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made by reissue. 

ABSTRACT OF THE DISCLOSUIRE 
A fluid mixer having no moving parts is disclosed in 

which a main stream of materials in a uniform cross 
sectional conduit is divided into a number of substreams. 
The substreams are directly recombined in a manner that 
causes a direct and positive mixing of elements of the 
main stream. The positive mixing action allows precise 
control of the mixing action to the point of infinity, but 
may be concluded at any interim point. 

The present invention relates generally to the mixing 
of flowing streams of gaseous, liquid and/or granular 
media through the use of stationary baffles or pipe re 
strictors providing a tortuous flow path and more par 
ticularly to an improved apparatus for displacing por 
tions or particles from a stream of previously combined 
materials relative one to the other in a specific manner 
in order to expedite thorough and homogenous intermix 
ing of the combined materials. 

Mixing apparatus of the type presently under consider 
ation is generally known to this art, as thoroughly dis 
cussed in copending and commonly owned application 
Serial No. 774,305, filed November 17, 1958. Reference 
may be had to this application for an analysis of the 
disadvantages of previously known mixers or blenders 
employing stationary baffles. 
The aforesaid copending application discloses a mix 

ing process and apparatus designed specifically to obviate 
difficulties encountered with commercially available mix 
ers. The system described therein divides a flowing 
stream into a plurality of partial streams and shifts one 
partial stream relative to others, as is known in this art, 
but also deforms or alters the cross-sectional shape of 
the partial stream to such an extent that the same over 
laps or is caused to contribute to a plurality of partial 
streams on passage through the next subsequent mixing 
stage. The division and intermingling of partial streams 
of course may be continued as long as deemed necessary 
or desirable. 
The system of mixing described above provides many 

advantages over known mixers. For example, it is pos 
sible, when mixing viscous substances, to predict exactly 
the mixing action and the result to be obtained, this 
result depending only on the construction of the mixing 
unit. Thus, it is possible to obtain a mixing action of 
any desired degree of uniformity. Moreover, only a 
fraction of the energy Iequired of known mixers is 
utilized with the disclosed apparatus. 

Notwithstanding the foregoing, however, it has now 
been found that the system described in said copending 
application Serial No. 774,305 also presents certain dis 
advantages which the present invention is intended to 
overcome. For example, the previously described system 
Suggests as a preferred embodiment that the two sub 
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2 
stances or materials to be combined or blended be in 
itially introduced one to the other in a concentric fashion. 
In other words, two concentric flowing streams must be 
provided before one can be introduced into the other. 
It appears now that deviations from the concentricity 
of the two initial streams produces non-uniform mix 
ing. Moreover, although parts of the two substances 
which join one another are indeed intensively mixed, the 
partial streams as as entirety are not too thoroughly 
guided one through another. 
A primary object of this invention is provide a mixing 

apparatus not having the disadvantages enumerated above. 
Another object of the present invention is to provide a 

mixing apparatus which causes the substances to be mixed 
to flow together geometrically in an arbitrary manner, 
but without displacing the partial streams over long 
distances from the main stream. 

Still another object of this invention is to provide a 
mixing apparatus having the advantages of that described 
hereinabove, but which is more economical to manu 
facture and easier to service. 
An additional object of the present invention is to 

provide a mixing apparatus having the advantages enu 
merated above but which does not require a complicated 
system for introducing streams of substances thereto. 
A further object of this invention is to provide a 

unitary or sectionalized baffle system which can be placed 
into the supply line of flowing materials in order to in 
Sure thorough and uniform homogenization thereof. 

These and other objects may be accomplished in accord 
ance with the present invention by providing a baffle 
System which divides a main stream containing substances 
to be blended into a number of branches or partial streams 
much in the manner of a family tree, displacing one 
partial stream with respect to adjacent partial streams 
while changing the cross-sectional shape thereof, and 
combining the partial streams in groups corresponding 
to the original dividing factor. Corresponding branches 
of the family tree arrangement, so to speak, are main 
tained at an equal distance from the main body thereof, 
and portions of one branch are combined with corre 
Sponding portions from other branches, as will appear 
more fully hereinafter. 
The present invention is similar to that described in 

the aforesaid copending application in that the main 
stream is divided into several smaller streams, but this 
division now occurs stepwise, or progressively, rather 
than simultaneously. If, for example, the main stream 
is first divided into two branches, or partial streams, the 
next subsequent division will produce four new branches, 
two each from the original branches, and the next step 
of course would result in eight branches, and so forth. 
This system may be continued at will and any other 
dividing factor obviously could be used. 

With the thus formed so-called family tree of partial 
streams, the branches so produced are spaced different 
distances one from the other. The distance between two 
branches taken in conjunction with the family tree, as 
used herein, is the geometrical length of a communicat 
ing line between the points at which said branches are 
formed, and measured along stream lines. It may be 
imagined, therefore, that the length is measured by go 
ing upstream from one of the dividing points to a point 
from which another dividing point can be reached upon 
following of another branch stream. Thus, the divisions 
O branches having only the original main stream as 
their common tree ultimately are located the greatest 
distance from one another. 
By groupwise uniting of these divisions in numbers 

which always correspond to the dividing factor of the 
family tree, it was found that exchange of material from 
one part of the main stream to any other part could be 
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attained in the shortest period of time. Consequently, the 
orientation of the original components in the main stream 
is of little importance. A most rapid mixing or blend 
ing is obtained when the branch streams are combined 
with other branch streams and again divided into dif 
ferent branches a number of times before uniting all of 
the branch streams into a modified or mixed main stream. 

In this connection, however, it is important that each 
division or branch stream which follows the joining to 
gether of two prior branch streams be carried out in such 
a manner that other branch streams, and not the same 
prior branch streams, are formed upon subsequent divi 
sions. This requirement is satisfied if the cross-sectional 
shape of the branch streams is altered immediately before 
the new division occurs. Consequently, each new branch 
stream formed will contain a portion of the immediately 
preceding branch streams, but the particles thereof will 
appear in a new relationship with respect to each other. 
Although, as remarked above, it is possible in principle 

to divide and re-divide the main stream into groups of 
three, for example, or more partial streams, it is pre 
ferred according to this invention to utilize a dividing 
factor of two. It is even more preferable to divide and 
sub-divide into eight partial streams before uniting these 
streams pair-wise in the manner described. Not only is 
a more simple system now available, it has also been 
found that a more rapid and intensive mixing is possible, 
and in a more limited space. 
Although various solutions to the mixing problem de 

scribed are possible, and various cross-sectional shapes of 
the branch streams could operate successfully, it has been 
found that most efficient results are obtained if the main 
stream is first divided into branches having rectangular 
cross-section with a length-to-width ratio of 2:1, then 
altered into a square cross-sectional shape, and then re 
formed into a rectangular cross-section, but having a 
length-to-width ratio of 1:2. 
A more thorough understanding of this invention will 

occur upon study of the following specific disclosure, 
taken in conjunction with the accompanying drawings, 
wherein: 
FIGURE 1 is a plan view of a component part of 

the mixer apparatus, if constructed in the most simple 
nanner; 
FIGURE 2 is a perspective view of the sheet metal part 

shown in FIGURE 1, but illustrating the bends necessary 
for assembly with other parts to produce a mixing stage; 
FIGURE 3 is a perspective view of two pre-formed 

sheet metal parts such as shown in FIGURE 2 in 3S 
Sembled condition to provided one mixing stage; 
FIGURE 4 is a perspective view of a mixer apparatus 

constructed in accordance with this invention and as 
Sembled within a tubular supply conduit having a square 
cross-section, but showing only the lower wall and one 
side wall thereof, and omitting one group of tabs appear 
ing in FIGURES 1, 2 and 3; 
FIGURE 5 is a perspective view of an alternative sheet 

metal part that is used in constructing the apparatus ap 
pearing in FIGURE 4, there being required two of these 
sheet metal parts for each mixing stage; 
FIGURE 6 is a cross-sectional view of a material to 

be mixed or blended by the apparatus of FIGURE 4, 
illustrating by way of example a portion of black pig 
ment disposed as a layer in a larger portion of white 
viscous material; 
FIGURE 7 is a cross-sectional view, taken along the 

line 7-7 of FIGURE 4, and indicating the disposition 
of material after passage into the first mixing stage; 
FIGURE 8 is a cross-sectional view taken along the 

line 8-8 of FIGURE 4, and illustrating the disposition of 
material when emerging from the first mixing stage; 
FIGURE 9 is a cross-sectional view taken along the 

line 9-9 of FIGURE 4, and illustrating entrance of the 
material into the next or second mixing stage; 
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4. 
FIGURE 10 is a schematic flow sheet illustrating the 

manner in which the main stream is divided, combined, 
re-divided, etc., with the apparatus shown in FIGURE 4; 
and 
FIGURE 11 is a schematic diagram illustrating an alter 

native flow system which could be accomplished upon 
slight modification of the apparatus shown in FIGURE 4. 

According to this invention, as explained earlier, the 
proposed mixing apparatus should be constructed in such 
a Way that the guide elements receiving the main stream 
from the supply conduit should first divide the same into 
a system of smaller streams which in themselves split up 
in the manner of a family tree, after which the most 
finely divided streams then join in groups corresponding to 
the initial division or dividing factor. The pattern of 
guide elements forming these divisions should repeat one 
or more times in the same geometric or symmetric order 
until the discharge end of the apparatus is reached. 
A mixer having a dividing factor of two will now be 
described with attention directed to the drawings. 

Although a mixing apparatus consisting of intercon 
necting tubes disposed within a cylindrical housing could 
be utilized, a particularly compact and more simple unit 
performing the same function may be obtained through 
the use of a supply conduit having a square shape in 
Cross-section. Only one vertical wall 10 and the bottom 
11 of such a conduit appears in FIGURE 4, although 
portions 10, 11 of a complementary wall and top, re 
spectively, have been shown in order to clarify passage 
of fluid through the apparatus. The walls, top and bot 
ton intersect with and block off unused areas defined by 
the baffles, as illustrated. 
The mixing apparatus indicated generally at 12 in 

FIGURE 4 is snugly fitted within the tubular housing 
and serves to deflect, divide, and combine flowing streams 
in the manner shown by arrows, to be discussed more 
fully subsequently. Although the walls, top and bottom 
as illustrated have identical dimensions, this of course 
could be varied if desired. Moreover, the mixer shown 
by way of example first divides the main stream into 
two identical rectangular shapes, as viewed in COSS 
Section, having a length-to-width ratio of 2:1, and then 
Successively varies this shape to a ratio of 1:2, 2:1, 1:2, 
etc. as will be evident upon comparison of FIGURES 
6 and 8. 
a. Thte baffle pieces, or guide elements, which may be 
identical except that successive mixing stages are reversed 
in a manner to be described, can conveniently be formed 
from a flat sheet or metal plate 13 suitably notched at 
14, 15, as shown in FIGURE 1. The notch 15 should 
have a length greater than notch 14. The remaining 
tabs 18, 20, which are produced by notch 14, provide 
divider surfaces not appearing on the mixing apparatus 
shown in FIGURE 4, but which may be used as a lead 
1ng edge to facilitate division into branch Streams. Such 
additional dividers generally are necessary only when the 
flow through the mixer shown is turbulent in nature, and 

not usually required for laminar flow. These tabs 
were omitted from FIGURE 4 so that the passage of 
branch streams therethrough can be more easily under 
stood. The remaining flat portion 21 of the metal plate 
13 forms a flat inner wall surface extending parallel to 
the longitudinal axis of the mixing apparatus and supply 
conduit. This surface, therefore, forms one of the inner 
walls which are coextensive with a transition area in one mixing stage. 
The metal plate 13 of FIGURE 1 should be bent or 

otherwise formed into the shape appearing in FIGURE 
2, after which the same may be combined with a comple 
menting plate to form a single mixing stage such as 
appears in FIGURE 3, wherein the incoming stream 
(traveling from the left of this figure to the right) is 
divided, transposed, altered in cross-sectional shape, and 
permitted to combine. 
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The metal plane 13A shown in FIGURE 5 is provided 
only with the deflector surfaces 16A, 17A, and inner wall 
surface 21A, for reasons given above. A pair of these 
plates, opening toward each other so that the notches will 
interlock, form one stage of the apparatus appearing in 
FIGURE 4. These plates may be formed by injection 
molding, if desired, or they may be stamped from a con 
tinuous sheet. Moreover, they may be secured one to the 
other, and to the supply conduit if necessary, by welding, 
soldering, or in any other convenient manner. In some 
instances, it may be necessary only to force these elements 
together and into the conduit, 

The tabs shown, of course, may be bent in either 
direction. In other words, the initial division of mate 
rial may shift one section up and the adjacent section 
down, or vice versa. It should be pointed out, however, 
that the tabs of the two metal parts making up one 
mixing stage must be bent reversely from those on the 
adjacent mixing stages. Two of the parts shown in FIG 
URE 5 may be placed together in the manner indicated 
above to form one mxing stage. The two parts form 
ing the next succeeding stage, however, must have tabs 
bent in the opposite direction, as will appear upon inspec 
tion of FIGURE 4. 

Operation of the apparatus shown in FIGURE 4 can 
best be understood by reference also to FIGURES 6-9, 
inclusive, and the flow sheet shown in FIGURE 10. A 
flowing stream of material 22 (indicated only by arrows 
in this figure), which has previously been injected with 
a pigment, for example, 23 is introduced into the mixer 
12 from the upper left of FIGURE 4 and flows there 
through to emerge at the lower right of this figure. This 
main stream of combined materials is illustrated by line 
24 in FIGURE 10. When this material enters the mixing 
apparatus, the leading edge of the first flat surface 21A 
(which happens to extend vertically, as indicated by dotted 
lines in FIGURE 6) divides the stream into first and 
Second main branches, indicated at 25 and 26 in FIGURE 
10. The same division of course would occur had divider 
tabs 18, 20 been utilized. 
Upon division into two main branches (25, 26, FIG 

URE 10) by the edge of first flat surface 21A (FIGURE 
4), a first main branch (for example, 25) engages de 
flector plate 17A and is shifted upwardly while the cross 
sectional shape thereof is simultaneously changed from 
rectangular (see FIGURE 6, the material on the left side 
of the dotted line) to square (see FIGURE 7, the mate 
rial in the upper left corner). Since the area is reduced, 
the velocity of course is increased. The same occurs to 
second main branch 26, but it is shifted vertically down 
Wardly by the deflector plate 16A appearing only in dotted 
lines in FIGURE 4. Upon leaving the transition area 
of square cross-section, each branch is widened and re 
turned to its original shape, but with the longitudinal 
axis extending horizontally rather than vertically as when 
it entered the mixing stage. Everything above the hori 
Zontal dotted line in FIGURE 8 represents the branch 
25, while everything therebelow represents branch 26. 
Moreover, it can be seen that upon passage into the next 
mixing stage one part of branch 25 will be channeled 
with one part of branch 26, the next dividing edge being 
represented by the vertical dotted line in FIGURE 8. 
Upon discharge from the trailing edge of the second 

flat plate 21A in FIGURE 4 the two branches will appear 
as a main body such as shown in FIGURE 8. This con 
dition never exists actually, however, because at the 
same instant the branches discharge from one wall plate 
21A or immediately prior thereto, depending on mixer 
construction, they come into contact with a succeeding 
plate disposed in a plane normal thereto. Consequently, 
first main branch 25 is divided into first and second sub 
branches 27, 28, respectively, (see FIGURE 10) and 
second main branch 26 is divided into third and fourth 
Sub-branches 30, 31, respectively. These sub-branches 
are shifted, altered in cross-section to appear as in FIG 
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6 
URE 9, and then flattened again to the FIGURE 8 con 
figuration, but with four layers of pigment 23 (not 
shown). The main concept here, as explained in said co 
pending application Serial No. 774,305, is to divide and 
combine portions until the layers 22, 23 become infinitely 
small to insure thorough mixing. 

It is also important to note that, upon discharge of the 
sub-branches 27, 28, 30 and 31 from the trailing edge of 
the second wall plate 21A, one sub-branch from first 
main branch 25 will be combined with a sub-branch from 
second main branch 26. The first main branch 25, there. 
fore, is now combined of sub-branch 27 forming an 
original portion thereof, and sub-branch 30 which orig 
inally was a part of second main branch 26. Likewise, 
main branch 26 is now formed from sub-branches 28, 31, 
See FIGURE 10. 
From the foregoing, it will appear that modified main 

branches 25A, 26A will be intoduced into the next mix 
ing stage of the apparatus shown. One mixing stage may 
be defined as the baffle structure included between the 
leading edge of the first (vertical) wall surface 21A to 
the trailing edge of the second horizontal wall surface 
21A. This operation may be understood more clearly 
from FIGURE 10, wherein modified first main branch 
25A is divided into first and second modified sub-branches 
32, 33, respectively, and modified second main branch 
26A is divided into third and fourth modified sub-branches 
34, 35, respectively. 

Division of branches into sub-branches, alteration in 
cross-sectional shape, and re-combining with selected sub 
branches from other branches continues throughout the 
apparatus in the same manner described above. At the 
discharge end of the mixer sub-branches unite in pairs as 
shown at 36, 37; 38, 40 (FIGURE 10), and the resulting 
main branches 41, 42, respectively, flow together as at 
43 to produce a new or modified main stream of thorough 
ly blended materials. Theoretically, this main stream 43 
will consist of an infinite number of layers of the starting 
material 22, 23, with each layer being of infinitesimal 
thickness. The actual result depends, of course, on the 
number of mixing stages utilized. 
With attention now directed to FIGURE 11, a slightly 

different system of dividing and combining will be ex 
plained. It will be understood that baffles should be added 
to the apparatus of FIGURE 4 to prevent combining of 
sub-branches until the same have been individually di 
vided into the smallest portions desired. The same effect 
may be obtained, of course, by providing small conduits 
within the mixer and, for purposes of this discussion, the 
lines shown in FIGURE 11 may represent such conduits. 
The same would not be spread out as shown, however, but 
should be confined to the space required of the illustrated 
apparatus. 

In the modified system, a main stream 44 of viscose, for 
example, having a layer of pigment, for example, is in 
troduced into the mixer. The present invention obvious 
ly is not limited to such a combination of materials, but 
has been found to blend the same very thoroughly and 
efficiently. The main stream 44 is divided into first and 
Second main branches 45, 46, respectively, by the first 
stage of the mixing apparatus. The first main branch 45 
is sub-divided into first and second sub-branches 47, 48, 
while the second main branch 46 is sub-divided into third 
and fourth sub-branches 50, 51. 
At this stage, the alternative system differs from the 

first embodiment described hereinabove. Instead of com 
bining alternate or preselected ones of these sub-branches, 
the same are again sub-divided into respective pairs of 
the eight ramifications 52, 53, 54, 55, 56, 57, 58, and 
60, as shown. If further division is deemed unnecessary 
for thorough mixing, the ramifications are then united 
in pre-selected pairs to form the four modified sub 
branches 61, 62, 63 and 64. These modified sub-branches 
are next combined in alternate pairs to form modified 
first and second main branches 65,66, respectively. These 
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modified main branches are finally united to form a modi 
fied or thoroughly mixed main stream 67. 

It is pointed out that many modifications of the present 
invention will be possible. The flat metal plates suitably 
bent to form tabs clearly relate to only one method of 
assembling the mixing apparatus. It should be noted in 
this connection that the mixer shown in FIGURE 4 is 
not provided with voids which would necessarily occur 
if only flat plates were used in construction. The voids 
would serve no useful purpose and have been shown as 
filled, although in actual practice the surfaces 10, 11 
would extend as an additional wall and top, respectively, 
so that the two walls, top and bottom together will 
define a tubular structure of square cross section in the 
embodiment described herein above. It might be found 
expedient to cast or otherwise form each mixing stage 
from solid material, or the entire apparatus might be 
formed in a single operation. Obviously, however, the 
material from which the same is formed, or the manner of 
construction, depends on the end use and per se form no 
part of the present invention. 
Inasmuch as other modifications will become apparent 

to those skilled in this art, it is intended that this inven 
tion be limited in scope only to the extent set forth in 
the following claims. 
What is claimed is: 
1. A mixing apparatus comprising a conduit of uni 

form cross section for supplying a main stream of ma 
terial to be blended, means within said conduit which 
extend into contact with said conditif for dividing said 
entire main stream into first and second branch streams, 
means within said conduit which extend into contact with 
said conduit for simultaneously sub-dividing said entire 
first branch stream into first and second sub-branch 
streams and said entire second branch stream into third 
and fourth sub-branch streams, means within said con 
duit which extend into contact with said conduit for di 
rectly combining said entire first sub-branch stream with 
said entire third sub-branch stream and said entire second 
sub-branch stream with said entire fourth sub-branch 
stream, thereby producing modified first and second 
branch streams, and means for directly combining said 
first and second modified branch streams into a modified 
stream. 

2. A mixer apparatus for insertion into a tubular Sup 
ply conduit having parallel top and bottom walls and 
parallel first and second side walls extending normally 
between said top and bottom walls including at least 
one mixing stage comprising a first divider pate extend 
ing normally between said top and bottom walls inter 
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mediate said first and second side walls, said first di 
vider plate having leading and trailing edges, a first de 
flector plate bridging the space between said first divider 
plate and said first side wall and extending from a point 
flush with said bottom wall in substantial alignment 
with the leading edge of said first divider plate to a 
point intermediate said top and bottom walls in substan 
tial alignment with the trailing edge of said first divider 
plate, a second deflector plate bridging the space be 
tween said first divider plate and said second side wall 
and extending from a point flush with said top wall in 
Substantial alignment with the leading edge of said first 
divider plate to a point intermediate said top and bot 
ton walls in Substantial alignment with the trailing edge 
of said first divider plate, a second divider plate extend 
ing normally between said first and second side walls 
intermediate said top and bottom walls, said second 
divider plate also having leading and trailing edges, the 
leading edge of which is in substantial alignment with 
the trailing edge of said first divider plate, a third de 
flector plate bridging the space between said second di 
vider pate and said top wall and extending from a point 
intermediate said side walls in substantial alignment with 
the leading edge of said second divider plate to a point 
flush with said second side wall in substantial alignment 
with the trailing edge of said second divider plate, and a 
fourth deflector plate bridging the space between said 
second divider plate and said bottom wall and extend 
ing from a point intermediate said side walls in substan 
tial alignment with the leading edge of said second divider 
plate to a point flush with said first side wall in sub 
stantial alignment with the trailing edge of said second 
divider plate. 

3. A mixer apparatus as set forth in claim 2 and fur 
ther comprising a plurality of said mixing stages, each 
successive stage being reversed from the immediately pre 
ceding stage. 
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