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ABSTRACT: A method for rapidly mixing at least one ?uid 
into another by disposing a ?rst ?uid within a ?rst conduit and 
?owing a second ?uid within a second conduit substantially 
concentric with and disposed within the ?rst conduit, the 
second conduit opening into contact with the ?uid within the 
?rst conduit. An angular momentum is imparted to the second 
?uid within the second conduit to thereby form a swirling jet 
of the second ?uid as it exits from the second conduit into 
contact with the ?uid disposed in the ?rst conduit‘ 
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METHOD FOR RAPIIDLY MIXING FLUIDS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the mixing of ?uids; and, more par 

ticularly, to a method for rapidly mixing one ?uid into 
another. 

2. Description of the Prior Art 
Rapid mixing of ?uids is necessary whenever it is undesira 

ble to have the two or more ?uids, which are to be mixed, in 
contact with each other in an unmixed state over extended 
periods of time. For example, a paraxylene unit was found to 
produce crystals too small in size which led to the waste 
discharge of approximately 10 percent of the production. Indi 
cations were that this condition was due to an overproduction 
of crystal nueleii which in turn is strongly dependent on the 
level of local supersaturation. 

In this paraxylene unit, a stream rich in paraxylene is fed 
into a reactor whose ?uid phase has a low paraxylene content 
and a lower temperature than the feed. If the feed maintains it 
self in lumps over extended periods of time, then local super 
saturation occurs as molecular transfer of heat is higher than 
that of mass. Thus, the longevity of the unmixed feed lumps 
determines the number of nucleation sites and ?nal crystal 
size. To increase the crystal size, the average lifetime of the 
unmixed ?uid lumps must be decreased. 

Certain prior art patents are directed to the mixing of fluids. 
These patents, however, fail to achieve rapid mixing rates. For 
example, in US. Pat. No. 3,286,992, two ?uids are mixed in a 
tube and are in contact with curved elements therein which 
split the incoming ?uids, already in contact with each other, 
into two streams. Eddying motion is imparted to each stream 
to promote mixing. However, such action is not rapid as the 
two ?uids coexist in the tube as unmixed lumps for a substan 
tial amount of time. The same comments apply to the method 
disclosed in US. Pat. No. 3,424,347 where two viscous ?uids 
are injected into a plurality of ?nned tubes under laminar ?ow 
conditions. Mixing, implied to occur inside the tubes, is 
achieved by subdivision and interlacing of the ?uid stream 
lines. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide an improved 
method of rapidly mixing one ?uid into another. 

It is a further object of this invention to provide a method of 
rapidly mixing one ?uid into another whereby the rate of mix 
ing may be controlled. 
These and other objects are preferably accomplished by 

disposing a ?rst ?uid within a first conduit and ?owing a 
second ?uid within a second conduit substantially concentric 
with and disposed within the ?rst conduit, the second conduit 
opening into contact with the ?uid within the ?rst conduit. An 
angular momentum is imparted to the second ?uid within the 
second conduit to thereby form a swirling jet of the second 
?uid as it exits from the second conduit into contact with the 
?uid disposed in the ?rst conduit. 
The ?uid to be mixed is injected into the other which may 

be at rest, as in a batch-type reactor, or which may be ?owing 
at a lower velocity than the ?rst ?uid. The angular momentum 
may be imparted to the ?uid either by internal or external 
means. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an isometric view of a preferred embodiment of 
apparatus for carrying out the method of my invention; 

FIG. 2 is an isometric view, partly in section, of a portion of 
the apparatus of FIG. 1; 

FIG. 3 is an isometric view of an alternate embodiment of 
apparatus for carrying out the method of my invention; and 

FIG. 4 is a sectional view taken along the line 4-4 of FIG. 
3. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to the drawing, FIG. 1 shows an outer conduit I0 
having a ?rst ?uid ?owing therethrough in the direction of ar 
rows 11. A second conduit 12, substantially concentric with 
conduit 10, is disposed internally thereof. A second ?uid is 
adapted to be ?owed in conduit 12 as indicated by the arrow 
I4. Although both ?uids are shown in FIG. I as ?owing 
through conduits 10 and 12, the ?uid in conduit 10 may be 
either at rest or ?owing at a lower velocity than the jet of ?uid 
from conduit 12 as will be discussed further hereinbelow. 
A swirl or angular momentum is imparted to the ?uid exit 

ing from conduit 12. The phrase “angular momentum” refers 
to a change in the normal spread of the ?uid exiting from con 
duit 12. For example, as illustrated in FIG. 2, a helix 15 having 
a plurality of helical ?ns 15a, is preferably ?xedly mounted in 
conduit 12. In this manner, low values of swirl may be im 
parted to the ?uid exiting from conduit 12 thus fonning a 
swirling jet 16 (FIG. 1) of ?uid. The dotted lines in FIG. I in 
dicate the spread of the ?uid which would be fonned by not 
swirling the ?uid. Thus, it can be seen that the helical ?ns 15a 
disperse or mix the ?uid from conduit I2 into the ?uid in con 
duit 10 more rapidly in both space and time. The ratio of an 
gular to linear jet momentum may be controlled by varying the 
pitch of helix 15. 

Thus, the rate of mixing of a swirling jet above that of a non 
swirling jet may be controlled by the amount of angular mo 
mentum given to the jet. For higher values of swirl, the angular 
momentum may be imparted through external means. For ex 
ample, as illustrated in FIG. 3, a further embodiment of the in 
vention is shown wherein a ?rst ?uid is flowed in a conduit 16 
in the direction of the arrow 17 while a second ?uid is ?owed 
in a conduit 18 in the direction of the arrow I9. Again, the 
?uid ?owing in conduit 16 may be either at rest or ?owing as 
discussed hereinabove. The external means for imparting an 
gular momentum to the ?uid in conduit 18 may take the form 
of a plurality of radially extending ?ns 20 having ?ngers 20a at 
their extremities (FIG. 4), mechanically or automatically 
rotated by a connecting shaft 21 (FIG. 3) preferably extending 
longitudinally of conduit 18 and coupled to actuating means 
(not shown), such as a motor or a handle. Note that ?ns 20 are 
substantially linearly extending and substantially perpendicu 
lar to the direction of the ?owing ?uid in conduit 18.'In this 
manner, a swirling jet 22 is formed by the ?uid exiting from 
conduit 18. 
As set forth hereinabove, rapid mixing of one ?uid into 

another may be achieved by forming a swirling jet at the point 
of contact of a ?rst ?uid with a second ?uid. The mixing ac 
tion is due to the dispersive qualities of the angular momen 
tum imparted to the ?rst ?uid and the turbulence inherent in 
jets of suf?ciently high Reynolds numbers. The ?uid to be 
mixed is injected into the other ?uid which may be at rest, as 
in a batch-type reactor, or which may be ?owing, but at a 
lower velocity than the jet. This angular momentum may be 
imparted by either internal means, such as the ?xed, helical 
?ns 15a of the helix 15 of FIG. 2 or by external means, such as 
the radially and linearly extending rotating ?ns 20 of FIG. 4. 
The rate of mixing of the ?rst ?uid into the second ?uid may 
be controlled by controlling the angular and linear momentum 
of the issuing ?uid. 

In one preferred use of the method of this invention, a 
stream rich in paraxylene may be fed into a reactor whose 
?uid phase has a low paraxylene content and preferably a 
lower temperature than the feed using either of the embodi 
ments of the invention described hereinabove. In this manner, 
the feed is rapidly dispersed into the reactor contents from the 
combined angular momentum of the feed after it leaves the 
nozzle (i.e., the outlet of the “second” conduit) and the turbu 
lence inherent in jet ?ows. 

I claim as my invention: 

1. A method for rapidly mixing at least one ?uid into 
another comprising the steps of: 

disposing a ?rst ?uid at rest within a ?rst conduit; 
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?owing a second fluid within a second conduit substantially 
concentric with and disposed within said ?rst conduit, 
said second conduit opening into the ?uid within said ?rst 
conduit; and 

imparting an angular momentum only to said second ?uid 
within said second conduit to thereby form a swirling jet 
of said second ?uid as it exits from said second conduit 
into contact with the ?uid disposed in said ?rst conduit. 

2. A method for rapidly mixing at least one ?uid into 
another comprising the steps of: 

disposing a ?rst ?uid within a ?rst conduit; 
?owing a second ?uid within a second conduit substantially 

concentric with and disposed within said ?rst conduit, 
said second conduit opening into the ?uid within said ?rst 
conduit; and 

imparting an angular momentum to said second ?uid within 
said second conduit by rotating a plurality of radially ex 
tending ?ns in the path of said ?uid ?owing in said second 
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conduit, said ?ns being substantially linearly extending 
and substantially perpendicular to the direction of the 
?owing ?uid in said second conduit to thereby form a 
swirling jet of said second ?uid as it exists from said 
second conduit into contactwith the ?uid disposed in said 
?rst conduit. 

3. A method for rapidly mixing at least one ?uid into 
another comprising the steps of: 
?owing a ?rst ?uid within a ?rst conduit; 
?owing a second ?uid faster than said ?rst ?uid within a 
second conduit substantially concentric with and 
disposed within said ?rst conduit, said second conduit 
opening into the ?uid within said ?rst conduit; and 

imparting an angular momentum only to said second ?uid 
within said second conduit to thereby form a swirling jet’ 
of said second ?uid as it exits from said second conduit 
into contact with the ?uid disposed in said ?rst conduit. 
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