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(57)  An object of the present invention is to provide
anew cyclone apparatus capable torealize high process-
ing efficiency and miniaturization, a preliminary swirling
unit used in the apparatus, and a powder dust remover
or an automobile having the apparatus. A cyclone appa-
ratus, comprising includes a cyclone body for providing
swirling movement to fluid including an object in powder
or granular state and processing the object and the fluid,

a preliminary swirling unit with an approximate cylindrical
shape for providing swirling movement in same direction
of swirling flow in the cyclone body to the fluid containing
the objectin advance, and aconnecting path for discharg-
ing the fluid previously swirled in the preliminary swirling
unit from the preliminary swirling unit in tangential direc-
tion and introducing the fluid to the cyclone body in tan-
gential direction.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a cyclone ap-
paratus configured to provide swirling movement to fluid
containing objectin powder or granular state and process
the object and the fluid, a preliminary swirling unit used
in the apparatus, and a powder dust remover or an au-
tomobile including the apparatus.

2. Description of the Related Art

[0002] A cyclone apparatus (centrifugal dust collector)
for providing centrifugal force generated by swirling
movement to fluid containing objects in powder or gran-
ular state and processing the object in the fluid is widely
used in many fields.

[0003] The principle ofthe cyclone apparatusitselfwas
invented in the 19t century. In a general structure, a pipe
line is connected to aninlet of a case body (cyclone body)
which is formed an approximate cylindrical shape and
stands straight. Through the pipe line, fluid containing
objects in powder or granular state is introduced in a di-
rection tangential to an interior wall of the case body so
that component of swirling velocity is generated. In use
of centrifugal force generated by swirling movement, ob-
jects which have higher specific gravity than fluid fall to
a lower portion of the case body as being pressed to the
interior wall of the case body. In addition, fluid from which
objectisremoved is discharged from an outlet pipe stand-
ing near the center of the case body.

[0004] However, according to a conventional method
in which fluid is introduced simply through a pipe line,
objects introduced to an inlet of a case body are in con-
dition that distribution density is even because the objects
which pass through the pipe line are uniformly distributed
in fluid.

[0005] The turning radius of particles introduced into
the central side of the case body from the inlet is smaller
than that of particles introduced into the outer side. As a
result, it becomes a problem that efficient centrifugal
force is not provided to the particles introduced in the
central side of the case body, and the particles contacts
and disturbs swirling flow in the case body so that the
processing efficiency becomes down.

[0006] This problem is solved by maintaining time to
provide efficient centrifugal force to the particles intro-
duced in the central side of the case body. However, a
cyclone apparatus having such a vertically long case
body may be long in longitudinal direction so that it is
physically impossible to be employed in an industry in
which installation space is not assured. For example,
such apparatus cannot be employed as an exhaust gas
processing device in an automobile.

[0007] Ontheotherhand, focusing on suchintroducing

10

15

20

25

30

35

40

45

50

55

condition of object contained in fluid, a centrifugal dust
collector including a pipe line having a curvature in lower
part as seen in direction of fluid flow is invented (Japa-
nese Patent Application Laid-Open No. 6-320055, for ex-
ample).

[0008] Similarly, focusing on such introducing condi-
tion of object contained in fluid, a cyclone apparatus in-
cluding a bent pipe for providing horizontal swirling move-
ment, in the same direction to swirling flow in the cyclone
apparatus, to fluid in advance, a horizontal straight rec-
tifier pipe connected to the bent pipe, a pipe for being
connected to the horizontal straight pipe and introducing
the fluid into an external pipe vorticosely from outside of
the external pipe of the cyclone apparatus is invented
(Japanese Patent Application Laid-Open No. 10-34022,
for example).

[0009] However, according to the centrifugal dust col-
lector described in Japanese Patent Application Laid-
Open No. 6-320055, powder and granular materials are
gathered to the lower part of a gas inlet, so that the height
of the cyclone cannot be used effectively and the number
of swirling reduces. As a result, in addition to the reduc-
tion of collecting efficiency, disturbance of gas at the inlet
of the cyclone increases and its capability is not im-
proved.

[0010] On the other hand, according to the centrifugal
dust collector described in Japanese Patent Application
Laid-Open No. 10-34022, by providing centrifugal force
to powder and granular materials in advance of introduc-
tion into a cyclone, the powder and granular materials
are gathered and introduced to a part distant from the
central part of a gas inlet pipe of the cyclone. However,
when the introducing speed (initial speed) of the powder
and granular materials cannot be ensured, efficient cen-
trifugal force is not provided to the powder and granular
materials by simply leading them through the bent pipe.
Further, when the objects contained in the powder and
granular materials are fine powder dust whose gravity is
small, efficient centrifugal force cannot be provided to
the fine powder dust. Therefore, the introducing condition
of objects contained in the powder and granular materials
cannot be improved.

[0011] Afterkeenexaminations for solution of the prob-
lem, the present inventor achieved a cyclone apparatus
(hereinafter referred to as "the cyclone apparatus of the
present invention"). The cyclone apparatus includes a
"cyclone body" for providing swirling movement to fluid
containing objects in powder or granular state and
processing the objects and the fluid, a "preliminary swirl-
ing unit" for being formed an approximate cylindrical
shape and providing swirling movement to in the same
direction of the swirling flow in the cyclone body to the
fluid containing object in advance, a "connecting path"
for discharging the fluid previously swirled in the prelim-
inary swirling unit from the preliminary swirling unit in
tangential direction and introducing the fluid to the cy-
clone body in tangential direction.
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SUMMARY OF THE INVENTION

[0012] In other words, according to the present inven-
tion, before fluid containing objects in powder or granular
state is introduced into the cyclone body, swirling move-
ment is provided to the fluid. The objects in the fluid is
pressed to an interior wall of the preliminary swirling unit,
that is, the distribution condition of the objects in the fluid
is gathered to the side of the interior wall of the preliminary
swirling unit. Fluid which is made in such condition is
sequentially introduced into the cyclone body via the con-
necting path. With such structure, it is found that the dis-
advantage of the conventional cyclone apparatus, which
is the processing inefficiency caused by the introducing
condition of the objects in fluid, can be solved.

[0013] According to the cyclone apparatus of the
present invention, before fluid containing objects in pow-
der or granular state is introduced into the cyclone body,
swirling movement s provided to the fluid and the objects
in the fluid is gathered to the side of the interior wall of
the preliminary swirling unit. The objects introduced into
the cyclone body are in an efficient condition to be proc-
essed in a short amount of time. As a result, the cyclone
body can be downsized so that it may be employed in an
industry in which space for installation is not assured.
For example, it may be employed as an exhaust gas
processing device in an automobile.

[0014] According to the cyclone apparatus of the
present invention, the fluid is swirled in both of the pre-
liminary swirling unit and the cyclone body. It is found
that phase of noise generated in the preliminary swirling
unit and phase of noise generated in the cyclone body
are inverted so as to cancel each other, and the noise
can be kept turned down.

[0015] The present invention has been completed
based on the above findings and an object of the inven-
tion is to provide a new cyclone apparatus capable to
realize high processing efficiency and miniaturization, a
preliminary swirling unit used in the apparatus, and a
powder dust remover or an automobile having the appa-
ratus.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

FIG 1 is a diagram showing a cyclone apparatus of
the present invention;

FIGS. 2A and 2B are diagrams showing an object
distribution condition in fluid in a connecting path of
the cyclone apparatus of the present invention;
FIG 3 is a diagram showing another cyclone appa-
ratus of the present invention;

FIG 4 is a diagram showing another cyclone appa-
ratus of the present invention;

FIG 5 is a diagram showing another cyclone appa-
ratus of the present invention; and

FIG 6isacross-sectional diagram showing acyclone
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body employed in another cyclone apparatus.
DETAILED DESCRIPTION OF THE INVENTION

[0017] As a means to solve the problem, a cyclone
apparatus of the present invention includes a "cyclone
body" for providing swirling movement to fluid containing
objects in powder or granular state and processing the
objects and fluid, a "preliminary swirling unit" with an ap-
proximate cylindrical shape for providing swirling move-
ment in the same direction as that of the swirling flow in
the cyclone body to the fluid containing objects in ad-
vance, and a "connecting path" for discharging the fluid
previously swirled in the preliminary swirling units from
the preliminary swirling unit in tangential direction and
introducing the fluid to the cyclone body in tangential di-
rection.

[0018] A cyclone apparatus of the present invention,
a preliminary swirling unit used in the apparatus, and a
powder dust remover or an automobile having the appa-
ratus will be described in detail.

[0019] "Fluid containing objects in powder or granular
state", as an object to be processed by the cyclone ap-
paratus of the present invention, is a material that flows
promptly in the cyclone apparatus without accumulating
and should not be limited. It may be in liquid or gas state.
[0020] Concretely, it may be, for example, exhaust
gases or the like exhausted in various industries such as
manufacturing industry, electricity generating industry,
construction industry, waste disposal industry, and agri-
cultural industry, or exhaust gases or the like exhausted
from various means of transportation such as bikes, au-
tomobiles, trucks, busses, locomotives and ships.
[0021] The cyclone apparatus of the present invention
is to process such fluid containing objects in powder or
granular state, and includes a "cyclone body", a "prelim-
inary swirling unit" and a "connecting path".

[0022] The "cyclone body" included in the cyclone ap-
paratus of the present invention should not be limited and
a conventional cyclone using a principle of processing
objects such as powder dust in use of centrifugal force
generated by swirling fluid can be employed. Generally,
a cyclone is employed, which has an approximate cylin-
drical body for fluid slewing, an approximate conical lower
body portion for being provided continuously to the bot-
tom part of the body, a fluid outlet pipe, and a connecting
unit which is explained below.

[0023] According to the cyclone apparatus of the
present invention, before fluid containing objects in pow-
der or granular state is introduced into the cyclone body,
swirling movement is provided to the fluid, and the object
in the fluid is gathered to the side of the interior wall of
the preliminary swirling unit. The object introduced into
the cyclone body is in an efficient condition to be proc-
essed in a short amount of time. With such structure, the
cyclone body can be downsized.

[0024] Therefore, the cyclone body used inthe cyclone
apparatus of the present invention may be shorter than
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the conventional cyclone. Thatis, the cyclone body which
is short in the vertical length may be used preferably. By
applying such shorter cyclone body, the cyclone appa-
ratus of the present invention may be employed in an
industry in which installation space is not assured and in
which a conventional cyclone can not be applied. For
example, it may be used as an exhaust gas processing
device in automobiles.

[0025] The vertical length of the cyclone body can be
determined according to the applying field or the accept-
able installing space, and it should not be limited. Gen-
erally, it is preferable that the length is set 1 to 5 times
longer than the average diameter of the approximate cy-
lindrical body for slewing fluid. Further, it is more prefer-
able that the length is set 1.5 to 3 times longer than the
average diameter of the body.

[0026] Itis not preferable that the vertical length of the
cyclone body is set shorter than the average diameter of
the approximate cylindrical body for swirling fluid be-
cause efficient swirling movement cannot be provided to
fluid. Also, it is not preferable that the vertical length of
the cyclone body is set more than 5 times longer than
the average diameter of the approximate cylindrical body
for swirling fluid because the cyclone body becomes very
long in vertical direction and the applying field may be
limited.

[0027] The "approximate cylindrical” means not only a
literally called cylindrical shape (circular cylinder) in
which the top diameter and the bottom diameter are the
same but also a shape such as circular cone which is cut
in a horizontal face (campanulate shape or inverted cam-
panulate shape), for example. In short, the "approximate
cylindrical" used for the cyclone apparatus of the present
invention represents any kind of hollow shapes in which
fluid is swirled promptly without accumulating. In other
words, it represents all hollow shapes having a circular
horizontal cross section.

[0028] Therefore, the "average diameter" represents
an average value of diameters of the body from the upper
part to the bottom part.

[0029] The "approximate conical" means not only a lit-
erally called circular cone shape but also a hemispheric
shape, a cone-shaped hollow, a centroclinal shape or
the like. In short, "approximate conical (bottom portion of
the body)" is continuously provided to the approximate
cylindrical body for swirling fluid and includes any kinds
of hollow shapes in which its diameter changes smaller
gradually as in lower part of the cyclone body.

[0030] According to the cyclone apparatus of the
present invention, before fluid containing objects in pow-
der or granular state is introduced into the cyclone body,
swirling movementis provided to the fluid and the objects
in the fluid is gathered to the side of the interior wall of
the preliminary swirling unit. The objects in fluid is
pressed to the interior wall of the preliminary swirling unit,
that is, the distribution condition of the objects in fluid is
gathered to the side of the interior wall of the preliminary
swirling unit. Fluid which is made in such condition is
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introduced into the cyclone body via the connecting path.
This is the greatest feature of the present invention.
[0031] According to the cyclone apparatus of the
present invention, swirling movement is provided to fluid
in the preliminary swirling unit and the objects in the fluid
are gathered to the side of the interior wall of the prelim-
inary swirling unit. Fluid which is made in such condition
is sequentially introduced into the cyclone body so that
the objects in fluid introduced to the cyclone body are in
an efficient condition to be processed in a small amount
of time.

[0032] The "preliminary swirling unit" used in the cy-
clone apparatus of the present invention has an approx-
imate cylindrical body, a fluid inlet for introducing the fluid
into the body in tangential direction, and a connecting
path which is described later. The "preliminary swirling
unit" is a unit to swirl fluid promptly without accumulating
and it should not be limited.

[0033] The "approximate cylindrical" means not only a
literally called cylindrical shape (circular cylinder) in
which the above diameter and the bottom diameter are
the same but also a shape such as circular cone which
is cutin a horizontal face (campanulate shape or inverted
campanulate shape), for example. In short, the "approx-
imate cylindrical" used for the cyclone apparatus of the
present invention represents any kinds of hollow shapes
in which fluid is swirled promptly without accumulating.
In other words, it represents all hollow shapes having a
circular horizontal cross section.

[0034] It is preferable that the interior wall of the pre-
liminary swirling unit is smooth with few concavities and
convexities because extreme concavities and convexi-
ties on the interior wall of the preliminary swirling unit
may disturb the swirling flow.

[0035] However, according to the present invention, it
is preferable that the diameter of the preliminary swirling
unit is made to change gradually smaller from the portion
where an inlet is formed to the portion where the con-
necting path, explained later, is formed. With such struc-
ture, the swirling speed of the fluid introduced into the
preliminary swirling unit can be accelerated until it reach-
esto the connecting path. As aresult, efficient centrifugal
force can be provided to the objects contained in the fluid.
[0036] The vertical length of the preliminary swirling
unit can be determined according to the applying field or
the acceptable installing space, and it should not be lim-
ited. Generally, it is preferable that the length is set 1 to
5 times longer than the average diameter of the approx-
imate cylindrical body for slewing fluid. Further, it is more
preferable that the length is set 1.5 to 3 times longer than
the average diameter of the body.

[0037] Itis not preferable that the vertical length of the
preliminary swirling unit is set shorter than the average
diameter of the approximate cylindrical body for swirling
fluid because efficient swirling movement cannot be pro-
vided to fluid. Also, it is not preferable that the vertical
length of the preliminary swirling unit is set more than 5
times longer than the average diameter of the approxi-
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mate cylindrical body for swirling fluid because the pre-
liminary swirling unit becomes very long in vertical direc-
tion and the applying field is limited.

[0038] The "average diameter" represents an average
value of diameters of the body from the upper part to the
bottom part.

[0039] According to the cyclone apparatus of the
present invention, before fluid containing objects in pow-
der or granular state is introduced into the cyclone body,
swirling movementis provided to the fluid and the objects
in fluid is gathered to the side of the interior wall of the
preliminary swirling unit. The objects in fluid is pressed
to an interior wall of the preliminary swirling unit, that is,
the distribution condition of the objects in fluid is gathered
to the side of the interior wall of the preliminary swirling
unit. Fluid which is made in such condition is introduced
into the cyclone body via the connecting path.

[0040] In other words, in the cyclone apparatus of the
present invention, swirling movement is provided to fluid
in the preliminary swirling unit in advance. Fluid in con-
dition that objects in the fluid is gathered to the side of
the interior wall of the preliminary swirling unit is intro-
duced into the cyclone body. As aresult, an efficient swirl-
ing movement can be provided to fluid even when intro-
ducing speed (initial speed) for introducing fluid is not
ensured. Further, efficient centrifugal force can be pro-
vided to objects even when the objects in fluid is fine
powder dust, and the introducing condition of objects in
fluid to the cyclone body can be improved.

[0041] The "connecting path" for connecting the cy-
clone body and the preliminary swirling unit is a path for
discharging fluid previously swirled in the preliminary
swirling unitfrom the preliminary swirling unitin tangential
direction and introducing the fluid into the cyclone body
in tangential direction, and it should not be limited. How-
ever, itis preferable that the connecting path linearly con-
nects the cyclone body and the preliminary swirling unit
to maintain the distribution condition of the objects in fluid,
which is gathered in the preliminary swirling unit, and to
preventresistance (impact) given to the fluid drained form
the preliminary swirling unit.

[0042] According to the cyclone apparatus of the
presentinvention, itis preferable thatthe connecting path
has a flat interior wall at least in outer side of the appa-
ratus, that is, a greater density side of the object distri-
bution in fluid when the fluid passes through the connect-
ing path. With such structure, diffusion of object in the
connecting path can be prevented and the distribution of
the objects in fluid, which is gathered in the preliminary
swirling unit, can be maintained.

[0043] As described above, the cyclone apparatus of
the present invention includes a "cyclone body", a "pre-
liminary swirling unit”, and a "connecting path". However,
each element is not limited and more than one unit may
be provided for each element. In some situations, another
cyclone body (sub-cyclone), another preliminary swirling
unit, or another connecting path for connecting those el-
ements may be provided.
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[0044] In other words, there may be situations that the
amount of fluid flow from the preliminary swirling unit to
the cyclone body is excess so that it cannot pass through
the connecting path promptly, or that the amount of fluid
flow exceed the processing amount of the cyclone body
so that some excess fluid which cannot be introduced
into the cyclone body overflows. Those situations are
caused in condition that a large amount of fluid is to be
processed, or that the amount of introduced fluid is not
constant. However, according to the cyclone apparatus
ofthe presentinvention, itis preferable that a sub-cyclone
is provided for processing fluid which cannot be intro-
duced to the cyclone body (overflowed fluid) in addition
to the cyclone body to avoid overflow situations

[0045] The sub-cycloneis connectedto the preliminary
swirling unit via a different connecting path from what
connects the cyclone body. However, the same as the
cyclone body is connected to the preliminary swirling unit
via the same as the connecting path. Therefore, to avoid
repetition, those explanations are omitted here.

[0046] According to the cyclone apparatus of the
presentinvention, a further sub-cyclone may be provided
if required. By providing a plurality of sub-cyclones, over-
flow situations may be prevented and processing amount
in the apparatus can be increased.

[0047] Onthe other hand, when introducing speed (in-
itial speed) for introducing fluid is extremely slow, or the
height of the preliminary swirling unit is not enough be-
cause of the installing space is limited in the cyclone ap-
paratus, it is difficult to provide efficient swirling move-
ment to fluid introduced into the preliminary swirling unit
from a fluid inlet pipe.

[0048] In such situation, according to the present in-
vention, a plurality of preliminary swirling units are serially
connected so that time can be maintained to provide ef-
ficient swirling movement to the fluid introduced into the
preliminary swirling units from a fluid inlet pipe.

[0049] Especially, for the plurality of preliminary swirl-
ing units used in this case, it is preferable that the diam-
eter of the preliminary swirling unit is made to change
gradually smaller from the portion where the inlet is
formed to the portion where the connecting path, ex-
plained later, is formed. In use of preliminary swirling units
having such structure, efficient centrifugal force can be
provided to the objects in fluid while the fluid is passing
through the plurality of preliminary swirling units even
when introducing speed (initial speed) for introducing flu-
id is extremely slow.

[0050] The plurality of preliminary swirling units are se-
rially connected via connecting paths. However, they are
connected via the same as the above connecting path
for connecting the cyclone body and the preliminary swirl-
ing unit. Therefore, to avoid repetition, those explana-
tions are omitted here.

[0051] According to the cyclone apparatus of the
present invention, the average diameters for each of the
approximate cylindrical body for swirling fluid in the cy-
clone body and the approximate cylindrical body of the
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preliminary swirling unit may be determined according to
the applying field or the acceptable installing space, and
they should not be limited.

[0052] However, according to the cyclone apparatus
of the present invention, fluid is swirled in both of the
preliminary swirling unit and the cyclone body. Itis found
that the noise generated in the preliminary swirling unit
and the noise generated in the cyclone body cancel each
other and the noise can be kept turned down. Especially,
it is found that generated noise becomes smallest in the
condition that the phase of noise generated in the pre-
liminary swirling unit and phase of noise generated in the
cyclone body are inverted.

[0053] The condition that phase of noise generated in
the preliminary swirling unit and phase of noise generat-
edinthe cyclone body are inverted can be achieved when
the average internal diameters of the approximate cylin-
drical body for slewing fluid in the cyclone body and the
approximate cylindrical body in the preliminary swirling
unit are set almost the same. Therefore, it is preferable
that, when the average internal diameter of the approx-
imate cylindrical body for slewing fluid in the cyclone body
is set "1", the average internal diameter of the approxi-
mate cylindrical body in the preliminary swirling unit is
setto "1 + 0.2" (proportion). It is more preferable that it
is adjusted to "1 = 0.1" (proportion).

[0054] Further, in case where a plurality of preliminary
swirling units are serially connected, the same noise re-
duction effects as mentioned above can also be achieved
when the average internal diameters of the approximate
cylindrical body for slewing fluid in the cyclone body and
the approximate cylindrical body in the preliminary swirl-
ing unit are set almost the same. Therefore, in this case,
it is preferable that, when the average internal diameter
of the approximate cylindrical body for slewing fluid in
the cyclone body is set 1", the average internal diameter
of the approximate cylindrical body in the preliminary
swirling unit is setto "1 = 0.2" (proportion), more prefer-
ably "1 +0.1" (proportion).

[0055] On the other hand, it is found that, in the case
that a sub-cyclone is provided and the average internal
diameters of the approximate cylindrical body for slewing
fluid in the cyclone body and the approximate cylindrical
body for slewing fluid in the sub-cyclone apparatus are
setalmost the same, noise generated in the cyclone body
and noise generated in the sub-cyclone emphasize each
other. As a result, it is found that the noise becomes larg-
er.

[0056] Therefore, according to the cyclone apparatus
of the presentinvention, when one or more sub-cyclones
are provided, the average internal diameters of the ap-
proximate cylindrical body for slewing fluid in the cyclone
body and the approximate cylindrical body in the sub-
cyclone are set differently. In detail, when the average
internal diameter of the cyclone body is set to "1", the
average internal diameter of the sub-cyclone is set to "1
+ 0.2" (proportion) so that the phases of noise generated
in each becomes different so that each noise does not
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accentuate each other.

[0057] As described above, the cyclone apparatus of
the present invention is for providing swirling movement
to the fluid in the preliminary swirling unit and the objects
in fluid are gathered to the side of the interior wall of the
preliminary swirling unit and processing the fluid and the
objects in the cyclone body.

[0058] Here, among objects, especially, powder dust
is rubbed on the interior walls and burned off during the
swirling movement in the preliminary swirling unit and
the cyclone body. It finally changes into gas such as car-
bon dioxide.

[0059] Accordingly, when the cyclone apparatus of the
present invention processes objects contained in fluid,
which is mostly fine powder dust such as exhaust gas of
an automobile, most of the fine powder dust contained
in the exhaust gas is burned out during swirling move-
mentin the preliminary swirling unitand the cyclone body.
Then, they turn into gas so as to be drained with fluid.
[0060] However, some fine powder dust which re-
mains without being burned out is gathered to the bottom
portion of the cyclone body or the like (the cyclone body
and/or the sub-cyclone). Here, when a predetermined
amount of the fine powder dustis accumulated, they have
to be removed.

[0061] According to the cyclone apparatus of the
present invention, it is preferable that the objects gath-
ered in the cyclone body and/or the sub-cyclone may be
reintroduced to the preliminary swirling unit as required.
With such structure, the collected objects which are re-
mained without being burned off can be swirled again in
the preliminary swirling unit and the cyclone body to be
changed into gas. As a result, an operation of removing
the collected fine powder dust can be omitted. It realizes
what is called maintenance-free.

[0062] It should not be limited as a means for reintro-
ducing the collected objects to the preliminary swirling
unit. Concretely, for example, the powder dust may col-
lected by means for collecting such as a rocker valve at
the bottom part of the cyclone body. With the operation
of the rocker valve or the like, the collected powder dust
may be led to a reintroducing pipe which is connected to
the preliminary swirling unit. The powder dust may be
reintroduced to the preliminary swirling unit via the re-
introducing pipe.

[0063] A preliminary swirling unit of the present inven-
tion has the above structure and employed in the cyclone
apparatus of the present invention. The processing effi-
ciency of a conventional cyclone body can be remarkably
improved by connecting the preliminary swirling unit with
the conventional cyclone body.

[0064] A powderdust remover of the presentinvention
is a new powder dust remover including the cyclone ap-
paratus of the present invention. The powder dust re-
mover is distinguished so that processing efficiency is
increased, the cyclone apparatus of the presentinvention
can be downsized, and the noise is kept turned down.
[0065] Anautomobile of the presentinventionincludes
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the cyclone apparatus of the present invention. Its ex-
haust gas is processed with the cyclone system although
it had been impossible because the installation space
could not be ensured. Because of the sound deadening
effect of the cyclone apparatus of the present invention,
a muffling device such as a muffler is not required to be
installed and a maintenance-free mechanism is
achieved.

[0066] The cyclone apparatus of the present invention
includes a "cyclone body" for providing swirling move-
ment to fluid containing objects in powder or granular
state and processing the object and the fluid, a "prelim-
inary swirling unit" for being formed an approximate cy-
lindrical shape and providing swirling movement in the
same direction of the swirling flow in the cyclone body to
fluid containing objects in advance, a "connecting path"
for discharging fluid previously swirled in the preliminary
swirling unitfrom the preliminary swirling unitin tangential
direction and introducing the fluid to the cyclone body in
tangential direction.

[0067] In other words, according to the cyclone appa-
ratus of the present invention, before fluid containing ob-
jects in powder or granular state is introduced into the
cyclone body, swirling movement is provided to the fluid
and the objects in the fluid are gathered to the side of the
interior wall of the preliminary swirling unit. Fluid which
is made in such condition is introduced sequentially into
the cyclone body. With such structure, the disadvantage
of the conventional cyclone apparatus, which is a
processing inefficiency caused by the introducing condi-
tion of the objects in fluid, can be solved.

[0068] According to the cyclone apparatus of the
present invention, before fluid containing objects in pow-
der or granular state is introduced into the cyclone body,
swirling movement is provided to fluid and the objects in
the fluid is gathered to the side of the interior wall of the
preliminary swirling unit. The objects in fluid introduced
into the cyclone body can be in an efficient condition to
be processed in a short amount of time. As a result, the
cyclone body can be downsized and may be employed
in an industry in which space for installation is not as-
sured. For example, it may be employed as an exhaust
gas processing device in an automobile.

[0069] According to the cyclone apparatus of the
present invention, the fluid is swirled in both of the pre-
liminary swirling unit and the cyclone body. It is found
that the phase of noise generated in the preliminary swirl-
ing unitand phase of noise generated in the cyclone body
are inverted so as to cancel each other and the noise
can be kept turned down.

[0070] A powder dustremover of the presentinvention
is a new powder dust remover including the cyclone ap-
paratus of the present invention. The powder dust re-
mover is distinguished so that processing efficiency is
increased, the cyclone apparatus of the presentinvention
can be downsized, and the noise is kept turned down.
[0071] Anautomobile of the presentinvention includes
the cyclone apparatus of the present invention. Its ex-
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haust gas is processed with a cyclone system although
it had been impossible because the installation space
could not be ensured. Because of the sound deadening
effect of the cyclone apparatus of the present invention,
a muffling device such as a muffler is not required to be
installed and a maintenance-free mechanism is
achieved.

[0072] Examples of the present invention will be de-
scribed. It is noted that the present invention should not
be limited thereto.

Example 1

[0073] FIG1lisadiagramshowingacyclone apparatus
1 of the present invention. The apparatus 1 includes a
cyclone body 2, a preliminary swirling unit 3 and a con-
necting path 4.

[0074] The cyclone body 2 includes an approximate
cylindrical body 21 for slewing fluid, an approximate con-
ical lower body portion 22, and a fluid outlet pipe 23. The
cyclone body 2 employs a principle of processing objects,
such as powder dust, in use of centrifugal force which is
generated by swirling fluid tangentially introduced from
the connecting path 4.

[0075] The preliminary swirling unit 3 includes an ap-
proximate cylindrical body 31, a fluid inlet pipe 32 for
tangentially introducing fluid from the body 31. The pre-
liminary swirling unit 3 is configured to introduce fluid to
the cyclone body 2 via the connecting path 4. The fluid
is tangentially introduced from the fluid inlet pipe 32 to
be swirled. In use of the centrifugal force, distribution of
objects in the fluid is gathered in side of an interior wall
of the preliminary swirling unit 3. Fluid which is made in
such condition is introduced sequentially.

[0076] As a connecting path 4 connecting the cyclone
body 2 and the preliminary swirling unit 3, a square pipe,
which is straight and whose section is square, is used to
prevent a diffusion of the gathered objects in the prelim-
inary swirling unit 3, in other words, to maintain the object
distribution condition.

[0077] FIG2Aisadiagram showing an objectcondition
in fluid passing through the connecting path 4 of the cy-
clone apparatus 1 of the present invention. FIG 2B is an
overhead transparent diagram showing a part of the con-
necting path 4 in the condition of FIG 2A.

[0078] As shown in FIG 2A, objects in fluid which is
gathered in the side of the interior wall of the preliminary
swirling unit 3 by swirling movement are introduced to
the connecting path 4 from the preliminary swirling unit 3.
[0079] When the objects in fluid is introduced to the
connecting path 4, the condition that the objects is gath-
ered in outer side in the connecting path 4 is maintained
as shown in FIG 2B even though its vector is changed
to a vertical direction.

[0080] Fluidisintroduced into the cyclone body 2 while
maintaining the condition that the objects are gathered
in outer side in the connecting path 4.

[0081] In other words, in the cyclone apparatus 1 of
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the present invention, swirling movement is provided to
fluid in advance in the preliminary swirling unit 3. Fluid in
condition that objects in the fluid are gathered in outer
side of the preliminary swirling unit 3 is introduced into
the cyclone body 2. The distribution condition of the ob-
jects in fluid introduced into the cyclone body 2 is efficient
to be processed in a short amount of time. As a result,
the cyclone body 2 can be downsized, and an efficient
swirling movement can be provided to fluid even when
introducing speed (initial speed) for introducing fluid is
not ensured. Further, efficient centrifugal force can be
provided to objects even when the objects in fluid are
fine powder dust, and the introducing condition of the
objects in fluid to the cyclone body 2 can be improved.
[0082] In this Example, when the average internal di-
ameters of the approximate cylindrical body 21 for slew-
ing fluid in the cyclone body 2 and an approximate cylin-
drical body 31 in the preliminary swirling unit 3 are set
about the same, phase of noise generated in the prelim-
inary swirling unit 3 and phase of noise generated in the
cyclone body 2 are inverted so as to cancel each other
and the noise can be kept turned down.

Example 2

[0083] FIG 3isadiagram showing acyclone apparatus
1 of another embodiment of the present invention. The
apparatus 1 includes a cyclone body 2, a sub-cyclone 5,
a preliminary swirling unit 3 and connecting paths 4 (41,
42).

[0084] The cyclone apparatus 1 shown in FIG 3 has
the same structure asExample 1 except that it includes
the sub-cyclone 5 in addition to the cyclone body 2. It
prevents situations such as that the amount of fluid flow
from the preliminary swirling unit 3 to the cyclone body
2 is excess so that it cannot passes through the connect-
ing path 41 promptly, and that the amount of fluid flow
exceeds the processing amount of the cyclone body 2
so that some excess fluid which cannot be introduced
into the cyclone body 2 overflows. Those situations are
caused in condition that a large amount of fluid is to be
processed, or that the introducing amount of fluid is not
constant.

[0085] Thecyclonebody 2, the preliminary swirling unit
3 and the connecting paths 4 employed in this Example
can be the same as those explained in Example 1. There-
fore, to avoid repetition, those explanations are omitted
here.

[0086] The sub-cyclone 5 of this Example is connected
to the preliminary swirling unit 3 via the connecting path
42 similar to the connecting path 41. Thus, to avoid rep-
etition, its explanation is omitted here.

[0087] The sub-cyclone 5 includes an approximate cy-
lindrical body 51 for slewing fluid, an approximate conical
lower body portion 52, and afluid outlet pipe 53. The sub-
cyclone 5 employs a principle of processing objects, such
as powder dust, in use of centrifugal force which is gen-
erated by swirling fluid tangentially introduced from the
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connecting path 42. A device similar to the cyclone body
2 may be applied as the sub-cyclone 5. However, in this
Example, the average internal diameters of the approx-
imate cylindrical body 21 for slewing fluid in the cyclone
body 2 and the approximate cylindrical body 51 in the
sub-cyclone 5 are set differently. As a result, phases of
noises generated in each of them become different to
prevent that the noises accentuate each other.

Example 3

[0088] FIG4isadiagram showingacyclone apparatus
1 of another embodiment of the present invention. The
apparatus 1 includes a cyclone body 2, a first preliminary
swirling unit 3a, a second preliminary swirling unit 3b,
and connecting paths 4 (41, 43).

[0089] The cyclone apparatus 1 shown in FIG 4 has
the same structure as Example 1 except that it includes
a couple of (a plurality of) preliminary swirling units, the
first preliminary swirling unit 3a and the second prelimi-
nary swirling unit 3b, which are serially connected. With
this structure, efficient time for providing efficient swirling
movement to fluid introduced into the preliminary swirling
units from a fluid inlet pipe 32 can be ensured in case
that introducing speed (initial speed) for introducing fluid
is extremely slow, or in case that the height of the pre-
liminary swirling units is not enough.

[0090] The cyclone body 2, the preliminary swirling
units (the first preliminary swirling unit 3a and the second
preliminary swirling unit 3b), and the connecting paths 4
employed in this Example can be the same as those ex-
plained inExample 1. Therefore, to avoid repetition, those
explanations are omitted here.

[0091] Thefirstpreliminary swirling unit 3a and the sec-
ond preliminary swirling unit 3b are serially connected
via the connecting path 43. Here, the connecting paths
43 can be the same as a connecting path 41 which con-
nects the second preliminary swirling unit 3b and the cy-
clone body 2. Therefore, to avoid repetition, its explana-
tion is omitted here.

Example 4

[0092] FIG5isadiagram showingacyclone apparatus
1 of another embodiment of the present invention. The
apparatus 1 includes a cyclone body 2, a sub-cyclone 5,
a preliminary swirling unit 3, connecting paths 4, and a
reintroducing pipe 6.

[0093] The cyclone body 2 (and the sub-cyclone 5), as
shown in a sectional diagram of FIG 6, includes an ap-
proximate cylindrical body 21 (51) for slewing fluid, an
approximate conical lower body portion 22 (52), a fluid
outlet pipe 23 (53), and a rocker valve 24(54). The cy-
clone body 2 employs a principle of processing objects,
such as powder dust, in use of centrifugal force which is
generated by swirling fluid tangentially introduced from
the connecting path 41(42). Particularly, collected ob-
jects are collected in the rocker valve 24(54), and, by the
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operation of the rocker valve 24(54), the collected objects
are broughtto the reintroducing pipe 6 which is connected
with the preliminary swirling unit 3. The collected objects
are reintroduced to the preliminary swirling unit 3 via the
reintroducing pipe 6.

[0094] In other words, the cyclone apparatus 1 shown
in FIG 5 has the same structure as Example 1, except
for that it employs the cyclone body 2 (and sub-cyclone
5) having the rocker valve 24(54) in its bottom portion
and includes the reintroducing pipe 6 for reintroducing
the collected objects in the rocker valve 24(54) into the
preliminary swirling unit 3. Particularly, when most of the
objects in fluid are fine powder dust, such as exhaust gas
from an automobile, the objects can be completely
burned off to gasify by slewing in the preliminary swirling
unit 3, the cyclone body 2 or the like. As a result, an
operation for removing the collected fine powder dust
can be omitted, and a maintenance-free mechanism is
achieved.

[0095] The preliminary swirling unit 3 and the connect-
ing paths 4 can be the same as those explained inExam-
ple 1. Therefore, to avoid repetition, those explanations
are omitted here.

[0096] Further, the reintroducing pipe 6 is connected
to a fluid inlet pipe 32 so as to make the inside of the
reintroducing pipe 6 to be in pressure-reduced condition
when new fluid is introduced into the fluid inlet pipe 32.
As aresult, the objects brought to the reintroducing pipe
6 fromthe rocker valve 24(54) can be promptly introduced
into the fluid inlet pipe 32.

[0097] A cyclone apparatus of the present invention
includes a cyclone body for providing swirling movement
to fluid containing objects in powder or granular state and
processing the objects and fluid, a preliminary swirling
unit for being an approximate cylindrical shape and pro-
viding swirling movement in the same direction of the
swirling flow in the cyclone body to the fluid containing
objectsinadvance, and a connecting path for discharging
fluid previously swirled in the preliminary swirling unit
from the preliminary swirling unit in tangential direction
and introducing the fluid to the cyclone body in tangential
direction. The cyclone apparatus of the presentinvention
can preferably process exhaust gases or the like ex-
hausted in various industries such as manufacturing in-
dustry, electricity generating industry, construction in-
dustry, waste disposal industry, and agricultural industry,
or exhaust gases or the like exhausted from various
means of transportation such as bikes, automobiles,
trucks, busses, locomotives, and ships. Therefore, the
cyclone apparatus of the present invention can be ap-
plied not only to powder dust removers or automobiles
but also kitchen instruments, smokeless roasters, ash
collectors, air purification systems, clean room equip-
ments, exhaust gas treatment devices for ships, con-
struction machines, agricultural instruments, steam loco-
motives, diesel locomotives, garbage disposals, spin-
dryers, sawdust separators for lumber sawing, or leather
waste segregators.
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Claims

1.

10.

A cyclone apparatus, comprising:

a cyclone body for providing swirling movement
to fluid containing an object in powder or gran-
ular state and processing the object and the flu-
id;

a preliminary swirling unit with an approximate
cylindrical shape for providing swirling move-
ment in the same direction as that of swirling
flow in the cyclone body to the fluid containing
the object in advance; and

a connecting path for discharging the fluid pre-
viously swirled in the preliminary swirling unit
from the preliminary swirling unit in tangential
direction and introducing the fluid to the cyclone
body in tangential direction.

The cyclone apparatus of claim 1, wherein the pre-
liminary swirling unit and the cyclone body are line-
arly connected through the connecting path.

The cyclone apparatus of claim 1 or 2, wherein the
connecting path includes a flat interior wall at least
in an outer side thereof.

The cyclone apparatus of any one of claims 1 to 3,
further comprising a sub-cyclone.

The cyclone apparatus of any one of claims 1 to 4,
wherein a plurality of preliminary swirling units are
serially connected.

The cyclone apparatus of any one of claims 1 to 5,
wherein, when an average internal diameter of an
approximate cylindrical body for slewing fluid in the
cyclone body is set"1", an average internal diameter
of an approximate cylindrical body in the preliminary
swirling unit is set "1 = 0.2".

The cyclone apparatus of any one of claims 1 to 6,
wherein average internal diameters of an approxi-
mate cylindrical body for slewing fluid in the cyclone
body and an approximate cylindrical body in a sub-
cyclone are set differently.

The cyclone apparatus of any one of claims 1 to 7,
wherein an object collected in the cyclone body and
a sub-cyclone is reintroduced to the preliminary
swirling unit.

A preliminary swirling unit, included in the cyclone
apparatus of any one of claims 1 to 8.

A powder dust remover, including the cyclone appa-
ratus of any one of claims 1 to 8.
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11. An automobile, including the cyclone apparatus of

one of claims 1, 2, 3, 4,5, 6, 7 and 8.

Amended claims in accordance with Rule 86(2) EPC.

1. A cyclone apparatus (1), comprising:

a cyclone body (2) for providing swirling move-
ment to fluid containing an object in powder or
granular state and processing the object and the
fluid;

a preliminary swirling unit (3) with an approxi-
mate cylindrical shape for providing swirling
movement in the same direction as that of swirl-
ing flow in the cyclone body to the fluid contain-
ing the object in advance;

a fluid inlet (32) for introducing fluid into the pre-
liminary swirling unit 3 in a tangential direction;
and

a connecting path (4) for discharging the fluid
previously swirled in the preliminary swirling unit
(3) from the preliminary swirling unit (3) in tan-
gential direction and introducing the fluid to the
cyclone body (2) in tangential direction.
wherein the fluid discharged into the connecting
path (4) has been tangentially introduced to the
preliminary swirling unit (3) via the fluid inlet (32).

2. The cyclone apparatus of claim 1, wherein the
preliminary swirling unit (3) and the cyclone body (2)
are linearly connected through the connecting path.

3. The cyclone apparatus of claim 1 or 2, wherein
the connecting path (4) includes a flat interior wall at
least in an outer side thereof.

4. The cyclone apparatus of any one of claims 1 to
3, further comprising a sub-cyclone (5).

5. The cyclone apparatus of any one of claims 1 to
4, wherein a plurality of preliminary swirling units (3a,
3b) are serially connected.

6. The cyclone apparatus of any one of claims 1 to
5, wherein, when an average internal diameter of an
approximate cylindrical body for slewing fluid in the
cyclone body (2) is set "1", an average internal di-
ameter of an approximate cylindrical body in the pre-
liminary swirling unit (3) is set "1 = 0.2".

7. The cyclone apparatus of any one of claims 1 to
6, wherein average internal diameters of an approx-
imate cylindrical body for slewing fluid in the cyclone
body (2) and an approximate cylindrical body in a
sub-cyclone (5) are set differently.

8. The cyclone apparatus of any one of claims 1 to
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7, wherein an object collected in the cyclone body
(2) and a sub-cyclone (5) is reintroduced to the pre-
liminary swirling unit (3).

9. A preliminary swirling unit (3), included in the cy-
clone apparatus (1) of any one of claims 1 to 8.

10. A powder dust remover, including the cyclone
apparatus (1) of any one of claims 1 to 8.

11. An automobile, including the cyclone apparatus
(1) of one of claims 1, 2, 3, 4, 5, 6, 7 and 8.
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