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MIXING CHAMBER 
BACKGROUND OF THE INVENTION 

Liquid mixing apparatus is generally of use, wherever 
a very intensive mixing of media is of importance. This 
is especially true for the manufacture of agents in the 
biochemical or pharmaceutical industries, where highly 
homogeneous products are desired. It is well known 
that chemical reactions are accelerated with intense 
mixing of constituents. - 
A variety of devices by which liquids can be mixed 

are known. For example, Austrian Pat. No. 270,595 
discloses an apparatus for continuously diluting a me 
dium having a high viscosity, wherein the viscous me 
dium and the far greater quantity of diluting liquid are 
continuously supplied under pressure to a first common 
chamber via rectangular inlet means. After sequentially 
passing through two grid walls the diluting medium is 
caused to rotate. The turbulent liquid streams are then 
pressed through the grid walls in order to align the mac 
ro-molecules and to avoid interlacings among them. 
U.S. Pat. No. 2,509,288 discloses a mixing apparatus, 

wherein the liquids to be mixed are fed through oppos 
ing nozzles into a ball-shaped chamber and the mixed 
liquid stream is delivered through an outlet pipe con 
nected to the chamber. U.S. Pat. No. 2,391, 10 dis 
closes a mixing chamber for liquids which includes a 
cascade of screens with circumferentially extending 
channels. 
The mixing action of prior art devices is achieved by 

an imposed convection of the liquid streams in a cham 
ber volume. Since a chamber of substantial volume is 
required to allow the convection to take place, mixing 
action is delayed. Furthermore, no mixing between par 
tial volumes of both liquids can be obtained because 
the flow of the liquids exhibit uncontrolled flow profiles 
which result from turbulence. 

SUMMARY OF THE INVENTION 

A mixing chamber designed according to the pre 
ferred embodiment of this invention mixes two sepa 
rate streams of liquid under pressure. The mixing 
chamber comprises two continuous, parallel, pressure 
resistant grid walls between which liquid mixing occurs, 
an inlet means for entry of each liquid stream to be 
mixed into the mixing chamber through the grid walls 
and an outlet means for exit of the mixed liquid stream 
from the mixing chamber. The distance between the 
grid walls is in the mm-range and is at least five times 
less than the lateral extension of each grid wall. The 
grid apertures of the grid walls is in the micron, u, 
range and the flow resistance of the grid walls provides 
uniform distribution of each liquid flowing under pres 
sure over the cross-sectional areas of their respective 
grid walls. 
The principal object of this invention therefore is to 

provide an improved apparatus of simple design for 
mixing two liquids substantially without delay and with 
increased efficiency, wherein each partial volume of 
the one liquid is mixed with the partial volume of the 
other liquid. 

DESCRIPTION OF THE DRAWING 

FIG. is a cross-sectional view of the preferred em 
bodiment of the invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 1, the mixing apparatus 3 com 
prises essentially two metal screens 5 and 6 having a 
mesh size of 3pl and a surface of 20 mm each. Since 
the distance between the metal screens is 1 mm, the 
volume of the mixing chamber volume is 20 pull. The ap 
paratus casing 7 is closed by means of bolts 8a, b. Two 
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solvent A and B, respectively, are pumped in parallel 
relation via inlet means 1 and 2 into a mixing apparatus 
3. The mixed homogeneous solvent is exited via outlet 
means 4. The connecting line between pumps and the 
mixing apparatus have an interior cross-section of typi 
cally 0.5 mm with a larger cross-section at the point of 
connection to the mixing apparatus. 
During the operation of the device, liquid pumps 

which do not necessarily operate in timed relation, 
press liquids to be mixed, A and B, intermittently 
through metal screens 5 and 6 respectively, thus form 
ing a plurality of intermeshing, thin separate jets of liq 
uid. Additional mixing is provided by the turbulence 
resulting from the transverse forces acting among the 
jet streams between the internal screen faces. Thus, a 
homogeneous solvent liquid is obtained by intense mix 
ing within a very confined space. 
The size and shape of the device described can be 

varied without parting from the scope and nature of the 
present invention. Preferably, however, the screens 
consist of metal frets, separated by a distance not 
greater than one fifth of the fret diameter. The said dis 
tance may be 0.5 to 3 mm and adjustable according to 
the volumes of the liquids to be mixed. The aperture 
size of the screen mesh must be sufficiently fine and the 
distance between screens must be sufficiently small to 
create a flow resistance in the mixing chamber that will 
ensure the uniform distribution of the liquids to be 
mixed over the entire area of the chamber. Finally, sev 
eral such arrangements may be joined in cascade so 
that the mixed flow leaving one stage is divided into 
partial flows and fed to the next stage and achieve a still 
more thorough mixed of the liquids. 
The mixing chamber, as described above, has a mini 

mum dead volume and a maximum active mixing area. 
The liquids to be mixed are uniformly distributed over 
the grid walls so that a build-up of flow profile, as 
would be observed with convection flows, is avoided. 
Thus, a more homogeneous mixing operation is ob 
tained. Extremely narrow grid apertures provide uni 
form quantization or division of the oppositely directed 
liquid flows. Because of the small space between the 
grid walls, which limit the volume of the mixing cham 
ber, the liquid particles of both streams, after passing 
through the grid walls, directly impact against each 
other and, without convection flow, are mixed with 
each other. This result is obtained without any addi 
tional equipment, such as additional mixing chambers, 
stirring or the like. 
The preferred embodiment of this invention has been 

used for the gradient elution in a liquid chromatogra 
phy system, wherein two solvents are pumped through 
it in a discontinuous fashion in order to become in 
tensely mixed without substantial time delay during the 
mixing operation. The amount of the one solvent may 
be increased and the amount of the other solvent de 
creased proportionately, thus keeping the total volume 
of both solvents constant, while the mixing operation 
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takes place within the small volume of the mixing 
chamber. Alternatively, where desirable, the amount of 
the one solvent having a high dissolving power, for ex 
ample methyl alcohol, is continuously varied, the quan 
tity of the other solvent, for example octane, may also 
be proportionately varied to correspond with the varia 
tions in the quantity of the first solvent. 
Using the preferred embodiment of this invention, in 

a gas chromatography, a time-programmed separation 
of the applied substances is obtainable in accordance 
with temperature programming. Dead volumes are 
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minimized and thus undue time delays are avoided 
which would tend to distort the exact time - program 
ming and preclude reproducible results. 

claim: 
1. An apparatus for mixing two separate streams of 

liquid flowing under pressure comprising: 
two continuous, parallel, pressure-resistant screens, 
each having an external side and an internal side 
for forming a mixing chamber between the internal 20 
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4 
sides of said screens; * * 

a first inlet means coupled to the external side of the 
one of the screens for entry of a first liquid to be 
mixed into the chamber through said screen; 

a second inlet means coupled to the external side of 
the other screen for entry of a second liquid to be 
mixed into the chamber through said screen; and 

. . . 

outlet means coupled to the mixing chamber for out 
flow of the stream of mixed liquid; - ' 

said screens being disposed a distance apart approxi 
mately equal to at least five times less than the lat 
eral extension of the screens. 

2. The apparatus as in claim 1 wherein the grid walls 
are formed of metal frets. 
3. The apparatus as in claim 1 wherein the spacing 

between the grids may vary from 0.5 mm to 3 mm. 
4. The apparatus as in claim 1 wherein the average 

grid aperture size may vary from 1 micron to 10 mi 
crons. 

k :k k k sk 



Dedication 
8,905,395. Alaus Peter Hupe, Karlsruhe, Germany. MIXING CHAMBER. 

Patent dated Sept. 16, 1975. Dedication filed Feb. 22, 1980, by the 
assignee, Hewlett-Packard GmbH. 

Hereby dedicates to the Public the entire remaining term of said patent. 
Official Gazette, May 6, 1980. 

- " - - - , , , 

  


