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[57] ABSTRACT 

High speed, very uniform mixing of two ?uids is 
achieved by a mixing device formed from a pair of tu~ 
bular members. The inner tube, which may be formed 
of sintered stainless steel powder, is porous along its 
entire length, but plugged at one end so that a first 
?uid under pressure within it will be forced radially 
outwardly through the pores. The outer tube is spirally 
corrugated and positioned in concentric relation with 
the porous tube. The inner surfaces of the corruga 
tions contact the porous tube and cause a second ?uid 
flowing from one end to the other of the corrugated 
tube to flow along the spiral path of the corrugations. 
Since the spiral corrugations cause the second ?uid to 
?ow very rapidly over the outer surface of the porous 
tube, the second ?uid will continually strip or shear 
away the ?uid exiting through the pores and thus pro 
mote extremely rapid and thorough mixing of the ?rst 
?uid into the second ?uid to form a mixed fluid or a 
reaction product, depending on the nature of the ?u 
ids in the two tubes. The tubes are placed in intimate 
contact with each other by an improved 'forming 
method wherein the outer tube is corrugated in two 
steps while in contact with the inner tube. 

7 Claims, 5 Drawing Figures 
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SPIRAL TUBE MIXING DEVICE AND METHOD OF 
MAKING 

BACKGROUND OF THE INVENTION 

The invention relates to the field of ?uid mixing de 
vices. Examples of prior art ?uid mixers can be found 
in US. Pat. Nos. 2,951,061; 3,240,337; 3,435,092; 
3,438,720; 3,554,228; and 3,677,714 where ?uid is 
passed through openings or small pores in one member 
into contact with a ?uid in another member. In each of 
these prior art devices the mixing is somewhat slow and 
non-uniform. Other prior art devices, as exempli?ed by 
US. Pat. Nos. 2,908,486; 3,158,192; 3,270,806; 
3,498,370; 3,545,063; 3,566,615; and 3,709,665 teach 
that heat transfer to or from a single ?uid or between 
different ?uids can be enhanced by lengthening the 
contact path by causing at least one of the ?uids to fol 
low a spiral or other tortuous path. These latter devices 
do not provide for any mixing of ?uids. 
Although many of the prior art mixers provide fairly 

uniformmixing, there are certain mixing applications 
wherein it is desirable that the dispersion of one ?uid 
into another by extremely rapid and that the distribu 
tion of the ?uids be uniform. Such an application might 
be in an alkylation reactor such as disclosed in US. Pat. 
Nos. 2,951,061; 3,435,092 and 3,607,970 where an 
olefin-isoparaf?n hydrocarbon stream is combined 
with a liquid acid stream. 

SUMMARY OF THE INVENTION 

It is among the objects of this invention to provide a 
mixing or reacting device for ?uids which will promote 
extremely rapid and uniform dispersion of one ?uid 
into another, will prevent localized feed concentration 
buildups, will provide plug ?ow and prevent back mix~ 
ing, and will be very compact. 
These and other objects are achieved by the mixing 

apparatus of the present invention in which a porous 
metal tube formed of a sintered metal powder, such as 
stainless steel, is closed or restricted at one end and 
mounted within a surrounding spirally corrugated tube. 
A first ?uid is introduced into the inner porous tube 
under sufficient pressure to cause it to move radially 
outwardly through the pores in the tube wall. A second 
?uid, which is introduced into the corrugated tube at 
a lower pressure, is forced to ?ow around the spiral 
path defined by the inner walls of the corrugations and 
the outer wall of the porous tube which the corruga 
tions engage. Since the second ?uid continually wipes 
the surface of the porous tube, any ?uid exiting from 
the pores in the porous tube will be sheared off and will 
instantly and uniformly be dispersed in the second ?uid 
or will react with it to form a reaction product. In a 
modification of the mixing apparatus, one end of the 
porous tube is provided with a back pressure means. 
such as a spring loaded check valve, which permits a 
portion of the ?ow in the inner tube to be recycled or 
transported to another location. 
The apparatus provides the most efficient mixing 

when the corrugations on the outer tube are in intimate 
contact with the porous tube so that the ?uid ?owing 
between the tube walls will be forced to follow a helical 
path. It has been found, however, that it is impossible 
to telescope together a porous tube and a corrugated 
tube when the outer wall of the porous tube and the 
inner wall of the outer tube are of the same diameter 
or even within several thousandths of an inch of each 

20 

25 

35 

50 

55 

65 

2 
other without the metals seizing. The springback char 
acteristics of stainless steel during cold working have 
been found to prevent a smooth outer tube from being 
corrugated into intimate contact with a porous tube in 
the normal operation of a 2 die corrugating machine 
similar to that disclosed in Andersen US. Pat. No. 
3,128,821. We have found, however, that by making 
two passes of concentric porous and smooth tubes 
through such a pair of dies, and without changing the 
positions of the dies relative to each other, it is possible 
to both form the corrugations in the outer tube and 
force them into intimate contact with the porous tube 
so that the corrugations on the outer tube will have a 
smaller internal diameter than the outer diameter of 
the porous inner tube immediately adjacent the spiral 
line of contact between the inner and outer tubes. 
Rather than make separate passes through a single pair 
of dies, it is also possible to achieve intimate contact by - 
passing the composite tube assembly through succes 
sive pairs of dies or through a single set of three or 
more corrugating dies such as that disclosed in Kel 
strom US. Pat. No. 3,583,189. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a side sectional view of the improved mixing 
device; 
FIG. 2 is a side sectional view similar to FIG. 1 but 

showing a modification; 
FIG. 3 is a side sectional view showing a pair of cor 

rugating dies corrugating the outer wall of the tube 
composite which forms the mixing device; 
FIG. 4 is a view identical to FIG. 3 except that the 

tube composite is shown undergoing'a second pass 
' through the corrugating dies; and 

FIG. 5 is a view similar to FIG. 3 but showing a modi 
fied form of corrugating device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, the improved mixing device indi 
cated generally at 10 includes a non-porous outer tube 
member 12 and a porous inner tube member 14. Each 
of the tubes 12, 14 is preferably formed of stainless 
steel with the porous inner tube being formed by a sin 
tering technique using metal powder. The tube 12 has 
a non-corrugated exit end 16 and a non-corrugated en 
trance end 18. The portion of the tube 12 which is in 
termediate the non-corrugated end portions 16, 18 in 
cludes corrugations which are defined by a spiral ridge 
20 which engages, and preferably, is slightly embedded 
within the outer surface 21 of the porous tube 14. An 
inlet fitting 22 welded to the side of outer tube 12 at 
end 18 thereof is internally threaded to facilitate its 
connection to a source of ?uid (not shown) to be 
passed through the tube 12. 
The porous inner tube 14 has an internally threaded, 

non-porous inlet fitting 26 welded to it. A spacing ring 
28 ?lls the annular space between the tubes l2, l4 and 
is welded to each of the tubes by a weld bead 30. Alter 
natively, a ?ange could be formed on the ?tting 26 
which could serve the same purpose as ring 28. Flow of 
?uid through the inner end of the porous tube 14 is pre 
vented by plug member 32 which is welded to the tube. 
When the device 10 is in use, plug 32 blocks ?ow 
through the porous tube 14 so that the pressure of a 
first ?uid passing into the tube causes the ?uid to ?ow 
through the myriad tiny openings in the wall 34 of the 
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tube. As the first ?uid reaches the outer surface 21 of 
the porous tube it is instantly sheared from said surface 
by a second ?uid ?owing along the surface as it passes 
through spiral channel 38 on its way from inlet ?tting 
22 to exit opening 16. Where the ?rst and second ?uids 
?owing through the inner and outer tubes are of a na 
ture such as to produce an exothermic reaction upon 
contact with each other, the disclosed mixing device is 
especially efficient since mixing is extremely rapid and 
the respective ?uids well dispersed. In addition, the ex 
tended outer surface of tube 12 produced by the corru 
gations enhances the ability of the device to dissipate 
excess heat as it is produced. An example of such a re 
action would be the feeding of a hydrocarbon stream 
such as olefin -— isoparaffin into the porous tube 14 
and the outward radial dispersion of said stream into a 
hydro?uoric acid stream passing through spiral channel 
38. 
FIG. 2 shows a modification 40 of the mixing device 

10 shown in FIG. 1. The mixing device 40 includes a 
non~porous outer tube 42, a porous inner tube 44, non 
corrugated end portions46, 48, a spiral corrugated 
ridge 50, a threaded ?uid inlet fitting 52, a non-porous 
inlet fitting 56 for the porous tube 44, and an annular 
spacing ring 58 attached to the outer tube 42 and the 
fitting 56 by a weld head 60. The mixing device 40 dif 
fers from the device 10 of FIG. 1 in that ?ow through 
the porous tube 44 is not completely prevented at the 
end of the tube opposite its entrance end. Rather, a 
back pressure means comprising an end fitting 64 is 
provided. The ?tting 64 includes a ?ange 66 welded to 
the outer tube 42 at 68. Since the weld 68 and ?ange 
66 effectively block the exit end of tube 42 a side 
mounted, internally threaded ?uid outlet member 70 is 
provided. The fitting 64 further includes a valve seat 
74, and a ball valve member 76 biased against the seat 
74 by a spring 78. Fluid passing by the valve member 
76 exits through a threaded outlet ?tting 84. By means 
of a screw type adjustment member 80 threaded in the 
end of fitting 64 the amount of back pressure exerted 
by the ball 76 on the ?uid within the porous tube 44 
can be closely controlled. This back pressure adjust 
ment feature is useful where it is desired to permit a 
portion of the ?uid within the porous tube to' pass 
through the mixing device without being mixed and ei 
ther carried to another location or- returned to the ?uid 
source. The valve assembly also permits the pressure, 
and thus the ?ow rate, of the ?uid passing through the 
walls of the porous tube to be controlled independently 
of variations in the inlet pressure from the ?uid source, 
as long as the inlet pressure is in excess of that required. 
FIGS. 3 and 4 illustrate a preferred method for as 

sembling a porous inner tube and a non-porous outer 
tube to each other. Referring to FIG. 3, a porous inner 
tube 88 is shown after it has been positioned within a 
smooth outer tube 90. The tube composite is fed from 
left to right through a pair of dies 92, 94 which may be 
of the type disclosed in Andersen U.S. Pat. No. 
3,128,821. As the left die 92 engages the tube 90 it 
forms a groove and a corresponding ridge 90a which is 
forced into contact with the outer surface of porous 
inner tube 88. Since the material of the tube 90 is pref 
erably stainless steel, one must contend with a property 
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known as “spring back" which causes the groove and 
ridge formed by die 92 at 90a to spring away from the 
inner tube 88 as shown at 90b as the groove and ridge 
advance relative to the die. In FIG. 4, the corrugated 
composite formed by the dies of FIG. 3 is shown being 
passed back through the same dies 92, 94. This second 
pass provides a second cold working operation which 
causes the ridges 90b to assume a final position in 
contact with the inner tube 88 as shown at 900. In each 
die set, the major deformation is done by the initial die. 
In order to keep the ends of the tubes uncorrugated the 
dies are moved radially into the tubes only where cor 
rugations are desired. Preferably, the dies force the 
ridges about 0.002 - 0.004 inch into the surface of the 
porous tube 88. 
FIG. 5 shows an alternative method of assembling the 

outer and inner tubes to each other which utilizes a tri 
ple ring corrugating device of the type shown in Kel 
strom U.S. Pat. No. 3,583,189. A porous tube 104 and 
a smooth non-corrugated outer tube 106 are fed from 
left to right through left die 108, center die 110 and 
right die 112. The additional cold working of the tube 
material which takes place due to the right hand die 
112 causes the ridge, which is formed as shown at 106a 
by die 108, and which springs away after forming as 
shown at 106b, to be moved permanently into contact 
with the porous tube 104 as shown at 1060. 
The details of the mounting structures for the various 

dies shown in FIGS. 3 — 5 have not been shown since 
they are explained in great detail in the aforementioned 
U.S. Pat. Nos. 3,128,821 and 3,583,189, the content of 
which is incorporated herein by reference. 
We claim as our invention: 
1. A mixing device comprising a porous inner tube 

and an outer tube having an axially extending continu 
ous spiral groove in contact with the outer surface of 
said porous tube, said porous inner tube having flow re 
striction means at one end and being open at the other 
end for receiving a pressurized supply of a ?rst ?uid to 
be pumped through the porous walls of said inner tube 
into said spiral groove under pressure, said outer tube 
being open at one end for receiving a second ?uid, and 
being open at its other end for delivering a mixture and 
/or a reaction product of said first and second ?uids. 

2. A mixing device in accordance with claim 1 
wherein said outer tube is corrugated along at least a 
portion of its length. 

3. A mixing device in accordance with claim 2 
wherein the ends of said outer tube are uncorrugated. 

4. A mixing device in accordance with claim 1 
wherein said tubes are made of stainless steel. 

5. A mixing device in accordance with claim 1 
wherein the inner diameter of the corrugations on said 
outer tube is less than the outer diameter of said porous 
inner tube immediately adjacent the spiral line of 
contact between said inner and outer tubes. 

6. A mixing device in accordance with claim 1 
wherein said flow restriction means comprises closure 
means to prevent ?ow. 

7. A mixing device in accordance with claim 1 
wherein said flow restriction means comprises a back 
pressure valve. 

* * * * * 


