USOORE42882E

as United States

a2 Reissued Patent 10) Patent Number: US RE42,882 E
Kearney 45) Date of Reissued Patent: Nov. 1,2011
(54) FRACTAL DEVICE FOR MIXING AND 3,404,869 A * 10/1968 Harder ..........ccoevinine 366/338
REACTOR APPLICATIONS 3,533,594 A * 10/1970 Segmuller ... ... 249/107
3,770,249 A * 11/1973 Schmitt ....... ... 366/149
3k
(75) Inventor: Michael M Kearney, Twin Falls, ID i%giéé ﬁ 3;}3;(7) Iﬁ:ﬁfn e 366/160.3
(Us) 4,354,932 A * 10/1982 McNeil ooocovecrccrecrins 210/198.2
4,537,217 A 8/1985 Allen, Jr.
(73) Assignee: Amalgamated Research, Inc., Twin 4,550,681 A * 11/1985 Zimmeretal. ... 118/410
Falls, ID (US) 4,636,315 A * /1987 Allen, Jt. .occooovcrrcrcrnen 210/656
’ 4,776,989 A 10/1988 Harper et al.
4,999,102 A 3/1991 Cox et al.
(21)  Appl. No.: 11/444,519 5004788 A * 3/1992 Schrenk etal. ....... 264/173.15
. 5,289,224 A *  2/1994 Devaney et al. ... ... 396/626
(22) Filed: May 31, 2006 5,307,830 A *  5/1994 Welker .......cocoovvviciennnne 137/1
5,354,460 A 10/1994 Kerney et al.
Related U.S. Patent Documents 5,637,469 A * 6/1997 Wilding etal. . . 435/7.21
Reissue of: 5783,129 A * 7/1998 Shirai etal. .........c.c...... 264/136
(64) Patent No.: 6,742,924 (Continued)
Issued: Jun. 1, 2004
Appl. No.: 10/151,052 FOREIGN PATENT DOCUMENTS
Filed: May 17, 2002 FR 2891089 * 3/2007
U.S. Applications: (Continued)
(60) Provisional application No. 60/291,769, filed on May
17, 2001. OTHER PUBLICATIONS
(51) Int.CL International Search Report from PCT Application No. PCT/US02/
BOIF 5/00 (2006.01) 16007, Sep. 2, 2002.
(52) US.CL oot 366/336; 138/42 (Continued)
(58) Field of Classification Search .......... 366/144-149,
366/173.1,173.2, 174.1, 336-341, 349; 165/109.1; Primary Examiner — Charles E Cooley
138/37, 40, 42; 137/325.8, 599 (74) Attorney, Agent, or Firm — TraskBritt, P.C.
See application file for complete search history.
(57) ABSTRACT
(36) References Cited Two or more independent and offset fluid transporting frac-
U.S. PATENT DOCUMENTS tals allow the scaling and intermingling of two or more fluids
’ * separately and simultaneously prior to contacting the fluids
é’ggi’éig ﬁ N 13;}3%% IS{}llllﬁ);; etal """""""""" %ggggg with one another. The device provides rapid and homoge-
2734224 A *  2/1956 Winstead ................. 425/190 ~ heous mixing and/or reaction.
3,195,865 A * 7/1965 Harder ......cccccocoevevnee. 366/337
3,394,924 A * 7/1968 Harder ........cccocoevvvvnn. 366/338 25 Claims, 12 Drawing Sheets
1
\ [
i
11

1l




US RE42,882 E
Page 2

5,803,600
5,938,333
5,992,453
6,156,273
6,217,208
6,305,834
6,333,019
6,540,896
6,616,327
6,742,924
6,749,413
7,014,442
7,021,608
7,040,555
7,066,641
7,390,408
2002/0196706
2003/0039169
2004/0145967
2004/0213084
2005/0000879
2006/0280029
2007/0007204
2007/0297285

U.S. PATENT DOCUMENTS

A * 9/1998 Schubert etal. ........

A 8/1999 Kearney et al.

A ¥ 11/1999 Zimmer .................
A * 12/2000 Regnieretal. ..........

B1* 4/2001 Schuchardt ....
B1* 10/2001 Schubert et al.
B1* 12/2001 Coppens .....

B1* 4/2003 Manzetal. ...........

Bl 9/2003 Kearney et al.

B2* 6/2004 Kearney .................

B2* 6/2004 Fare' ...
B2* 3/2006 Haynesetal. ...
B2* 4/2006 Lavemann et al.

B2* 5/2006 Miinalainen et al. ...

B2* 6/2006 Honda

B2* 6/2008 Kearneyetal. .........
ALl* 12/2002 Kearney .................

Al 2/2003 Ehrfeld et al.

Al* 7/2004 Honda .............

Al* 10/2004 Kearney ......
Al*  1/2005 Kearney et al.
Al* 12/2006 Garstecki etal. ..
Al* 1/2007 Schanz et al. ..

Al* 12/2007 Crossetal. .............

.. 425/72.2
. 425/131.5
..... 261/23.1
...... 239/562

. 210/287
. 366/336
. 210/634
...... 366/340

...... 366/144 WO

WO

137/561 A WO
........ 422/70 WO
. 366/147 WO
. 366/144 WO
. 423/659
........ 506/39

WO

366/336 Kearney,

FOREIGN PATENT DOCUMENTS

W099/48599 9/1999
WO 9948599 Al * 9/1999
WO 00/66257 11/2000

WO 143857 Al * 6/2001

WO 2092207 Al * 11/2002
WO 2007031661 Al * 3/2007
WO 2007113335 *10/2007

OTHER PUBLICATIONS

M., Engineered Fractals Enhance Process Applications,

Chem Engineering Progress, American Institute of Chem Engineers,
New York, US, Dec. 2000, pp. 61-68, vol. 96, No. 12.

Kearney, M., Control of Fluid Dynamics with Engineered Fractals—
Adsorption Process Applications, Chem Engineering Comm, Lon-
. 366/340 don, GB, Jun. 1999, pp. 43-52, vol. 173.

210/282 EP Supplementary European Search Report, EP 02731880, dated
366/336 Jan. 18, 2006.

EP Communication for EP 02731880.7-2307 dated Apr. 27, 2006.
366/336 EP Communication for EP 02731880.7 2307 dated Sep. 20, 2007.

366/336 EP Communication for EP 02731880.7-2307 dated Nov. 11, 2009.
EP Decision for EP 02731880.7-2307 dated Dec. 15, 2010.
International Search Report from PCT Application No. PCT/US02/
16007 Filed May 17, 2002.

* cited by examiner



U.S. Patent Nov. 1, 2011 Sheet 1 of 12 US RE42,882 E

o L

1l
8

1|

Il

=
C )
T~ l W
) ™
v-/—) —

Il

R
o’

i



U.S. Patent

Nov. 1, 2011

Sheet 2 of 12

US RE42,882 E

— — e
= — ) —
| s— / | ==
e —— | — S e e——— ————
— e
5 I - c —
e | - | -l
E————— ————————— ———————— Cer—————— N
L)
~ |_—© U]
\ ~
— —_— — — W
| o — = — ]
— - _ —
| PewwSpstm S ——— | | S— - L — | Se————
e —_— p——— —
e , . \ : 5
©
R
———] | e————— | S — — ]







U.S. Patent Nov. 1, 2011 Sheet 4 of 12 US RE42,882 E

FIG. 4

|




U.S. Patent Nov. 1, 2011 Sheet 5 of 12 US RE42,882 E

FIG. 5




U.S. Patent Nov. 1, 2011 Sheet 6 of 12 US RE42,882 E

7

.

— __ —\0)
_,:?L%=
N gl==
\ — ——
i ©
L - S
— = lT-

ll

il

i

|

R




U.S. Patent Nov. 1, 2011 Sheet 7 of 12 US RE42,882 E

\J

6
7
\ .

13

|

|
i
13

FIG. 7

i -
lili[flllllﬁf
14

I

R




U.S. Patent Nov. 1, 2011 Sheet 8 of 12 US RE42,882 E

FiG. 8




U.S. Patent Nov. 1, 2011 Sheet 9 of 12 US RE42,882 E

. =
)
<
™~ | S ————
N -
= — ®
C SE w

"1




U.S. Patent Nov. 1, 2011 Sheet 10 of 12 US RE42,882 E

7

/
\13

N [T =
- )
N =
N rr—

= =
- — &

v-/—/ - ~

A

1




U.S. Patent Nov. 1, 2011 Sheet 11 of 12 US RE42,882 E

Q-%lﬁ Q~§/ < 1%‘ Qﬁ/
== ||| ST
r\\ | L~ %
N N N 2
71\ -——7g' _7-§'

7a
(
I




U.S. Patent Nov. 1, 2011 Sheet 12 of 12 US RE42,882 E

o~N
~
O
L
Ll
P~ —p 1)

o

FIG. 13

@s
%



US RE42,882 E

1
FRACTAL DEVICE FOR MIXING AND
REACTOR APPLICATIONS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 60/291,769, filed May 17, 2001.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The instant invention relates to mixing and reactor equip-
ment. More specifically the invention is directed to equipment
for mixing and reacting one or more fiuids. The invention
finds application in single as well as multi-phase environ-
ments.

2. State of the Art

Many fluid processes benefit from efficient mixing. Nearly
all conventional art mixing equipment, such as blenders,
impellers, static mixers, and impinging devices, scale and
intermingle the fluids to be mixed while the fluids are in actual
contact with one another. This approach can result in the
creation of a variety of inhomogenieties within the body of
the fluid mixture. Such inhomogenieties may be harmful to
the process of mixing and/or the reactions occurring within
the body of the fluid. For example, large scale concentration
or temperature inhomogenieties may be produced within the
body of the fluid mixture by the use of conventional mixing
equipment.

Additionally, conventional mixing equipment generally
relies upon forcing large scale turbulence upon the fluid mix-
ture. Turbulence, in turn, may lead to the formation of eddies
within the fluid body which, in many instances, may be as
large as the reaction vessel itself. The presence of eddies
within the fluid body may hamper the proper mixing of the
fluid and further may disrupt the extent of the reactions occur-
ring within the fluid.

Historically, slight attention has been paid in the art to the
use of engineered fractal mixing as a means of processing
fluids. U.S. Pat. No. 5,938,333 is one of the few examples of
technical efforts in this area. In U.S. Pat. No. 5,938,333 a
space filling device, which can be used for low turbulence
fluid mixing in a volume, is disclosed. This device can accom-
plish volume mixing with very little turbulence and with a
high level of homogeneity. Unfortunately, because the device
of U.S. Pat. No. 5,938,333 is a space filling mixer, it is not
always an appropriate processing device for a given process-
ing requirement.

Another recent patent which describes the use of fractals to
distribute or collect fluids is U.S. Pat. No. 5,354,460 which
discloses a fractal fluid distribution system. PCT/US99/
06245 is directed to a fractal fluid transporting device. Nei-
ther of these references disclose employing offset fractals to
simultaneously and independently scale and intermingle
separate fluids for mixing and/or reaction.

BRIEF SUMMARY OF THE INVENTION

The instant invention provides a method and apparatus for
mixing or reacting a fluid mixture wherein one or more of the
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component fluids of the mixture are scaled and intermingled
prior to their contacting another component fluid. Central to
this method is the use of a structure which includes indepen-
dent offset fluid transporting fractals. This new structure
eliminates large scale eddies by scaling the entire flow of
fluids through independent fractals prior to a mixing/reaction
of'the fluids. Furthermore, the present invention does not mix
to a volume and thus the invention provides several new
practical industrial opportunities for fractal mixing. This new
structure scales and mixes fluid in a manner which is appro-
priate for flows exiting to or crossing an area (instead of a
volume) and is not a space filling fractal configuration. We
have discovered a number of useful applications which can
use this different approach. An important example is the use
of this device via attachment to a flow-through pipe. This
allows simple but efficient pipe flow oriented fluid mixing and
reaction. Using the structure in this manner is beneficial
because it allows easy incorporation into existing processing
technology. Another industrially useful application is attach-
ing the device to the side of a vessel so that fluids are mixed
homogeneously just prior to entering the vessel. Still another
useful application is the provision of a surface of homoge-
neously mixed gases for subsequent combustion applications.

The instant invention is particularly applicable to provid-
ing rapid and homogeneous mixing, with or without a reac-
tion occurring between the fluids. The invention can also
provide controlled mixing and heat transfer simultaneously,
for example in order to control the temperature of a reaction
process. Contemplated uses of the invention include the fol-
lowing:

1. Mixing two or more fluids rapidly.

2. Mixing two or more fluids while controlling tempera-

ture.

3. Mixing and reacting two or more fluids.

4. Mixing and reacting two or more fluids while controlling

temperature.

5. Mixing two or more fluids to allow subsequent homo-

geneous reaction outside the device.

Further environments wherein the invention may find
application include the following:

. Liquid-liquid mixers.

Gas-gas mixers.

. Gas-liquid mixers.

. Liquid-liquid reactors.

. Gas-liquid reactors.

. Gas-gas reactors.

. Aerators.

. Carbonators.

. Fluid mixing prior to combustion.

By using the instant invention, two or more fluids can be
rapidly mixed in a homogeneous manner without using
mechanical mixing equipment. Turbulence inducing
mechanical mixing devices, such as impellers, blenders,
impinging devices, etc. are not used. Therefore large scale
mixing inhomogeneities can be avoided. Large scale eddies in
mixing processes can reduce the yield of chemical reactions.
This device eliminates large scale eddies from the mixing
process. Avoiding mechanical mixing can also reduce the
amount of energy used. Ordinary mixing processes most
commonly result in energy wasted because the large scale
turbulence which is forced on the mixing process must even-
tually be dissipated as heat. The device in this invention does
not form large scale turbulence or eddies so large scale motion
is not dissipated as wasted energy.

The distribution of fluid properties can be controlled in a
beneficial manner using the invention. For example, for a gas
mixing with a liquid, the gas bubble size distribution can be
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controlled and at the same time the liquid is also scaled,
therefore mass transfer characteristics are more controlled.
Other fluid property distributions which can be controlled by
this device include fluid velocities, temperature, concentra-
tion and eddy size.

Because fluid property distributions can be more con-
trolled compared with conventional mixing/reactor equip-
ment, the equipment can be smaller and more efficient. If
desired, the mixing can be rapid and homogeneous but with
very gentle treatment of the fluids. The various embodiments
of the invention can be used as elements in conventional
processing. For example, as a rapid mixer in an ordinary
pipeline or as an multi-fluid mixer entering a tank or other
vessel.

Unlike nearly all fluid reactors, the various components to
be mixed and reacted can all be scaled and intermingled with
one another prior to contact with one another. This results in
a more rapid and homogeneous reaction. Side reactions
caused by large scale inhomogenieties can be avoided. Fur-
thermore, mixing and reaction temperature can easily be con-
trolled. Large mixing or reactor tanks can be completely
eliminated since all the fluids to be mixed and/or reacted can
be scaled and intermingled together in this device.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 11is a cross sectional view of an offset fractal structure
of the invention;

FIG. 2 is a plan view of two fractal distributors illustrated
in an offset orientation;

FIG. 3 is a perspective view of the two fractal distributors
of FIG. 2 in association with a collector;

FIG. 41is atop view of a fractal structure in association with
a pipe element;

FIG. 5 is a perspective view of the fractal structure of FIG.
5;

FIG. 6 is a cross sectional view of an alternative embodi-
ment of the fractal structure;

FIG. 7 is a cross sectional view of a further alternative
embodiment of the fractal structure;

FIG. 8 is a perspective view of yet another alternative
embodiment of the fractal structure wherein the structure is
not enclosed within a containment vessel.

FIG. 9 is a cross sectional view of a further alternative
embodiment of the fractal structure showing a curved exit
surface;

FIG. 10 is a cross sectional view of a another alternative
embodiment of the fractal structure showing an irregular
shaped exit surface;

FIG. 11 is a top view of two fractal structures wherein the
geometry of one fractal is different from the geometry of a
second fractal. Furthermore, one of the fractals is bifurcated
at an angle between perpendicular and parallel to a flow
direction of the inlet of that fractal.

FIG. 12 is a perspective view of two fractals wherein one of
the fractals is positioned within a second fractal; and

FIG. 13 is a cross sectional view of the two fractals of FIG.
12 taken along section line 13-13 showing the two fractals.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates an embodiment of a fractal structure
which in addition to the offset fractal characteristic of this
invention also includes merging and contact channels, a frac-
tal collector and a heat exchange enclosure. This embodiment
is useful as a processing (mixing and/or reaction element in
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pipe configurations. Flow input channels 1 and 2 are for the
separate fluids which will be mixed. Additional inputs can be
added if more than two fluids are to be mixed. Input 1 pro-
vides flow to offset fractal distributor 7 while input 2 provides
flow to offset fractal distributor 6. The fluid flows are scaled
and distributed through these offset fractals.

After independent fractal scaling of the fluids, the two
input Lows contact one merging channels 8 and proceed in a
mixed condition through channels 9. In the channels 9, here-
inafter denominated “contact channels,” the fluids are finally
brought into contact one with another. The flows in contact
channels 9 are re-scaled to a single flow through fractal col-
lector 10 and exit channel 3. The enclosure 11 is used if
temperature control is required for mixing or reaction or if an
enclosure is needed for flanging or other attachment. In the
case of temperature control, a heat exchange fluid is typically
passed from conduit 4 to the inside volume of the mixer for
heat exchange with the internal conduit and out conduit 5. In
the case of using the enclosure as an attachment structure,
enclosure 11 can be a solid material surrounding the internal
channels. For example, enclosure 11 can be used as a simple
flange for attachment to a pipe flange.

FIG. 2 illustrates the offset of fractal distributors 6 and 7.
The fractal distributors not intersect because they are set on
different planes, as shown in FIG. 3. Note that the flows
through fractals 6 and 7 are independent and cannot contact
one another until after they exit fractals 6 and 7. If more than
two fluids are mixed, additional independent offset fractals
can be used.

If more than two fluids are mixed or reacted by these
devices, all can be merged simultaneously or they can be
progressively mixed. This can easily be accomplished by
placing merging channels at different positions along the
length of the device. An example of such a use would be when
two fluids must first be mixed or reacted before mixing or
reacting with a third fluid. The third fluid would merge at an
appropriate distance downstream from the merging of the first
two fluids.

For purposes of illustration, each input conduit is shown
scaled to 64 smaller conduits. However it is a basic charac-
teristic of this device that the fractal conduits can be progres-
sively bifurcated to smaller and more numerous paths until
restrictions on manufacturing are reached. It is recognized
that increasing the number of bifurcations will provide a
progressively improved homogeneity of mixing and reaction.
Because each independent distribution fractal (6 and 7) in
these figures bifurcates to 64 flow paths, there are 128 total
distribution channels prior to merging and these merge to
form 64 contact channels (9). FIG. 3 illustrates the approxi-
mate location of fractal collector 10.

Because this invention uses fractals for the offset struc-
tures, those skilled in the art will recognize that this provides
an inherent geometric variability which adds to the practical
value of this invention. One reason variable geometry may be
desired for the fractals is that the device may require a geom-
etry constrained by the corresponding geometry of an enclo-
sure it is contained in or a receiving device it exits into.
Another reason for variable geometry is to provide the artisan
with control over hydraulic characteristics such as pressure
drop.

Fractals are constructed using an initiator structure, or par-
ent structure, with self similar structure added at smaller and
smaller scales. The initiator in the illustrated embodiment is
in the form of an “H”” and as a result, four new child structures
are added to each “H” as smaller scale structure is added. Itis
well known in the art that fractals can be constructed using
variations in the initiator geometry, number of branches,
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branch angles and in the amount of initiator symmetry (F/G.
11). Just as an example, the initiator could be a symmetric
“Y” having one leg longer [that] than the other two.

Another way to vary the device geometry is by altering the
child structures. The child structures need not exhibit scaled-
down geometry identical to the initiator. This type of variation
can include the geometry or symmetry of the child structures
ateach iteration, for example by using variable scaling factors
for determining child structure dimensions and channel diam-
eters.

We note that the number of generations of child structure
can be varied as desired (the number of fractal iterations) to
obtain a desired level of scaling prior to mixing/reaction or to
meet practical requirements such as the avoidance of device
plugging. (FIG. 11)

The offset fractals need not be identical. (FIG. 11) As an
example, if three offset fractals are used to mix or react three
materials, two of the fractals could of an identical geometry
while a third is not, or all three could be of different geometry.
The reason for this is that the materials to be treated may have
variable characteristics which would suggest to a person
skilled in the art to use different geometries. For example, the
flow rate through one fractal may be very high compared with
a second so that pressure drop may be best controlled by using
differing channel cross sectional area or number of fractal
iterations through each individual fractal.

FIG. 4 is a top view and FIG. 5 is an isometric view of the
pipe element embodiment. While this embodiment is useful
when the flow from the mixing or reactor process should be
re-collected into a single flow, the device can be used to
advantage without the collector. This can be useful, for
example, when mixing air and gas for a combustion applica-
tion or for injecting the mixture into the side of a tank or other
vessel. FIG. 6 illustrates an embodiment without re-collec-
tion. In this case the fluids from inputs 1 and 2 are scaled and
distributed in the same manner as described earlier but the
flows are not re-collected into one flow, i.e., output channel 3
and fractal collector 10 have been removed. In this embodi-
ment the large number of contact channels 9 exit the device
independently at contact channel exits 12. Because the rest of
the device is the same as described earlier, in this example
there will be 64 such exits.

It is also possible to eliminate the merging channels 8 and
mixing channels 9 so that the scaled and intermingled flows
exit the device prior to contact with one another. FIG. 7
illustrates this minimal configuration for the invention and
consists of the flow inputs 1 and 2, and the offset fractals 6 and
7.Fractal 7 exits through outlets 13 and fractal 6 exits through
outlets 14.

For these last two embodiments, the enclosure (11) is again
optional but can be useful for either heat exchange or for
attaching or flanging the device to a vessel.

We note that the area /7 (FIG. 7) that the offset fractals exit
into need not be a plane. The fractals can exit to a curved (F/G.
9) or irregular surface (FIG. 10). This can be useful, for
example, if the target vessel has a curved or irregular shape. In
such a case, it can be useful to match the curved surface of the
vessel with a complementary curve on the exit surface of the
mixing device.

The figures show the offset fractals bifurcated perpendicu-
lar to the large scale inlet and outlet flow direction. It is
possible to bifurcate the fractals at any angle from perpen-
dicularto nearly parallel to these flow directions. Configuring
at angles which are not perpendicular to the large scale flow
can have advantages as well as disadvantages. One advantage
of'using fractal bifurcations more in-line with the flow direc-
tion is that it may be possible to operate the device with less
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pressure drop since flow momentum will not be forced to
make as drastic a change in direction as the bifurcations
are-carried out. A disadvantage can be that the device will
become longer in the direction of the flow and perhaps less
compact. It is therefore a user decision which advantages are
most important for a given process and from these consider-
ations chose the appropriate bifurcation angles.

This invention uses two or more offset fractals which inde-
pendently scale fluids before they contact one another. [The
method of offset scaling can be different than in the figures.]
For example, the separate fractals can be contained within
one another. (FIGS. 12 and 13) A smaller conduit carrying
one fluid can be placed inside a second larger conduit. A
second fluid can therefore flow between the inner surface of
the larger conduit and the outer surface of the smaller inner
conduit. The two conduits can progressively be bifurcated to
smaller and smaller scale until a desired exit size is reached.
As with the above embodiments, the flows can be merged, in
this case by simply ending the inner conduit so that the inner
flow contacts the outer flow. The merged flows can also be
collected and further merged into a single flow, if desired, as
described earlier. Note that we are defining “offset” to include
smaller conduit inside of larger conduit since the flows are
properly kept offset from one another by this optional
method.

This method of offsetting fractal conduits within one
another can be extended to any number of separate fluids by
adding a separate enclosed conduit for each fluid.

We note that in the event of operation with fluctuating
pressures between the independent flows or in the event that
aparticular flow is temporally shut off it can be useful to have
check valves on channels to avoid backflow of one fluid
through the distribution fractal of a different fluid.

This invention can be applied over the entire range of fluid
processing scales from very small scale applications to very
large scale industrial use. The reason for this is that the fractal
structures used in this invention provide a continuing scaling
function as application scale changes. This wide range of
applicability is one of the inherent advantages of this mixer
design.

Because this device is used for mixing and/or reaction of
fluids, the resulting products can be used as desired in subse-
quent processing equipment.

It is noted that a particular manufacturing technique is not
required to realize this invention. Computer aided machining,
stereolithography, photochemical etching, laser cutting,
molding, micro-machining, nanotechnology, ion deposition
and conduit construction techniques are a few appropriate
methods for building these devices.

It is recognized that future manufacturing techniques
which may improve the ability to construct small scale struc-
ture will also be useful for construction of these devices.

What is claimed is:

1. A structure for mixing at least two fluids, said structure
comprising: at least two fluid transporting fractals, namely a
first fluid transporting fractal and a second fluid transporting
fractal, each said fluid transporting fractal having a respective
fluid input which bifurcates to a plurality of fluid outputs, said
fluid transporting fractals being positioned offset from one
another, each said fluid transporting fractal being configured
to facilitate a flow therethrough independent from a flow in
said other fluid transporting fractal, a first said output of said
first fluid transporting fractal being interconnected to a
respective second output of said second fluid transporting
fractal by a merging channel, said merging channel providing
azone, isolated from fluid flows from outputs other than from
said first and second outputs, wherein fluid exiting said first
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output of said first fluid transporting fractal may mix with
fluid exiting said second output of said second fluid transport-
ing fractal in an environment isolated from fluids exiting said
outputs other than said first and second outputs.

2. The structure of claim 1 further including a plurality of
merging channels, wherein each merging channel intercon-
nects with a respective said output of said first fluid transport-
ing fractal and a respective said output of said second fluid
transporting fractal.

3. The structure of claim 2 wherein the said plurality of
merging channels are interconnected one to another to define
a single exit flow channel.

4. The structure of claim 3 wherein the said interconnection
to form a single flow is accomplished by using a fractal
arrangement wherein the direction of flow is from the small
scale end of the fractal arrangement to the large scale end of
the fractal arrangement.

5. The structure of claim 1 further including an enclosure,
wherein at least some portion of one or more of said fluid
transporting fractals is disposed within said enclosure such
that a heat exchange fluid resident within said enclosure can
pass over the outside surface of the enclosed fluid transport-
ing fractals.

6. The structure of claim 1 further including an enclosure
wherein at least some portion of one or more of said fluid
transporting fractals is disposed within said enclosure such
that the enclosure can be used for attaching the structure to a
support structure.

7. The structure of claim 1 wherein each said merging
channel is associated with a contact channel for directing
fluid from said merging channel to a single exit outlet of said
structure.

8. A structure comprising:

at least two fluid transporting fractals, namely a first fluid

transporting fractal and a second fluid transporting
fractal, each said fluid transporting fractal having a
respective inlet, said respective inlets being physically
isolated from one another to permit physically distinct
fuid flows in each of said fluid transporting fractals,
each said fluid transporting fractal bifurcating from said
respective inlet thereof into a plurality of fluid passage-
ways and thereafter to a plurality of respective outlets,
said at least two fluid transporting fractals being posi-
tioned offset from one another, said outlets of said first
fuid transporting fractal being positioned in an alter-
nating arrangement with said outlets of said second fluid
transporting fractal proximate an exit surface, with at
least one of said outlets of said first fluid transporting
fractal being positioned proximate a respective said out-
let of said second fluid transporting fractal, wherein
fuid exiting said at least one outlet of said first fluid
transporting fractal may intermingle with fluid exiting
said respective outlet of said second fluid transporting
fractal.
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9. The structure of claim 8 wherein each said outlet of said
first fluid transporting fractal is positioned physically proxi-
mate a counterpart said outlet of said second fluid transport-
ing fractal to permit a mixing of a first fluid exiting each said
outlet of said first fluid transporting fractal with a second fluid
exiting from said counterpart outlet of said second fluid trans-
porting fractal.

10. The structure of claim 8 wherein said passageways of
each said fluid transporting fractal are physically isolated
from said passageways of said other fluid transporting frac-
tal.

11. The structure of claim 8 further including an enclosure
wherein at least some portion of at least one fluid transporting
fractal is positioned within said enclosure.

12. The structure of claim 11 wherein said enclosure in
constructed to facilitate the passage over said portion of at
least one fluid transporting fractal of a heat exchange fluid.

13. The structure of claim 12 wherein said heat exchange
fluid is resident in said enclosure.

14. The structure of claim 8 wherein a geometry of said first
fuid transporting fractal is identical to a geometry of said
second fluid transporting fractal.

15. The structure of claim 8 wherein a geometry of said first
fuid transporting fractal is different from a geometry of said
second fluid transporting fractal.

16. The structure of claim 8 further including an exit sur-
face positioned proximate said outlets.

17. The structure of claim 16 wherein said exit surface is
planar.

18. The structure of claim 16 wherein said exit surface is
nonplanar.

19. The structure of claim 18 wherein said exit surface is a
curved surface.

20. The structure of claim 18 wherein said exit surface is of
irregular shape.

21. The structure of claim 8 wherein at least one of said
fuid transporting fractals is bifurcated perpendicular to a
direction of flow of a respective inlet thereof.

22. The structure of claim 21 wherein at least one of said
fuid transporting fractals is bifurcated perpendicular to a
direction of flow of both said respective inlet and at least one
outlet thereof.

23. The structure of claim 8 wherein at least one of said
fuid transporting fractals is bifurcated at an angle between
perpendicular and parallel to a flow direction of said inlet of
said at least one of said fluid transporting fractals.

24. The structure of claim 8 wherein said at least one of
said fluid transporting fractals is bifurcated at an angle
between perpendicular and parallel to a flow direction of said
inlet and at least one outlet of said at least one of said fluid
transporting fractals.

25. The structure of claim 8 wherein said second fluid
transporting fractal is positioned within said first fluid trans-
porting fractal.



