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STREAMCURRENT APPARATUS FOR
HANDLING MATERIALS

George A. Auer, Chigqgo, .
Application June'6, 1945, Serial No. 597,839
(Cl. 259--95)

35 Claims,
1
- This-invention is concerned with streameurrent
apparatus for handling materials.
“The term “handling” refers to operations such,
for example, as noted in Patenis Nos. 2,386,419

and 2,381:858, inciuding rnixing, blengding, emulsi- .

Tying, homogenizing, sustaining or mszintaining
of .materials, and also refers to the separation .of
maberials.

“The terms “material” and “materials” are in-
tended to mean substances, e. g., such :as men-
tioned in the above noted patents, including izaso-
lines, petroleum products, -oils, numerous disper-
sions, solutions, liguids, emulsions, composite -and
artificial p:-fo-ducts; in.the-case of separatingmate-
rials the terms are intended to include .coal and
ore particies which are to ‘be concentrated -or
separated from o liquid - separating medium in
accordarice with their specific .gravities.

“The term “streamcurrent” ‘is defined -in ‘the
above-mentioned patents. It réfers o the. -control
of a fluid orligquid body in-motion for the- ‘purpose
of procucing controiled agitation in the: presence
of which fluid -and :solid :particles will .exhibit g
substantially predictable ‘behavior.

The new -apparatus may be of the general type
disclosed in the previously :‘mentioned Patent No,
2,386 419, 'with improvements which enhance and
extend its utility. ‘It comprises o feed or injec-
tion device forming a plurality of feed or supply
conduits ‘and s first passageway -or turbulence
mixing chamber, a second passageway or stream-
current-chamber, means for feeding material into
seid flrst passageway for discharge mrectly and
urmed ately into said streamecurrent cha.mber and
means for selectively and adjustably feedmg ma,-
terial into szaid supply conrduits for tur bulent dis-
charge into -said -first -passageway. turbulent
jrrational intermixiure therein snd subsequent
mvcnarﬁe therefrom ‘into the streamcurrent
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hamber in which-the turbulently and lrratlona,lly 40

nfermzxnd material is sub]ected to rational ﬁna,l
intermizture in the presence of rational agltatlon
The rational agitation is controlled by flow- dls-
tributing means so constructed and arranged that
the irrationally intermixed fAuid material body is
displaced symmetrieally “upwardly and la,tarally
outwardly with upwardly diminishing mavmtude
and substantially withous producing 1rrauonal
turbulence, - Valve controlled outflow ports are
rrovided for -selectively dlammc matcnal from
the fluid body in' the streamcurzent chamber &t
vertically superposed levals thereof,

The:second passageway may be properly termed
a:streamcurrent:iseparating.chamber or.comnart-
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ment” when the apparatus isiempleoyed: for.sepa.- ;55

2
;Laumg matena.ls ra ther than for m1x1ng, blundmg
or like burposes.

The previously mentioned patents may e -con-
sulied for .antecedents, :general prlnr‘lples and
theoretlcal -considerations which apply in the
present case.

‘Details .will appear from the, following' descrlp-
tion Whlch is rendered .with reference 'to the
accompanying drawings showing some embodi-
ients jof the invention. In these drawings,

Fig. 1 is.a diagrammatic sectional . visw of an
apparatus anade in accordance with the “inven-
tion;

“Fig. 2 shows,.on .an enlarged iscale, ‘part of the

feed or:injection device -of the structure, Fig. 1

{Fig. 3 illustrates:in. diagrammatic top pldn vmw
another ;embodiment;

Fig. 4 1epresents alongitudinal:section . through
the structure Fig. 3 along lines 4—4:theieof;

Fig. 5 shows a transverse :section ‘through ‘the
feedqor injection,device along: lines: 55 m Flg 4;
and

“Fig. i6 is a .diagram ;showing another‘embodl-
ment -of the invention,

‘The :drawings ‘are not to scale. The embodi~
ments gre:shown in:a schematic:manner and the
proportions of ‘some parts:are :distorfed “at the
expense.of ;other parts;so - as:to bring out” detmls
more iclegrly than would: otherWJ.se be possible;

*The:structure:showh inFig, 1 in.full lines' com-~
prises a-cireular:tank: ha,vmg 2 cyhndrlcal upper
section ‘i{.and an’inwardly and downwaldly X~
tending section 12. ‘Within' this tadk is" dlsposed
a:partition or flow- dlabmbutmg wall 3 whlch is
made ‘in ‘the shape ‘of an ‘inverted cone This
ﬂow-dlstubutmg wall “is prov1ded with outﬁow
ports gt vertzcally superposed-levels thereof "The
‘bottom section 44 of the flow- dlstnbutmv Wall tis
‘Joined with ‘the bottom ‘Section {5 of the outer
tank wali (2 and: forms an’ inlet’ well for ‘the in-
troguction of the matel il ‘which:is o ba's ubJected
to'treatment. ‘The ﬂow dist rlbut‘ng wall’ 13 forms
the ‘bottom or ﬁom of #he” ‘second bassagewa,v ‘or
streamcuuent chamber:{6 of the machme

"Partitions 17—y 8- 8290 are pirovided, formlng
with {he outer tank wall 42° discharge, c’hamtb 'S
2!-—22—23—-24——25 “Thege ‘chambers are ‘pro-
vided with valved “outiet conduits 2627138
29—30 terminating in the pipe 31, ‘The ‘wall 12
may be omltted if de51red ‘and the dlscharge
‘chambers ‘1may ‘he “formed by suiteble’ mamfolds
‘one-for each'lével of the fluid body in'the strearn-
current.chamber 4B.

~The :recessed bottom: I5.of the:tank. wall. 428
provided.with a fitting:32 ;which.:is dn-fluid<tight
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connection with the tank and is internally thread-
ed for the tubular threaded member 33. The lat-
ter extends upwardly into the tank and carries
a head 34. As will be seen later on, this head
operates as a flow control member and as & Cen-
tering and supporting member for the feed and
injection device formed by coaxial tubes extend-
ing downwardly into the tank. The tubular mem-
ber 33 is operable from the outside by suitable
means, for example, & hand-wheel or knob 335.
Therefore, the supporting centering and flow con-
trol head 34 can be moved up and down within
certain limits toward and away from the inlet
well 14. In case of large structures which are
sunk in the ground, the adjusting member 33 may
be operated by remote control in any one of sev-
eral known and approved ways. The member 34
may also be resiliently mounted; e. g., it may be
upwardly biased by spring pressure so as to pro-
vide an elastic centering support for the feed and
injection device. The arrangement which is to
be used will very much depend on the size and
purpose of the unit.

The machine is provided with a cover or lid
36 carrying a peripheral downwardly depending
cylindrical bafile or insert partition 37 and a cen-
trally disposed downwardly depending cylin-
drical baffle or insert partition 38. The insert 37
forms with the wall 1i of the tank a peripheral
top chamber 39 which communicates with the
passageway or streamcurrent chamber {6
through the annular space £40. 'The insert 38
forms with the centrally disposed downwardly ex-
tending feed and injection device a chamber 4i

which communicates with the streamcurrent s

chamber {6 through the annular space 42. The
inserts 37 and 38 are schematically shown as be-
ing attached to the cover only for the sake of
convenience. They may be secured in any de~
sired and suitable manner.

The peripheral top chamber 38 formed by the
insert 3871 is provided with a pipe 43 connected
with the valve 44, and the latter communicates
with the pipe 31.  The chamber 4i is provided
with a pipe 45 which communicates with the
valve 46 and the latter also connects with the
conduit 31. Several pipes such as 43 and 43 may
be provided for the corresponding annular cham-
bers 39 and 41 and may be suitably distributed
at desired angular intervals in accordance with
the size of the unit and the needs of the mate-
rial to be handled. The annular inlets 40 and 42
may be arranged as shown, or either of these in-
lets may be extended downwardly or upwardly as
desired. The pipes 43 and 45 serve the purpose of
withdrawing material from the chambers 39 and
41, as may be desired or required, for any given
condition. The pipe 45 is schematically shown as
extending through the cover 38 across the annular
‘space between the inserts 37 and 28 merely for
convenience of description because all equipment
is represented in the drawing in one radial piane.
In a working structure, the pire 45 may enter the
chamber 41 from the top through the fitting &0.
Pipes similar to those shown at 43, 45 connect
with the valved inlets 118, {18, for re-injecting
material into the chambers 398 and 41 for en-
trainment with the fluid material body within
the chamber (8.

A float, as described in the previously noted
Patent No. 2,386,419, may be provided for the
control of a suitable vent valve to allow for the
controlled escape of gases. Pressure and tem-
perature control means may be provided if de-
sired or necessary and wherever needed.
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On top of the cover 36, centrally thereof, is
disposed a tubular cross-sectionally U-shaped fit-
ting 58. This fitting may support all the cen-
trally disposed parts, including the feed and in-
jection device and the insert 38, and may be
mounted on the cover as a sub-unit. The fitting
50 carries an annular ring-like member 51 which
extends radially inwardly and is disposed in an
assembled cross-sectionally U-shaped journal 52.
This journal is in rotatable engagement with the
fixed ring-shaped member 51 through the medium
of suitable glands or washers 53—54 which may
be made of any suitable material. Roller bear-
ings and any other suitable and approved jour-
nal structure may be substituted. The journal
assembly is made fluid-tight and, if necessary,
pressure-tight, in any desired and approved
manner.,

Attached to the assembled U-shaped journal 52
by means of the flange 86 is the downwardly de-
pending pipe 558. The flange 5% is also atfached
to the hub 57 of an operating member shown in
the form of a hand-wheel 58. Therefore, the
hub 57 of the hand-wheel 58 is attached through
the medium of the pipe flange 56 to the cross-
sectionally U-shaped rotatable journal 52, and
when the hand-wheel is rotated it will rotate the
pipe 53 around the stationary centrally disposed
pipe 60. The stationary pipe 60 and the pipe 55,
which is rotatable around it, are shown to be of
larger diameter on top. The sections of these
pipes, which may be of different diameter, may
be suitably assembled or joined. Keyed to the
centrally disposed stationary pipe 60 above the
hub of the hand-wheel is & member 61 having a
flange 62 which maintains the journal assembly
of the rotatably mounted pipe 58 by engagement
with the hub 57 of the hand-wheel. The connec-
tion may be made fluid- and, if necessary, pres-
sure-tight by means of a suitable labyrinth gland,
including packed annular grooves, as diagram-
matically indicated in the drawing. The flange
62 may be provided with suitable index marks co-
acting with index marks on the hub 57 of the
hand-wheel 58 so as to indicate the angular dis-
placement of the hand-wheel and therewith of
the pipe 55 relative to the stationary pipe 60.
The stationary pipe 80 constitutes a feed or sup-
ply conduit.

Suitably attached to the rotatable pipe 55 is a
pipe 65 which extends downwardly concentric
with the pipe 8§35, but spaced therefrom, the result-
ing annular space being indicated by numeral 70.
Both the pipe 55 and the pipe 65 are thus rotat-
able by means of the hand-wheel. A hand-wheel
is shown for the sake of convenience. In large
structures the adjustment may be made by re-
mote control in any desirable and suitable man-
ner. The space T) constitutes the first passage-
way of the structure. When supplied with ma-
terial from the feed or supply conduit 60 and/or
from the supply conduit 13, which will be pres-
ently described, it constitutes the turbulence
mixing chamber of the machine.

Attached to the centrally disposed stationary
pipe 68 near the top thereof is a casting or fitting
66 supported in a central position by legs or
brackets §7. The latter are attached to the tank
cover, as shown. On top of the pipe 60 is dis-
posed an inlet fitting or casting 69, and connected
with this fitting are the inlet pipes 84 and 106,
Material to be treated may be injected into the
feed or supply conduit 60 directly from the inlet
86 or may be injected thereinto for re-circula-
tion through the pipe 106.
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"he pipe 80 extends ‘downwardly within the
ropatable wipe §5 and carries at its bottom 4 plug
88 which -engages 3 ‘recess in the flow control,
centering and supporting head 84. 'The arrange-
wient is ‘particularly apparent from Fig. 2. Up-
ward ‘adjustment of the:head 34 by means of the
knob 385, or equivalent means, thus centers the
pipe 60 at its lower end and also furnishes a sup-
port for the pipe. The pipe 6§ carries at its lower
end 3 suitable besring ‘68a for rotatably .jour-
nglling ‘the lower end of the rotatable pipe 55.
The rotatable pipe’is thus likewise properly cen-
tered and-supported. -A:simple friction type bear-
ing ‘68a is indicated in the drawings. -Any suit-
able bearing may, of course, be used.

The stationary centrally disposed feed and.sup-
ply :conduit -formed by -the pipe 80 ‘and the ro-
tatable companion pipe 55 are each provided with
radially -directed ports which may he upwardly
inelined, s shown. The rotatable pipe 55 oper-
-ates :in the nature of .2 valve for -adjusting the
outflow from the pipe 60 through these ports
into the first passageway -or turbulence mixing
chamber 18, The adjustment is made by means
of the hand-wheel 58 or by equivalent means.
Material can thus be injected into the passage-
way 18 in radially directed streams of adjustable
magnitude or intensity entering the passageway
in @ -plurality of levels. The number of ports in

éach level will depend -on the size of the pipes 55 .

and 60. Leakage radially around the solid sectors
of the ‘conduit 60 in the various levels can be
neglected in the practical Operation of the struc-
ture. The arrangement comprising the station-
ary central feed pipe or supply conduit 60 and
the ‘rotatable valve pipe 55 is in certain respects
simildr to Patent.No. 2,386,419,

Artound the above described -structure is dis-
posed a stationary pipe 11 and an outer.stationary
pipe 12 forming an annular feed space or supply
conduit 3. The pipes T1—12 .are suitably at-
tached at the top .of the structure. They may
be part of the cover 35 .and depending therefrom,
as shown, .or they may form a separate sub-as-
‘sembly, together with the other coaxial pipes as
desired and as previously \intimated. The pipes
T1=—12 depend downwardly concentric with the
remaining pipes and are provided at the bottom
with an ‘annilar ring-like meniber 14 which op-
erates in the nature of a Plug. The outer pipe
assenibly forming ‘the annular feed space or sup-
Ply conduit 13 "is centered at the bottom by a
ring-like riember ‘15 which is supported on suit-
able legs '76. Numeral Tie (Fig. 2) indicates a
suitable bearing carried by the pipe T at itslower
end ‘for rotatably journalling the lower end of
the ‘rotatable pipe 65. "The bottom end of the
feed ‘and injection or ‘inlét ‘device comprising the
various coaxial pipes is shown of cross-sectionally
angular configuration. Tt ‘may, of course, be
suitgbly ‘rounded in order to assist the hydraulic
displacement of the fluid ‘mass in ‘the chamber
6 in accordance with the flow lines. ‘

“The ‘stationary pipe T and the rotatable pipe
65 voacting therewith are both provided with up-
wardly inclined ports which may be brought into
-alignment 'by proper ‘angular adjustment of the
rotatable pipe 65 ina similar manner-as the ports
in‘the central pipe 60 may be brought into align-
‘metit ‘with “the ‘pofts ‘in “the rotatable coacting
valve'pipe'ss. ’

‘Buitable - spider ‘washers ‘may be provided ‘at
vertically spaced ‘intervals, within the passage-
way 10 “forméd ‘by "the ‘fotatable valve pipes 55
-and 65, so as ‘to maintdin these pipes properly
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spaced and centered. ‘Such washers gre, of
course, perforated in order’to permit the flow of
material through the passageway 10,

Assuming now ‘that ‘material ‘is injected ‘itito
either or both of the feed or supply conduits 13
and 68, such material will flow radially inwardly
into the first passageway or mixing chamber 70,
In other words, the material is emitted from the
supply conduits 60 and 13 inwardly, in ¢pposing
adjustable jets, into the passageway or ‘mixing
chamber 10 which separates the rotatable valve
pipes 85 and 65. The radial injection effects
turbulence by collision and thus irrational inti-
mate intermixture .of the materidls, The inten-
sity or force .of thejets is adjustable by the valve
pipes 55 and 65 and by pressure ‘injection of the
materials. A stream of material may also be
injected directly into the passageway 10 for in-
termixture with the materials injected thereinto
from the conduits 68 and 73. ;

Three inlets 83, 81, 82 are shown at the top'of
the structure. These inlets may be connected
with separate material holders.or may feed ‘ma~
terial from one and the same source, e. 2., a'tank
which receives the initial ‘material components
for subseguent intermixture and blending in the
machine shown 'in Fig. 1. The inlet 80 connects
over a valve 83 with the pipe 84, terminating ‘in
the fitting 68 which is joined with the -pipe 60,
Material can thus be adjustably injected through
the inlet 88 into the centrally disposed stationary
feed pipe or supply conduit §8. The inlet 81 con-
nects over a valve 85 with pipe 86 terminating in
the space 81 formed by the cross-sectionally
U-shaped fitting 58 which communicates with the
rassageway T8. Materiai can thus be adjustably
injecéed through the iltustrated -communicating
openings into the first passageway or mixing
chamber 78. Inlet conduit ‘82 connects ‘over ‘g

¢ velve 88 with pipe 89 for adjustably feeding ma-

terial into the supply conduit 72 formed ‘by -the
staticnary pipes 71 and ‘12. Pipes -106, 108, :110
terminate similarly as pipes 84, 86, 83. They are
provided for the purpose of re-circulating ‘iria-
terial from pipe (84 into the feed and supply
conduits 86, 18 and into the passageway ‘or mix-
ing chamber 78, respectively. “The ‘inlets 80, 81,
82 also connect with the pipe 31 by way of valved
connecting pipes diagrammatically indicated ‘st
8te, 8ia, 820 and 3la. These latier connectioins
are provided for by-pass feeding of matsrial frotn
the inlets 89, 81, 82 by way of pipe 31 eitherto the )
outlet or by way of pipe {81 and pump 1989, for
injection through the pipes ‘1086, 108, 110, into the
feed and injection device as deseribed. o

An auxiliary inlet conduit is indicated in dotted
lines 808 at the bottom of the figure, for feeding
material, if desired, into the feed or supply con-
duit 88 through the boring in the supporting ‘and
centering head 34 and thence'through the bofing
in the plug 68.

The partition or flow-distributihg wall 13 is
pbrovided with ports of upwardly increasing out-
flow capacity for draining material from the sec-
ond passageway or streamcurrent chamber 16
into the discharge chambers or cells'21—25. The
material drained from the chamber 16 through
these outlet ports collects in the cells '2{—25 ‘for
selective withdrawal -through ‘the ‘valved ‘pipes
28—31, inclusive. 'These bipes are, of colrse, gt=

" tached to the corresponding cellsin such a man-

ner that complete drainage can be effected,
Valved branch pipes 26a—30a ‘connect with the
pipe branch {fle provided in ‘pipe {11, These,

- latter connections permit controlled withdrawal
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of material from the various cells directly to the
outlet of the unit. Similar branch connections
may be provided for the pipes 43, 45.

The additional equipment shown in the draw-
ing comprising various valves and a pump is best
described in connection with the operation of the
structure.

The nature of the material or materials to be
mixed, homogenized, emulsified or blended, or to
be sustained and maintained, is known. The
inlet capacity of the various conduits, that is, the
magnitude of the inflowing streams of a given
material through such conduits, under given feed
conditions, is likewise known. The valve provi-
sions, namely, the valves 55 and 85 coacting with
the ports in the supply conduits 88 and 13, re-
spectively, are suitably adjusted to the properties
of the material to be handled and to the inflow
thereof as well as in accordance with the results
that are to be obtained. Several conditions are
possible,

The valves 55 and 65 may be adjusted so as to
block the radial outflow ports of the supply con-
duits 88 and 73, respectively. Material may be
injected through the inlet 81 for downflow
through the first passageway 18 and outflow di-
rectly into the second passageway O mixing
chamber 16. The feed and injection device has
in this case merely the function of an inlet and
the material, e. g., a liquid, is subjected within
the second passageway or chamber {5 to stream-
current agitation which proceeds within the
chamber 16 symmetrically upwardly and laterally
outwardly with upwardly diminishing magnitude.
The liquid leaves the streamcurrent chamber {6
through the outflow ports in the flow-distributing
wall 13 in upwardly increasing amounts. A
similar condition may also be produced in the
structure shown in Patent No. 2,386,419,

It should be observed, however, that the present
structure permits a controlled selectively adjust-
able withdrawal individually from the various
levels of the fluid body in the streamcurrent
chamber 16. Accordingly, the nature of the up-
flow in this chamber and streamcurrent agitation
or displacement resulting therefrom is adjustable.
Adjustment may be such as to block the outflow
from all but the top level of the flow-distributing
wall 3. All the material emitted from the feed
and injection device will thus be forced to travel
to the top. Alternatively, the outflow from all but
the bottom level may be blocked. The result will
be bulk turbulence within the chamber {6. Ad-
justment may be provided for differential with-
drawal from the various levels of the mixing
chamber, or for symmetric upwardly adjustably
increasing withdrawal, so as to produce true
streamecurrent conditions substantially . without
causing irrational turbulence in the fluid body
within the chamber (6.

The valves 55 and 65 may also be adjusted for
8 desired radial outflow into the first passageway
or mixing chamber 108, but material may be fed
only from the inlet 80 into the supply conduit 80.
The material in this case drops downwardly with-
in the supply conduit 68 and flows in jets of de-
sired intensity, according to the feed pressure and
adjustment of the ports, radially cutwardly into
the first passageway or mixing chamber 78. The
liquid then flows downwardly within the chamber
10 and out into the streamcurrent chamber 16
exactly as in the first case, with the difference
that, while the liquid passes from the supply con-
duit 60 into the mixing chamber 70, it is subjected
to more or less intense turbulent agitation.

- A slmpilar operation results from adjustment of

<

10

15

20

25

30

35

40

50

55

60

65

70

75

8

the valve tubes 55 and 65 as in the case just
mentioned, but feeding material only through
the inlet conduit 82 into the supply conduit 13.
The ‘material is in this case ejected radially in-
wardly through the ports in the pipe TI in
streams or jets of adjusted intensity according.to
the setting of the valve 65, thus subjecting it to
agitation and turbulence within the first pas-
sageway or mixing chamber 18, and flows down-
wardly and out of this chamber intc the second
passageway or streamcurrent chamber 16 where-
in the agitation is of a controlled nature as prev-
jously described, which may proceed symmetri-
cally upwardly with upwardly diminishing mag-
nitude as particularly disclosed in detail in Patent
No. 2,386,419,

The auxiliary inlet $0 may or may not be pro-
vided, but if it is provided it may be used for in-
jeeting liquid from below into the central supply
conduit 60 for intermixture with liquid injected
jnto this conduit from the inlet 88 or for inter-
mixture with liquid injected into the first pas-
sageway or mixing chamber T8 from the supply
conduit 73.

There are thus numerous adjustment possi-
bilities and therefore possibilities for subjecting
to treatment materials requiring agitation which
may range from imperceptibly mild displacement
to intense and even violent turbulence involving
pressure and shearing forces. The material fed
into the machine may be a composite liquid com-
ing from several sources, for example, several oils
or gasolines that have to be mixed, Alternative-
1y, the material may be a suspension, dispersion
or solution requiring blending or maintaining of
homogeneity. Emulsions may be prepared by in-
jecting desirable components into the first pas-
sageway or mixing chamber 18 and into the con-
duits 60 and 13, respectively, for turbulent inter-
mixture within the passageway 78. Materials
may be homogenized in like manner. Desirable
degrees of turbulence may be produced. The in-
jection and feed device may be provided with
suitable heating or cooling jackets, if desired.

Assuming, for example, that it is desired to in~
termix four different grades of gasolines or oils,
these four grades may be drained from separate
holders through the inlets 80, 8{, 82 and 90, re-
spectively. 'The valves 83, 85, 88 connecting with
the conduits 84, 86, 89 are suitably adjusted.
There is, of course, a valve provided in the con-
duit 90. The valve pipes 55 and 65 are properly
adjusted in accordance with the intensity of
turbulent agitation that is desired, and the var-
ious solutions or liguids are then simultaneously
injected in desired amounts and with desired
pressures. 'The result is more or less intense de-
sired turbulent agitation within the first pas-
sageway or mixing chamber 70 by collision of the
numerous jets or streams of liquid emitted from
the supply conduits 60 and 73 with the material
flowing through the chamber 70. The turbulent
product leaving the feed and injection column. is
discharged downwardly into the second passage-
way or streamcurrent chamber 16 and is there
subjected to the rational upward and outward
displacement to effect the final intermixing, ho-
mogenizing or blending of the materials. The
more or less high state of agitation or ebullition of
the turbulent material is gradually reduced as the
lquid rises in the streamcurrent chamber {6.
The flow in the chamber {6 may be so adjusted.
that the upper strata of the liquid within this,
chamber are substantially quiescent. =~ . =

The above described operations may be carried
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out: as described or by the use of the pump 100.
Valves.83; 85, 88 are for this purpose closed and
inlets 80, 81, 82 are connected with the pump by
way of pipes 31 and 16{. A valved branch con-
duit from pipe 90 to the pump may be provided
for adding the component conducted through this
pipe. The pump propels all the components to

be mixed, coming from pipes 3f, 9¢ and (01,
through the: valve 102, pipes 183, 184, into the
valved pipes 105—106, 187—I108, {89—{ 18, thus

effecting a certain degree of intermixing inci-
dent to the flow through the feed conduits 31, 81,
to and through the pump and thence to and
through the conduits 103 and 104. The mass is
then divided again and is fed in adjusted amounts
into the passageway 10 and into the supply con-
duits 60 and 13, respectively, for turbulent inter-
mixture within the passageway 710 and discharge
into the: chamber 16, a5 described. The fuid
from pipe 90 may, or course, be injected directly
instead of by the pump 100.

The blending; mixing, homogenizing, emulsify-~
ing; dispersing or othér handling of some mate-
rials may require recirculation or turnover pump-
ing which may be carried out by use of the pump
100. Adjusted amounts of material may be
drained selectively separately from any of the
chambers 39, 41 and 21—25, and may be fed to
the: pump by way of conduits 2{ and {8} and
may- then: be returned to the feed and injection
device by way of valve 102 and conduits 183—i34
for reinjection selectively through any one or all
of the inlets 106, 188, 110. Por example, it js
possible to withdraw material from one or more
selected levels or chambers of the device and re-
turn it by way of pipes 105-—186 to the supply
conduit- 60; or the material may be returned to
the first passageway or mixing chamber 70 by way
of pipes F0T-—108; the material may also be re-

turned to the supply conduit 13 by way of pipes -

109—110; and, finally, material may also be. re-
turned to the top chambers 39, 41 by way of
valved conduits 18, 119. Just which of the
various possibilities for turnover pumping is to
be used; alone or in combination with others,
will be determined by conditions arising in prac-
tice.  Some materials may require turnover
pumping and reinjection through all channels
simultaneously so as to obtain repeated treat-

ment with maximum intensity and entraining *

agitation. Other materials may require only re-
circulation through the second passageway Jr
streamcurrent chamber 186 by way of the first
passageway 10 mainly for the purpose of gradi-
ally killing ebullition

Adjusted amounts of materiai may be drained
selectively individually from either or both of the
chambers 29, 41 angd from any one or all of the
discharge chambers 21—25 for discharge through
the conduit {11, by way of valve 12 to the outlet.
The withdrawal of material may also be forced
selectively from any one or all of these chambers
ar cells by the pump through the valve 113 to the
outlet, The amount of material to be drained
from each chamber may be determined in either
case by proper valve setting. Draining of material
for discharge from some of the chambers or cellg
and turncver pumping of matsrial from other
chambers or cells may be obtained by suitable
valve settings. Turnover pumnping from selected
levels of the fluid material body in the stream-
current chamber 18, together with controlled dis-
charge from: some or all of the levels may be

practiced simulfaneously with feeding fresh lauid.

into-the tank or-after the tank is completely filled

15

20

39.

10
with liquid. All these and other possibilities are
helieved to be sufficiently obvious from the draw-
ing Fig. 1.

Materials may be treated with gases, if de-
sired. For example, it may be required, in con~
nection with cerfain emuisions or mixtures, to
subject a material to turbulent agitation in the
presence of air or other gas. The material may be
fed through the first passageway 18 and the gas

. may be intreduced through either or both of the

supply conduits §8, 78, Any other suitable and

desirable feed procedure may be adopted within

the possibilities of the machine. The gas, in such

cmse takes the place of a material component of
the final produf't

I should be observed that the structure can
be drained completely, leaving only the film of
material that will inevitably adhere to the tank
walls. The streamecurrenst agitation as deseribed
is operative and affects the entire material in the
chamber 8 regardless of the amount of material
which may be reposing in the chamber at any
time.

The structure is also adapited to serve as a
storage tank for suspensions, dispersions, emul-
sicns, solutions, blended liguids, and other
materials which display a tendency to separate or
deterforate when subjected to quiescent condi-
tions. The required agitation is furnished purely
as a by-product of the injection and/or with-
drawal of material without any mechanical agi-
tating means. Turnover circulation may be em-
ployed periodically, in case of storage, during pro-
longed intervals of inactivity, that is, when no

35. material is normally added or withdrawn for use.

[
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The new structure facilitates and accelerates
the handling of materials for numerous purposes,
as compared with the operation of prior devices,
cutting down the cost of operation, and renders
the operations more certain and more effective.
There are no moving parts or machinery that may-
get out of adjustment and cause expensive re-
pairs or replacements. The initial cost of the
apparatus will in most cases be less than the
cout of orthodox equipment, and mamtenance

osts will also be reduced.

Any desired condition of -turbulence, agitation
and hydraulic displacement may be produced
substantially with calculable certainty, because
all factors reguired for calculating magnitude of
pressure, turbulence forces and displacement of
the material at any point within the structure are
known and can be adjusted at will to accommo~
date any given set of reguirements. Desired
temperature conditions may likewise be produced
at any section of the structure by the provision of
suitable heating or cooling means.

The oufer tank 12 may be made cylindrical, as
indicated in dotted lines marked hy the numeral
{20. The outer tank spaces, that is to say, the
collecting cells or. discharge chambers such as
21—28, inclusive, will then, of course, be enlarged;
as indicated by dotted lines 17¢—28¢ showing the
required partitions corresponding to partitions
£7—28. The structure js in-such a case provided
with an upwardly sloping tank bottom {5¢ which
is joined with the hottom. {4 of the flow control
wall [3. asshown. The outlet conduits connecting
with: the pipe 84 are suitably provided in accord~
ance with the structure shown in the drawing and
analogous thereto. The outlet conduits again are
placed so as to effect complete drainage from the
various cells and chambers of the tank.

The structure may be made square or polygonal
if desired. The flow control wall {3 would; of
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course, follow the general shape of the outer tank;
e. g., it would be made in the form of an inverted
pyramid. The feed and injection device can also
be made cross-sectionally square or polygonal in-
stead of being composed of cross-sectionally
circular tubes. Sliding valves would in such case
be used in place of the rotatable valves 55—63.
The use of sliding valves in place of the rotatable
valves is generally feasible also in the illustrated
structure. The tubes 55—65 may, for example, be
mounted for vertical sliding displacement by suit-
gble lever or cam control or by screw control
generally as shown for the adjustment of the
valve members {27—128 illustrated in Fig. 5.
The embodiment diagrammatically shown in
Pigs. 3, 4 and 5 comprises a feed and injection
device which is disposed at one end of a generally
rectangular tank structure i20. The device in-
cludes the end walls 12i—122 and the perforated
strip-like side walls or inserts 123—I124 forming
the first passageway or furbulence mixing
chamber which tapers in downward direction and
terminates in an opening 125 for direct and im-
mediate discharge of material in turbulent con-
dition into the second passageway or stream-
current chamber 126. In back of the side walls
123—124 are disposed valve members {27—128,
respectively, which may be adjusted by suitable
means, e. g., screws 129—130, respectively. These
valve members are perforated just like the side
walls 123—124 and the perforations may be ad-
justed for desired outflow of material into the
first passageway or mixing chamber. The per-
forations in the side walls or strips 123—124 may
be provided with spray nozzles, if desired. The
valve members are slidably secured by means of
suitable guides. One of such guides is indicated
at the bofttom of each valve member. Insert
partitions (31—132 form walls of chambers
133-—134 which constitute the supply conduits of
the structure. The supply conduit {33 receives
material from the inlet 135 and the supply con-
duit 134 receives material from the inlet 136. The
first passageway or turbulence mixing chamber

receives material from the>in1et 13T shown in the -

form of a hopper.

The second passageway or streamcurrent
chamber comprises a floor or bottom formed by
the sections 138—139—140-—14i—182, constitut-
ing a flow control or flow-distributing wall cor-
responding to the perforated insert 13 in the pre-
vious embodiment. Numerals (43—144—145—
146 indicate ports for the outflow of material
from the chamber 126 at vertically superposed
levels, corresponding to the outflow ports in the
flow-distributing wall of the first embodiment.
Each port discharges into a separate collecting
or discharge chamber or cell. Thus, the port
143 discharges into the cell {47; the port 144
discharges into cell 148; port 145 discharges into
cell 149; and port 146 discharges into cell 150.
Each cell is provided with a valved outlet, as
particularly shown in Fig. 4. Numeral 151 in-
dicates an overflow.

A suitable gate or valve, e. g., a slide gate, may
be provided directly at each of the ports (43—
146 instead of or in addition to the valves in the
outlets from the cells receiving material from
these ports. If should be noted that the bettom

of each of the cells 141—150 is dished so as to ’

provide for complete drainage.

Additional flow control or flow-distributing
bafle members 152—153—i54 are shown in Fig.
4. - These members are omitted in the schematic
drawing, Fig. 3. Each of these members is made

10

15

20

30

40

({3

- ture.

12

in the form of a preferably stréeamlined bar or
strip rotatably mounted on a suitable shaft and
extending transversely across the chamber 126
above the floor thereof. The shafts project fo
the outside and are adjustable by suitable means,
for example, hand-wheels. Hand-wheel 135 Is
provided for anguiar adjustment of the flow
control member {52; hand-wheel {86, for ang-
ular adjustment of the flow control member 153,
and hand-wheel {57, for angular adjustment of
the flow control member i84. Additional such
flow contrel members may be provided if desired
or necessary.

A flow control partition indicated in dotted lines
158 may be provided in place of the fiow con-
trol members {52—Ii54, or in addition thereto
and disposed thereabove. This partition, if
used, forms a roof over the flow-distributing bot-
tom wall, and the upwardly inciined space de-
fined thereby constitutes the streamcurrent
chamber. The partition also forms the fioor of
an additional chamber which extends thereabove
and which may be used as an additional turbu-
lence mixing chamber adapted to discharge ma-
terial into the streamcurrent chamber {26.

The first passageway or mixing chamber of
the feed or injection device empties into the sec-
ond passageway or streamcurrent chamber by
way of the opening {25 which is controlled by a
gate or valve (160, This valve is operable by a
shaft {61 which is adjustable by means of a hand-
wheel such, for example, as indicated at 162..

Gates or valves shown in dotted lines at {22a
may be provided in the end wall {22 of the first
passageway or mixing chamber for discharge of
material from selected levels of this passageway
into the streamcurrent chamber. These valves
may be mounted just like the valve 188 and op-
erated by suitable levers or hand-wheels, or may
be sliding valves and operated either from the
side or from the top of the structure,

The operation of the apparatus shown in Figs.
3-5 may be substantially exactly like the opera-
tion described in connection with the structure
Figs. 1 and 2, except that the first and second
passageways or mixing chambers of the machine
illustrated in Figs. 3-5 are open at the top and
are operated under atmospheric pressure,
whereas the corresponding passageways of the
machine shown in the previously discussed draw-
ings are closed to the atmosphere.

An operation cycle may be briefly described,
assuming that it is desired to blend three dif-
ferent kinds of materials to form a desired mix-
One of the components is injected into
the hopper 127 for downflow through the first
passageway or turbulence mixing chamber. The
material flows dewnwardly through the chute-like
passageway toward the opening {25 and into the
second passageway or streamcurrent chamber in
accordance with the setting of the valve or gate
160. Other components may be injected through
the conduits [35—138, respectively, for upflow
in the feed or supply conduits (33-—134. These

; components then flow through the ports in the

valve members 127—{28 and through the ports
and, if desired, through nozzlers in the asscciated
inserts or side walls 128—124, in the direction of
the arrows shown in Fig, 5, for intermixture with
the downwardly flowing material coming from
ahove. Turbulence is produced by this action
and agglomerates are broken up and agglomera-
tion is prevented. The intensity of the jets,
sprays or streams injected into the first passage-
way or mixing chamber through the openings in
its side walls may be regulated by the pressure
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with: which: the: material is injected through:the.

inlets 185-—136 and by properly setting the valve:

niembers {27, {28, to adjust the size of the ports:

as:desired. Adjustable inlet ports corresponding:
to:-the: ports in the walls 123124 may -also be
provided : in . the. end walls (20—(22. of the
passageway.

The - turbulently intermixed material - flows

through the properly adjusted inlet gate opening-

128:into the stream current chamber .of the: ap-

paratus, and then flows from. the inlet: opening.

or-inlet well upwardly and laterally outwardly: in
the general direction.of the arrows shown in. Figs.
3-and 4. The flow in ihe upper strata. of - -the
fluid material body is controlled by the: flow.con-
trol and flow-distributing members such as 152—
153-—(54, or by the partition 158, respectively..

Material is adjustably drained mto the outflow
cells or discharge chambhers {47—I150 at- verti-
ca]ly,suc,cesswe levels of the fluid ‘body -forming
in:the streamcurrent chamber.

The: operation of the embodiment. shown in
Figs.. 3-5- is thus. generally similar. and in its

broad aspects, identical with the operation of the.

embodiment previously described. with. reference.
to-Figs. 1 and 2.

Pipe and valve connections may. be provided
in conjunction with the apparatus Figs. 3-5.gen-
erally analogous to the pipe and valve means
shown in Fig. 1. It is understood, of course, that
the. machine shown in PFigs. 3-5- may-be made
fluid- and pressure-tight and operated. just like
the -first described emboediment simply by pro-
viding suitable covers for the two serially related
passageways or mixing chambers, and connect-
ing. the.necessary conduits thereto.

The embodiment shown in Figs. 3-5, when
compared with the embodiment shown in.Fig, 1
indicates the versatility and adaptability .of the
invention to structural modifications. The. func-
tional adaptability, that is to say, the possibility
to use the invention in a great number of bhasic
operations such as mixing, blending, efc., ete.,
has.alzeady been. discussed. It will now be shown
that the invention may also be usefully. applied
in.the -separation of materials.

This statement may at first seem. surprising.

because the concept of separating would seem to
be in conflict. with the idea of sustaining a. mix-
ture such, for example, as a coal-oil suspension.
There is, however, nothing incompatible about
the two con0°pts because they have basic com-
mon. features. Af the basis of each is the con-
cept of “mixing.” Before a suspension can be
sustained it must be mixed, that is, the. solids
must- be uniformly dispersed or dlstrlbuted in
the. l1qu1d phase; and before a separation of solid
particles in accordance with their specifie gravi.
ties can be accomplished in a fluid separating
medium, such particles must be intermixed with
the medium, i. e., they must be distributed or dis-
persed. in the medinn.  Therefore, a separstor,
for examnple. a hydravlic separator, may he con-
sidered in ﬂ'sn light of a mixer.

‘The.separation will be successful in the meas-
ure in which vniform dispersion or distribution
of.any given particles.can be accomplished. in a

fluid medium. The present invention is adapted.

to. furnish uniform distribution of solids in a
liquid, and this feature may therefore be applied

in:the solution of the problem of dispersing. solids.

in.a: Houid preparatory to or incident. to. separa-
tion. from- the: liquid,

Ty, maintaining or sustaining a product such;
f@r example, as.a coal-oil: suspension, the: prob~
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lem is onesof sustaining a.liquid:containing;in.disx=
bersion. solid: particles. of substantially uniform:
size and uniform specific gravity. If we consider:
separation, we are confronted with a different:

. broblem, namely, separating from the liquid: me:,

dium- solid particles of different.sizes and/or. .Spen:
cific gravities.

The separation. of such particles. will be suc, 3
cessful in the measure in which organized stati=
fication can be accomplished. It will be clear
that the turbulence of the liquid separating me-
dium has a. vital bearing on the subject, - Or~
ganized statification is impossible in the presence.
of irrational unpredictable turbulence, and such.

. turbulence is in conflict. with and impedes strati-

fication and therefore separation.

The new structure is adapted to displace.a;, lig-.
uid - body hydraulically with upwardly diminish-
mg magnitude and. substantially without. creat-
This feature may be.
utilized for separation. In the presence of such
hydraulic displacement heavy particles will. ob—
vigusly tend to organize near the.bottom, and
light particles will float toward the top.

It will thus be seen that the basic theoretical:
requirements for separation of materials are.
identical with those for mixing and sustaining or,
maintaining or blending of suspensions. Certain.
features of an apparatus adapted to satisfy. the:
latter.can therefore be sensibly adopted to meet.
the former,

Keeping the above remarks in mind, it W111 be..
easy to understand the operation of the macHine.
shown in Figs. 3-5 when used as a separator.

It may be assumed, for example, that coal:of:
a. certain specific gravity, say 1.35, is to be. sep-.
arated from heavier impurities and that the size.
of the largest particles is less than %", e. g., that,
the particle size of the raw feed is %’ x 0"’ o
even. smaller.

The raw feed is introduced into. the hopper,
127 and drops downwardly in the first passageway
or turbulence mixing chamber. An agitating me-
dium. which may be air of water or both, is intro-
duced. through the inlets 135—126 for upflow in.
the supply conduits 133—134 and outflow in. Jets,.
streams or sprays into. the passageway in the.

path of the downflowing raw feed. Turbulent
mixing agitation of a desired intensity is thus
preduced in the first passageway or mixing cham-
ber as described before, to break up agglomer-.

ates, to prevent agglomeration, and to produce
thorough intermixing and dispersing of the solid:
particles in the liquid.

Previously known separators, generally and
broadly speaking. do the same thing as described
in the preceding paragraph. The raw feed is;
dropned into.a tank contalmng a liguid medium.
and liguid currents or air currents (which may be.
employed in the present structure) are iniected.
into the body of the liquid medium producing,
turbulence and hydraulic displacement. Agita-
tion is, in addition, produced by mechanical
means, e. g., rotating paddles, propellers or the;
like. ’

As pointed out in the previously: mentioned:
patents co-pending and as noted before. such
agitation causes irrational and unpredictable:
turbulence, producing drawbacks which impede
proper uniform distribution or dispersal of the-

solids in.a liguid. - The requirement of. produc- .
ing uniform. dispersion. of the particles in.the lig-
uid. separating medium. is thus. violated.

Also, as mentioned before, irrationsl turbulence..

v conflicts. with. the separation of the particles:
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from the liguid because it impedes the organized
stratification of the particles. The industry is
in this respect in a dilemma. Agitation must be
applied to disperse and to distribute the particles,
and the degree of agitation that would be desir-
able to obtain uniform distribution causes such
turbulence that stratification and cleancut sepa-
ration are made impossible. The detriment be-
comes particularly manifest when it is attemnted
to separate solids of relatively small particle size.
There is no hydraulic separator known at the
present time which is adapted to produce entirely
satisfactory separation, e. g., of coal of a particle
size ranging from less than %’ to 0’” and espec-
ially small size material ranging from %'’ to 077
or smaller. The invention is intended o con-
tribute toward remedying this shortcoming.

One of the characteristic features which dis-
tinguishes the present invention, when used for
the separation of materials, from the prior art,
resides in dispersing and substantially uniform-
1y distributing the solid particles in a fluid medi-
um, by the application and use of irrational
agitation, in a first passageway or mixing cham-
ber, where irrational turbulence resulting there-
from cannot conflict with the separation, and
carrying out the separation of the particles in ac-
cordance with the specific gravities thereof, by
the application of controlled hydraulic displace-
ment of the fluid body containing the particles
thus dispersed therein, in a second passageway OF
separating chamber, upwardiy and symmetrically
laterally outwardly, with upwardly diminishing
magnitude, to accomplish organized stratification

and separation substantially in the absence of 3

irrational turbulence. The prior art, in con-
tradistinction, attempts to accomplish dispersion
of the particles and separation thereof at the
same time; that is, it attempts to accomplish sep-
aration in the presence of irrational and unpre-
dictable turbulence.

The intermixed turbulent material leaves the
first passageway or mixing chamber through the
gate opening 125, and the fluid body, forming in
the streamcurrent chamber is continuously ra-
tionally displaced symmetrically upwardly and
with upwardly diminishing magnitude or in-
tensity.

Tt will be clear that in the presence of such
solely hydraulic displacement the solids in the
liquid will stratify in accordance with their spe-
cific gravities and/or sizes, the heaviest or largest
components remaining near the bottom and the
lightest or smallest floating toward the top.

An inspection of the drawing, Fig. 4, will ex-
plain the behavior of the material. The inter-
mixed turbulent mass consisting of the liguid
separating medium and the solids dispersed
therein leaves the feed and injection device in
downward direction with a force which, in an
open structure such as shown, will depend on
the hydrostatic head therein, or rather to say,
on the amount of liquid injected thereinto to sup-
ply the quantities of liquid withdrawn from the
separating chamber.

Stratification is initiated within the first pas-
sageway or turbulence mixing chamber of the
fed column by the hydraulic displacement caused
by the action of the liquid currents issuing from
the ports in the side walls as described. As-
suming the valve or gate 160 to be suitably ad-
justed and the gates 122a¢ closed, the mass of
material is deflected at the bottom of the feed
column in the direction of the prominent arrows.
There is an upward component tending to lift the
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material generally in the direction of the flow
control member {32. The heaviest particles tend
to remain near and at the bottom, moving toward
the cutflow port 143, and the lighter particles are
lifted up. From then on the displacement of the
mass continues, substantially without irrational
turbulence, upwardly and laterally outwardly
with upwardly diminishing intensity, along the
flow-distributing wall or floor, sweeping toward
the overflow {5i. The organized stratification
persists, the heavier particles moving along at
and near the bottom of the stream and the pro-
gressively lighter particles at and near its top
layer. Liquid containing particles of upwardly
progressively lighter specific gravities may be re-
moved through the ports 144—1{46. The lightest
particles may be discharged at the overflow 15f.

The organized stratification within the upward-
1y and outwardly moving stream may be assisted,

- if desired, by the injection of fluid or air currents

sectionally , through the floor plates (38—142,
These plates may be perforated for this purpose,
and each may carry a hood at the bottom side, as
indicated at 179, which is connected with a suit-
able fluid or air supply. The supply of fluid to
the hoods may be uniform or may be in upwardly
lessening amounts and/or pressure.

Irrational turbulence, which may become man-
ifest in the form of eddies, is broken up by the
flow control members such as 152—I54 and/or
by the flow control partition or roof 158, if such
partition is employed. Eddies that may be pro-
duced above the control members have no detri-
mental effect on the confrolled material flow
along the floor of the structure.

1t is understood, of course, that sufficient liquid
must be added in the feed and injection device to
maintain any desired flow of liquid through the
separating chamber toward the overflow. Alter-
natively, make-up Hquid may be added into the
space above the partition 158, if such partition
is used, for downflow and intermixture with the
flow along the floor.

The streamcurrent motion of the material body
is regulated and controlled by the shape of the
separating chamber having the upwardly sloping
flcor and outwardly flaring side walls (see also
ig. 3) and by controlled withdrawal of material,
i. e., liguid and solids contained therein, from the
various levels of the separating chamber.

The gates 122¢ may be used for selectively ad-
mitting turbulent material into the separating
chamber either in conjunction with the boftom
ovening 125 or with this opening closed by the
valve 189. .

The use of a flow control partition such as
indicated at 158 presents additional operating
and control possibilities. The partition forms the
roof of the streamcurrent chamber 126 disposed
underneath, and thus forms the floor of an aux-
iliary mixing chamber disposed thereabove. Tur-
bulent material may be injected info this auxiliary
chamber from the first passageway selectively
through the .gates 122a¢ for downflow into the
streamecurrent separating chamber 126 through
the space between the wall 122 and the lower left
end of the partition 158, This space may be con-
trolled by a suitable valve. The material may
thus be agitated and roughly separated in stages,
first within the passageway receiving the raw feed
from the chute 137, and second within the auxil-
iary chamber above the partition {58, Mechanical
agitating means may be used in either or both
stages, as desired. The material which is fed to
the suxiliary chamber through the gates 22a 1s
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pre-selecied by the rough separation or stratifica-
tion which occurs in the first passageway. It will
contain a preponderant amount of smaller and
lighter particles, depending on the level from
which it is drawn from the first passageway.
Accordingly, the material discharged through the
opening {25 will be mainly of heavy specific
gravity, seeking the low discharge levels from
the streamcurrent chamber 126, and the material

coming from the auxiliary chamber will be ":

mainly light material which is added to the flow
at a higher level and continues toward its up-
wardly disposed discharge points.

Re-circulation of a product withdrawn from

one or more of the various levels of the stream-
current chamber {26 may be practiced in ac-

cordance with explanations furnished in connec-

tion with the description of the apparatus shown

in Figs. 1 and 2.

The liquid separating medium may be water,
as described, or a suitable heavy density liquid,
i e, a liquid of a specific gravity heavier than
water. .

Each of the discharge chambers 14T—150 may

terminate in a housing, if desired, and each such =

chute may enclose a suitable mechanical conveyor
for removing the material deposited therein.
The housings may be disposed in vertically and
transversely staggered relation at the discharge
end of the machine.

The separation of materials has been discussed
and explained particularly with reference to Figs.
3,4 and 5. There is, of course, no inherent limita~
tion that would stand in the way of using for the

separation of materials the machine shown in 3

Figs. 1 and 2. 'This applies particularly to the
separation of finely divided materials. .

The separation of coal has been described to
give an example. The invention may be found
useful in the separation of other relatively finely
divided or comminuted materials and substances.

Referring now again to the subject of mixing,
blending and like operations, the apparatus so.
far described, i. e., the machine shown in Figs.

1 and 2, permits the handling of four material <:

components. This by no means exhausts the
possibilities of the invention. The apparatus may
" be constructed so as to permit the intermixture
of any number of components within the most
‘complex practical requirements. For example,
the apparatus may provide for the treatment of
a plurality of material components in stages, as
schematically indicated in Fig. 6 and as briefly
described below.

A desired plurality of handling units, e, g., ﬁve
units, numbered I-V, as shown in Fig. 6, may be
disposed at cne end of a rectangular tank struc-
ture such, for example, as described in connection
with Figs. 3-5, taking the place of the feed and
injection device of the previously discussed em-
kodiment, The handling units I, II and III, IV
may also be placed outside of a.circular tank
structure and the handling unit V.may be dis-
posed centrally of the tank as shown in Fig, 1.
Unit V discharges in either case into the second
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such mass through suitable pipes and valves to._
the next stage.

In Fig. 6, the handling units I-v are inter-
connected in such a way as to intermix a plu-
rality of material components in accordance with
the formula
(A) 1424344 I 54 551 5V-8C

6-+7+8-4-0->I1I>4+10-5I V>V SC ‘
wherein the Arabic numerals indicate the mate~
rial components and the Roman numerals indi-
cate the corresponding handling units. It will be
seen that material components 1, 2, 3 and 4 are
injected into the unit I, To the product leaving
the unit T is added material component 5 for treat-
ment inunit IT, Theproduct fromunit IT is inject-
edin divided streamsintounit V. Material compo-
nents §, 7, 8 and 9 are similarly injected for treat-
ment in unit IIT and to the product leaving this
unit is added material component {0 for treat-
ment in unit IV which discharges again in divided
streams into unit V for final treatment therein.
Unit V discharges into the streamecurrent cham-.
ber indicated in Fig. 6 and in the above noted
formula by “SC.” We have in this case series
operation of units I—II and IIT—IV, respectively,
and parallel operation of units I and IIT each
for the treatment of four material components,
and units IT and IV for treatment of the products
from units I and III plus material components
added to each. Both units IT and IV are con-

" nected in series with the final treatment unit V

i
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passageway or streamcurrent chamber of the ~

machine. . Bach of the units I-V may be con-
structed as described, for example, in connection
with the feed and injection device of the machine

shown in Figs. 1 and 2. Accordingly, each.of :

these units I-V is adapted to handle three or,
rather to say, four material components., Each of
the units I, II, III, IV may be provided with a
closure cap at its discharge end, for receiving the
fluid mass intermixed therein, and for conducting
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into which they discharge in divided streams. -
The division and subdivision of the material

_streams passing into the various units is indi-

cated in Fig. 6, but is neglected in Formulg A.
For the sake of completeness, such division and
subdivision may for this particular case be rep-
resented by the Formula A:, noted below, which
approaches more accurately the conditions illus-
trated in Fig. 6:
}Pn
" e——-—»m}

(A1)

Fe—II
Fa—oIV
7 93T Pui{ Fb+4-1051V : P1v
.8 I1L Fe 1V

2 +4——)I}P( {Fb +5—>II
T grmmd V' .
Pu+4Piv{Fb——V ;P y->8C
Fe——V

It will be seen that the Formula A: is merely
an elaboration of Formula A. It shows that the
initial material components I, 214, 3 and 6, 78,
8 are fed into the handling units I and III, re-
spectively, in divided streams, as is also apparent
from Fig. 6. The products Pr and Pmr coming
from the units I and III, respectively, are again
divided -each into three fractions Fa, Fb, Fe, and
these fractions are separately fed into and passed
through the units II and IV, respectively. Ma-
terial component 8§ is added to fraction Fb of the
product Pr coming from unit I, and material com-
ponent {8 is added to fraction Fb of the product
Pz coming from unit III. The products Pu and
Prv coming from units II and IV are united, and
the resulting product Pu+Piv is again subdivided
into fractions Fa, Fb, F¢ for passage through
the handling unit V. The product Pv from this
unit is discharged into the streamcurrent cham-
ber SC.

. The further subdivision of the material streams
within each handling unit, that is to say, the ejec-
tion of two streams in the form of a plurality of
jets for turbulent intermixture with the third
stream in each unit, is omitted in Formula A:
because symbols representing such subdivision
would render the formuls unduly complicated.
If it is assumed, for example, that the valves in




2,484,478

19

each handhng unit provide for twenty sets of
ports or jets, each set having five jets, then we
obtain g subdivision of each of the two material
components, e. g., components { and 3 in han-
dling unit I, into one hundred jets or streams
which intermix with the material stream com-
prising the components 2--4. Each handling unit
therefore subdivides the material components fed
into it, into two hundred parts. The serial con-
nection of handling units I, II, V-and III, IV, V,
respectively, as shown in Fig. 6 and as symbolized
in Pormulae A and Ai therefore furnishes a-
rational breakdown or subdivision of the:mate-
rial components in three stages of two hundred
subdivisions each.

Additional examples of interconnecting and
operating the handling units will be briefly dis-
cussed below, merely by reference to simplified
formulae along the lines of Formula A, It is un-

derstood, however, that each formula is to be

read as if it contained symbols for the division
and subdivision of the material streams such:as
indicated in Formula A1, and in addition thereto
symbols for the further subdivision which occurs
within each handling unit to obtain the turbulent
intermixture of the separate material streams or
fractions flowing therethrough.

The next case to be considered, in the light
of the above remarks, is concerned with treating

a plurality of material components in a straight

series connection of the various handling units
I-V, with material components added at each
stage according tothe formula

(B)  142+3+4-31-54-5311> 6T+ 751V >+8-5V8C

wherein the Arabic numerals again indicate the

material components and the Roman numerals
indicate the treating or handling units. It will
e -seen that in such embodiment material com-
ponents 1, 2, 8 and 8 are treated in unit I, which
discharges in divided streams to the second stage
II, to which is added material component 5. To
the product from unit II is added material com-
ponent §-for treatment in unit III. To the prod-
uet from unit IIT is added material component
T for treatment in unit IV. To the product from
unit IV is added material component 8 for final
treatment in unit V, which discharges into the
streamcurrent chamber SC.

A further possibility is presented by intercon-
necting the available mixing or treating units;
e, g., units I-V in series connecticn so that treat-
ment in-stages is obtained, and adding at each
of the first four stages a plurality of, say, four
material components according to the formula
(C) . 1424-3+4>T>4-54-647181T

TI>-- 0410114125 T3+ 18-+ 14+ 154+-165I V> V2SC

‘Materials difficult to blend or mix may be
treated by interconnecting mixing units so that
fractions .of products leaving the successive units
or stages may be re-circulated, fo1 example, ac-
cording to the formula

M) 14243913 F1.0 - Fii I3 FrirasI Vs Fiv s » V280
I<Fp II<Fmp II<Fuan IVeFive
wherein it is assumed that three material com-
ponents {, 2 and 8 are to be handled. These com-
ponents are treated first in unit I. A fraction of
the product leaving unit I, indicated in the-above

formula by “Fr.” is injected in divided streams

for treatment in unit IT; a fraction of the product
leaving unit II, indicated by “Fma,” ‘is injected
in divided streams for treatment in unit III; &
fraction of the product leaving unit III, indi-
cated at “Fra,” is conducted in divided streams
to unit IV for treatment therein; a fraction
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“Pyya” -is -directed in divided streams for final
treatment in unit V. Unit V then discharges into
the streamcurrent chamber SC. Fractions
Fnn—Frve of the products leaving units I-1V, re-
spectively, are re-circulated through the respec-
tive units, as indicated in Formula D.

‘Materials difficult to blend may also be treated
in'accordance with the formula

(E)

—>Fra> 11
»V>8C

'%3}—>I-> SFoIlI>
EEY —F1>IV->
wherein the three components {, 2 and & are in-
jected in divided streams for treatment in unit I.
The product leaving unit I is divided into three
fractions—Fia, Fm, Fie—which are directed for
treatment, each .in divided streams, to the units
II, IIT and IV, respectively. These latter units
discharge in common, but in divided streams, into

" thefina] treatment unit V. We have thus a series

o
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connection of units I, II, V with units III and IV
operating in parallel with unit II.

‘One more case may be cited in order to indi-
cate the adaptability and flexibility of the inven-
tion.in the intermixing and biending of mafe-
rials. Again it may be assumed that three mate-
rial’ components, which are difficult to mix, are
to ‘be freated. This may be done according to
the formula

(F) 1 Fra> II-5F11a =
1>

2= Fm-—nIH-—>Fxm—>}—>V—)SO
3 F1e2IVoFiva—>
Te- ¥
lé—————TFm
I P
111 F1vp

wherein the three material components are first
conducted into unit I for treatment therein. The
product leaving unit I.is again divided into frac-
tions Fra, T, and Fre, as in case “E” for treat-
ment, respectively, in the units II, III, IV. The
product coming from these units is, however,
again divided into fractions Fre, Fuis, Fiva, for
final treatment in unit V, while fractions Fim,
Fim, and Fivs. are re-circulated through the units
T, XI; III, respectively. A fraction Fua of the prod-
uct. coming from unit I may likewise be re-eircu-
lated through thisunit.

Tt is understood, of course, that suitable pipes,
valves, and pumps, as required, are provided for
obtaining the interconnection of the units, as de-
scribed. Likewise, if pressure and temperature
controlg .are.required, such controls may be pro-
vided wherever needed. In the event that the
units are operated with different pressures, suit-
able means such as check valves are provided in
the corresponding interconnecting pives and con-
duits.

“THe above description of the possibilities of the
embodiment, Fig. 6, is rendered merely for the
purpose of giving examples of cperation. These
examples show typical cases but could easily be
multiplied. The number of mixing units may be
varied and their operative use may be varied. For
example, five units may be provided, but only

~ three units may be used in any one example de-~

T

scribed dbove.

Tt will’ be appreciated that the apprcach as
indicated ‘in the various formulae permits com-
plete ‘supervision of complex mixing, blending,
homogenizing, etc., processes and reproduction of
such processes with reasonable certainty of ob-~
taining identical results. Guesswork is largely
eliminated. The invention thus provides means
for the application of rationa] thought and pro-
cedure throughout the planning, executicn and
repetition or reproduction of such processes.
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The apparatus may be furnished in any desired
size and for satisfying any, even the most exact-
ing and most complex requirements. Materials
may be intermixed or blended in a single pass or
by turnover circulation of fractions of the mate-
rial body in the streamcurrent chamber or of
the entire contents of the chamber. The homo-
geneity of the final product in the streamecurrent
chamber is maintained by controlled hydraulic
displacement, as a by-product of the withdrawal
of material. The apparatus disclosed herein,
e. g, in Fig. 2, will be found suitable, in many
cases, to perform the work heretofore performed
by apparatus of the colloid-mill type.

It may be mentioned, in conclusion, that the
adaptability and flexibility of the invention with
regard to structural expressions removes limita-
tions formerly imposed on the ingenuity of the
designer. This holds true so far as use of mate-
rials is concerned as well as to physical features,
shape of the structure and placement in any

‘given environment.

Changes may be made within the scope and
~spirit of the following claims in which is defined
“what is believed to be new and desired to have

10
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protected by Letters Patent of the United States.

I claim:
1. Apparatus for handling materials compris-
~ing a tank, means forming two separate material-
supply conduits extending into said tank and de-
fining an open-ended passageway which is dis-
“posed between the conduits and substantially of
"the same length as the conduits, the walls of said
conduits being provided with ports which com-

municate with said passageway, means for feed- -

- ing material into said passageway for unimpeded
- discharge directly into said tank, and means for
“feeding material into said material-supply con-

duits for injection through said ports into said
passageway.

2. The structure and combination defined in
claim 1, fogether with valve means for controlling
the- injection of material from said material-

~supply conduits through said ports into said
passegeway.

3. The structure and combination defined in
claim 1, wherein the ports in the walls of said
material-supply conduits are inclined so as to

- inject the material therefrom into said passage-

way at an acute angle and tangentially in opposi- :

tion to the direction of flow of material through
the passageway.

4. The structure and combination defined in
claim 1, together with means for separately selec-

tively withdrawing adjustable amounts of mate- -

'rial from a plurality of predetermined levels of
the fluid body of material formed in said tank
~and - selectively directing such withdrawn
-amounts for re-circulation through said mate-
wrial-supply conduits and/or through. said pas-
~Sageway and/or for discharge from the tank.
- . 5. Hydraulic material handling apparatus
comprising a tank having an inlet for down-
"wardly feeding fluid maiterial thereinto, means
~forming in said tank an inner chamber for re-
celving material from said inlet, means on the
outside of said inner chamber forming a plurality
of vertically superposed manifolds each com-
‘muricating with said chamber at a correspond-
ing vertical level thereof for draining fluid mate-
rial therefrom, valve means for each manifold to
~control the amount of material to be drained
therethrough, means forming a compartment at
the top of said chamber which communicates

- with the fluid body therein, means for selectively:
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withdrawing adjusted amounts of fluid material
from said chamber through said manifolds, and
means for directing withdrawn amounts of mate-
rial selectively for re-circulation through said
inlet and/or for re-injection through said com-
partment and/or for discharge.

6. A device for intermixing materials com-
prising a plurality of coaxial tubes forming a
central axially extending material-supply con-
duit and an annular coaxial material-supply con-
duit surrounding said centrally axially extend-
ing conduit and defining therewith an annular
open-ended passageway which separates said
conduits in radial direction, means for selectively
feeding material separately into said material-
supply conduits and into said passageway, respec-
tively, and ports disposed in the walls of the
tubes forming said material-supply conduits for
directing the material fed thereinto generally
radially into said passageway to form a plurality
of generally radially directed jets for collision
with the material fed into and flowing through
said passageway.

7. The structure and combination defined in
claim 6, together with valve means for adjusting
sald ports to determine the intensity of said jets.

8. The structure and combination defined in
claim 6, together with coaxial valve tubes for
coaction with the walls of the tubes forming said
material-supply conduits, ports in said last
named coaxial valve tubes for coaction with the

‘ports in the walls of said conduits, means for

operating said valve tubes for the purpose of
adjusting the outflow of material from the ports
in said conduits into said passageway, means for
journalling said valve tubes, and means for cen-
tering and for supporting all of said tubes.

8. A device for intermixing fluid materials com-~
prising a pair of coaxial radially spaced movable
tubes forming an annular axially extending pas-
sageway, ports in said tubes, means for injecting
material through said ports for intermixture
within said passageway, and means for moving
said tubes to control the injection of material
through the ports thereof. R

10. In a material-handling apparatus, means
forming a first vertically extending chamber for
receiving fluid material for down-flow therein,
means forming a second vertically extending
chamber, means fortransferring material from se-
lected levels of said first chamber into said see-
ond chamber; and means forming an upwardly
inclined passageway for receiving material from
either or both of said chambers for upfow
therein.

11. A material-handling apparatus comprising
means forming a vertically disposed downwardly
tapering inlet for receiving a Auid material for
down-flow therein, means extending from the
bottom of said inlet and forming an upwardly
inclined upwardly uniformly widening passage-
way, and valve means at the juncture of said
inlet and said passageway for transferring fluid
material from said inlet into said passageway for
upflow therein.

12. A material-handling apparatus comprising
means forming a vertically disposed downwardly
tapering inlet for receiving fluid material for
down-flow therein, means extending from the
bottom of said inlet and forming an upwardly
inclined upwardly uniformly widening bassage-
way, valve means disposed at the juncture of said
inlet and said passageway for transferring mate-
rial from said inlet into saig passageway for up-
flow therein, and means for injecting fluid into
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‘said inclined passageway for intermixture with
‘the material flowing therethrough.

13. Apparatus for handling fluld materials
“comprising means forming a vertically extend-
ing inlet for receiving fluid material for downi-
flow therein and outflow therefrom at the bot-
-tom thereof, means forming a chamber having a
floor which connects with portions of said inleb
at the bottom thereof and which extends there-

from upwardly and laterally outwardly, for re-

- ceiving material from said inlet for upflow there-
in, and baffle means disposed in said chamber
‘“transversely above the flcor thereof and vertically
-spaced therefrom for controlling the ypward and
laterally outward flow of material therethrough.

14. The structure and combination defined in
claim 13, wherein szid bafle means is a plate-
like member disposed above said floor and ex-
‘tending substantially in parallel therewith for
‘s major portion of the length thereof.

15. The structure and combination defined in
‘elaim 13 together with means for adjusting the
angular position of said baffle means relative to
“the plane of said floor.

16. A device for intermixing liquid materials :

~comprising means forming a plurality of con-
‘fined elongated material-receiving conduits,
means forming an open-ended passageway which
extends substantially in parallel with said con-
duits substantially throughout the length thereof,
there being ports in the wall of each of said con-
duits chambers which communicate with said
.passageway, means for directing liquid material
into each of said conduits for ejection therefrom

through said ports into said passageway, and .

means forming a chamber for receiving the liquid
material which issues from the open end of said
passageway. .

17. A device for intermixing liquid materials

comprising tubular means defining a central .

axially extending inner chamber, tubular means
disposed in radially spaced relationship with re-
spect to the tubular means defining said inner
chamber and forming therewith an annular in-

termediate chamber which extends coaxial with .

-and surrounds said inner chamber, means dis-
posed in radially spaced relationship with respect
to the tubular means defining said intermediate
chamber and forming an outer chamber which

extends in parallel with said intermediate cham- !

ber substantially throughout the length thereof,
-and ports in the walls of said tubular means for
establishing hydraulic communication between
said chambers.

18. In apparatus for handling materials, means

forming two separate material supply conduits
and defining a passageway which is disposed be-
-tween said conduits and substantially of the same
leneth as the conduits, there being ports in the
‘walls of said conduits which communicate with
said passageway along spaced intervals thereof,
means for injecting material into one of said
conduits at -one end thereof for discharge into
:said passageway through the ports in the walls
thereof, and means for injecting material intc
the other conduit at the opposite end thereof for
discharge into said passageway through the ports
in the wall of such other conduit.

19. Apparatus for handling fluid materials
-comprising a tank, means forming a flow-dis-
fributing wall disposed within the tank which
extends generally upwardly and laterally out-
wardly and forms an inner chamber therein, an
inlet extending into said tank for downwardly
.Jeeding material into said inner chamber to form
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“a fluid body therein, said flow-distributing wall

being provided with vertically superposed -outlets
for draining material from a plurality of levels
of the fluid body contained in said inner cham-
ber, means including the outer tank wall forming
a plurality of discharge chambers, one for re-
ceiving fluid material from each level of said
fluid body through the corresponding outlets in
said flow-distributing wall, and means for ad-
justably controlling the amount of fluid material
which is to be discharged from each of said dis-
charge chambers.

20. Apparatus for handling materials compris-
ing a tank, means forming in said tank a gen-
erally upwardly and laterally outwardly extending
flow-distributing wall which defines an inner
chamber therein, an inlet for downwardly feed-
ing material into said inner chamber to form a
fluid body therein, said fow-distributing wall be-
ing provided with outlets disposed at vertically
spaced levels for draining material from said in-
ner chamber, means including the outer tank wall
forming a plurality of discharge chambers, one
for receiving fluid material from each level of
said fluid body through the corresponding outlets
in said flow-distributing wall, and means for ad-
justably controlling the amount of fluid mate-
rial material which is to be discharged from each
of said discharge chambers to regulate the flow
of material from said outlets in said flow-dis-
tributing wall for the ‘purpose of controlling the
upwardly and laterally outwardly directed hy-
draulic displacement of the fluid body in said
inner chamber.

21. Apparatus for handling materials com-
prising a unitary tank, means forming in said
tank an upwardly and laterally outwardly ex-
tending flow-~distributing wall defining therein an
inner chamber, means forming an inlet extending
into said tank for downwardly feeding material
into said inner chamber to form g fluid body
therein, said flow-distributing wall being pro-
vided with vertically superposed outlets for drain-
ing material from a plurality of levels of the
fluid body contained in said inner chamber, the
outer tank wall forming with said flow-distribut-
ing wall an outer chamber, means in said outer
chamber forming a plurality of vertically super-
posed compartments, one for receiving material
to be drained from each of said levels, and means
associated with each compartment for control-
ling the passage of material therethrough to reg-
ulate the flow of material from said outlets in
said flow-distributing wall for the purpose of
controlling the upwardly and laterally outwardly
directed hydraulic displacement of the fluid body
in said inner-chamber.

22. Hydraulic material handling apparatus
comprising a tank forming a flow-distributing
wall which extends from the bottom upwardly
and generally laterally outwardly forming the
floor of an inner tank chamber, inlet means. eX-
tending into said inner chamber for downwardly
feeding fluid material thereinto to form a fluid
body therein, said flow-distributing wall being
provided with vertically spaced outlet areas for
draining material from g plurality of correspond-
ing levels of said fluid body, means associated
with said flow-distributing wall on the outside
thereof and forming a plurality of vertically
superposed discharge chambers one for each out-
let. area, each discharge chamber communicating
hydraulically with said fluid bedy at the corre-

sponding vertical level thereof, and means as-

sociated with each discharge chamber for con-
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trolling the amount of fluid material to be dis-.

charged therethrough to regulate the upwardly
and laterally cutwardly directed hydraulic dis~
placement of said fluid body.

23. A mafterial handling device comprising a
pair of coaxially arranged tubes forming an elon-
gated axially extending annular passageway,
means for injecting fluid material at one end of
said passageway for passage therethrough, means
forming a chamber for receiving the material
stream from the other end of said annular pas-
sageway, ports formed in each of said tubes along
axially spaced intervals thereof, and means as-
sociated with said tubes for injecting fluid mate-
rial generally radially through the ports thereof
for intermixture with the material stream con-
veyed through said passagewsy. . . )

24, Apparatus for mixing or blending a plural-
ity of fluid materials comprising a plurality of
coaxial disposed tubular means forming an axial-
ly extending inner fluid receiving chamber and
an annular outer fluid-receiving chamber sur-
rounding said inner chamber and radially spaced
therefrom, ports formed in the wall of said inner
chamber and ports formed in the inner wall of
said outer chamber, and means for directing
fluids separately into each of said chambers for
discharge therefrom through said ports into
radial space between said chambers for turbulent
intermixture therein.

" 25. Apparatus for mixing or blending a plu-
rality of fluid materials comprising means form-
ing a mixing chamber, means associated with
the walls of said mixing chamber forming s plu-
rality of fluid-receiving chambers which extend
substantially in parallel with said mixing cham-
ber, said fluid-receiving' chambers being hy-
draulically in communication with said mix-
ing chamber through ports formed in the walls
of said chambers, means for directing fluid ma-
terials separately into each of said fluid-receiving
chambers for discharge therefrom through said
ports into said mixing chamber for turbulent in-
termixture therein, means forming a collecting
chamber for receiving the intermixed product
from said mixing chamber to form g fluid body
thereof, and means associated with said collect-
ing chamber for selectively withdrawing adjust-
ed amounts of intermixed fluid material from se-
lected levels of said fluid body and selectively di-
recting such withdrawn amounts for discharge
and/or for reinjection selectively into either of
said fluid-receiving chambers and/or into said
mixing chamber,

26. Apparatus for handling fluid material com-
prising a tank forming an upwardly and laterally
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outwardly sloping floor, means forming an inlet -

extending into said tank for feeding liquid there- -

into to form a fluid body therein, means asso-
ciated with said floor outside thereof forming a
plurality of discharge chambers for withdraw-
ing adjusted amounts of liquid from said fluid
body at a plurality of vertically spaced levels
thereof to cause hydraulic displacement in said
fluid body which extends from said inlet generally
laterally outwardly to and into said discharge
chambers, means forming a plurality of baffle
members vertically spaced from said floor and
extending transversely through said fluid body
for controlling the direction of said hydraulic dis-
placement, and means for adjusting the angular
positions of said bafle members relative to the
plane of said floor,

27. A device for intermixing a plurality of
liquids comprising a plurality of coaxially ar-
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ranged members forming a plurality of elongated
tubular chambers and an open-ended passage-.
way which extends in parallel with said cham-
bers substantially throughout the length there-
of, ports at said members communicating with.
said passageway, means at one end of said device
for separately feeding adjusted amounts of liquids
into said chambers for outfiow through said ports
into said passageway for intermixture therein,
closure means at the opposite end of said device
forming a compartment for receiving the liquid
product intermixed in said bassageway and is-
suing from the open end thereof, and conduit
means for withdrawing such product from said
compartment.

28. Apparatus for mixing or blending a plu-
ralibty of fluid materialg comprising means form-.
ing a mixing chamber, means associated with
the wall of saig mixing chamber forming a plu-.
rality of fluid-receiving chambers which extend
substantiaily in parallel with said mixing cham-
ber, said fluid-receiving. chambers being hy-
draulically in communication with. said mixing
chamber through ports formed in the walls of said
chambers, means for directing fluid materia] into
said mixing chamber for passage therethrough,
and means for directing fluid materials separately
into each of said fluid-receiving chambers for
discharge therefrom through said ports into said
mixing chamber for turbulent Intermixture there-
in with the fluid material injected into said mix-
ing chamber.

29. Device for intermixing fluid materials com-
prising wall means forming a first material-re-
ceiving chamber, wall means’ forming a second
material-receiving. ciamber which is substantial-.
ly coextensive with said first chamber and forms
& unitary and rigid structure therewith, wall
means disposed adjacent to and contacting por-
tions of the wall means of said first and said sec-
ond material-receiving chambers forming an in-
dependent passageway which is common to said
chambers and substantially coextensive there-
with, communicating ports formed in the wall
means of said material-receiving chambers and
said passageway, means for independently and
separately injecting fluid material components
into each of said material-receiving chambers for
outflow in divided streams through said ports
into said passageway for intermixture therein, and
means for removing the intermixed fluid product
from said passageway.

30. The structure and combination defineq in
claim 29 together with means for separately in-
jecting a fluid material component into said pas-
sageway for intermixing with the material com-
ponents injected thereinto from said material-
receiving chambers through, said ports,

31. Device for intermixing fluid materials com-
prising a pair of movable wall members defining
the lateral limits of g bassageway which is open
at one end thereof, a stationary material-receiv-
ing chamber associated with each of said wall
members and having a wal] portion adjacent
thereto, ports formed in the wall portion of each
material-receiving chamber for coaction with
ports formed in the associated wall member of
said passageway, means for separately injecting
fluid material components into said material-re-
ceiving chambers for lateral outflow through said
ports into said bassageway, mean for moving
said movable wall members to adjust the ports
therein relative to coacting ports in the respec-
tive wall portions of the associated stationary
material-receiving chambers to regulate the lat-
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eral outflow of said - fluid: material components:
from said material-receiving -chambers through-

said ports into’'said passageway for turbulent in-
termixture therein, and means for removing the
jntermixed product from the open end of said
passageway.

32, The structure and-combination defined in
claim 31 together with means for separately in-
jecting a fluid material gomponent into said pas-
sageway for passage therethrough and intermix-
ture therein with the material components in-
jected thereinto through said ports.

33. Device for intermixing fluid materials com-
prising wall means forming two individual mate-
rial-receiving chambers, means for securing -said
chambers in relatively stationary position to form

a unitary structure, means associated with said:

material-receiving chambers, forming an interi-
orly entirely unobstructed: passageway which is
open at one end and constitutes a mixing cham-
ber common to said material-receiving chambers,
ports formed in a wall portion of each material-
receiving chamber communicating with said pas-
sageway and mixing chamber, means for sepa-

rately injecting fluid material components into-

said material-receiving chambers for outflow in
divided streams through said ports inte said com-
mon passageway and mixing- chamber, the axes
of the ports formed in’ the wall - portions- of the
respective material-receiving chambers being dis-
posed at angles to-cause collision insaid passage-
way and mixing chamber of the divided streams
of ‘material issuing respectively therefrom for in-
timate intermixture of’ said - fluid material com-
ponents, and means for removing the intermixzed
product from the open ‘end of -said passageway
and mixing chamber.

34. The structure and combination defined in
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claim: 33 together with:valve means forming part
of -said passageway and  mixing chamber, and:
means- for adjusting said valve means to regu-
late the outflow of said divided material streams.
from said- ports into said passageway and mix-
ing chamber.

35. The structure and combination defined in-
claim 33 together With means for separately in-
jecting - fluid material component into said pas-
sageway and-mixing chamber for passage there-
through and intermixture therein with the mate~
rial components delivered: through said ports.

GEORGE A. AUER.
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