"I nproved continuous Static m xi ng apparatus”"5 - This invention
relates to an apparatus for mxing together a plurality of flowable
materials, such as a liquid with another liquid, -a liquid with a gas,a
liquid with a dry granular or powder material, a I|qU|£5 L ENASTEI® In a
slurry or a suspension, or various 10 conbinations of " these materi als.

M xers can be generally classified as either a continuous type or a batch
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pl aced in a contai ner and n1xed together by stirring, 30 rotation,
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m xers areldl spowders, and the like are supplied at a particular flow
rate into a mixing chamber and are mixed by their velocity
and turbulence or by mechanical stirring, or both. Xnown
continuous mixers do not always provide sufficient contact
between the molecules of the materials to effect complete
20 mixing. If the object of the mixing is a reaction, such
as when a reagent is added to adjust the chemistry of
acidic mine water, more reagent than is needed for the
reaction is used to compensate for the inefficiency in
mixing and to achieve as much contact by the reagent as
25 possible. The inefficiency of the mixer results in extra
.cost from the use of excess reagent as well as the energy
involved in operating the mechanical mixer.
' In a batch type of mixer, two or more materials
are placed in a container and mixed together by stirring,
30 rotation, tumbling or the like. It is also common to mix
oxygen with liquids, such as contaminated water, by either
surface, turbine or bubble aerators in conjunction with
large settling ponds or tanks. Such batch type mixers
have several disadvantages. The mixing is rather slow
35 since the materials are fed into the mixer, then mixed for
a time period until the entire volume is mixed, and then
removed from the mixing chamber. ' These mixers are also
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generally |arge, especially so with settling ‘ponds, since an entire batch
is.treated at one tine. Mreover, batch mxers are not generally efficient
i n operation. The mi Xer -di scl osed in my previously issued 5 Un| ted St at es
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However, there are a number of drawbacks to the
specific structure disclosed in my Patent No. 4,647,212.
In particular, the mixer disclosed in my patent takes a
20 portion of the mixing chamber, between end walls and
separate nozzle plates at each end, for entrance chambers
" or atria for the two incoming fluid streams. The mixing
chamber must be made large enough to provide for these
entrance chambers or atria between the end plates and the
25 nozzle plates. Moreover, the specific structure includes
separate nozzle plates which are mounted within the
elongated, cylindrical hollow body of the mixer. Since
the pressure of ,the incoming fluid is applied to the
entire surface of the nozzle plates, these nozzle plates
30 must be securely fastened within the hollow body. This is
a particular problem where the circumference of each
nozzle plate comes in contact with the inner surface of
the hollow body. Moreover, the nozzle plates may flex at
high pressures and weaken the fastening mechanism.
35 Finally, since the atria or entrancé chambers each extend
for a considerable distance on either side of the inlets
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t he hol | ow body. Mreover, the ndzzle plates may fibex at hi.gh pressures and
weaken the fastening nechanism 35 Finally, since the atria or entrance
chanbers each extend for a considerabl e di stance .on QLthér side of the
inlets -2- 3 to the nozzle bores, this tends to result i n pocketing or
trappi ng of liquids between the end plates and the nozzlé plates. This
causes a consi derabl e draining problemwhen the mxer is not in use.
Accordingly, it is an object of the present invention to utilise all of the
advant ages of the m xer disclosed in nyzPatent No. 4,647,212, yet overcone
certain drawbacks in the particular m xer structure disclosed therein.

Accolrdl ng % tth% lrfjwme Cbbré@,erﬁhiér?m ﬂémhsded ﬁeghhul:lnﬂnagaakét?ﬁ CBEDFGSI ng
an el ongat i_ndr m xi ng_chanber, _havin ow I Fst an
second outs VVeﬁC aisl‘gﬁ‘%%%%%ltvé?e’éa%e oﬁ’?g BL2ERY 2R g¥8 Qﬁ’&zéﬁo& ng
of f said mplateSythhyst¢ause$oatconsbdesabnehdthbnahqdproblemdwhgn _
outwardly q__q(yfo%[ se'}ﬂ:%ﬂ% eand a discharge port extending thrQugh

[ an o said ih
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According to the invention, there is provided a
mixing apparatus comprising an elongated cylindrical mixing
chamber having a hollow body, first and second outside end
walls attached at each outside end thereto and closing off
said hollow body, with no portion of said hollow body
extending outwardly beyond said end walls, and a discharge
port extending through said body and into ‘said miking
chamber, said discharge port positioned longitudinally on
said hollow body between said end walls, with each end wall
having an inner face, an opposed outer face, and a
plurality of nozzle bores extending therethrough into the
mixing chamber between said inner face and outer face and o
spaced about the gentre of each said end wall, with the ~/
inner face of each end wall directed toward the inner face
of the opposed end wall, and a respective mounting collar
extending outwardly from the outer face of each of said end
walls, with said mounting collars surrounding said
plurality of nozzle bores in said associated end wall and
having an inner diameter only large enough to completely
enclose the nozzle bores, with adjacent said bores
diverging outwardly from one another toward said body and
with each said bore being inclined at an angle relative to
the longitudinal axis of the chamber so as to be
progressively further from said longitudinal axis with



wall's, with said mounting collars surrounding-.said ‘plural ity;of nozzle
bores in said associated end wall and having an inner dianeter only |arge
enough to conpletely enclose the nozzl e-.bores, with adjacent said bores

di vergi ng outwardly* fron1one anot her toward said body and with each said
bore being inclined at an angle relative to the longitudinal axis of the
chanber so as to be progressively further fromsaid |ongitudinal axis
W th 4 increasing distance fromsaid outer face and di m ni shing di stance
fromsaid inner face, with said bores being,skewed with respect to radi al

| i nes extending outwardly fromthe centre o? said end walls, and with said
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thq\bntake portthrough said bores of each said end wall will have a
| component of motion radially outwardly from the
longitudinal axis of said mixing chamber, a - component of

motion parallel with the longitudinal axis of said mixing

chamber toward the opposite end wall, and a rotary

component of motion about the longitudinal axis of said

.mixing chamber, said rotary component of motion being in a

direction opposite to the rotary component of motion of the

fluid passiné through the bores of the opposite end wall.

An additional fluid can be mixed within the chamber
by further including an intake port extending through the
hollow body and into the mixing chamber, the intake port
being positioned longitudinally on the hollow body between
the end walls and opposite the discharge port , the intake
port being adapted to direct flowable materials into the
mixing chamber.

The mounting collars may be fixed to or formed
integrally with the associated end walls.

The bores may diverge outwardly at an angle of from
about 25° to about 35°, with the preferred angle of about
30°. The bores are preferably skewed at an angle of from
about 10° to about 20°, with a preferred angle of about



bei ng positioned |ongitudinally oh the hoIPOM/boHy bet weén.t'he end wal | s
and opposite the discharge port , the intake port being adapted to direct"
flowable materials into the mxing chanber. The npunting col I'ars may be _
fixed to or forned integrally with the associated end-walls. The bores may
di verge outwardly at an angle of fromabout [err] to about [err] with the
preferred angle of about [err] The bore§ are preferably skewed at an angle
of fromabout 10 to about [err] with a preferred angl e of about 150

The di aneter of the discharge part is preferably |larger than the di aneter
of the intake port. BRI EF DESCRI PTION OF THE DRAWNGS FIGURE -1 'is a
perspectivels?i ew Tioé ddamétest cfibthe mdischiartiec pamk oied predexakiypar at us

in accordanfgr%££htﬁ$§ SssfémQE%Fn$EQEh pfﬁ{é I oken away; FlI GURE 2
is atop plan view 0O t e m xer shown in |gure RE 3 is a-section
taken along lines II1-11l in Figure 2; FIGURE 4 |s an el evational view of
the inner face of one ohgrike pRdchaprToRNOYN THE DRAWTNSE 1N Flgure»g;
FIGURE 5 is a side view 0 e end wa shown 1n Figure 4; FIG 6is a

sectional view, simlar to FIG 3, of a second enbodinent of an inproved
m xing apparatus FIGBREOrg@langg Wal hperepective! wviewntiom: & @irsts an

eIevatlonaI mﬁ men%h %kgrik%%%ved mﬁxlng apparatus in accordance
with the present invention, partially broken away;

FIGURE 2 is a top plan view of the mixer shown in
Figure 1; _ 'QJ

FIGURE 3 is a section taken alohg lines III-III in
Figure 2;

FIGURE 4 is an elevational view of the inner face
of one of the end walls shown in the mixer in Figure 1;

FIGURE 5 is a side view of the end wall shown in
Figure 4;



alternate arrangenent of the end wal4.-shown |n FIG. 4;' and'FI.G 8 is a side
view, partially in section of the end mabk shown in FIG 7. DESCRI PTI ON OF
THE PREFERRED ENBCDINENTS A first enmbodi ment of a nixer in accordance wth
the present invention is showmn in FIGS. 1-3. Mxer 2 includes an el ongated
cylindrical hollogﬁg 4 which is gl osed off by a first outside end wall 6
at one outside en By 18 s2c8REtdORaLIY Loy \/\éﬂ“léaﬁt toh Hppdsi 08 a
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ext endi h gpﬂGma | s and the nozzl e bores extending
therethrough\MI*H¥E¥%hg%§}§% ere?nafter in nmore detail in connection
with FIGS. 4 and 5. A discharge port 16 extends through the hol |l ow body 4

and into the mxing chaseRptIONT0F IHEC PHEFERRED EMBOFIMEMNES i oned

| ongitudinally on t he 1o TOW body 24 between the 11 Tst enad wait 6 and the

second end wall® 8. The mxer 2 further includes an intake port 18 which

ext ends through th@ hobkLewehodd ithedBd dMtxd Mirge kh Ndc6bPIRAREeIuithN®he

I ntake port 18 is £05|t|oned | ongi udlnall on theiﬂ% d§m1bod% lacitween
e *ch

the first eRFSREH 61%}ﬁﬁnf'h%nsé§oﬁ °HHd1\Ha IGS -antr txer 8H&Sge
port 16. d ébengatedgeyrindriean HolAldus. bddB, 4tikichXxes closed off
N\ by a first outside end wall 6 at one outside end and by a

second outside end wall 8 at the opposite outside end. No
portion of the hollow body Y4 extends dutwardly beyond the
first end wall 6 and the second end wall 8. Hollow body 4,
first end wall 6 and second end wall 8 define and surround a
hollow mixing chamber 9. The end walls 6, 8 may be welded to
hollow body 4 or may be affixed thereto by bolts 10 aé shown
or by any other suitable fastening means. The first end
wall 6 has a plurality of nozzle bores 12 extending
therethrough. Similarly, the second end wall 8 has a
plurality of nozzle bores 14 extending therethrough.. The
end walls and the nozzle bores extending therethrough will

W be described hereinafter in more detail in connection with
FIGS. 4 and 5. ‘

A discharge port 16 extends through the hollow body 4
and into the mixing chamber 9. The discharge port 16 is
positioned longitudinally on the hollow body 4 between the
first end wall 6 and the second end wall 8. The mixer 2
further includes an intake port 18 which extends through the

" hollow body 4 and into the mixing chamber 9. The intake
port 18 is positioned longitudinally on the hollow body 4
between the first end wall 6 and the second end wall 8 and
opposite the'discharge port 16.



2 can be used to nmix together twd fluids within the nixing chanber 9.
- Al though the term"fluid" is used to desgribe the materials m xed together
inthe mixer 2, it is to be 5 understood that true fluids, such as |iquids
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in ui d_comupi cati on wi e.n S exten er et hr.oug
If the i nnert‘b?ﬁ?r‘éfer cap gﬁnaﬁf’f’wgd?geéo&n %&Iel mlxero cég’lq'ﬂﬁ RKES[/H al |
of the roazlinvention2 tar diigrst hemidscannuev\mippﬂ.mdweuocendumx& @an be
provi ded w t)h 2 w _der red 1,,4s , swWhich _conpl ete
enconpasses %ﬁ Qza Oqub%Pfg'sgi cﬁﬂéghésezg gﬁg{)&? i\gn S°§P{"§gﬁ d {% the
second end vmmngctmu |21fWhﬂ-thcﬁpﬁnc#%a1thgs filuid timto nbwel poriies 14
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fluid will pass out of the other branch of Y connector 21
through conduit 26, connector 27,' elbow 28, and conduit
29. Conduit 25 is attached to the first end wall 6 in
20 fluid communication with the nozzle bores 12 extending
therethrough.

If the inner diameter of conduit 25 is too small
to completely surround all of the nozzle bores 12 through
the first end wall 6, then conduit 25 can be provided with

25 a wider, flared area 31, as shown, which completely
encompasses the nozzle bores 12. Likewise, conduit 29 is
attached to the second end wall 8 and in fluid
communication with the nozzle bores 14 extending ~
therethrough. Conduit 29 can also be provided with a

30 flared area 32 which is affixed to the second end wall 8
and completely : encompasses the nozzle bores 14
therethrough.

The fluid entering mixer 2 through the first end
wall 6 will be split into a plurality of streams which are

35 directed toward the middle of the mixing chamber 9.
Similarly, the fluid entering mixer 2 through the second



Simlarly, theflu'idéntering m xer 2 through the second end wall 8 w |
be split into a plurality of streans whicl§ are directed toward the middle
of the nixing chanber 9: The . streans of fluid will collide in the niddle of

the nixing chaghar walds sshdil be tdpd iz riovso ian pAGraBitp of streams which
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t he arrangenent sho in EFLG
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! n: elr<| or ofdlq the:hfnwr 29 And amgblBﬁassy dak pofvitied mixehe 2f rchreowngh othehe
i nt ake condui Q. faci te, i f

material into tﬁésch}asgge édlﬁiﬁefsse%{l)%d en‘cgjﬁ%gl? %iusegféeoéﬁgaﬁggrergg thll'Ch
25 in FIGS. 1-3ds s atthawhed rﬂ:ne the ailol}ow| dspdy ahd 3ndThésti ik £Ayid
wall 6 s Simlaruainidanidrafitn Lie gfgemre@dpwulg .angnaeadxeat feid

further describe e secon has an i nner face 40 and

an opposed and quélrieréﬂl'llep pBAEE| cthreugh the fisshssge cCPREPdty 38 FP 2
pl @' ity ofs NQFZd Hrdr £8catibnl endrideiftakaugbnattinees is particularly

useful in supplying gases, particulate materials, or

combinations thereof into the mixing chamber 9 of mixer 2.
In the arrangement shown in FIG. 1, intake conduit 34 is

set up for introducing a powdered material, a liquid or

20 air directly into the interior of the mixer 2. A flange
38 may be provided at the free end of the intake conduit

34 to facilitate introduction of the air or powdered

material into the mixer 2.

The second end wall 8 used in the mixer 2 shown

25 in FIGS. 1-3 is shown in more detail in FIGS. 4 and 5.
The first end wall 6 is similar or identical to the second

end wall 8 and need not be further described in detail.

- The second end wa}l 8 has an inner face 40 and an opposed
and generally parallel outer face 42 opposite thereto. A

30 plurality of.nozzle bores 14 extend therethrough between
the inner face 40 and the outer face 42 of the second end
wall 8. When the end walls are positioned on the hollow

- body 4 of the mixer, the .inner face of one end wall will
be directed toward the inner face of the opposite end

35 wall. Likewise, the outer faces of each end wall will be
directed away from the mixing chamber 9. The second end



the inner face 40 and the outer face 42 of -the Second ehd:%@ll 8: When t he
end walls are positioned on the hollow body 4 of the m xer, the inner face

of one end wall will be directed toward the inner.face.of'the_opposite end
35 wall. Likew se, the outer faces of each end wall will be directed away
fromthe m xi ng chanber 9. The second end - wall 8 can have a

plurality of nounting holes 43 therethrough’for mounting the second end
wall 8 to the holl ow body 4. The nozzIeaPores 14 are general |y spaced about
the centre 44 of the second end wall S. As seen nore clearly in Figure 5,
each bore 14 diverges outwardly toward the outer edge of the second end
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outer face éﬁﬁEeF%he i nner face 4OFhThe bores 16 alsotﬁﬁggrge outmardl
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relative to ﬁﬂpgﬁdl newe jﬂfﬁgoﬁ"h@hes?ﬁ%%geﬁﬂaﬂ’@érl %8 tRe Bhres 14
di ver ge outhellibw hbdgn4angle M as shomn in Figure 5. The bores 14 dlverge

outwardly at an ang o. t o about pr ed
enbodi ne%t di verge {Ré%ig §§ré g?’éeo?e% %ﬁY e???"éd §%&%‘Pt bor es
14 contact ¢centrecds ¢0 the skecond end wallll 8.atAs1saqﬁ(moﬁémnaeuf1¥I0;ﬁlm
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wall. In ad tgn each bore 14 is skewed with respect to an i nag |nary I|ne

46 which ex 8n e, inner| £ace: 48r a1 Jhe r’iﬁﬁ'?‘ﬁeﬁ:éﬂﬁ‘e divenge uEEIHY end
wal | 8. By retatikewtagthé lomgbtu@indl akisi4h BT tnisimy Bhdksenozzl e

bores in g ghe bores 14 diverge outwardly at an angle M as shown \J
in Figure 5. The bores 14 diverge outwardly at an angle
from about 25° to about 35° and, in a preferred embodiment,
diverge outwardly at an angle of about 30°. Since the
bores 14 contact the faces 40, 42 of the end wall 8 at an
angle, they will form ellipses on the surface thereof
rather than circles which would result from a straight
through bore. This inclination of the bores 14 will cause
fluids flowing therethrough to have a component of motion
‘outwardly toward the hollow body 4 and a component of
motion inwardly toward an opposite end wall.
In addition, each bore 14 is skewed with respect to
an imaginary line 46 which extends radially outwardly from
the centre 44 of the second end wall 8. By such skewing of -/
the bores 14, fluids passing through the nozzle bores in
the end walls will have a rotary component of motion
relative to the radius of the mixing chamber 9. The bores
14 on an end wall should all be skewed in the same
direction. The bores of each end wall are skewed along the
same directiont Since the opposing end walls 6, 8,'are
identical with one another, fluid passing through the bores
of one end wall will have a rotary component of motion in
a direction opposite to a fluid passing through the bores
of the opposite end wall. The angle of skewing of the
bores:14 is shown in Figure 4 by -




the end walls w | 'havé a rotary conponent’ of notion relative to the radius
of ‘the m xi ng chanber 9. The bores 14 on a‘ end wall should all be skewed
in the sane di rection. The bores of each erd wall are skewed along the sane
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shown in Figure 4 t he_bores 14 be

l.e i s_desirall.e .tha
skewed at an angle of fro gﬂfcf&setdo 3%3‘6?'[%37‘11J;r%}8yéﬂpy aga ’d?is‘énﬁlh&
of .about [err§ mmscﬁasedotbmhfénddwaﬂ.dwmg Siginnthet hei&Gimityer ofadhe
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the | ongi tudinal axis 0 m xin ng, action of
the streams of %A% sﬁﬁe&ﬁl Fﬂé"’Hngl gggor@%xlﬁg 1ﬂh%’gb?ﬁe fnd In
walls 6, 8 are c&dﬁtﬁhppm t skewinge afotther nozz.‘nat Hdresst ueanrsl:hl will

each other in the gl
This can be acco‘?ﬁ) b%léggv%?ngg\shg%fan&? r\i;\‘/az? 2€§£Q9 o %15%1ng
, manner about the 1longitudinal ax:Ls 45 of the mixing
\_ 15 chamber 9. eferred—that :
twisting actiom® of the streams of fluid passing out of the
af

nozzle bores 12, 14 of the end walls 6, 8 -be-?oriented
opposite of one another so that the streams hit each other

in the middle of the mixing chamber 9 at a glancing angle.
20 This can be accomplished by providing the first end wall 6
to be identical to the second end wall 8 and positioning
them with their inner faces opposed to one another.
In the embodiment shown in FIGS. 1-3, the fluid
passing out of the bores 12 in the first end wall 6 will
25 be twisted in a clockwise manner while the fluid flowing
out of the bores 14 in the second end wall 8 will be
twisted in a counterclockwise manner. The streams will
travel at such an angle so as to meet in the center and at
the walls of the mixing chamber 9 in an intermingled
30 fashion as to create a hydraulic sheer of the opposing
fluid streams. The result is a highly turbulent mixing
pattern since the shearing action tears the fluids into
tiny particles which can easily be intermixed.
A second embodiment of a mixer in accordance
35 with the present invention is shown in FIG. 6. The mixer
50 is similar to the mixer 2 shown above in FIGS. 1~-3 and
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to be identical to the second end wall 8 and pdShLIOﬂIng then1mnth thelr

i nner faces opposed to one another. In the enbodi ment shown in FIGS. 1-3,
the fluid passing out of the bores 12 in the first end wall 6 will 25 be
twisted in a clockw se manner, while the fIU|delomnng out 'of the bores 14
in the second end wall 8 wiki be twi sted in arcounterclockw se manner.

The streans will travel at such anangl e so asit.o nmeet in the center and at
the walls of the nmixing.chanber 9 in arf internmingled 30 fashion as to
create a hydraulic sheer of :'the opposi ng flui d* streamns. The result is a
hi ghly turbul ent m xi ng pattern S|nce the shearing action tears-the fluids

o tiny A3kl CLePesbhED RSN %ia | Bherilddd o aasmfgnbgﬁégﬁm of

a mxer in-accordance sé;)r esent | nvent Ion IS 6. The

m xer 50 i elements. t oThaemixexr 50 sehornadsy Fighys c8, hgsscwﬂev onej ke
reference alim&'%n‘ﬂe' |fl.b&nutﬁdtt GHoWNt LAY Fiigtered e1erics 37 Thﬁh Ntxer 50

shown in Figur has one fferen e f n1th t . shown ur a
3. In the® Wg’ﬁﬁﬁaﬁ &l W’%‘aﬁ ]00de ﬁcl udes

no i ntake pocluBest rmeumum@ porM xusr Sﬂerethmm@hi f orMbxern®a ofst her

two 11 ui ds kel A& MINUARINCSME WS VA {RECRNGMR! hsvEngnd 8.

An al ter naf second end own |n i gure
5is shownumdam @aﬁa§uream&n9u9a tbhe endsyalds énbodi 8snts are sinilar,
li ke reference nunbers will be used to refer to like elenents in both. The

second end wall 8 shown in Figqures 7 and 8 includes a cylindrical_ collar
54 fornmed integran alferagtiye smpogdiment A Sbﬁwﬁﬁﬂpydfﬁﬁﬁ1Wﬂélo%ter

face 42 of shigkmsep@n¢igudesald &naTle Ll kRbWA4 s PIGELEs Sl Gltid yg avnay
fromand Since these two embodiments are s1m11ar, like refererce \n)
numbers will be used to refer to like elements in both. )
The second end wall 8 shown in Figu:és 7 and 8 includes a
cylindrical collar 54 formed ihtegral therewith and
extending outwardly from the outer face 42 of the second
end wall 8. The collar 54 is spaced slightly away from and
completely surrounds the nozzle bores 14 extending through
the second end wall 8. Collar 54 provides a mechanism

whereby an inlet conduit having a sufficiently large inner
diameter can be mounted directly to the end walls without
the necessity of a wider flared area on the end of the
conduit. '

The present arrangement is an improvement over the

~ apparatus disclosed in my prior U.S. Patent No. 4647212,
The mixer efficiency of this apparatﬁs is greatly improved
by increasing the fluid velocity through the nozzle bores
at a particular inlet pressure. The nozzle discharge
coefficient governs the rate of flow, and thus the fluid
velocity, through the nozzle bores. An increase in the
nozzle bore diécharge coefficient increases the rate of
flow through the nozzles. The value of the nozzle bore
discharge coefficient depends primarily upon the Reynold's
number of the inlet conduit to the

£



conpl etely surrounds the nozzle bores 14 éxtehding'through t he second end
wal.l 8. Collar 54 provides a nechani smwhegg{eby an inlet conduit having a
sufficiently large inner-dianeter can be unted directly to the end walls
wi thout the necepidie Obgkdl 4o TAR! efhdredsan 1he €8 OhelliB16000U by, Lhe
present arrangenent IS an | nprovenent over the apparatus disclosed in ny
prior U S. PatefthegeformAngreasrs ihernerzleikere dischargeppaefificient.
greatly inprovedHy R RAYVMR hildbldrli €ovel 8Rb! Yehd' Grdin & N&sHRAT! SPORRR
at a particular _inlet pressure. The hozzl e dlscharge coefficient governs
the rate of fI(NE1QHFF4nﬁEPtWﬁa?q%ﬁQﬂﬁﬁﬁ%c??y?°}%?Eﬁgh t he nozzl e bores.
An_increase in the nozzle bore discharge coefficient increases the rate of
fl ow through g he. nozzles. The yalue of,the.nozzl e bore discharge
coeffici-ent depends primarily J%um'f ¥ 'S.ﬁﬁﬁﬁ%r of the inlet

condui t Re;the - nozzle bores. Al “ifictease in the Reynold's

nuniber therefore increases the yozzl I SC coefficient. The
Reynol d' s ‘nunber for the end walBB sﬁ% ?%gt%enﬁég§¥és can be cal cul ated
as follows: [err] N "= Reynol dys nunpess Ffo ra%épass flowrate. [err] =

b¥E°££E%HtYiSCOSity' D

a mat hematical constant. 10 2 = a mathema€ié&

= inside diggeter. In this arrapgenengiyidevisyss

since the value of D, the insi diamphe{gof ai hfetd
fromthe dianeter of the nozzI%, . _
In this arrangement, the Reynold’s number is

increased since the value of D, the inside diameter of the

_ _ inlet conduit, is reduced from the diameter of the nozzle

o 15 plate in the arrangement shown in U.S. Patent No.

4,647,212, to the diameter of the inlet conduit connected

to the end walls in the present application. The diameter

of the inlet conduit herein or the flared area is only

sufficient to enclose the nozzle bores of the end walls.

20 This results in a smaller value of D in the Reynold’s

number equation given above. Since the value of D is

reduced, the Reynold’s number is increased, the nozzle

bore discharge coefficient is increased and the mixing
efficiency is improved.

S nunper is increased
et conduit, is reduced

25 The present arrangement has a number of other
advantages over the specific arrangement disclosed in my

U U.S. Patent No. 4,647,212. Since the atria between the
' separate nozzle plates and the end walls are eliminated,
the overall miking chamber length and volume can be

30 reduced. The present arrangement also reduces parts and
associated costs since the nozzle bores have been provided
through the end walls, thus eliminating the need for
sep&rate nozzle plates and end walls. By eliminating the
atria, the present arrangement eliminates pocketing or

35 trapping of liquids between the end plates and the nozzle
plates. This arrangement provides for simplified draining



15 plate in the arrangenent *shown in US. Patent No. 4,647,212, to
the diameter of the inlet conduit conpgcted to the end walls in the present
application. The dianeter of the inlet conduiit.-herein or the flared area is
only sufficilkeh theemdbmese iishmotozin eséoviboeof Theadad twehl,s thd flide
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10 present arrangenent reduces t he possrble f1exrng of the eﬁd wal I s and
the inducing of stress on any connective device. Having descri bed

her ei nabove t he preferred enbodi ments of the present invention, it is to be
15 wunderstood that the invention may be ot herw se enbodi ed mﬁthin t he
scope of the appended clains. 14 CLAIMS 1. A mxing apparatus
conprising. -an elongated cylindrical mXxing chanber having a holl ow body,
first and second outside end walls attached at each outside end thereto and
closing off said hollow body, with no porti di of said holl ow body extending
outwardly beyond sai'd end walls, and a di scharge port extending through
said body -and |r@ﬁhfﬁgd m Xi ng chanber sai d di scharge port positioned

| ongi tudi nal Iy omsard hol | ow body bet ween sai d end wal l's, with each end
wal I having an‘inner face, an opposed outer face, ~and a plurality of
nozzle bores. extending therethrough into the m xing chanber between said

i nner facg,and outer face and aced about, the centre qf each sali
wal |, with-.the. |#her fad® 0P¥gi enPRRFALYS | « COMPTASHRE] (7R éi&n

of t hedlopp]?sed emyﬂﬂndt;cahchmimrxﬁﬁnm awvingia dalllow ehd@)drfrig'st and
outwardly fromt er Cc f a I h u n
collars surr ounc#%%&g‘% g uttl%ﬁ‘r%zﬁ i ﬁaop’ a(rjil'ostI égggregg&aniésar glcgss%%#%%tg% %hlg °
wal | and havi ng tharqh@rauﬁanboeLDOnbﬁflangd bn&&gﬂ bodyenpishenp @eaitdon

the nozzl e bor esofwggggaqhﬁ ?@d}?‘ Qgﬁsﬁgﬂgé e| - 5):]"2!? ond 845 8"en

anot-her toward sal d e€ach sal I'ned at an angl e
relative to the Vahift lﬁﬂq‘]zﬂ dd-)ﬁ‘%‘aéﬁet ner@haﬁsending through said body an

_ into said mixing chamber, said discharge port positioned
\_ 1on§itudinally on said hollow body between said end walls,
with each end Wallnhaving an inner face, an opposed outer
face, 'and a plurality of nozzle bores extending
therethrough into the mixing chamber between said inner
face and outer face and spaced about the centre of each
said ‘'end wall, with the inner face of each end wall
directed toward the inner face of the opposed end wall, and
a respective mounting collar extendlng outwardly from the
outer face of each of said end walls, with said mounting
collars surrounding said plurality of nozzle bores in said
associated end wall and having an inner diameter only large
enough to completely enclose the nozzle bores, with
adjacent said bores diverging outwardly from one another
toward said body and with each said bore being inclined at
an angle relative to the longitudinal axis of the chamber
so as to be progressively further from said longitudinal
axis with increasing distance from said outer face and
. diminishing distance from said inner face, with said bores
being skewed with respect to radial 1lines extending
outwardly ftom.the centre of said end walls, and with said
bores of each end wall being skewed in the same direction,
such that a fluid entering through the nozzle bores of one
end wall will contact and mix thoroughly within said mixing
chamber with a fluid entering through the nozzle bores of
the other end wall and the mixed fluids will exit said
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so as to be progressively further fron1sa1d IongltudlpalnaX|s wi th

i ncreasing distance fromsaid outer face and di m ni shing di stance from said
inner face, with said bores.being skewed with - ‘respect -to'radial lines
extending outwardly fromthe centre of said end.walls, and with said bores
of each end wall being skemed in the sane leGCtIOﬂ such that a fluid
entering through the nozzle“bores of one endiwdll will contact and m x
thoroughly within said mxing chamber wi.th a 1uid entering through the
nozzl e bores of the other ‘end wall and-jée mRed fluids will exit said

m xi ng chamber.. through said di scharge~port, “Wwhereby the fluid passing
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of the fl wnfbﬁaaﬁlwéﬂéw%ﬁmetmr B6n@i tbdEnAPPeRiscoeNdaidl hixdng
The m xi ng apparatus as set forth in glaim1l furaaﬁH |nclud|ng an |ntake

port ext endHAPReH o kpvard sy RRPSILS &Ry rotar, |
i nt ake poanmpbﬁemmedflmngudmﬂahd&w ﬁhesabdghmhﬂdnammhxmetnﬁesa&did end
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fl owabl e r’r&ﬁg&ﬁ* S n %xg'a rl?nd%%tpgei\ cr?oi‘?oq‘eé& %l%em%%ﬁtgnm Xl n%daé)‘par atus-
as set fortdirection mpposidiecite §BEerbmé¥ conpenent eiamatiiomotathengl e of
from[err] ¢@if'gdsdling throith Bhd HordP YAk SpparlitePehd wargl.aim3
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2. The mixing apparatus as éetElforth in claim 1
further including an intake port extending through said
body and into said mixing chambér, said intake port
positioned longitudinally on said hoilow body between said
end walls and opposite said dischafge port, said intake
port adapted to direct flowable materials into said mixing
chamber. h

3. The mixing apparatus as set forth in claim 1
wherein said bores diverge outwardly at an angle of from

25° to 35°,

4. The mixing apparatus as set forth in claim 3
wherein said bores diverge outwardly at an angle of 30°.

5. The mixing apparatus as set forth in claim 1

wherein said bores are skewed at an angle of from 10° to
20°,
6. The miking- apparatus as set forth in claim 1

wherein said bores are skewed at an angle of 15°.
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wherein sald bores dlverge outwardly at an angle of 396 5.7 3., The mxing
apparatus-as set forth in claim1l wherein said bores are skewed at an angle

E

of from10 to 200. 6. * ,The.m xi ng apparatus as set forth in claiml
wherein said bores are skewed at an angle of 15. = 7. The m xi ng
apparatus as set forth in claim2 wherein said discharge port has a

di aneter larger than the dianeter of said intake port. 8. The m xi ng
apparatus as set forth in claim1 wherein each said mounting collar is
formed integral with said associated end waljle. 9. A m xi ng apparat us

substantially as hereinbefore described with reference to, and as shown in

Figures 1 to 5 gf the aﬁ'ﬁ@”pﬁﬂiéiﬂ@ Hppdrittus 1@s setA fBX¢H0 i3PPBLALHS 2
substantijally as here|nbefore descCribed with reference to,_and as shown |n

Figure 6 of 1 HeVhEZBAPaRpifgdaPShARGE DOTt has A ALaneken harder,cthan the
subst antii-al’ly agibaseterboffosaideiatakedporth reference to and as shown in

Fi gures . 7gahd 8 of the acconpanyi ng draw ngs.
8. The mlxlng apparatus as set forth in claim 1
wherein each said mounting collar is formed integral with
said associated end wall.

9. A mixing apparatus substantially as hereinbefore
described with reference to, and as shown in Figures 1 to
Y 5 of the accompanying drawings.

10. A mixing apparatus substantially as hereinbefore
described with reference to, and as shown in Figure 6 of
the accompanying drawings.

11. A nixing apparatus substantially as hereinbefore
described with reference to and as shown in Figures 7 and
8 of the accompanying drawings.
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