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The invention relates to fluid purifying ap 
paratus, particularly centrifuge apparatus for 
removing fine particles from a gas or other fluid 
by the action of centrifugal force. 
The principal object is to provide an improved 

high speed spinning cylindrical wall form of fluid 
purifying apparatus capable of subjecting par 
ticles carried in an annular column of fluid along 
the inner surface of the spinning cylindrical 
walls to an intense centrifugal field such as, for 
example, several thousand times that of gravity 
so as more effectively to deposit the fine particles 
on the spinning walls. 
Another object is to provide an improved form 

of high speed multi-tubular spinning wall ap 
paratus capable of purifying large volumes of 
air at a low cost and particularly adapted for 
removing fine particles such as those of tobacco 
Smoke, 
The fine smoke particles in a fluid such as 

air contained in any closed space normally tend 
to disappear mainly by gravity settlement ac 
cording to equation: 

where n is the number of smoke particles per 
cm., it is the time in seconds, W is the volume 
of the vessel in cm3, ) is the velocity in cm./sec. 
with which the particles fall in undisturbed air 
under the influence of gravity and A is the hori 
zontal cross section of the vessel, or the pro 
jected area of the walls of the vessel on a hori 
ZOntal plane. 
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This equation is based upon the assumption 
that there are sufficiently strong convection 
currents in the fluid to keep it well mixed at 
all times. However, if the fluid is made to move 
rapidly, for example, by rotating a fan within 
the vessel, the rate of disappearance of the smoke 
is not materially affected until relatively high 
velocities are obtained. At very high velocities 
the smoke particles may be diffused in appreci 
ably increased amount to the walls and be de 
posited even on vertical walls on which gravity 
settling cannot occur. Such diffusion is most 
rapid in the case of fine particles for the BrOWn 
ian movement of these fine particles is much 
greater than that of large particles. The effect 
Of the mechanical motion of the fluid increasing 
the smoke particle diffusion results from the fact 
that the fluid currents carry the smoke particles 
to within a fraction of a millimeter of the Sur 
face so that the smoke particles can diffuse the 
Small remaining distance. Without such strong 
agitation there would be a relatively thick layer 
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2 
or shield of quiet fluid near the surface through 
which the particles would have to diffuse. 

If still higher velocities are used and the fluid 
is made to rotate at high speed in a cylindrical 
vessel by a rotor inside of it provided with radial 
vanes, then centrifugal force tends to force the 
heavier particles outward through the rotating 
fluid. However, near the cylindrical walls the 
fluid is not rotating, being held by viscosity near 
the stationary surfaces. Thus as the particles 
slow up in their rotary motion before they reach. 
the walls the centrifugal effect is greatly re 
duced. Consequently only relatively large par 
ticles of several microns diameter can be effec tively removed by the centrifugal force produced 
by whirling a fluid in a stationary vessel. 

In purifying air containing smoke in accord 
ance with the principle of the present invention, 
the walls of the vessel through which the air is 
passed rotate at high speed so that smoke par 
ticles in the annular rotating sheet of air closely 
adjacent to the wall surfaces are exposed to 
the action of an intense centrifugal force. Thus 
the invention may be carried out in a simple 
foral by rotating a cylinder at high speed about 
a central axis and the air from which the smoke 
is to be removed passed in a thin annular rotat 
ing sheet adjacent the inner surface of the 
cylinder in a direction parallel to the axis. 
Under these conditions the smoke is made to 
disappear according to the following equation 

n=noe-2 RNva/ (2) 
Where no is the number of smoke particles per 
cm in the smoke entering the cylinder, n is 
the number per cm3 in the smoke leaving the 
Cylinder, R is the radius and ac the length of the 
cylinder in cm., p is the rate of flow of gas 
through the cylinder in cm3 per second, W is the 
velocity of fall of the smoke particles in cm/sec. 
in the centrifugal field which exists in the an 
nular rotating sheet of air adjacent the inner 
surface of the rotating cylinder and in the simple 
form of apparatus described above, N is a num 
ber equal to 1. In general, N would represent 
the number of coaxial cylinders that are used 
for the collection of smoke. 
Hence a further object of the invention is to 

provide an improved form of fluid purifying ap 
paratus having a high speed rotor consisting of 
a nested series of thin coaxial cylinders of in 
creasing radius spaced only slightly apart and 
interconnected together So as to provide a mull 
tiplicity of closely adjacent annular walls between 
which a substantial flow of fluid in thin coaxial 
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annular columns may be passed and thereby 
subject to an extremely high centrifugal force. 

Further objects and advantages of the inven 
tion will appear in the description of the accom 
panying drawings in which Fig. 1 is a longitudinal 
sectional view of a high speed spinning multi 
tubular cylindrical wall fluid purifying apparatus 
embodying the improvements of the present in 
vention in a preferred form, and Fig. 2 is a cross 
sectional view along the line 2-2 of Fig. 1 show 
ing more clearly the details of construction. 
As shown in Fig. 1 the improved fluid purifying 

device is provided with a stationary outer shell 
interconnecting the inlet casing and the 

outlet casing 2 through which the fiudd or gas 
to be purified is circulated. The inlet casing 
is provided with an offset inlet pipe connection 
3 and the outlet casing 12 is provided with a 

similar outlet pipe connection 4. A drive shaft 
5 is rotatably mounted in the bearing 6 and T 

formed centrally in the corresponding inlet and 
outlet casings i? and 12. The drive shaft 5 is 
connected to be rotated at high velocity by an 
electric motor or other suitable motive power, not 
shown, through the driving coupling fB. 
The multi-tubular rotor 9 consisting of a plu 

rality of nested closely adjacent cylinders 20, each 
formed of relatively thin material, is mounted 
for rotation with the shaft 5 by means of the 
two suitably formed mounting spiders 2 and 22, 
preferably with each of the thin cylinders 20 
welded to each spider so as to insure rigidity of 
the multi-tubular rotor structure. The inner 
most one of the cylinders 20 with the Spider hubs 
2a and 22a welded to the ends thereof forms an 
elongated axial cylindrical drum 23 surrounded 
by the adjacent nested coaxially aligned cylin 
ders 20 so as to provide concentric thin annular 
flow passages 20b extending between the oppo 
site ends of rotor 9. Each of the mounting 
spiders 2, 22 likewise is rigidly secured to the 
shaft 5, preferably by welding with the periph 
ery of each spider at the opposite ends of the 
rotor extending into a substantially fluidtight 
running fit with the sealing rings 24 provided for 
sealing the opposite ends of the multi-tubular ro 
tor 9 with respect to the inlet and outlet casings 

and 2. 
As more clearly shown in Fig. 2, when used for 

purifying air or other gas the inlet casing may 
be provided with a series of expansion vanes or 
blades 25 which cooperate with the correspond 
ing rotating expansion blades 26 carried by the 
mounting spider 2 so as to expand the gas ad 
Tmitted through the inlet pipe 3 into the inlet 
casing before the gas is passed in thin annular 
columns through the multiple annular passages 
between the coaxial cylinders 20. 
The mounting spider 22 at the Outlet end of 

rotor 9 also may be provided with a series of 
blades 30 extending outwardly at a suitable an 
gle within the Outlet casing 2 so as to produce a 
recompression of the gas before it is exhausted 
through the outlet pipe 4. Furthermore the 
blades 30 and the outlet casing 2. can also serve 
as centrifugal fluid flow inducing means for pro 
ducing a flow of gas in thin multiple annular 
sheets through the hollow rotor 9 formed by 
shaft 5 and the several coaxial cylinders 20. 
In Operation when the drive shaft 5 of rotor 
9 is driven at high speed, the centrifugal blower 
action produced by blades 30 serves to reduce 
the pressure within the outer shell O so that the 
gas will be drawn into the inlet casing if through 
the inlet pipe f3. The expansion of the incoming 
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gas through the blades 25 and 26 delivers some 
power to the rotor 9 which at least can partly 
compensate for the power used in recompressing 
the gas at the opposite end. In this way the gas 
such as air enters and leaves the rotor 9 with 
relatively low velocity and within the rotor is un 
der subatmospheric pressure and has a high ve 
locity of rotation but not as great a kongitudinal 
velocity (in the direction of the axis of the ro 
tor). Thus such a construction can increase the 
overall efficiency of the device. 

If desired, the fluid may be delivered through 
the inlet pipe connection 3 at sufficient pressure 
and velocity such that the reaction produced by 
directing the fluid through vanes 25 upon blades 
26 will provide all the power required for spin 
ning the rotor 9 and the fluid then allowed to ex 
haust axially through the rotor 9 without the 
provision of any recompression blades 30. Fur 
thermore, it will be understood that other suit 
able means for obtaining the axial flow of fluid 
in thin concentric rotatable columns through the 
multiple annular passages between the concentric 
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cylinders 20 and for spinning the rotor - 9 may 
be employed if desired. 
With a rotor consisting of a series of thin co 

axial cylinders of increasing radius spaced a few 
millimeters apart, for example, with a rotor hav 
ing 10 coaxial cylinders with an average radius 
R=10 cm. and the ength of the cylinders at=30 
cm., we find that Equation 2 becomes 

n-ne-188000/y (3) 
Now if we consider air as containing smoke 

consisting of spherical particles having a density 
0.9 gram per cm. we can calculate from Stokes 
law that 

v=1.06x10'r (g/dl) cm/sec. (4) 
Where the acceleration g is given by: 

g=4Ry? (5) 
where v is equal to the revolutions per second and 
gi=980 the normal acceleration of gravity and 
rs is the radius of the smoke particles. If we con 
sider that the rotor is revolving at 5000 R. F. M. 
or p=83 R. P. S., we obtain g=2.77x106 or 2850 
times gravity. This gives for Smoke particles of 
radius ris, y=3.0X109r. 

If we consider smoke particles r=3x105 cm. 
this gives y=2.7 cm/sec. A smoke with this par 
ticle size is most difficult to remove from air by a 
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filter and yet with this high centrifugal force in a 
device having the construction described above 
the particles can be made to move 2.7 cm. persec 
Ond, nearly 3000 times their normal speed. Intro 
ducing this value of v in Equation 3 we obtain 
for the effectiveness of this centrifuge for remov. 
ing this smoke 

n-noe-51000/ (6) 

This means that if we pass 10 liters per second 
(which corresponds to 21 cu. ft. per minute) we 
would remove 99.4 per cent of all the smoke par 
ticles. These calculations show that by means of 
the construction I have provided very large quan 
tities of air can be purified effectively, even if 
the particles are very fine. 

I give the foregoing calculations merely as an 
example. It is clear that still greater volumes of 
fluid can be handled by using larger rotors and 
larger numbers of coaxial cylinders. Higher 
Speeds of rotations may also well be used. The 
Smoke particles deposited upon the cylinders 20 
may be readily removed by periodic flushing with 

75 Water Or other suitablesolvent. 
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What I claim as new and desire to secure by 
Letters Patent of the United States is: 

i. A fluid purifying device having in combina 
tion a multi-tubular rotor comprising an axial 
cylindrical drum and a plurality of adjacent 
nested substantially imperforate cylinders sur 
rounding said drum in coaxial alignment for ro 
tation therewith, enclosing means having a sub 
stantially fluidtight running seal with the oppo 
site ends of said rotor for passing concentric col 
umns of fluid through said cylinders for rotation 
therewith, and means for spinning said rotor at 
high velocity to establish high centrifugal forces 
in the rotating fluid inside each of said cylinders 
for diffusing fine particles therefrom to the in 
side wall of the corresponding cylinder. 

2. A gas purifying device having in combina 
tion a multi-tubular rotor comprising a plural 
ity of coaxial closely spaced substantially imper 
forate cylinders forming thin annular flow pas 
sages extending between the ends of said rotor, 
means including an outlet casing having a sub 
stantially fluidtight running seal with one end of 
said rotor and blades carried by said rotor inside 
said casing and extending radially from the corre 
sponding end of Said passages for producing a 
flow of gas in coaxial annular columns through 
said passages, and means for spinning Said rotor 
to rotate said gas columns at high velocity to 
establish high centrifugal forces therein for dif 
fusing fine particles from each of said columns 
to the outer wall of the corresponding passage. 

3. A centrifuge device for removing smoke par 
ticles from air having in combination a multi-tu 
bular rotor comprising a plurality of nested coax 
a closely adjacent and substantially inperfo 

rate cylinders, said cylinders forming a plural 
ity of concentric thin annular passages extending 
between the opposite ends of said rotor, means 
including a casing at each end of said rotor and 

.5 having a substantially fluidtight running sealing 
therewith for producing a flow of air in nested 
thin annular columns through said passages, and 
means for spinning said rotor to rotate said air 
columns at high velocity to establish high cen 

10 trifugal forces therein adjacent the inner wall of 
each of said cylinders for diffusing fine smoked 
particles from the corresponding air column 
thereon. 

- LRVING LANGMUIR. 
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