikeolningasecrpding e qilalllmﬁ? fluid from

the fi réﬂeé@ﬁﬁ | O 4 BShdy :ICHYR] 25 26h5ER BRYERNG & B@M@n @S $ootect i onal
area than sald first section; introducing a secondary fluid in the vicinity

of a didhatQYefehten where the primary fluid is discharged fromthe first
section, the secondary fluid. being introduced in substantially the sane

direction as d%rydif‘]f dé&g:é)fofprclllrerBX}rlﬁgu%gcdéfﬂwﬁ BX1d1G 11g 2pr | n'ary fluid

and the secon ownst r eam-o area; and -

01/ 7888@@?%@411@%81%#’@@ £héengkb Wi ¢haks %ﬁ%’d’%eé\:&?&a §’°FI w ds
through and 10 feet.

36. The method of dissolving according to claim 32,
wherein said primary fluid is a liquid and said secondary
fluid is a gas.

37. The method of dissolving according to claim 36,
wherein said liquid is water based, and said gas is air.

38. A method for mixing a secondary fluid in a primary
fluid, using an in-line mixing device, the method comprising:
flowing a pressurized primary fluid through a first
section of the mixing device which is conflgured to increase

the pressure/veloc1ty ‘of the primary fluid flow; ¢

discharging the increased- -pressure primary fluid from the
first section into a second section having a larger cross-
sectional area than said first section;

introducing a secondary fluid in the vicinity of a
discharge area where the primary fluid is discharged from the
first section, the secondary fluid being introduced in
substantially the same direction as the direction of primary
fluid flow; .

mixing the primary flu1d and the secondary fluld
downstream of said discharge area; and
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conduit over a predeterm ned distance which is substantially greater than
a | argest cross-sectional dinension of said conduit for causing said
secondary fluid to be so dissolved in said primary fluid substantially to
its saturation point. 39. The nmethod of m xing according to claim 38,

wher ei n s&i‘h"léﬁ?{’dwt has a length which is between one fBSTUAHAIES feet .
40. The net hod of m xi ng according to claim38, wherein said conduit has a

I'ength-which j %fﬁﬂb(Hﬁiéhp%E1%a§y3Qndf§§@oné§ry-@Yﬁﬂgﬂ|Hﬂidﬁ§hﬂ%¥'ng
according to c a|n1 wherein” said ¢conduit has h which’i.s between
one footCamdNYp OYeRetd predefgrminefodigranesi %c‘o?r tdadily 38,

wher ei n ﬁ@atde:prttmyafllangtsts c&obsqsedtaaﬂalsadﬂnermmrdw daidid is a gas

43. The ei F{o X

wat er' ba%%‘?fl:ilu’atdésal ‘%%s S al rggiégd%g ?}er en&q{ |ér21J ec @osglpo;ycr eating .
a vacuun&ab@nnrxmiﬂv|ﬁi¢%iﬂﬁﬂh@§ﬁntééhéyl§¢ngtseﬁﬂﬁkﬁﬁﬁﬂoﬂInﬂhwtflOM/body
havi ng wal | s deflnlng a venturi which is disposed in said tubular fluid

fl ow body, 39 |d| flow throu sal ur|. sai d
Lubul ar 1 ui @591 bR AR o itktngoperafltad oAl Sel st o Csa g
vent uri émdremmm@ama preingeuiy whiighdié| berwerh cne dirdtetangoiS0 of sai d
venturi; ﬂeéecondary fluid port in comunication with the primary fluid
flow ng through said venturi, said secondary fluid port -28 WO 01/ 78884

PCT/ US01/ 11936 delivering secondary fluid to a plurality of flow channels,
sai d fl ow chasmel sThe i bids pds ed xinghaocardihd tpordliadm @8, wherein

said conduit has a length which is between one foot and 30
feet.

41. The method of mixing according to claim 38, wherein
said conduit has a length which is between one foot and 10
feet.

42. The method of mixing according to claim 38, wherein
said primary fluid is a liquid and said secondary fluid is a
gas.

43. The method of mixing according to claim 42, wherein
said liquid is water based, and said gas is air.

44, A differential injector for creating a vacuum
condition in a chamber, comprising:

a tubular fluid flow body having walls defining a venturi
which is disposed in said tubular fluid flow body, and
providing primary fluid flow through said venturi, said
tubular fluid flow body having wall portions defining an inlet
port of said venturi for receiving the primary fluid flow and
an outlet port of éaid venturi;

a secondary fluid port in communication with the primary
fluid flowing through said venturi, said secondary fluid port
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said tubular fluid flow body, and said flow channels being disposed in
substantially the sane direction as the direction of primary fluid flowin
said venturi and opening in the vicinity of said outlet port of said
venturi, for providing secondary fluid generally along the direction of
the primar WO617888 fl ow by injection into the outlet port PETAS193ai d
venturi; and a housi ng surrounding said secondary fluid port and at | east

partly d ning,said ¢ ich at Iea a vacu n1|s formed
r esponsi égllt"xegéﬁav@??ﬂ ?ﬁy s%ﬁ‘b%aﬁci/ 3 P anggak%oﬁof%? said
out | et peaudarféawvchasaebls chedne &l sptsedAwdithivr anwaal pcn;*emmrof’r or

creatrng a o anger 0 g wher ei n
sai d ggfla E?FE?'%E J‘E‘{E)ll\'/lviétljggldﬂjlCl %ﬁsm Isg‘iﬁ EQ?PI ﬁ%??ﬁ%?é r%%igi wherein

sai d secéﬁ&ﬁ?ﬁ‘efil ands%ﬁa%w % e, patien GAFCEATRY 3 e REERESHThi n a
central p@rpranaey shuildtfibow ain fdaiidl viemtwribatdy epdningcimtthe t hereto.

46 A Lhgiaatlalel Dhestate 180 Sh8AGa0a/ OBHETLL 0OBL LL0Ry I gy Chanber

accordlng wher el n tub
conposi téespadarz fhved| aenexerl 1y adiome taet ﬁél’-‘eph}@@t@f tlee RYERANMg a

vacuum ¢9Qdit £98wl B alﬁ n AGRY dHhe thléEaFaté‘laré\QeéEléhﬁ?l d
channel s are I nte ornmed through said wall portion of said tubular
gﬂg exte

fluid fl8§PHBES/ nd at an angle of about 00 to about 25 relative
to the directaohovéipgi swryourdingl sdicvsenondary8EBui®OUSCHNd 2336 48. The

differengpghei ?b’EEinéP{nﬁE&aéalﬂﬁ c@la\‘r%%li“'lh wRDeht e éfs@ £hMaa1
accordrngﬁto c is fromabout 15 to _about 25.

ereln sai
49. The FPBF‘ehFl ﬁ?r‘?‘ﬁ‘}ime’é‘?%ﬁoq%vec r@a&gﬁgvﬁr\’rﬁguaﬁr 5%6 HEIHY chanber
accordi nfrom shadnhd8simdneteisaixshichtlet port area via said channels.

45. A differential injector for creating a vacuum
condition in a chamber according to claim 44, wherein said
tubular fluid flow body is substantially cylindrical, and
wherein said secondary fluid port comprises an annular cavity
disposed within a central portion of said tubular fluid flow
body and concentric thereto.

46. A differential injector for creating a vacuum
condition in a chamber according to claim 45, wherein said
tubular flow body is made of a composite plastic material.

47. A differential injector for creating a vacuum
condition in a chamber according to claim 44, wherein said
channels are integrally formed through said wall portion of
said tubular fluid flow body, and extend at an angle of
about 0° to about 25° relative to the direction of primary
fluid flow.
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angle is about 20. 50. A device for creating a vacuumcondition in a
chanber, conprising: a first section having an inner passage defining a
primary fluid flow path; a second section having an inner passage of |arger
cross- sectional area than the inner passage of said first _section, at

| east a poMQ@78¥H said second section being downstream ofCTHSHIME: r eam
end of said first section; a third section connected between the first and

second  sectigps. SALCalfrdfbmadl ThiRRYLR0 B CORORCIAIG WalduurF ONNeqt i ng
the first and second sections; a sec&n ary uid Injection area jn the
vi ci ni tycendihien #pwhschambrl RFGTTARO R FiaiBet?i orhereln ®adG ty of

secondar ¥n§h &i fsi pi-e6t A8GuE BBMals dbviedsein at | east a portion of said
connecting wall, said secondary fluid injection channels being integrally

formed in said connecting wall and exiting at an inner surface of said
connecti ng wakp.suThet @iffexent isdc dmjmopol] dod cneatinga atasmun s adj acent

an inner .g4Rk AEEN0{n A Ch &AL Hd di-diRlY toaBUadmhoslsiviteidii @aid ng at

|l east a portion of at |east one of said second and third sections and

t hrough #RELR &8 @PoWkcdhdary fluid passes to said injection channels
responsive to the flowof primary fluid in said primary fluid flow path,

said housing gh | eashepatd ! Yoflhldlihesal GaBlaibEindlthdd 1l Ch at | east a

partial vacuumis Torned responsive t el'1vering secondary fluid from
sai d houshagres, saPEPTif#}REti on area via said channels. -30 WO 01/78884

PCT/ US01/ 11938 Birsthgeevbds hdfiryd ainnibderWbassade Shé firpiarprdary fl uid

'nJeCt'OBrEQQQQeEfufétf{g@tggéﬁﬁﬂ1 at | east said connecting

a second section having an inner passage of larger cross-
sectional area than the inner passage of said first section,
at least a portion of said second section being downstream of
a downstream end of said first section;

a third section connected between the first and second
sections, said third section having a connecting wall
connecting the first and second sections;

a secondary fluid injection area in the vicinity of said
downstream end of said first section;

a plurality of secondary fluid injection channels formed
in at least a portion of said connecting wall; said secondary
fluid injection channels being integrally formed in said
connecting wall and exiting at an inner surface of said
connecting wall such that said secondary fluid injection area
is adjacent an inner surface of said connecting wall; and

a housing surrounding at least a portion of at least one
of said second and third sections and through which said
secondary fluid passes to said injection channels responsive
to the flow of primary f£luid in said primary fluid flow path,
said housing at least partly defining said chamber and in
which at least a partial vacuum is formed responsive to
delivering of secondary fluid from said housing to said
injection area via said channels.
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wall in generally the sane direction as the direction of said primry
fluid flow path. 52. The device of claim51, wherein said channels are
integrally formed through said connecting wall and extend at an angle of
about O to abut 25 relative to the direction of primary fluid flow 53.
The devi ceWsI 01¢78884m 52, wherein said angle is about 25. BEI/U§HE1YPSy| ce of
claimb53, wherein said angle is about 20. 55. The device of claim50,

wher ein Sai d goNNegLi Nyl of el 50°0, LI Udu Akbddhdahy dnteel | on o

primary fluid ~flow fromsai d downstream end sald first section to said

second s&BleehioBechanpelR @xent thraughsat (PRt SR hiPraECoAdgdry 1 uid
i nj ecti ogadledni §ehOeal By tie Seentk \didieRitiyn ods stheal dimeriticeamt eaddof said

L;Lf}Oﬁeggkggtyagfuggw@fé&e§g@ﬁﬁ said downstream end of said first

§2. The device of claim 51, wherein said channels are
integrally formed through said connecting wall and extend at
an angle of about 0 to abut 25° relative to the direction of
primary fluid flow.

§3. The device of claim 52, wherein said angle is
about 25°.

54. The device of claim 53, wherein said angle is
about 20°.

55. The device of claim 50, wherein said connecting wall
is inclined outwardly and in the direction of primary fluid
flow from said downstream end of said first section to said
second section.

56. The device of claim 50, wherein said secondary fluid
injection area is located in said viéinity of said downstream
end of said first section, and downstream of said downstream
end of said first section.
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