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{571 ABSTRACT

A method and apparatus is disclosed wherein a mate-
rial or fluid stream is directed along a longitudinal axis
of an elongated segmented tubular member. The
stream is divided into halves, and each half is directed
against a transverse wall of one of the segments
wherein the half streams are again divided into quarter
streams while simultaneously directed transversely of
the tubular member. The quarter streams are directed
through passageways in the segment and are subse-
quently recombined with each quarter stream being
combined with a quarter stream from a different half
stream. Simultaneous with the recombination, the
newly formed half streams are again directed longitu-
dinally of the tubular member.

6 Claims, 8 Drawing Figures
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APPARATUS AND METHOD FOR MIXING
: MATERIALS

The present invention relates to mixing apparatus
and methods, and particularly to a method and appara-
tus for receiving fluid streams, each of a different mate-
rial, and recombining the streams into a single homoge-
neous stream.

It is frequently important to insure the homogeneity
of a fluid and to mix different fluids to form the homo-
geneous fluid immediately prior to its utilization. The
mixing of such fluids has previously required the use of
relatively complex apparatus if complete homogeneity
is to be insured; further, the complexity of such appara-
tus indicates a relatively high cost. Typically, fluids to
be recombined are transmitted to a mixing device and,
after mixing, are transported to the point of utilization
through a cylindrical conduit. The mixing apparatus
therefore usually may conveniently take the form of a
cylindrical member connected in series with the exit
conduit. The material being mixed or the fluids passing
through the mixer may require the addition of heat or
the mixing process may be exothermic, requiring the
temoval of heat in the mixer. The surface area of
contact between the fluid passing through the mixer is
an important function of the ability of the apparatus to
conduct heat either from or to the fluid passing there-
through. :

It is therefore an object of the present invention to
provide a mixing apparatus for receiving a plurality of
fluids to be mixed and for mixing the fluids to provide
a single homogeneous fluid.

It is another object of the present invention to pro-
vide a mixing apparatus that is inexpensive to manufac-
ture while providing an efficient structure to insure
thorough mixing of the fluids.

It is still another object of the present invention to
provide a mixing apparatus that can readily be disas-
sembled for cleaning and replacing worn parts,

It is still another object of the present invention to
provide apparatus for conducting fluids therethrough
incorporating a large surface area in contact with the
fluid to promote efficient heat transfer.

It is also an object of the present invention to provide
a method for mixing fluid streams to provide a single
homogeneous fluid stream.

It is a further object of the present invention to pro-
vide a method for mixing fluid streams wherein the
fluid is divided into smaller streams while the direction
of fluid flow is changed from longitudinal to transverse.

These and other objects of the present invention will
become apparent to those skilled in the art as the de-
scription thereof praceeds.

The present invention may be described by reference
to the accompanying drawings, in which:

FIG. 1 is a perspective view of apparatus constructed
in accordance with the teachings of the present inven-
tion for mixing two fluids.

FIG. 2 is a cross-sectional view of a portion of FIG.
1, taken along line 2—2.

FIG. 3 is a cross-sectional view of FIG. 2, taken along
line 3—3.

FIG. 4 is a cross-sectional view of a portion of FIG.
3, taken along line 4—4.

FIG. 5 is a plan view of a modified segment for use
in the method and apparatus of the present invention.
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FIG. 6 is a cross-sectional view of FIG. 5, taken along
line 6—6.

FIG. 7 is.a schematic view of the apparatus of the
present invention, showing the application of the inven-
tion to the mixing of three fluids. _

FIG. 8 is a schematic diagram useful for describing
the mixing operation of the apparatus of the present in-
vention.

Referring now to FIGS. 14, conduits 10 and 11 are
each connected to a different source (not shown) of
fluid, said fluids to be mixed. The conduits 10 and 11
are connected in any conventional means, suchasa Y
coupling 12, thus superficially combining the two fluids
in conduit 14. Conduit 14 is connected to the apparatus
of the present invention 15 which is shown in cross sec-
tion in FIG. 2. The fluids, superficially mixed in the
conduit 14, enter the mixing apparatus 15 longitudi-
nally thereof. The mixing apparatus incorporates a cy-
lindrical housing 20 which is internally threaded at ei-
ther end to receive end fittings 22 and 24 which, in
turn, are connected to an input conduit 14 and an out-
put conduit 26 respectively. The housing 20, in the em-
bodiment chosen for illustration, is cylindrical but it
will be obvious to those skilled in the art that a rectan-
gular or other cross section may be used, although with
somewhat less efficiency. The housing supports a plu-
rality of segments 30, each segment being identical
with the others. The segments are interfitted with each
succeeding segment so as to form a fluid-tight seg-
mented cylinder through which the fluids pass, as will
be described more fully hereinafter. The interfitted seg-
ments 30 may be spaced from the ends of the housing
20 by suitable spacers 31 and 32.

Each of the segments may conveniently be molded of
plastic, or, in the event the apparatus is used in a heat
exchanging environment, may be of an appropriately
formed metal or other high heat conductivity metal.

Referring specifically to FIG. 3, the segment 30
shown therein may be seen to include a transverse wall
35 which, if not provided with openings therethrough,
would interrupt the flow of fluid through the segment.
However, the transverse wall 35 is provided with two
openings 37 and 38 positioned diametric with respect
to each other. A dividing partition 40 extends upwardly
from the transverse wall 35; the dividing partition 40
forms passageways 42, 43, 44, and 45, each of said pas-
sageways extending transversely to the longitudinal axis
of the housing 20. Each segment 30 is provided with a
detent 47 and an extension 48 (see FIG. 4) wherein
each segment, while identical to all other segments, is
rotated 90° with respect to the succeeding segment
since the extension 48 is positioned 90° about the axis
of the housing 20 from the detent in that segment.
Therefore, as the segments are “stacked”, the exten-
sions 48 prevent the segments from nesting unless they
are rotated 90° with respect to each other. The seg-
ments are formed so as to stack and “snap” together to
form a self-sealing structure that may be used without
the housing 20, although the housing 20 adds structural
strength to the assembly.

With the 90° orientation of the succeeding segments,
it may be seen that the openings 37 and 38 in the trans-
verse wall 35 are oriented with the passageways 50, §1,
§2, and 53 of the next succeeding segment. Similarly,
the next preceding segment would have its openings
oriented with the passageways 42, 43, 44, and 45. In
this manner, fluid exiting from the preceding segment
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into the segment shown in FIG. 3 would be in the form
of two streams flowing longitudinally of the housing 20,
the first of which would flow directly into the segment
30 and be divided by the partition 40 into two streams,
one flowing in the passageway 42 and the other flowing
in the passageway 43; the second of the streams enter-
ing the segment 30 would be divided by the partition 40
into two streams, one flowing in the passageway 44 and
the other flowing in the passageway 45. That portion of
the fluid flowing in channels 42 arid 44 is recombined
at the opening 37, while the fluid flowing in channels
43 and 45 is recombined at the opening 38. The fluid
stream entering the housing 20 is therefore first divided
into halves, each half flowing through an opening such
as that at 37 and 38 on to the second segment. The flow
up to this point has been essentially longitudinal but
upon passing through the openings 37 and 38 is simul-
taneously divided by the partition 40 and is directed
transversely of the housing 20. Each half stream is ac-
cordingly divided into quarter streams, each quarter
stream following one of the passageways 42, 43, 44 and
45. When the quarter streams travel their respective
passageways and reach an opening 37 or 38, the quar-
ter streams are recombined into half streams; however,
each quarter stream is combined with a quarter stream
of a different half stream. Simultaneously with the re-
combination of the quarter streams, the.newly formed
half streams again flow longitudinally of the housing 20
to the next segment 30. In this manner, the superficially
mixed fluid entering the mixing apparatus 15 from the
conduit 14 is first divided into two half streams; each
half stream is divided into quarter streams while simul-
taneously with such division the direction of the quar-
ter streams is changed from longitudinal to transverse.
Each quarter stream travels a transverse path to be re-
combined with a different quarter stream while the di-
rection is simultaneously changed from transverse to
longitudinal. The change in direction of the fluid as it
passes through the respective segments forces the fluid
against the transverse walls of the segments as the fluids
changes direction from longitudinal to transverse. This
direction change not only enhances the mixing of the
fluids but in those instances where the apparatus is used
in a heat transferring environment, the direction
change and large fluid surface contact area effectively
reduces boundary layer insulation to greatly enhance
the heat transfer capacity of the apparatus. Further,
flow direction can be reversed with equal effectiveness.

Referring now to FIGS. 5 and 6, a modified segment
form is shown. A transverse wall 60 forces fluid streams
impinging thereagainst to change from a longitudinal to
a transverse direction of flow. Passageways 61, 62, 63,
and 64 receive fluid streams from the preceding seg-
ment and direct the streams, after being divided by par-
tition 66, to openings 67 and 69. The openings 67 and
69 register with the beginnings of the passageways of
the next succeeding segment in a manner described in
the preceding embodiment. The successive segments of
the embodiment shown in FIGS. § and 6 are also ro-

tated 90° with respect to each other through the utiliza-

tion of an extension 70 and a corresponding detent 72
positioned 90° with respect to each other about the axis
of the segment. It may be seen that the embodiment
shown in FIGS. 5 and 6 incorporates the same features

of the segment shown in FIG. 3 and that only the spe-

cific shape has been changed.
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Referring now to FIGS. 7 and 8, a schematic mixer
80 is shown connected to receive three fluid streams A,
B, and C, said streams having been superficially mixed
by combination with the input conduit 81. Referring to
FIG. 8, it may be seen that the fluid stream containing
the three separate fluids (A + B + C) may be mixed to
any desired degree by simply adding additional seg-
ments to the mixing apparatus. If only one segment is
used, the stream is divided into two streams which may
then be recombined; however, if two. segments are
used, the two streams exiting from the first segment are
again divided, thus effectively producing four streams.
Similarly, successive segments each effectively double
the number of streams that are produced during the
mixing of the fluids as it passes through the mixing ap-
paratus. The degree of mixing desired may be deter-
mined in accordance with numerous factors, but the
apparatus of the present invention will divide and re-
combine for every segment that is added to the stack
of segments. Thus, the precise number of segments re-
quired to provide the desired degree of mixing may be
determined, thereby permitting unneeded segments to
be removed to minimize the fluid pressure required to
force the fluid through the mixing apparatus.

I claim:

1. Mixing apparatus for transmitting and mixing flu-
ids comprising:

a. an elongated segmented tubular member, having a
longitudinal axis, for connection to a source of flu-
ids to be mixed, said fluids entering and exiting said
tubular member parallel to said longitudinal axis;

b. means within said tubular member for dividing a
fluid stream entering said tubular member into a
plurality of minor streams;

c. each segment of said tubular member including:
1. a transverse wall for intercepting each of said

minor streams and directing said minor streams
transversely of said tubular member,

2. a dividing partition extending from said trans-
verse wall for dividing each of said minor streams
into portions thereof,

3. a plurality of segment exits,

4. a plurality of transversely extending passageways
for directing the portions of each minor stream
to a different one of said segment exits to be
combined at said exits with the portions of a dif-
ferent one of said minor streams;

d. said fluids directed longitudinally from the exits of
each segment to the succeeding segment.

2. The combination set forth in claim 1, wherein said

elongated segmented tubular member is cylindrical.

3. The combination set forth in claim 1, wherein said
means for dividing a fluid stream into a plurality of
minor streams comprises the first segment of said tubu-
lar member to be encountered by said fluid stream en-
tering said tubular member. )

4. The combination set forth in claim 1, wherein said
segments are identical and are nested with respect to
each other and are rotated 90° with respect to the pre-
ceding and succeeding segments.

5. The combination set forth in claim 1, wherein said
segments are interfitted with each preceding segment -
to provide a seal therebetween and to form said tubular
member.

6. A method for mixing different fluid streams to
form a single homogeneous fluid stream, comprising
the steps of:
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a. combining said different fluid streams to form a d. combining each quarter stream of one half stream
sin.gl.e _ﬂUid stream ﬂowing along a given axis; with a quarter stream of another half stream while
b. dividing said single fluid stream into two half simultaneously changing the direction of flow to

streams flowing longitudinally along said axis;

c. dividing each of said half streams into quarter 5
streams while simultaneously changing the direc-
tion of said quarter streams to transverse of said stream.
axis;

parallel to said axis to form new half streams; and
e. combining said new half streams to form a single
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