CYCLONE SETTLING APPARATUS BACKGROUND OF THE INVENTION 51. Field of the invention
The present invention relates to a cyclone settling apparatus, and more particularly to an apparatus for
improving an existing cyclone settling apparatus for liquid-solid separation through settling to generate
proper W vortices to strongly prevent destruction of flocs due to polluted water and accordingly
effectively eliminate the flocs, thereby maximizing a filtering efficiency for the contaminated water. 2.
Description of the Prior Art As generally known in the art, settling apparatuses are widely used for
eliminating foreign substances from polluted water (such as water for civil engineering) flowing out
from various industrial fields and reproducing 20 the polluted water into fresh water. FIG. | is a view

showing a general settling apparatus. é? %%\-fn é@ﬂ%ﬂﬁn&p&g&%@ settling apparatus, as polluted
water together with chemicals sequentially pass

BACKGROUND OF THE INVENTION

5 1. Field of the invention
The present invention relates to a cyclone settling
apparatus, and more particularly to an apparatus for
improving an existing cyclone settling apparatus for
liquid-solid separation through settling to generate proper
10 vortices to strongly prevent destruction of flocs due to
polluted water and accordingly effectively eliminate the
flocs, thereby maximizing a filtering efficiency for the

contaminated water.

15 2. Description of the Prior Art
As generally known in the art, settling apparatuses
are widely used for eliminating foreign substances from
polluted water (such as water for «civil engineering)
flowing out from wvarious industrial fields and reproducing

20 the polluted water into fresh water.
FIG. 1 is a view showing a general settling apparatus.
As shown in FIG. 1, in the general settling apparatus, as
polluted water together with chemicals sequentially pass
through an acidity adjusting tank 1, a reaction tank 2, and

25 a cohesion tank 3, the acidity of the polluted water is



through an acidity adjusting tank I, a reaction tank 2, and 25 a cohesion tank 3, the acidity of the
polluted water is properly adjusted, the reaction of the polluted water with the chemicals is promoted,
and foreign substances (such as earth and sand, and suspensions in the water) are condensed.
5Then, sludge produced through the condensing and settling can be collected and discharged by a
scraper 5 at a lower portion of a settling tank 4, and fresh water at an upper portion of the settling tank
4 can be utilized. However, the conventional settling apparatus as 10 described above requires wide
installation spaces for installing the settling tank, as well as the acidity adjusting tank, the reaction
tank, and the cohesion tank, and consumes much time in filtering polluted water. Moreover, each tank

requires of the conventional settling 15 apparatus a mixer driven by a motor. Therefore, the
conventional setﬁﬁapfprgfﬁa%%jilflsse f née%@“?o be ‘:Ilé:rtglqucaﬁéﬁld%kﬁeol %%Ts]glf%eeg eyggsesrlvew ants}%aIIation

and operation coglse cheMl 8EdQY tOPVEFERIMEINE sheitcenings:of the above=20 deserbedstypical
settling apparatus, cyclone settling apparatuses are recently widely used. FIG. 2 is a schematic

view showing a cyelore settlihg appatatusaactordingrerthereiated art. FIG. 3 iwaperspettive view of

a drainage unit ofcg}ledgxglggg settling

5 Then, sludge produced through the condensing and
settling can be collected and discharged by a scraper 5 at
a lower portion of a settling tank 4, and fresh water at an
upper portion of the settling tank 4 can be utilized.
However, the conventional settling apparatus as
10 described above requires wide installation spaces for
installing the settling tank, as well as the acidity
adjusting tank, the reaction tank, and the cohesion tank,
and consumes much time in filtering polluted water.
Moreover, each tank requires of the conventional settling
15 apparatus a mixer driven by a motor. Therefore, the
conventional settling apparatus itself needs to be large-
scaled and consumes excessive installation and operation
costs.
In order to overcome the shortcomings of the above-
20 described typical settling apparatus, cyclone settling
apparatuses are recently widely used.
FIG. 2 is a schematic view showing a cyclone settling
apparatus according to the related art. FIG. 3 is a
perspective view of a drainage unit of the cyclone settling

25 apparatus according to the related art.



25 apparatus according to the related art. The cyclone settling apparatus according to the related
art was registered with Korean Patent No. 0877309 whose patentee is the applicant of the present
invention. As shown in FIGS. 2 and 3, the cyclone settling apparatus 5 includes: a body 10 which is
shaped like a cylindrical tank and includes a high-speed nozzle 11 extending in a tangential direction
thereof on an upper outer peripheral surface thereof to communicate therewith and a funnel-shaped
sludge eliminating cone 12 formed at a lower portion 10 thereof; a water supply unit 20 which is
connected to the high-speed nozzle 11 and includes inline mixers 21, 22, and 23 connected in series
to each other in multi-stages according to inputted chemicals; and a drainage unit 30 including a
porous pipe 31 verticall;r/rinstalled % 2815 centr%l.portion of the bosgy 10d fun eI-shaQed mttgteistage

inclined cones 32 fixed ohgn outer perlphés’r% Suifface of the rp%?(l)lus p%ecﬁf 5%?adu§)lly expand

downward, and panelshapedvortex fins g3sradially arranged enippesserfaces of terineliped cones
32, for discharging fresh water to 20 the outside of the body 10. As shown in FIG. 2, the cyclone

settling apparatusitosdigprid-as eesdribedabarreamroys ipfind hexerssze?, ande2d hawing different

diameters and Iengths and a reaction prO£notin tgnk 4 accorqing to the chemicals
A5 shown 1n FIGS. an , the cyclone settling apparatus

5 includes: a body 10 which is shaped like a cylindrical tank
and includes a high-speed nozzle 11 extending in a
tangential direction thereof on an upper outer peripheral
surface thereof to communicate therewith and a funnel-
shaped sludge eliminating cone 12 formed at a lower portion

10 thereof; a water supply unit 20 which is connected to the
high-speed nozzle 11 and includes inline mixers 21, 22, and
23 connected 1in series to each other 1in multi-stages
according to inputted chemicals; and a drainage unit 30
including a porous pipe 31 vertically installed at a

15 central portion of the body 10, funnel-shaped multistage
inclined cones 32 fixed to an outer peripheral surface of
the porous pipe 31 to gradually expand downward, and panel-
shaped vortex fins 33 radially arranged on upper surfaces
of the inclined cones 32, for discharging fresh water to

20 the outside of the body 10.

As shown in FIG. 2, the cyclone settling apparatus
configured as described above employs inline mixers 21, 22,
and 23 having different diameters and lengths and a
reaction promoting tank 24 according to the chemicals

25 inputted to polluted water, so as to efficiently treat a



25 inputted to polluted water, so as to efficiently treat a large amount of polluted water in a short time
and additionally generate secondary vortices by the vortex fins 33 in the inclined cones 32 after the
basic generation of primary vortices in the body 10, thereby more effectively 5 separating foreign
substances from the polluted water. However, the plurality of vortex fins respectively formed in the
multistage inclined cones employed by the cyclone settling apparatus according to the related art
increases the manufacturing costs. Further, the general M cyclone settling apparatus other than the
vortex fins is required to generate proper vortices to eliminate flocs without destructing the flocs, but it
has no arranged size standards and thus has a limit in increasing the filtering efficiency. 15
SUMMARY OF THE INVENTION OﬁAccorgEn I)é,é%he resent invention has been made to golve the
r20a

. ar amount . [e) ate in,. a or time a .
above-mentlonec} prgoe]ems occurring In tﬁe prio I, anﬁ an object oﬁhe preser?tl mver%]tlon IS to

provide a cyclone ggttting @apparatusiwhichecan g6nELAte RFOPET VOHIGES torrasiy-eliminaie flocs while
strongly preventing destruction of the flocs, thereby maximizing the filtering efficiency for polluted

water. 25In order’td aigtoniptishithisiolsjiect; there ispravitled atdyeldressettlirenapparatus fcluding: a
body Which _is shaﬁg‘ied like a cylindrical tank %\d %g) rise§ a high speed nozzlerﬁ%gtendinglin a
tangential directibh tHEre6f SR an Gpper-dutsF pe ég ral Stirface thersof s ommtnicatéd Y
5 separating foreign substances from the polluted water.
However, the plurality of wvortex fins respectively
formed in the multistage inclined cones employed by the
cyclone settling apparatus according to the related art
increases the manufacturing costs. Further, the general
10 cyclone settling apparatus other than the vortex fins is
required to generate proper vortices to eliminate flocs
without destructing the flocs, but it has no arranged size
standards and thus has a limit in increasing the filtering
efficiency.
15

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made to

solve the above-mentioned problems occurring in the prior

20 art, and an object of the present invention is to provide a

cyclone settling apparatus which can generate proper

vortices to easily eliminate flocs while strongly

preventing destruction of the flocs, thereby maximizing the
filtering efficiency for polluted water.

25 In order to accomplish this object, there is provided



5 therewith and a funnel-shaped floc eliminating cone formed at a lower portion thereof; a water supply
unit which is connected to the high speed nozzle and comprises a mixer for mixing chemicals and
polluted water to supply the chemicals-mixed polluted water into the body; and a W draining unit
comprising a porous pipe vertically installed at a central portion of the body, funnel-shaped multistage
inclined cones fixed to an outer peripheral surface of the porous pipe and gradually expanding
downward, and an uppermost inclined cone for discharging fresh water to the 15 outside of the body
unit, which is additionally provided above the multistage inclined cones and has a wall integrally
extending downward from a lower outer periphery thereof so that the uppermost inclined cone
surrounds upper and lateral sides of the multistage, inclined cones. 20 The mixer of the water supply
unit may include an IFLXer 713 BbsaTTo Apded TISHT G = TREThulEtAgGS indined

cones and the upperpest inglined cepeimay have asamednelinatiprangle. The inplingdangle may be
45 to 60 degrees with respect to a 25 horizontal plane.The multistage inclined cones may include 2 to
10 stages. A gapisetideensitt imérperipheral siafassnofithe sbdseand an otterpefipheralsurface of

the wall of the uppermost inclined cone r{]{ay b‘f 0.02D_to 0.2D (D: a diameter of the bod%(/%ﬁ gap
between an inneF5H&riptietaf Surface Bt the wall SFHeE GipperMestinclined cid BRE S Tower outer

periphery of the myltistageinclingd &09§§ﬂ8@¥%9@@%%g-2&im&h§m%ﬂ gbthe wallfthe
uppermost inclined cone may be 0.15D to 2.5D, and a sediment draining hole having a W diameter of
0.02 to 0.2D mayebe formedeat sclonwerendidiethecdoroas pipesof therhody suchtthatflots dre sunk and

drained through the sediment draining hole, , ,
connected to the high speed nozzle and comprises a mixer

for mixing chemicals and polluted water to supply the
chemicals—-mixed polluted water into the body; and a
10 draining unit comprising a porous pipe vertically installed
at a central portion of the body, funnel-shaped multistage
inclined cones fixed to an outer peripheral surface of the
porous pipe and gradually expanding downward, and an
uppermost inclined cone for discharging fresh water to the
15 outside of the body unit, which is additionally provided
above the multistage inclined <cones and has a wall
integrally extending downward from a lower outer periphery
thereof so that the uppermost inclined cone surrounds upper
and lateral sides of the multistage inclined cones.
20 The mixer of the water supply unit may include an
inline mixer and a closed low-speed mixing tank.
The multistage inclined cones and the uppermost
inclined cone may have a same inclination angle. The
inclined angle may be 45 to 60 degrees with respect to a

25 horizontal plane. The multistage inclined cones may



According to the present invention, a cyclone settling apparatus can generate proper vortices to easily
eliminate 15 flocs while strongly preventing destruction of the flocs, thereby maximizing the filtering
efficiency for polluted water. BRIEF DESCRIPTION OF THE DRAWINGS 20 The above and other
objects, features and advantages of the present invention will be more apparent from the following
detailed description taken in conjunction with the accompanying drawings, in which: 25FIG. 1 is a view
showing a general settling apparatus; FIG. 2 is a schematic side elevation showing a cyclone
settling apparatus according to the related art; FIG. 3 is a partly cut-out perspective view showing
a drainage unit of the cyclone setting apparatus according to 5 the related art; FIG.4is a
schematic view showin < %Vct'%”ei86%'{“%9{%?Paraz&“f%g%”beﬁ%ee?ee#t Invention; oF1Gy,2)1s f plan view
showing the cyclone settling apparatus of the present invention;
surface of the body and an outer peripheral surface of the
wall of the uppermost inclined cone may be 0.02D to 0.2D
(D: a diameter of the body). A gap between an inner
5 peripheral surface of the wall of the uppermost inclined
cone and a lower outer periphery of the multistage inclined
cones may be 0.02D to 0.2D.
A height of the wall of the uppermost inclined cone
may be 0.15D to 2.5D, and a sediment draining hole having a
10 diameter of 0.02 to 0.2D may be formed at a lower end of
the porous pipe of the body such that flocs are sunk and
drained through the sediment draining hole.
According to the present invention, a cyclone settling
apparatus can generate proper vortices to easily eliminate
15 flocs while strongly preventing destruction of the flocs,

thereby maximizing the filtering efficiency for polluted

water.

BRIEF DESCRIPTION OF THE DRAWINGS

20
The above and other objects, features and advantages
of the present invention will be more apparent from the
following detailed description taken in conjunction with
the accompanying drawings, in which:
25 FIG. 1 is a view showing a general settling apparatus;



FIG. 6 is a perspective view of a main part of the cyclone settling apparatus of the present invention;
and FIGS. 7 and 8 are diagrams showing numerical analysis results of the cyclone settling
apparatus of the present invention. 15 DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS Hereinafter, a preferred embodiment of the present invention will be described
with reference to the 20 accompanying drawings. In the following description and drawings, the same
reference numerals are used to designate the same or similar components, and so repetition of the
description on the same or similar components will be omitted. 25FIG. 4 is a schematic view showing a
cyclone settling apparatus of the present invention. FIG. 5 is a plan view showing the cyclone settling
apparatus of the preseﬁ{r&\/‘er%ion. FIG.6is a E)erspecéive iew %f.a maiﬁ J%%rt of theC C&Ionee settling

apparatus of the presentinven ion, 5 AS Shown in FIGS. 4106, 1 (laoc?/cfone scralﬁlir?g a%pa?é]tus of the

present inventionsincludes; apedy 100-which-isshaped likea edingrical tank and includes a high
speed nozzle 110 extending in a tangential direction thereof on an upper outer peripheral surface
thereof to 10 communicaiéd therewith apeira funrrelistragedoios pfiniinating cene 2120-formed at a lower
portion thereof; a water ly unit 200 }[\b/ehich is.connected to the hi%h speed nozzle 110 and includes

D mixer for mixing ChEMEAICR A oNuTair WAl (B SN, 18 EhaRTEAR et SOTGtEdwater info the

5 the related art;
FIG. 4 is a schematic view showing a cyclone settling
apparatus of the present invention;
FIG. 5 1is a plan view showing the cyclone settling
apparatus of the present invention;
10 FIG. 6 1is a perspective view of a main part of the
cyclone settling apparatus of the present invention; and
FIGS. 7 and 8 are diagrams showing numerical analysis
results of the cyclone settling apparatus of the present
invention.
15

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, a preferred embodiment of the present

invention will Dbe described with reference to the

20 accompanying drawings. In the following description and

drawings, the same reference numerals are used to designate

the same or similar components, and so repetition of the

description on the same or similar components will be
omitted.

25 FIG. 4 is a schematic view showing a cyclone settling



15 body 100; and a draining unit 300 including a porous pipe 310 vertically installed at a central portion
of the body 100, funnel-shaped multistage inclined cones 320 fixed to an outer peripheral surface of
the porous pipe 310 and gradually expanding downward, and an uppermost inclined 20 cone 330 for
discharging fresh water to the outside of the body unit 100, which is additionally provided above the
multistage inclined cones 320 and has a wall 331 integrally extending downward from a lower outer
periphery thereof so that the uppermost inclined cone 330 surrounds upper and 25 lateral sides of the
multistage inclined cones 330. Hereinafter, an embodiment of the present invention will be
described with reference to the accompanying drawings. As shown in FIGS. 4 to 6, the cyclone settling

5 apparatus of the present inveption according, to the present invention jncludes a body 100, a water
Suply Uit 200, SIS S ey SO0 T AT A i oh riCtorstt orthE Srdeditenton

lies in the improvementef therdraingge st 30Q+ + 1 iEst, the hedy 00 eerrespendsta:uertically
cylindrical tank. As shown in FIG. 5, a high-speed nozzle 110 is connected to an upper outer
peripheral surfacerofeheisody 110.Gandinisarticar sthrechighespaetvnoZzle 1diis cormnectdd to an

outer peripheral sglrface of the bod% 10 15 alon attangegtia}Ldirection og the body.so that if polluted
water is introducéd fno¥the Bdy 160 thiSLGITHRE Righspéed o1& 110" voRices ard generated in an

interior of thesbody 110 gs indicated byarrpwss A funnel:shaped fige eItgg&g@gHg cang 120, yhose 20
diameter gradually decreases downward is formed at a lower portion of the body 100, so that settled
flocs are collecteddpatire vortices generated seitiie Bodyi00c@ndarelthéasdischargedyto tHe) outside

when a predetermined amount of flocs have been accumulated in the floc eliminating cone
which is shaped like a cylindrical tank and includes “a high

speed nozzle 110 extending 1in a tangential direction
thereof on an upper outer peripheral surface thereof to
10 communicated therewith and a funnel-shaped floc eliminating
cone 120 formed at a lower portion thereof; a water supply
unit 200 which is connected to the high speed nozzle 110
and includes a mixer for mixing chemicals and polluted
water to supply the chemicals—-mixed polluted water into the
15 body 100; and a draining unit 300 including a porous pipe
310 vertically installed at a central portion of the body
100, funnel-shaped multistage inclined cones 320 fixed to
an outer peripheral surface of the porous pipe 310 and
gradually expanding downward, and an uppermost inclined
20 cone 330 for discharging fresh water to the outside of the
body unit 100, which is additionally provided above the
multistage inclined cones 320 and has a wall 331 integrally
extending downward from a lower outer periphery thereof so
that the uppermost inclined cone 330 surrounds upper and

25 lateral sides of the multistage inclined cones 330.



25120. Although not shown separately, a plurality of legs are formed on an outer surface of the
body 100 so that the body 100 can be installed vertically, and a separate valve for discharging other
floating matters such as oil to the 5 outside may be provided at an upper portion of the body 100.

Next, the water supply unit 200 is adapted to supply polluted water into the body 100 while generating
vortices of polluted water therein, and the above-described highspeed nozzle 110 is connected to a
distal end of the water 10 supply unit 200. Then, the water supply unit 200 includes a mixer for
evenly mixing chemicals and polluted water in a short time. Here, the inputted chemicals refer to
polymer conglomerates in the form of flocs produced through 15 condensation of foreign substances in
the form of solid particles contained in polluted water, and conglomerates produced through
condensation of particlgzeﬁﬁﬁ%a%%%rdf O.aflprﬁnc\ét\é?éfrlghéernéqre a%uéﬁff/eref%ﬂee%efg asflocs. ﬁqi)%rticular, in

the present invention, it is20 preferreddhat the mixeretthe watersupply anit 200-peafarably includes
an inline mixer 210 and a closed low-speed mixing tank 220.
drawings.

As shown 1in FIGS. 4 to 6, the cyclone settling

5 apparatus of the present invention according to the present
invention includes a body 100, a water supply unit 200, and
a drainage unit 300. In particular, a main characteristic
of the present invention lies in the improvement of the
drainage unit 300.

10 First, the body 100 corresponds to a vertically
cylindrical tank. As shown in FIG. 5, a high-speed nozzle
110 is connected to an upper outer peripheral surface of
the body 110, and in particular, the high-speed nozzle 110
is connected to an outer peripheral surface of the body 110

15 along a tangential direction of the body so that if
polluted water is introduced into the body 100 through the
high-speed nozzle 110, vortices are generated in an
interior of the body 110 as indicated by arrows.

A funnel-shaped floc eliminating cone 120 whose

20 diameter gradually decreases downward is formed at a lower
portion of the Dbody 100, so that settled flocs are
collected by the vortices generated in the body 100 and are
then discharged to the outside when a predetermined amount
of flocs have been accumulated in the floc eliminating cone

25 120.



First, the inline mixer 210 generally has a pipe shape. A panel, that is, a semi-elliptical panel is formed
in 25 zigzags within the inline mixer 210, and an inlet for introducing chemicals is formed at an
intermediate portion of the inline mixer 210. The closed low-speed mixing tank 220 has a shape of
a separate closed tank as shown in FIG. 4 so that polluted 5 water and chemicals can be evenly mixed
by rotary blades in the tank. Finally, the drainage unit 300 includes a porous pipe 310, multistage
inclined cones 320, and an uppermost inclined cone 330 to eliminate flocs from polluted water 10 and
drain fresh water, from which flocks have been eliminated, to the outside of the body 100. First, the
porous pipe 310 is a vertical hollow pipe, and the multistage inclined cones 320 and the upper Lost

inclined cone 330 which, are to be described below are 15 fixedly sypporied by uter peripheral
surface of the porous p%%%ﬁodl gﬁdnccfrtcu%%%ﬁl hofes rﬁl\%ﬁéyd p%&)gt%rrr%lfnléq&’ d%%rl:lgtee?sérg]%?med

between the multistagednelineg, cenes 320,01 anouer pesipbess! sutace-ottheperquspige 310. 20In
particular, a pipeline for draining fresh water is formed at an upper opening of the porous pipe 310,

and a sediment drafhagerhdhe 3114% fdrheed aeatdoveddtream sideoftheqoros pige310$o that if

sunk flocs are drained downward through the sediment drainage hole 311, floc
g{ggkarging otﬁerg %loat£%g' matter such as o?l to the

5 outside may be provided at an upper portion of the body 100.
Next, the water supply unit 200 is adapted to supply
polluted water into the body 100 while generating vortices
of polluted water therein, and the above-described high-
speed nozzle 110 is connected to a distal end of the water
10 supply unit 200.
Then, the water supply unit 200 includes a mixer for
evenly mixing chemicals and polluted water in a short time.
Here, the inputted chemicals refer to polymer
conglomerates 1in the form of flocs produced through
15 condensation of foreign substances in the form of solid
particles contained in polluted water, and conglomerates
produced through condensation of particles with a size of
0.1 um or larger are usually referred to as flocs.
In particular, in the present invention, it is
20 preferred that the mixer of the water supply unit 200
preferably includes an inline mixer 210 and a closed low-
speed mixing tank 220.
First, the inline mixer 210 generally has a pipe shape.
A panel, that 1is, a semi-elliptical panel 1is formed in

25 zigzags within the inline mixer 210, and an inlet for

10



25 gather in the above-described floc eliminating cone 120. A plurality of funnel-shaped
multistage inclined cones 320 whose diameters gradually increase downward are fixedly formed
vertically on an outer peripheral surface of the porous pipe 310 to be spaced apart from each other. 5
Then, although the number of the multistage inclined cones 320 is not specifically limited, around 2 to
10 multistage inclined cones 320 are preferable and FIG. 6 shows five multistage inclined cones 320
as an exemple. In particular, the uppermost inclined cone 330 is W additionally provided on the
above-described multistage inclined cones 320 in the present invention. The uppermost inclined
cone 330 has the same structure as that of the above-described inclined cones, and is formed on an

outer peripheral Slrjlrgace of the porous, glg S15. :S%l(%(go hagceiﬁ?cfunnel.sh%p?m\évlr%g; diamecter is gradually

expanded downward- %%Cﬁﬁﬁer most Inclined cone ersaf]ror%wn%ermc Tohes i that a wall

331 is additionally forned-integrally with-atawer outer periphery thereof. 20The wall 331 extends
downward by a predetermined length, and accordingly, the upperlost inclined cone 330 having the wall
331 surrounds upper aridhiaterap siéslofithenpeftistage iclinedkconds 326 on aslovwsr side thereof.

After performing experiments and numerical analyses .
b gse arate c?ose tank as gﬁown in FIG. 4 so that polluted

5 water and chemicals can be evenly mixed by rotary blades in
the tank.

Finally, the drainage unit 300 includes a porous pipe
310, multistage inclined cones 320, and an uppermost
inclined cone 330 to eliminate flocs from polluted water

10 and drain fresh water, from which flocks have Dbeen
eliminated, to the outside of the body 100.

First, the porous pipe 310 is a vertical hollow pipe,
and the multistage inclined cones 320 and the uppermost
inclined cone 330 which are to be described below are

15 fixedly supported by an outer peripheral surface of the
porous pipe 310 and circulation holes having a
predetermined diameter are formed between the multistage
inclined cones 320 on an outer peripheral surface of the
porous pipe 310.

20 In particular, a pipeline for draining fresh water is
formed at an upper opening of the porous pipe 310, and a
sediment drainage hole 311 is formed at a downstream side
of the porous pipe 310 so that if sunk flocs are drained
downward through the sediment drainage hole 311, flocs

25 gather in the above-described floc eliminating cone 120.

11



25 while variously changing the size of the cyclone settling apparatus of the present invention, the
applicant could identify that the most effective vortices in eliminating flocs from the body 100 are
generated when the uppermost inclined cone 330 has the wall 331 surrounding the 5 multistage
inclined cones 320 as described above. In addition, in the present invention, the multistage
inclined cones 320 and the uppermost inclined cones 330 have the same inclination angle, and the
inclination angle achieves the most preferable result when it is 45 to 60 10 degrees with respect to a
horizontal plane. When a diameter of the body 100 is D, a gap between an inner peripheral surface
of the body 100 and an outer peripheral surface of the wall 331 of the uppermost inclined cone 330 is

preferably 0.02D to 0.2 D. F thtler, a between an inner peripheral surface of the wall 331 of the
uppermost inclined cong S%bugr? a %w%fgﬁ er %ériﬁ%gpyegf f%?rtnlu%?s‘?tgaellﬁca:lnlenc? goﬁg%% is

preferably 0.02D30©.2R0 b2 paiticiiac i3 the presentinventian,sa heightef 20 theswall 331 9f the
uppermost inclined cone 330 is 0.15D to 2.5D, and a sediment draining hole 311 having a diameter of

0.02D to 0.2D is prefeeably formethatl 5 lower end ofiter pareus pipe 310 of tHebedy100he  FIGS.
;gggrﬁ are diagrams showing numerical,analysis 2p results qf the cyclone setting apparatus of the

5 Then, although the number of the multistage inclined
cones 320 1s not specifically limited, around 2 to 10
multistage inclined cones 320 are preferable and FIG. 6
shows five multistage inclined cones 320 as an exemple.

In particular, the uppermost inclined cone 330 is

10 additionally provided on the above-described multistage
inclined cones 320 in the present invention.

The uppermost inclined cone 330 has the same structure
as that of the above-described inclined cones, and is
formed on an outer peripheral surface of the porous pipe

15 310 to have a funnel shape whose diameter 1is gradually
expanded downward. The upper most inclined cone 330
differs from the inclined cones in that a wall 331 is
additionally formed integrally with a lower outer periphery
thereof.

20 The wall 331 extends downward by a predetermined
length, and accordingly, the uppermost inclined cone 330
having the wall 331 surrounds upper and lateral sides of
the multistage inclined cones 320 on a lower side thereof.

After performing experiments and numerical analyses

25 while variously changing the size of the cyclone settling

12



invention. The applicant identified whether vortices are smoothly generated through a numerical
analysis by modeling the cyclone settling apparatus such that the body 100 and the drainage unit 300
have the above-described sizes. 5 FIG. 7 is a speed diagram for the cyclone settling apparatus of the
present invention, from which it can be seen that speeds of vortices range from a highest speed of 0.2
m/s indicated by a red color to a lowest speed of 0.0 m/s indicated by a blue color, resulting in the
vortices 10 being smoothly formed in the body 100. FIG. 8 was obtained by analyzing behaviors of
flocs in the cyclone settling apparatus of the present invention, and it can be seen from FIG. 8 that
when a concentration of flocs contained in introduced polluted water is 500 mg/L, 15 the
high-concentratioan flocrs jcntgodg%?dtiﬁ(teo ther: igclinr]ced cone cannot reca}gzg an upper er%d cg Oth? Jporous
pipe 310 but desCends <?‘hr%ugh e sediment (fralninlgnﬁ]glré 1'to be'Stadkéd onthe fioc e iminating

cone 120. Hexeinafier, aneperationekine presentiipvention 20l be desaribed withreference
to FIGS. 4 to 6. In the above-configured cyclone settling apparatus of the present invention,
polluted water is Supphedfintg thewaterdppYunitrZ00fiserated |witse water suppirunit200, the

polluted water 25, %isest rough theégixer, that is, the inIiniIfnix r 210 and theglosed low-speed

mixing tank 220, ANAHhAR chermiikals are inplited it the Bolluted water> 1 TOURding — the

5 multistage inclined cones 320 as described above.

In addition, 1in the present invention, the multistage
inclined cones 320 and the uppermost inclined cones 330
have the same inclination angle, and the inclination angle
achieves the most preferable result when it is 45 to 60

10 degrees with respect to a horizontal plane.

When a diameter of the body 100 is D, a gap between an
inner peripheral surface of the body 100 and an outer
peripheral surface of the wall 331 of the uppermost
inclined cone 330 is preferably 0.02D to 0.2 D.

15 Further, a gap between an inner peripheral surface of
the wall 331 of the uppermost inclined cone 330 and a lower
outer periphery of the multistage inclined cone 320 1is
preferably 0.02D to 0.2D.

In particular, in the present invention, a height of

20 the wall 331 of the uppermost inclined cone 330 is 0.15D to
2.5D, and a sediment draining hole 311 having a diameter of
0.02D to 0.2D is preferably formed at a lower end of the
porous pipe 310 of the body 100.

FIGS. 7 and 8 are diagrams showing numerical analysis

25 results of the cyclone settling apparatus of the present
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For example, the chemicals are polymers, and the inputted polymers react with earth and sand, and
suspension 5 contained in the polluted water to condense foreign substances into coarse particles or
flocs. Thereafter, while the polluted water having passed through the water supply unit 200 is
introduced into the body 100 through the high-speed nozzle 110 of the body 100, 10 the polluted water
forms vortices in the body 100 and the flocs contained in the polluted water are sunk at a lower central
portion of the body 100 to be discharged to the outside of the body 100 through the flock eliminating
cone 120. The polluted water rotated by the vortices formed in the body 100 as described above is
introduced into the porous pipe 310 through gaps between the multistage inclined cones 320 formed in
the drainage unit,300 ajgg (;[Qen s ischa%%%d to tlge ogtesrilgei P{ %gie bgd%oo thgoucgihc'éhse Za()r drainage

unit 300. Then, while the vortices of thé polluted water are rapidly feduced on’ uﬁper surfaces of the

multistage inclinegheenes 329=the foes containgd in thepeluted waterrpldowy aleng:the.ypper
surfaces of the multistage 25 inclined cones 320, and are sunk onto the flock eliminating
the cyclone settling apparatus such that the body 100 and
the drainage unit 300 have the above-described sizes.

5 FIG. 7 1is a speed diagram for the cyclone settling
apparatus of the present invention, from which it can be
seen that speeds of vortices range from a highest speed of
0.2 m/s indicated by a red color to a lowest speed of 0.0
m/s indicated by a blue color, resulting in the vortices

10 being smoothly formed in the body 100.

FIG. 8 was obtained by analyzing behaviors of flocs in
the cyclone settling apparatus of the present invention,
and it can be seen from FIG. 8 that when a concentration of
flocs contained in introduced polluted water is 500 mg/L,

15 the high-concentration flocs introduced into the inclined
cone cannot reach an upper end of the porous pipe 310 but
descends through the sediment draining hole 311 to be
stacked on the floc eliminating cone 120.

Hereinafter, an operation of the present invention

20 will be described with reference to FIGS. 4 to 6.

In the above-configured cyclone settling apparatus of
the present invention, polluted water is supplied into the
water supply unit 200 first.

In the water supply unit 200, the polluted water

25 passes through the mixer, that is, the inline mixer 210 and

14



cone 120 through the sediment draining hole 311 even in the porous pipe 310. The grown flocs
drop downward due to the simultaneous occurrence of the dynamic separation by the vortices and 5
the separation by the surface loading rate in the vortices, and the fluid rises toward the porous pipe
310 while gradually forming laminar flows. As a result, an effect of sinking the flocs in the polluted
water can be further improved. Thus, the cyclone settling apparatus of the present invention
additionally employs the uppermost inclined cone 330 having the wall 331 such that the uppermost
inclined cone 330 surrounds the multistage inclined cones 320, to generate optimum vortices for
sinking flocs from the 15 polluted water, thereby maximizing a filtering efficiency for the polluted water.
The above-descr] ed e bod C[nelnt is an e>éarrr1tple for d%scq(m e tec n| rplrlt of the <ﬂesent
invention in detaﬂf andthe scope of the pr presen nvention Is n 0 Ilmr%ed ?he accompanylng

drawings and enmggime@&.tﬁ/gbjAlTnL%%%@ll&édA@@@ne settling apparatus comprising:

For example, the chemicals are polymers, and the
inputted polymers react with earth and sand, and suspension

5 contained in the ©polluted water to condense foreign
substances into coarse particles or flocs.

Thereafter, while the polluted water having passed
through the water supply unit 200 is introduced into the
body 100 through the high-speed nozzle 110 of the body 100,

10 the polluted water forms vortices in the body 100 and the
flocs contained in the polluted water are sunk at a lower
central portion of the body 100 to be discharged to the
outside of the body 100 through the flock eliminating cone
120.

15 The polluted water rotated by the vortices formed in
the body 100 as described above 1is introduced into the
porous pipe 310 through gaps between the multistage
inclined cones 320 formed in the drainage unit 300 and then
is discharged to the outside of the body 100 through the

20 drainage unit 300.

Then, while the vortices of the polluted water are
rapidly reduced on upper surfaces of the multistage
inclined cones 320, the flocs contained in the polluted
water roll down along the upper surfaces of the multistage

25 inclined cones 320, and are sunk onto the flock eliminating

15



a body which is shaped like a cylindrical tank and 5 comprises a high speed nozzle extending in a
tangential direction thereof on an upper outer peripheral surface thereof to communicated therewith
and a funnel-shaped floc eliminating cone formed at a lower portion thereof; a water supply unit which
is connected to the high 10 speed nozzle and comprises a mixer for mixing chemicals and polluted
water to supply the chemicals-mixed polluted water into the body; and a draining unit comprising a
porous pipe vertically installed at a central portion of the body, funnel-shaped 15 multistage inclined
cones fixed to an outer peripheral surface of the porous pipe and gradually expanding downward, and
an uppermost inclined cone for discharging fresh water to the outside of the body unit, which is
additionally provided ablozv[? Lchg: multkilst% e inclgled cones 20 and hﬁs W?H i’nte\grally. exl;cerqding
downward from & fower uter p@?i%ﬂery Jereof SO that reaﬁﬁﬁél%nog inclined ¢one sufrounds upper
and lateral sides 9f the snygltistage inclined cones. 252.The cyclone settling apparatus as claimed in
claim 1, wherein the mixer of the water supply unit comprises an inline mixer and a closed low-speed
mixing tank. 53.The cycldre setthng dppamtdsas claimedirdl due to the simultaneous

occurrence of the dynamic separation by the vortices and

5 the separation by the surface loading rate in the vortices,
and the fluid rises toward the porous pipe 310 while
gradually forming laminar flows. As a result, an effect of
sinking the flocs in the polluted water can be further
improved.

10 Thus, the cyclone settling apparatus of the present
invention additionally employs the uppermost inclined cone
330 having the wall 331 such that the uppermost inclined
cone 330 surrounds the multistage inclined cones 320, to
generate optimum vortices for sinking flocs from the

15 polluted water, thereby maximizing a filtering efficiency
for the polluted water.

The above-described embodiment is an example for
describing the technical spirit of the present invention in
detail, and the scope of the present invention 1s not

20 limited to the accompanying drawings and embodiment.
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claim 2, wherein the multistage inclined cones and the uppermost inclined cone have a same
inclination angle, the inclined angle is 45 to 60 degrees with respect to a horizontal plane, the
multistage inclined cones comprise 2 10 to 10 stages, a gap between an inner peripheral surface of
the body and an outer peripheral surface of the wall of the uppermost inclined cone is 0.02D to 0.2D
(D: a diameter of the body), and a gap between an inner peripheral surface of the wall of the
uppermost inclined cone and a lower outer 15 periphery of the multistage inclined cones is 0.02D to
0.2D. 4.The cyclone settling apparatus as claimed in claim 3, wherein a height of the wall of the
uppermost 20 inclined cone is 0.15D to 2.5D, and a sediment draining hole having a diameter of 0.02
to0.2D is forme_d ata I% rTerir% o&%ﬁgﬁo% pipe of the body such that flocs are sunk and drained
through the sediment draining hole.

1. A cyclone settling apparatus comprising:
a body which is shaped like a cylindrical tank and
5 comprises a high speed nozzle extending in a tangential
direction thereof on an upper outer peripheral surface
thereof to communicated therewith and a funnel-shaped floc
eliminating cone formed at a lower portion thereof;
a water supply unit which is connected to the high
10 speed nozzle and comprises a mixer for mixing chemicals and
polluted water to supply the chemicals—-mixed polluted water
into the body; and
a draining unit comprising a porous pipe vertically
installed at a central portion of the body, funnel-shaped
15 multistage inclined cones fixed to an outer peripheral
surface of the ©porous pipe and gradually expanding
downward, and an uppermost inclined cone for discharging
fresh water to the outside of the Dbody unit, which is
additionally provided above the multistage inclined cones
20 and has a wall integrally extending downward from a lower
outer periphery thereof so that the uppermost inclined cone
surrounds upper and lateral sides of the multistage

inclined cones.

25 2. The cyclone settling apparatus as claimed in

17
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20

claim 1, wherein the mixer of the water supply unit
comprises an inline mixer and a closed low-speed mixing

tank.

3. The cyclone settling apparatus as claimed in
claim 2, wherein the multistage inclined cones and the
uppermost inclined cone have a same inclination angle, the
inclined angle is 45 to 60 degrees with respect to a
horizontal plane, the multistage inclined cones comprise 2
to 10 stages, a gap between an inner peripheral surface of
the body and an outer peripheral surface of the wall of the
uppermost inclined cone is 0.02D to 0.2D (D: a diameter of
the body), and a gap between an inner peripheral surface of
the wall of the uppermost inclined cone and a lower outer
periphery of the multistage inclined cones is 0.02D to

0.2D.

4. The cyclone settling apparatus as claimed in
claim 3, wherein a height of the wall of the uppermost
inclined cone is 0.15D to 2.5D, and a sediment draining
hole having a diameter of 0.02 to 0.2D is formed at a lower
end of the porous pipe of the body such that flocs are sunk

and drained through the sediment draining hole.
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