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Study of a Cyclone Type Classifier for Separating Coarse Particles
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Fig.1.2 Equilibrium-orbit Models

VA 7O ANAREEFHEL T, A 27 v NOBEEITFEOR D ®EE %
FETHZLTCSHORIMDEREE Z KD, Z 0 CS DXt D e = E
BEiX, YA 7 m o NBEREZFMEEKEL T, BBEARMHOXNTHE LN D,
& 512, Muschelknautz & PiE, ZOETF L ERB IS, ¥4 7 v NEEH O IRK
BEAEBEL-BEBBAAGEZAICEAL, LVERACEVWY A 70 0ikit )
EEREINLTVWDS, ZORET, VA VA EERL T, BEBRLEKLE
VANV AEORBRBERRTWND, Zabid, 427 v 2 NORIE O R 5
THON MM ZRESELEBRELE X T WD,

Hoffman b I, TN OMAEOHEZEHR LE T e RIZICHT 5720 08k
HFEEEBERELTCVDS, BL, 2NOLOHEIE, IO KkEBENELEL D
TERLSKFOHELTHNE LD Th o7,

InbRSNTET A 7T, SRAELEICRTE LGV K ENHE
kKaha¥r A7 o BpHRKEEE L THWDIZIEZ, Y4702 OFMEEY A2
7y NICRL & & B A T D VKR O BE R A KL I B L. KL £ 4 A
RIS 2 2 LITEH LW E SN B0% S EERIEE um LT Ok FHEEE R D, L
MU, HETEORMEEZN ESED220ICHBEOHEEHRIC>THEL
DIFFRBHERIN TS, BIxIE, ¥ 77 v U#Eilclx, MERETARD
CHEEREREL, T — XU EERAT L L THJBIELAREL L.

6



RAAREE SN TWESHEONEREIFERIITOAL X OITRo T,
FEAS YL Figl3 T/ BMTa—FyoHh g r7m s v, 5k E
IEE pm O FRGE N S R EE O ERICIN T 2 #EkICE TR, 2. 7
=X rEERNDESBRERNPN 04um F TS RDL I EEFEB ST
Wa 3,

ﬁfﬂ iR %T
" LT 1
= 472
% ,
B 2
#0_| 1
S ——
100
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WCRIETHELZRZbOZRT, KNIV, AV v MEE 6.5mm & L7z L 0D
50% 0 BERE (An=0.5 O & Xk £ Dy) (X 30um LL E L7200 2 YU v FiEA 8mm
bk Lizl&do 50%mERiE, 30um LV /NS 22X H D, 2T X
D, 2V vy FEZZEILSEDZLITED ., S0%nBBEELAE LT LI ENTE
D2 ENGMND, AV v ME O &2 RS T AIE, 30pum LUk OKLF OE S5y oy BiERD
BRELS DB, 30um KV /NhEWVWRFHEZLHFEND L OICR DD KK
FRONREDOHRKE L HICHGHEINRIED T L2MHmMER>TWVWD,

INboEHBELT, AUy MEIHRELS LD L, BIKEMMNSE XY v
bZEEE T DRI OMmEN /NS <Y 30pm L EDOR DK E WHRL AN A
Uy haBBRT 5B ICAfFINDI NIV F2RMON NI ThHEETCE R d
TeHEBZ LD,

U#moOFEBRTIE., AU v MIEIZ. B8P 30pum (23 TH 2 0 B 2h L8 5
<725 o=11lmm |2 CEBRE T - 7=,

Bl

3
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1 . a—

- —O0—05=11 mm (E,.=32.6 %) /
| —A—0=95mm (£,=21.1%)

——o0= 8§ mm (E£,=14.6 %) 7
- —<O—0=65mm (E,= 6.0%)

&
)

I

=
=
\

Partial separation efficiency A7 [-]

|
0.4
[/ L
0.2 ,J/J / 0 =600 L/min
* G=1
| /lg=20L/min
6=47"
04 v :
10 20 30 40 50

Particle diameter D, [um]
Fig.2.7 Effect of the vertical width J on classification performance

2.3.250% D HEROHAERX D HEH

WIC, BMKRIMOTRE g & AV v ME DB S0%DHRICKIETEEL R -
DIz, BEOH A 78 0FTLE L EICSN MR ZHAE CEIMHBEA0E
H 2 R A7

TA 7D 50% MR ERF I 5 ik E LTk, “Equilibrium-Orbit Model”
L X %5 Barth® <° Muschelknautz & "OEFANER I TV D, 5 I1%.
RNVT I ATy A0 F— (VA7 HAO0ME) NuaoME x4 7 v
THSE CHER L7 M4 (Control Surface 2L F, CS) Z#MEL., TOMEIZE W
T, KB/ P LECHERALD & E R FICRIETHA Fp LREBIEAY A 27 2
DOHF LD DHNP SR FICKETELS) Fo ER AT VAT DR 82D 50%
SR T L L L THAELLZEHL TV D,

ZIZT, AKBMXITBWTYH, Fig26DAY v hdOABICCS (ZZ Tk, M
Bil) ZMEL, O EFEMERFECT 50%0HREZMHERE TR 28 H L,
Fig2 4 lZXEICH A 27080 DANAFREICDOW T, Fig.2.6 121X F Ik F+IC/EMA T
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HHEAV v MEIZOWTHWER ZOHHEZ 7L TW5, Fig.2.8(a)ll X #k
EEICH AN T 2500 O & & itE %2, Fig.2.8(b),(c)lZ 1% 2o & %7 i &
DEEFRLERER, MEIZODNWT, Thth#ffERXoEHICHWERL S O# A %
AL TWD,

t 0+Aq
|
|
|
Q'”m e .’”t |
|
I CS:8=2nr,0,m
|
I
T
|
|
|
A\ |
| =
S i . $
"'&i: P (b) Flow rate and tangential (¢) Sketch of velocity profiles
Aaq,u : velocity through slit at tip part of slit
i
' :
!

(a) Flow rate through cyclone with slit
Fig.2.8 Illustration of flow rate and symbols used for equation

Fig.2.6 DAV v Mg 6 OO RNV A 7 v ool EFRIC—ET 5 &
oy EH (H#EEHE) O2ERBICH LT, TOHENIZBWT EROET
WKL T DB e mEDOEZ m LT 5L, CSOmM SITRA LR
A

S=2mr,8,m=2nr,0msind (2.4)
O OFRLEET A T O FLEE OB TH D,

WICX DR FICRIETHN FoOFATIZ, CSHH A7 rofnic
Mo TCEATLI2RMOBWMEENLE LD, ZOfHIL, Fig.2.8(b)IC R~ T &
SIWEMR WO EAg LV A7 rnb—HRAT v FMZAS2 TR TWLIK

- >
— —

=
=
ﬁ A

1SN

b
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MEE qgo & EEL T ui=(qo+rAq)/S T 5, DF V| WE qo+tdg DR CS
@i 5 & & OWHE (Fig.2.8(c)) DR FIHEM T oM W2 b7+ LEZX D,
IHRIZEY AR 2B BT IR T OBRBREERET S &, B Fpoldk
ATERTZENTED,

_ _ (qo+4q) _ (4+Aq)
Fp=3nDppu=3nDpu 5 3nD, P—r—" (2.5)
KFD gz o TIE, ZOREZERT DI LICXY ., BRI Ag & ik

ERWVEEDS0%mHREBRT 2EMRA R Aq DAESEO K BELZ KRI T
HD0T, ABBEBEBICEBOD CIXFICEERMEEE XD,

o IEZ A 7O EFE QO —HMOBEmITHEERNDLKWEN AU » MTA
DAL LI E TCHDLOT, FME QI T D gD EDHEEL K, & LT
rRXTRENhDE LK,

:KzQ (2.6)

— i, 2O CSIZBT DR T2 Dyl K IF T =0 J) Fe (CS 1T T B 72 Bk 5y
CSORERZ mE L, CSIEBUILIMRIWMDO X Yo vy VEEE up &7
A = VR

_; (ugzsine)
F, s Po\" (2.7)

EFED EqQ.Q.71)D unlE AV v MY A7 Al BIRAT DR qgoDF Y
T VX NVIEE ug OREBHE L BNKKAgq DX T = v VHE ues D
HEEHRLICIVIHAET L2 LB TE D,
FREY =B W T, Fig28MIZrndT i a2z MW TAEHEOKRFEANZ LT
LEWAERD,

(uo3r)pqt(ug1r)pg,=(uprr2)p(g,+0q)+T (2.8)
ZT, Eq.2.8)D TIEH#k Yy — 2 ICBWTHAEN A Y v FEEMmIZKIFT b
7 TChDH, MEBHBEICH LT TIREHRTEL1ZTE/NMINETNIE, Eq.(2.8)&
V. CSIZHBT L HERHE up id Eq.(2.9)& 725,

{ |

A 13\ _Ja
uez—uel( )(7+Aq+'e3( )‘7+Aq (2.9)

T, BRI O S AVOWNEEEZ Si & LT, BMRT Ag O KE R K ues

(Y
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~OFLHEFREZ K ETRIET, upslTRATRST LN TE D,
/
Me3:K3 %=K3ui (2.10)

2T o uilFEMRi Ag O AN D#EETHDH, TE . Eq(2.9)~RAT
NIE. up 2RO NELN S,

Ugr =M (rl)qo(i—OAq+K3u (r3) (qﬁZq) (2.11)

Eq.2. AN D upa Z RO HT-DICIE, S0 A7 80 OMIREE u 25 ug
ERODDLIVLEN DD, VA7 0 OEBIROY VY= vy VEEZFFET D
BEAE O CHRITFE ~ & 25 2%, Z Z TIE Meissner and Loffler® ® X & i\ T i A
L, FT. OO NS, YA 7 0 OBEABOERFMOR V= v b

WE A (B HmmsEK) 2535 L, TOodHESMNLER = TOX TV x
VUXNVHEERD TEDOMEE ugr & LT,

COFETIE, Mt G=0.4 O & &3, MIREE w & uei=1.03u, O LR N
/o, 7. G=1.0 D & XX up=1.56u O LRI HE O Iv, 50%5 B £ O H#fE &
TlEInboEBEE v,

ZZET,. Fopl Fe BEV go b unzitBEI2X2FHE L&, Zhbx
AWT, BEMIZ S0% D BERIL Fp b FoRELS RDPTRTHLDOT, 2D
L EDOR AR %E Dy=Dpso & T1IE. Eq.(2.5)¢ Eq2.)N O MIEHREK K 2 W T
RANFTOLN D,

18,u(q0+Aq)

— 2.12
2mp,ugpsin’ (2.12)

Dys0=K,
T KK oFEERRTHOWIEMERE m LAY v FEEIC CS & E
LEEZ I L2FEBED CS LOMBEOTNNGL 2ELMEE & @HE., AEO
TN EOERICEIZ2ER LM ERI2ORDIbDOEEZLND, KX TIiX
ENOLORFEH—DICFE O THIERE Kt £ LT EqRAD)ZH WL Z & &L
72
MERBE K BLUOKE KGIFZ, 7. BENXtgziis e ilion
7o Dpso DT —ZIZ—HT D5 LI Ko, Ki ZIEICHRE L, RIZK ZEALSIHET
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BIRKzRLEZEE 280420 & CFH#EE) 2R TCRET D,
FHEAENRET VN E X, BE, KLKKGOBEZIBEBICHHAERLZBYVEL, £5
—Z L DRBHRENKE /NS RDEEDMHE S > T KL,K2,Ks DfEE LTz,
Fig.2.9 Tix, EBMTHONTZAY v ME 612 LD 50% 0 BER DO & Table
2.1 ® 0=600L/min, G=1 D & & D K{,K2,Ks DfE % T Eq.(2.12)7» L 3 H L
THREMALEKL WD, RAKEY., 6=6.5mm O & & D 50%%5 B & O fE % B
WT, IFIE, EBRT X EHEMOMEMEmIE B L TEBY . 6D 50%57 %
~OEBIT EQRADICTHERE TCEZ2 b0 EEZ 2 bND, 2, LT OXIC
IO W|MPIBEEEA N7 2B EREL THWER, T—F L0 —HME»HI1Z1E
EURRETHDLEEZDLND,

30
T
=
Q@
o 20
X
]
~—
=
(>
=
w10 |
@® Experiment(¢=10 L/min) G=1
O Experiment(¢=20 L/min) 0 = 600 L/min
— Estimation (=10 L/min) 9=47°
Estimation (¢=20 L/min) B
0 . . .

6 1 8 9 10 11 12

Vertical width of the slit /[mm]
Fig.2.9 Comparison of the estimation values with experiment values

Table 2.1 Experiment conditions and coefficients to calculate D ,,

Q[L/min] | G[-] o [mm] u, [m/s] Uy [m/s] K, [-] K [-] K5 [-] qo [L/min]
600 1.0 |6.5,8,9.5,11 17.3 27.0 3.63 0.275 0.10 165
600 43.0 443 165

0.4 11 5.45 0.275 0.10
800 57.7 59.4 220

Note: 7,=0.019m, 7,=0.022m, 7,=0.050m
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2.3.3 BRI Aq DO EE

BN Ot & Ag % 0~40L/min O FH TEAL W72 & & D Ag 03857 57 B
hEE A ~RIETEE %L Fig.2.10@)I2 "5 T, R XV [ BIIKWEO I & Aqg %
MEE D LMy D RMBTAMCBITL, ABHROEERRE20 | M
KB OWE E TPV T oM ER-T, Fo, 50% 0 BERIZHN 22~27um
ODEFHCHBB LI, 2O L X0 30pum EHFEOR RV RKE I EHEED K E VWAL
TIXEOMEEOEENRRE S, BMKMOEEN I WD, An KT Db
MEL D —FH RTFEPDSIKEEL/NS W FIZBNKROEIZ % T TH
MOMEF~BEHL, A OFLWEKTFTZ2bLbLEbDOEEZLND, 2D
Emb Ll EBMRIROMEAg WY 22 LI2ED . 50% i e AL D
EEbic, R FZERMVICOHB L TCHERETIHEREZAL TCVDLI LD EE X

55,
1 ——
-O- Ag= 0L/min (E.=56.8 %)
™ -+ Aq=10 er.in (E.=45.4%) / /
~ 0.8 IO /g =20 L/min (E, =32.6 %)
N R = f]f[:jgll:nlm E§(= ii;"o; #/ /
o q=- min (£, = 14.2 %
E VEI):
: A /]
i [~/ 7]
: [~ & %}/
% 0.2 I/ / Qj 600 L/min
.E /) ;)}; lll mm ]
A 0 0=47°
10 20 30 40 50

Particle diameter D, [pm]

(a)Partial separation efficiency
Fig.2.10 Effect of the blow up flow rate ¢ on classification performance

26



Fig.2.10(b)IE . 50% B L BRI O & g OBEFRICHO>WT, FEHE &
EqQRADMNOHE L2 LB LEZLDO TH D, 2B, FKIZIE §=9.5mm O
EbEFL L THETWD, #5H TiX, Table2.1 ® Q=600L/min, G=1 ® & = ®
Ki,K2,K3s D2 Hl Wiz, EBRMEIHEME BRI Ag O FEBRFEH TR —#&
LThY ., RFICRFETELEBIMKIMICE DI E DR 50%57 BEL O Hil i
FREL T2 ZENET ML LEEHREAX (Eq.(2.12) 26 bR TE 1,

50% cut size D5, [pm]

10

® Experiment(6=9.5mm)

O Experiment(o=11mm) G=1
—— Estimation(6=9.5mm) @ = 600 L/min
— - Estimation (6=11mm) 6=47"

0 10 20 30 40 50

Blow-up flow rate lg [L/min]
(b) Comparison of the estimation values with the experiment values

Fig.2.10 Effect of the blow up flow rate ¢ on classification performance
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2.3.4 O GOREE

MIEDHREEOH A TMOK[RMHEZHMSELHMTHAL ¢ 2 1~04
DI CEMIETL, ZDLEDOEREREY Fig.2 11 23T, ML 50%5
BERE I, D GOSRHTHRESEHLARVWRRE R, LrL, ALK
GZ 125 04~/ T8, MR FMOIERSKE S (B EEIER /N
EL) o TWVWADLDOD, K2 30um #5 WBER R I1X 0.64 05 0.94 ~ & &
KB MEMER ST, THIE, BL 282 30um LA EOKR 72BN ICERET S
EWVWI KX OHMET D oMMEEICETESVWTWVWDSZEERLTWS, T 0OH
ML T, AMEDBREEOT A 72 ARDPDLOWRHLNDENPRIZ X o THg Ik
Ll A a s O EERR DT R O W E ue 2Y 17m/s 2D 43m/s ~ EF LT
ELHREMASEDL L LIS, KON ERB L, 0 27 v U BEmHICHK
BLr#EEZERIE L0, AV Yy NTADZ /I BR F-OHN L 2D
Ll hic, BEHLTWDMIEEE (Fig2.6 ® Fo &k Fp DT 2 A X D4 #k)
2T LR TOENEMLIEED THDLEEZEZLND,

WIL, LETrERCBWTIE, BEWE T 2H K+ ChiF£82 30um 2Lk
DR ) OFREZT TIER< "W ChLF872 30pm Kiili OKLF) O [FIL K3
BmWIZERNEEND, £ T, Fig.2.12 1T 30pum O 4y 4y B gh R An & 85 B Y
REDOBEFBICONT, R GENTA—FLLTHKLE, 22T, R
THROLNTZ EE Ap TP ORICEE LTHARLTWD, HM I, 85 [E I
R EHEZREZILTHNIE, WTFRoBOL GIZBWTEH 30um O &4 40 B 2h I3 K
BT DM, G=0.4 128 VT, Er B3 80%E T B4y 43 Bl 20 = 23 & W i THEFF T
ETWVWDLZENTNnDd, ZOMMPL S BRNPRIZ X DM 2 M KK+ O 55k
WWRERHREEBZ WD ERNG0nd,
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1 T b
—_— — —O— G= 1(E.=142%)
: 08 L = G=0.8(E,=152 %)
S —0— G=0.6(E,=16.8 %) K/
Z L —<0— G=04(E,=218%)
¢
3 0.6
2 I/
%)
=
g
= 04
T
<
&
= 02 / 0=600L/min _|
g U /g =40 L/min
;5 | 9=47° _
o= 11 mm
0 .

10 20 30 40 50
Particle diameter D, [m]
Fig.2.11 Effect of the inlet width ratio G on classification performance

T T TR
-O- G= 1 0\\0
0.8 - G=06
—_ {+ G=04
i 1 1
,g G [[1| AglLmminl | Ef%] | Ed%] | A
0.6
5 0 56.8 432 0.95
% 1 10 45.4 54.6 0.88
Il 20 32.6 67.4 0.84
QQ 0.4 0 66.0 34.0 0.98
-’
~ 0.4 40 21.8 78.2 0.96 ]
N 50 12.7 87.3 0.81
0.2 0 57.5 42.5 0.97 0 =600 L/min
0.6 40 16.8 83.2 0.88 o=11 mm
50 10.2 89.8 0.77 6=47°
0
0 20 40 60 80 100

Yield of fine particles E; [%o]
Fig.2.12 Effect of the inlet width ratio G on classification performance
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235 AEODRKE

INETHELNZERBEROM KB O EICKEEL L EERFE.
A2 Y » Mg s=11lmm, BAO M G=04 TH D, Z 2 Tix, thoEELMHELE LT,
Fig.2 2 \CFL T AL BE D M B 0=47~90° OHPH CTEL &, A K 00 kbl
FAZ 3% (Fig2 13 0= F) 27, B L T 20 MMRIE. 50%57 B2
30pm EFETH D L b Wy BEMRMBROE S BEREN 30um T HF TR E <
Ap=11CimWZ ENRLEE LV, Fig.2.13 L0, M 0=47" L LA MR, 50%%
BEREZS 26um TH W EYDBERN RN 094 THDHZ b A E T 5 5MIEREI
HEAONVWTWDE VD, ZThik, HREREOAKE 0% 47" L3252 LIk, X
Uy M ZBEBT2EBNKMEICEABBEETH -l e b BMKIKO
WEBEZ TR T W/ FZ2NEOMEF~BHI TNV EL
O ThDHEEZLND, Fig.2.14 (X, 30um O #50 BERh F Ay & 85 [0 I R
EsOBBRICOWTHAEOAE 0z XTA—F L LTRLELDTHD, T
T, ERTHONIEEEAg ZRKPORIZHEE LTRLTWS, FR»G
t Ee DS 80%iT 5 T, HHAIBEDOMAIE =47 OF B Ay DEWHEREIE LT
D, BET HDHOMMEBICEIDESWVTWVWDZ ERGND,
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i | o]
— -0~ 0=90° (E.=47.1%)

A 9=70° (E.=42.7 %)
0.8 o 0=47° (E.=218%) /

0.6 // /

0.4

0 =600 L/min
0.2 CG=04
| /Jg=40 L/min

/ o=11 mm
0 :

10 20 30 40 50

Particle diameter D, [um]
Fig.2.13 Effect of the inclination angle & on classification performance

Partial separation efficiency A7 [-]

1 T 1 |
—;— 0=47 \
o =90 e \
0.8 N
:ES. 0.6
S
A
Il
Q:; 0.4 6 [° 1| AglLimin] | E.[%] E% | A
= 0 660 | 340 | o098
N 47 40 218 | 782 | 096
0.2 50 127 | 873 | o8 |
: 40 471 | s29 | 0.6 0 =600 L/min
90 50 24.2 75.8 0.85 (7 =04
60 116 | 884 0.59 o=11 mm
0 ; .
0 20 40 60 80 100

Yield of fine particles E, [%]
Fig.2.14 Effect of the inclination angle & on classification performance
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2.3.6 TMEQOEE

Fig.2.15(a) & (b)IZ. A 7 o> AO D EHHE O 7 600L/min ® & X & 0 %
800L/min ~¥{ M7 L T nEMiHE An bt L7cb D ThH D, B,
0=800L/min TIXH Kk 78] UL Ec % Q=600L/min ® & & LIFIFRZEICL T
kT 570, BRI OH = g % 60~90L/min @ i fH T &b S & 7=,

Fig.2.15(a)® Q= 600L/min TiX. g=50L/min ® & & 2358 55 47 Bl %0 2 dh & o
50%4 BEES S 27um & B b 30um IS S W TR Y | RO & 2 E ViR
b7z, —J7. Fig.2.15(b)® Q=800L/min TlX. Ag=90L/min ® & & O 50%% K
I, 0=600L/min ® & X L IFIER U Th D 25, M5y 50 Bl 20 = th R o 7 = 2 8 <
VYHLERSTEY, IVEWVWORKBERGLNLTWD Z NG5,

WAZ \Fig.2.16 2% A 7 v > A O O it & 0=600L/min & Q=800L/min {Z D>\ T,
B0 30um IS B 2 5 o BES S Ay & R EIIE Ec & 0 BEA L g L7z
LOERT, T 2T, Fig2.l5@bDEs £ ELTRLTWDS, AKED,
0=800L/min @ J5 AL A UL K Er % 88% F TE < L TH. Ay 28 0.90 H DA
BondEngnbd, TOEBELT, P47 ADOEWE QOHEMNIZ
X0, A7 2 UREWRE O ue S 43m/s 0B 5Tm/s & 133 fFIC ER LD LT,
AU FEICADR FOBENBE ML e RN AY v M~ A L 72 B,
EOMEEZEOEHZ2 KELZ T 5 30um LU E oK KR & wm.00nEE o ERN
INEW 30pm KV N E WKL E O@EOLADOENILNY . BRI X DB
NN RAEGER L~ KVHRBWIIERLEZbDOEE X BN,

— 7. Fig.2.17 {2 G=0.4 £ L T, Q=600L/min & Q=800L/min ® & & B 4
g D S0%TEERA~RIETHEIZONT, EBRERLLE EqRIDEVHRE L ME
EolkkERT, FAKIZEE L LT, 0=600L/min, G=1 D & T DO H R L T
W%, #EF T iE ., Table 2.1 @ Q=600L/min,800L/min, G=0.4 ® & & O [[A U K,K2,K3
DEAEHWTWS, Fig21l7T OWT D g O#EHICEB W T, FHRE 2.5%L
NTSO%DHEROEEHMAMIIKBERLS — KL TWD, 2O &b, Kok
FEEICBWT, Equ(2.12) L Z 2 WK T 2 qouer 3t H T 5 Eq.(2.6),Eq.(2.11)
. SR OBIESMN (FiE Q LBEBMRK A PR BEHEST HZ ENTE
HOT, BEHRFLEABORBIC L THBO TCHAARNTHDI EE XD,
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| O Aq = 0L/min (E,=66.0%)

L A~ g =40 L/min (E,=21.8%) /’
ji\ 0.8 -+ Ag=50L/min (E.= 12.700)/
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=
2 06 ,’{ ./ ./
g /]l
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if 0.2 ;A /ﬁ 0 =600 L/min
= Yo G=04
E N\ A/ o=47°
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0 .
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Particle diameter D, [pm]
(a) 0 =600 L/min
Fig.2.15 Effect of the inlet flow rate Q on classification performance
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|
o | e-g=60L/min (E,=47.7%)
~ —a—/lqg =80 L/min (E,=23.9%)
< 0.8 —+Aq =90 L/'min (£,=12.3%)
’5.
=1
£ /]l
;-:‘ 0.6 y -
S [ ]]
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Z 04
J /|
: /,\ /
— 0 =800 L/min
] Y/
Z 02 / o=
= 0=47° —
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0
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Particle diameter D, [um]
(b) O =800 L/min
Fig.2.15 Effect of the inlet flow rate Q on classification performance
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Fig.2.16 Effect of the main flow rate Q on classification
performance
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Fig.2.17 Effect of the blow-up flow rate
classification performance
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2.4 ®S
T UNNHIED 30um L EOH KK FERETDOIEMNELT, A7 20D

MEFEZAREAFHO 22200 AARARTICRTIZAY v b2 HT 50Kk
rRIE LT, ZORMEDHRIEE O FKEEFMEITV, LTOMARIEDL

iz,

(1) 2V v FMEEZREL T 2L 50%mBERIZ/NSL< 720 0 B8 30pm 2L Lo

oy B R b & < 2D N KRR M (S EORERM) ~k & 30pum
EOD/NNEVRTORALZL 2o,

(2) BRI Z M S 2 L 8535 BERh 3l 1 23 ML ORORL M B AT L. A i
MOBENRELSBRDMBEMER-T, £, 50%7HERIT, 2V v M
BWT, RAICKEFTHELADEBMIAMICED2INLE0 H O 5k z iR

HHINAIHBEAXNZHMELEZ-ALORERLHER T2 00
> 7,

B) A4 7 m v ADEHOEANPROFOLEZ 04L& L, A7 12 A0 ODjE
i S EimE%E LA S E 5 & K8 30pum O KL+ O 5 o7 BESh o fE
R HMFLEEE, M-SV FOoRBEINREELZ S T 52 L

DT &,
(4) HEHES LMo EpBEOMELZ T SET- L X, MEMN47 OL X NG
SOy BES AR X 30um I ~BAT L, BRI E T Do MMERRICE DOV,

(B) YA r7m AR ERELBINKQREFTEST S LT, 50%757 BB IEA
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Je(Dyp)
fF(Dp)

qo
i
r2

r3

Si
Sin

ui

particle diameter

50% cut size of partial separation efficiency curve

yield of coarse particles

yield of fine particles

centrifugal force induced by vortex flow

drag force induced by blow-up flow
frequency of coarse particle size distribution
frequency of fine particle size distribution
correction coefficient of Eq.(2.12)
experimental coefficient of Eq.(2.6)
experimental coefficient of Eq.(2.10)

ratio of CS area to cross section at tip part of slit

mass of total particles in inside and outside collection
box

rate of inlet gas flow into cyclone (Main flow rate)
Blow-up flow rate

inlet flow rate to slit from cyclone exit

radius of lower part of corn of cyclone

distance of middle point of d; from center line of cyclone
radius of outside collection box

area of CS (Control Surface)

sectional area of blow-up nozzle

cross-sectional area of cyclone inlet

torque to act inner surface of slit

velocity to pass CS
(or velocity induced by blow-up flow)

velocity in blow-up nozzle

velocity of gas flow at cyclone inlet
velocity of converged gas flow by inlet guide vane
tangential velocity of qo

tangential velocity of go+q

tangential velocity of blow-up flow rate g
partial separation efficiency

vertical width of slit

width of slit at inlet

inclination angle of slit

dynamic viscosity of air

true density of particle

36

[degree]
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Fig.3.1 Structure of the ACV-cyclone and dimensions of the main part
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Fig.3.4 Experimental flow diagram of the apparatus
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Fig.3.6 Effect of the blow-up flow rate /g
on classification performance
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Fig.3.9 Effect of blow-up flow rate /g on D5
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DEEEHEE TH Y . Ag=0 DKL F D REREHEE % voo & T D &, veolT VA 7 1
e

DA v — b (Fig.3.2) DO uer D FEMIEHE L kA TRD 7=,
VGOZKMOI (3.5)
22Ty KITRIEDFEFREE ugy &KL DFEMIEE voo E DL TH VD . wer 1E

AT CH A 7 a r NOREREE S 3 10557 BMR ue=1.03u £V KD
52 LR TE 5 (Table 3.1)

— 5. R OREENEEE ve IZ K3 5B DT E 2 R TR,

ve-v90=Au93 (3.6)

ZIZT,oups ., BRI AgIC XA ERIFEETH Y, 4 1XEEOBRICET
HINTA—=ZThHDH,

KX IZ, Eq.(3.5)¢ Eq.(3.6)F8 X O Table 3.1 oL v, FiizE Q9 &8
IR Ag 8 X OB O FERIEE vo & OBFREZ KX TEEIT 5,

Ve=Vgo (1+a 2—3) (3.7)

a=0.267 Lt GS“‘A (3.8)

l

Table 3.1 Relational expression and
description to use for the estimation of D,

Relational o
No. . Description
expression

The flow rate g, can be estimated based on results from our
previous study as ¢;=0.275Q. The value of ¢, is the signiﬁcant air-
1 q,=0.275 0 flow rate that determines D5, at /lg=0. The air enters into the
0 : channel and exits with the same flow rate g,. We confirmed that
the relational expression was completed with respect to J ranging
from 8 mm tol1mm, and G ranging from 0.4 to 1.0.

The tangential velocity uy, can be estimated from the relationship
un=1.03u;, as was obtained from the tangential velocity
Uy = 1.03%, distribution in the cyclone using Meissner and Loffler (1978)
model that has been reviewed by Cortes and Gil (2007). The

b . Q estimation needed the friction factor coefficient, which was
=1.03 assumed to be 0.0058 based on the study of Muschelknautz and
GS in Trefz (1990). Here, u, is the air velocity at the cyclone entrance.

The tangential velocity up; is exactly equal to the tangential
velocity at the radius of the throat r; in the tangential velocity
distribution (Hoffman and Stein, 2008).

Aq The velocity uy; is the flow-out air velocity from the blow-up
3 Ugsy = —/ flow nozzle. The contribution of blow-up flow for the tangential
S velocity of particles can be estimated based on ;.
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NEFLTEDNRT AT Dysog WIRIESNDAZT 4 7 ETNEDHEZRT,
FRIE, AV ¥ —0O FE@EPbREFOFHZBEXMITRLTND, AZT
47 EFETNANTIEHAV v X —DREINE VDT, AU v ¥ —0OiH CH KR+ &
WAL Do EINDEEZXDL, AT I v I ETATEHAY vy X —DE SN
(=23mm L RVWDT, —EF v VXNV NICAo TR FRABIMKREIZEY F ¥
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D,s, particle

\DpSO particle

o

Slitter £ = 6 mm
Slitter £ =23 mm

(a) Static model (b) Dynamic model

Fig.3.10 Schematic diagram comparing dynamic
model with static model of classification
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EOE R R ERHICR R L2,
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BWEEBRMEIZ-FHLTEBY, 2 XD ¢*=2180/min DENHEH S Tz,
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— Estimated D, from Eq.(3.9) ( Ag=0)
® (=23 mm(experiment)
- - Estimated D5, from Eq.(3.4) ( Ag=0)

A =6 mm (Oshitari et al., 2015)
A* Extrapolated value from Eq. (3.4)

[N
n
7

50% cut size D, [um]
o
(o]

Static model --

10 1 1 1 L L 1 L
400 500 600 700 800 900 1000 1100 1200

Main flow rate O [L/min]
Fig.3.11 Effect of main flow rate on 50% cut size D
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Table 3.2 Experimental-parameter values

¢ [mm] K[-] a[-] ¢" [L/min]
6 0.220 -0.580 00
23 0.220 0.473 218

3.83.2 MR KEE I KIETBMR G O 2
3k DREEENT Dpso l2B T D An OB OBEE . & 2 W&, Dps & Dprs D
HDHWIEL EqQ.(3.3)D n DR E TR TE 5, 22 Tlidk, —KWIZIA< HW S
T, DR EREEMEITND k=Dps/Dyrs DEZHWTHMT 522 & &35,
Fig.3.12 |2 (=23mm & 6mm O g & kx DR % /7T, = 23 mm © « OfE T,

BIMARAg Z8MEE 25 L 0.75~0.92 O#FHTELL TWD,

1.00
=A=0 =600 L/min ((=23 mm) _A.. 0 =600 L/min ({=6 mm)
0.95 |-+ O=2800 L/min ((=23 mm) _¢._ 0 =800 L/min ({=6 mm)
— —@— (0 = 900 L/min (£=23 mm) D,s5o=27.6 ym
2 0.90 .5 ey 26.5 pm /A:/
= = ' :
g ps0 -5 M D50 =27.4 ym
é 0.85 : 26.3 um
7o LK g
% [22.8",, mm /;,\ - s
[
o A-—7 243" um 7 G=04
% 0.75 . o7 K R N 23.2 um 5=11 mm
= 7 e =47°
£ 0.70 55 / el
= 20.2 pm
d=¢0 6 mm
0.65 | g,=20°
0.60 ! : : ' '
0 20 40 60 80 100 120

Blow-up flow rate /lg [L/min]

Fig.3.12 Effect of blow-up flow rate /g
on sharpness of classification
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Fig.3.13 Relationship between operating condition
and classification effectiveness
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(a) Velocity with airflow (b) Velocity and centrifugal force
with a particle

Fig.A1 Schematic diagram indicating relative
velocity with air and particle
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BEOEODIMEE a=(ve?/r)sin 1T —EEEX D, 2D LD REMHEITIHB VT, Dpso
ETF XY X AVNICADKIE LAY v X —1Zih>TER LAY v & —0%i (&
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Mmoo TERTLZHMIC - RIEDODEFEEZ L > THRINDLIKRANERD,
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v — (et Au)TH Y | KA OHEE v TR ISR AF T D ME—
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I T,
DEHTH D,
DO 1 EITRLF IS
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Cp=24/Re, TE 45 & L72, Repld Rey=pU'Dy/lu TEF SN D, ZiHLH DM

TR DEE pan 13, KT DB pp 17

ERT 2K 0O TH D, H 2 M T O
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AR N
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Z T, XKL FOfEMEEM IR 20T, WKATEEIN D,
DZ
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WD T ¥ RNV NICAY ST DL EICBIT AR %Z =0 & LT, 20D &
X OFMRHEE UK FOHEE v=u, TH DO Eq(ADZ D T5H L. &
XnBEohn s,
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FET DR =t 1T

Z 2T, Dpsold ki CS (2 E
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A = constant parameter on shape of device [-]
a = centrifugal acceleration [m/s?]
Cp = drag coefficient in Stokes’ law [-]
d = inside diameter of the blow-up nozzle [m]
Dy = particle diameter [m]
Dyos = 25% cut-off size of the partial separation efficiency curve [m]
Dpso = 50% cut-off size of the partial separation efficiency curve [m]
Dy7s = 75% cut-off size of the partial separation efficiency curve [m]
E. = yield of coarse particles [-]
Fc = centrifugal force induced by vortex flow [N]
Fp = drag force induced by main flow and blow-up flow [N]
fe(Dp) = frequency of coarse particle size distribution [m']
fr(Dp) = frequency of fine particle size distribution [m!]
K = ratio of veo to ue [-]
l = length of slitter [m]
M _ ratio of control surface (CS) area to cross section of
channel [-]
mr, = mass of total particles within the inside and outside
Mo collection boxes [kg]
N = number of blow-up nozzles [-]
n = exponent in Eq. (3) [-]
0 = rate of inlet air flow into cyclone (primary flow rate) ogli/rnnl;r;}
qo0 = flow rate of air into channel through throat of cyclone 0£L[/mm31/H
q* = constant parameter relative to f./t=1 in Eqs. (9) and (A6) [m3/s]
= radius of tip of slitter from center of cyclone [m]
71 = radius of throat of cyclone [m]
r2 = representative radius of CS from center of cyclone [m]
r3 = radius of outside collection box [m]
S = area of CS [m?]
te = residence time from turnaround point to CS in Eq. (AS5) [s]
ui = velocity within blow-up nozzle [m/s]
Uin = velocity of air flow at cyclone inlet [m/s]
Ur = velocity of air flow along channel [m/s]
Ut = velocity of converged air flow by inlet guide vane [m/s]
up = tangential velocity of air [m/s]
Up1 = tangential velocity of air in throat of cyclone [m/s]
ug2 = tangential velocity of go+.q [m/s]
up3 = tangential velocity of blow-up flow rate /g [m/s]
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Vr = velocity of particle along channel [m/s]

Vo = tangential velocity of particle at CS [m/s]
Voo = tangential velocity of particle with /]g=0 at CS [m/s]
o _ cons.tant parameter on shape of device and property of

particle [-]
Aq = blow-up flow rate of air OEL[/mH;l/I;%
Aux = velocity of air induced by blow-up flow along channel [m/s]
An = partial separation efficiency [-]
) = vertical width of channel [m]
] = inclination angle of slit [degree]
04 = inclination angle of blow-up nozzle [degree]
K = classification sharpness index (=Dp25/Dp7s) [-]
u = viscosity of air [Pa - s]
Pair = true density of air [kg/m?]
Pp = true density of particle [kg/m?]
T = relaxation time of particle [-]
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F TR, TrOEETHLIBICH L TIERT 272D, k1 O E R EE DK
TaEn&, HIrPEmAZANTFOREERSTHELILIITBETI2MNLTH D,
BEEDOHFIRICESNT, 47 a > ADOKRFRENEMT DI o CTH%E
MEPELSBRDEVIHIBLEHAL TER, ZNHLDOBLIE ACV oA 7
Lo THMMEREBRTIEL2EERERDLIEZEZOND, RERL ., ACV W
A7 v 0F, ol T LHMEROTF ¥ RV A B TR A O BE R 2 2008 L
DS, KL FIRENEMT LA 70 N THRFORBEENE LK TS5
o Thsd, £ T, AFZETIE., A FREFEBOY A 70 NITEWTE
THUEKEBE. RLFIBE. A FHIRO XS REBIEIRICEET 28R
T LXK ELTIACYV I A 7m0V A7 v #HoRBGEFIZER , ALVE
RELTe, ZOEGE Avhb, A7 RBEERTHEIEIR S 28 F % o H
L. BB CThL2MAx DR FRRIBOR N 2% T 5KREICTDHT, BINK
MABEmME G & L Ot 2 K9 Lic, Bl b Dik  ARRL 7 3R E fH IR IZ B0 T
RKREHE»S OBMKRIRIETYA 70 NORNVT v 7 A0 ERHEE 2 K3
DHRBDHDL L ERESNTND, ACV I A7 mrTiE, &6 ICERL TR E
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HEIC W T, ZoBMKREI#ESHERZ 2L THBIKICT20R2H5 b

DEBEZT, BMREDHRERICKIETEELZERICEIVALNILE, £
DR, ACV Y A 7 m o d, M FREBEHR TGV HERZRL, L¥EM
SR T ASNEHARER I ED DN SoTZDO TRETHRET 5,

4.2 EREBEB LI OFHIE

ACV ¥ A 7 1 > (Cyclone type separator accelerating the vortex) %, il & O #ff

D aMEELFER L bOEHWE, 2EME ERE 0. BINKE Ag. RRE
BB OBIMET ¢ D% AN E % Fig.4.1(a)ll 3, P DK ~FEE, W-F L%
DEZRL TW5D, Fig.d ()L, ACVH A 7 AODHOENNROBE O K G
ERREGEHODBNMRM ¢ LD ThHDL, AR GE/NSLST DL,
FiE QORI E YA 70 o OBEEMICHERE S, MAT LH2HMEELY A 70
BEF HMICBBI S5 L & bICh TOEEEELZRELT5, LML, G#%E 0.4
I b/hs<FrL, EABBINAWMTEML, £/, Y47 NOKRED
BV A7 m BRSO EOEREEZ 520 R0 7% < e b RE RO
MEFELNTWD AMELRTE DDVERUEETHD G=04 245 HIBEAL T,
Flo, YA 7 v U RREELOEBNMKR ¢, —ZOK A Smm O IEHE
DIEZRET D) ANPOERTMICETERE L TIT I ENTE D,
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Vortex finder f
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w
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o~
T
Outside collection box
(a) Dimensions of (b) Inlet guide vane and the
ACV-Cyclone definition of inlet width ratio

Fig.4.1 Structure of the ACV-cyclone and dimensions of the main part

WIZ,ACV A 7 a Okl ik L7 X% Fig.4.2a) il =3, o fkEix.
N ER EARMERL LD ZEEELL RV . NE O LI IKE 56t
THURNWIEMHEERROT EZREL THD, ZOH DT, KR ACV A 7 o
POEEEFETHY, AV v F—LES, XY v X —OHBEHMOR S BEHRP
THMMEENMENLCWEZRE S (=23mm & L7z, 28, AMMHERENRBHER
WCEENRTEZAY o X —0O LW OEEE T v XV LS, BINRT A9 ©EHA
Wi, ARHERPLOBNESEZ ~E~=F— /N FIZEDTHrE ., %
FOHR~HE 0,=20°, O d=0¢2.8mm O 2 EHH OO I A S, Kk %
BRI MICRE B o/EE Lc, H. RRICIE, 2&Eicsn T, kg
WWHBZRIEIT EBXAONIEREOR T ETEZRT, XY v ¥ —0%kimo ¥
er,Am— F O A EHER O R rsiX, £ £ 4 18.5mm,18.5mm,50.0mm
EL7e, R I, AV v X —0EET, TREEERBIZBWVWT, F¥ X%
NAOEHOFLERTEETHY 21.2mm & Lz, £, AKIZE, o3 n
DR ORBE R LN, REOR FIEER LR DL Z0oRKRKEEY ok Sh
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Do THRIES O FREATDHHR 1L, —ETF v X VAHNICA- T, BIIX
mAq LD Fx¥ 2 AVATKREL T, AU v & — 050 TH KRB 78l & 30
Ko~k SN2 RERHE SN TWD 2, Fig.d.2b)ix, FFRMERENFEMH
LRICHRENTZRY v F—O LEOEM A AW 2T, 72, RMIZE, %
Bz Wi BIE it Ag OB 0 oL@ % R d,

Rut o partisle / \ /

() Opening

37

Throat of cyclone r,

6 =

L.

r =185

r =185 !
r,=212 X .
O
75 =50.5 /T penine
Manifold Slitter
View A-A

Inside collection box

Manifold

/

Outside collection box :
(a) Diagram and dimensions of the (b) Schematic diagram of
classifying part blow-up flow
Fig.4.2 Dimensions of the classifying part and schematic
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Fig.4.3 [X. ACV A4 7m0 ARNokFEE 2 AL THRALEZD
DThHDH, ZITIE, NFORER¥EL & LTHHT L, Y4272 DA0
WIS eI, EEEE wox AT 2255 & & b, TEREE ve TH
A 7mrOAn— Mz @EELF Yy X AHICHRAT DL, 22T, KFIEAY
YA —DEm TR FEICICCTaHkaNDd, [KMORD Fp X0 biEo ) Fe
MAHEMT 2R FENREWR 71T, SAfRoMERTHESD, — ., =Zo
J1Fe X0 bRMDOHS Fo N RE S AEM T DR 0/ S WhLF 13, WE O
ERA~HEIND, 22T, Fe &, BOLMEE a=ve?/rp ICX VFR I, Fp i
e u ERL T v O EENLFRIND,

F, - CS; Control Surface
u ST
7 6 7 ~
Vo ., s

FD 0, Y \

] N2 b
Aq, U; [l / a L _vr, \
- - U )
g —Ly ,

L Ve Y ’

a—— \\\ ,/\

r, -

Trajectory of a particle

a : Centrifugal acceleration
acting on a particle

Fig.4.3 Schematic diagram of the principle of separation

WIS, EBCEE 2K OMBER % Figdd ISR T, EBRTIEX, BiEz —E0f
i 0~100g/min OHFH THET 2 OOEERET A —F¥—FHW, E&ET 1 —
F—TlfsSsh oMo stizmow s, QU y 7 7 XALRoyea (A
TV =T Y W) AW, RRGER & S S O S E A . ®
AT Ly = b0 E[ QW ER THRE L., O FRHER O BN,
ORBEHGHLOBEMAIRE LTHRASEL, @7 4 V% —1X, ACVH A 71
VIR o THERICHESINL R WA FE2HEL T ACV A 7 v 0 OYE I
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EIEE LGOI ELLE, B, o8& oMOBPEITIZ, L—HF
Bl P 20h B oA & (JE 5 WAEPT I LA-950) 2= H Wiz,

(DFeeder @Dispersion device
@ACV-Cyclone @rFilter
®Orifice ®Blower
@Air compressor  ®Air compressor
@Flow meter (DFlow meter
@
— =
1
000 =
®
®

Fig.4.4 Experimental flow diagram of the apparatus

ERIZIE, MELFARRRBFTH Y Figds CRTRFAESHEAT L2 AT
A7 B 25um OT 7 VL DOEIBRL A & VT,

20 1.0
=] Sample : Acrylic particle 1 —
g‘ Median diameter : 25 pm | o)
e 15 f True density : 1190 kg/m3 2
e | =
= 2
E &
B @
T 10 | 105 5
wn (]
= 3=
2 ks
5 st 2
g =
S 6]
S 100 [pm]
0 : 0.0
10 20 30 40 50

Particle diameter D, [um]
Fig.4.5 Particle size distribution of the test powder
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ZOT 7 VAR OHEAREE F & 2~100g/min CBY K2 ¢=0.0015~0.077kg-
solids/kg-gas) D#iPH TR E L Tk ZEiT-7-, T LT, —DODOEREMD N
TEICAEMES AR ERA ORI ZRIRL, HE LR TFEOMONE &
Tolce ACVH A 7 m Do fktiiiz. SNOOREMNORXTIHEIND
Moy BERNE A0 &AW TR L 72,

_ m.f.(D,)AD,
~m f.(D,)AD, +m, f,(D,)AD,

N

(4.1)

An

ZIZT. me, melk, SMEIER ICHIE LM KRR T & N R AR IS E L
TR FMOZNZENDOEETH D, f(Dp), fr(Dp)iE. HLIAKL 7] & K hL
FRMOZENZENOR FROAMOBEETH D, £72. fo(Dp)AD,, fr(Dp)AD, 1X. D,
-AD, /2~ Dy+AD, /2 O /N X[ A Dy KL B AFAE T % LR 7 B0 & R B+
BAlOENZENDOERESFETH D, K Dy 5 20~40pum O i Tl kL £
AT E SR DO FREED D A Dy X 2.2~3.8um TH - 7=,

B, ARMERCHESNIMKRFMOE Eclx, KX TEH L,

E. = £ (4.2)
m, + M,

KEBRTHOND Ay OfEIX. D, DBEEBM T —2 L L THLILD, DT
DL 25%5 BELE (Dpas). 50% 57 BEPE (Dpso) . 75% 53 BERR (Dy7s) X Dy & An O B£R
EREERSEMT S EEbLNA TS Dirgo & LeithY Ok K& H W TR 7=,

1
Ap=——ry (4.3)

o]
Dp
ZORD Dpso & n DfEIX, EQUNPERT —FICHbHH O KO Ik F
EXVRE L,
ARETIE ACVH A 78 2HWT, ERE Q & XKHEHENL OBEBMKIIE ¢
DEAESRMEEZRE 2 RE L, RICHEMAREE F 2 Dpso 3 K O 43 47 it 2h 5

WWRIETEBIZONTH-,

5
N
=
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4.3 ERFERBLUOZE
4.3.1 RIEFE»LBMRAM 2SRV E & Dok MERE

By IR BE#E 3 EE F % 2~60g/min (¢=0.0015~0.046kg-solids/kg-gas) o #i[H TZ4&
fbswgilzn, FREDOEENDEAy ~RIFT B % Figd.6 I =7, FX X
D, IR EE F 2 2~20g/min (¢=0.0015~0.015kg-solids/kg-gas) O #i[H T
HmEEs&, MomBEE Ay OMBITEMICHEAT L, R OMEE 1T/ E
KR MRKEFAROIRE EZHAT L, 612, HEBKEEE F 2 40~
60g/min (¢=0.031~0.046kg-solids/kg-gas) O FiPH THM S & 25 & 5 5 4y B 2h 3 A
n OHEIFRIT, BE BT DA RATERE o T,

— 1.0
| 0=800 L/min

ﬁ g=100 L/min

o - G=0.4

S | 0=11 mm

k2 6=47°

812 [ (=23 mm

© 0.5 | N2

g | d=¢2.8mm

b= 0,=20°

5

% F=2 g/min, E=87.1%
- —A— =20 g/min, E,=61.2%
S —e— =40 g/min, E,=61.7%
5 —m—F=60 g/min, £.=75.0%
~ 0.0 : :

20 30 40 50
Particle diameter D,, [um]

Fig.4.6 Effect of particle feed rate F on /Iy
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=]

CONHBMAARRE R DBRIZHONT, HE DL 9D 90° X » NEE % @i 7
%EA AR OBLE N LB RENIR RO X Fig.4.7(a)% . VA 7 0 NOkE
T OWENIRAEICY TIXD T 9 %5, Fig.4.7(b)IC Fig.4.7(a)/ LEHHE L 7=V o
7o CEEE AR ORL - O IR E A K E LTRT,

Fig.4.7(a)(1) D 57 # it (Dispersed flow) (X, il x DKL F 23K 7 B DI J) & %
g, ZEHTIERES O FRETCHNDIRETH LN, A7 v U NTITR T
WCAEAT 2 A em D HIc L VR IZEEE 2N D 0T, ¥ — 720 e X
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725720, Fig.4.7(a)(2Q)D 4 Eh it (Dispersed biasing flow or Saltation flow) (.
A7 v T Figd.T(b)(I)H)IZ R T T, /o L7l 2 ORL DR H D
mMhuar=Zid A7 a0 mEMBELRNLEREFRZERTHRIT2HNALTH
%

ACVH A 7 d, 2ofinnadRe LT, 470 ORBEmRIZHIT
F ¥ 3/ (Figd2) LAV v X —ickvhkitaznohTrEETH D,
Fig.4.7(a)(3) D £ &) J& it (Sliding bed flow) X, 90° X WAL E CTHL 1 E 20N &
WEZIZBESN TV LR T, Bx DR FIZKF 2N D O BERE T, K
FHELEF, K2R L TR a2 T, BEZiEd L HICBH)
THMNTH D, A4 782 TiE FigdTD(IMIZZF DN EZRAK E L TRL
Too AMFZETIE, HBWEFEDHBRIXNST 26D LT 5,

Fig.4.6 O FEAE R NS | B A HEKS % 2 2~20g/min (¢=0.0015~0.015kg-
solids/kg-gas) DO FFH TiX, BIEKDRE N /NS WD T, Fig.d.7(b)( 1 )2~ 7 8
MERoTEBY, KN TOOWMBAIETChHoTEEXLND, —FH., MEMEE
FE 7% 40g/min (¢=0.031kg-solids/kg-gas) LA L TIE. 0B RATBEIZ R > T 5 D
%, Figd 7(b)(IICR TR T OB ENERIC R sTolod B2 oD,
BER T, Fr o2 VICR FHEELEIRTTEELTASTL20T, Ax oD
KL FICBMKTOTIAPER L7220, 3N TERI R EDLEERZD
nos,
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(2)Dispersed biasing flow
(=Saltation flow)

- Sliding bed
(3)Sliding bed flow . (1I)Sliding bed flow
(a) Flow pattern n bend according (b) Schematic diagram from analogy
-to solids 10ad1ng[6]_ _ _ with flow pattern in bend
Fig.4.7 Schematic diagram of particles flow pattern in cyclone

4.3.2 RIREFED O DBMRN ¢ & DHF DB R

RBGEEE NS OBIMKIE ¢ DR EMHRT D720, B AEMEK HE F=40g/min
(¢=0.031kg-solids/kg-gas) . & F it & Q=0+¢’=1000L/min & — & & L T, Kk

VT OB N ¢° %2 0~200L/min O#H TEALSE-, 20 LT DBMRIK ¢
NE S BERN R Ag ~RIFETHEIZHSOWT Figd.8 1277, 2B, AMICIX, &
ELLTHMMNARAEE TH - 7= 0=800L/min, ¢ =0L/min D &4 45 B R Ay %
W TrRLTWS, AKXY, 0=0+¢’=1000L/min % — & & L CTRKREE S
DB ¢>=0L/min 7> & 200L/min ~¥{ N4 % & #5455 4y B30 R Ay O A EL %7
L END ., Rkt Nm BT 2N bbb, KRIZ, Fig.4.9 (28 K k45 i B
F=40g/min (¢=0.031kg-solids/kg-gas) . & E i & Q=0+¢’=1000L/min % — & & L
T, RWRIEHENS OBMAGE ¢ % 0~200L/min O #FH TEL I E - L & DiBEM
R ¢RI RREERE 5B X DHBIZOVWTRT, 22T, kX Dps % Dois
TH-7ZbDT, —RICHBMDODKEELRTHIEL LTEASHVWLA TS, [
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B X, o ERE cix, RIGEFBE» D OBMEKN ¢°% 0 2> 5 200L/min ~
Wi+ 5L 0802006 084 ~m< DI ENbMND, —F . Hoffmann & Stein?
X, YA 7o fktiE%s EqQ4.3)D n OEMNGFEML TWDE, RK Ok
B B R 2% ©=0.80~0.84 1L Eq.(4.3) 2 FHH W 725 E 2 5 n=10.0~12.7 ICfH % T 5,

b0 Enn, BIMKAM ¢IE, VA 7 o o BEmo ) g o R 1 % 75 8
LTHBIRICT 20885200 E2005.2F0 HERICR- Lz,
F ¥ X THE 2 DR FIZEINKEAg O BER L. K+ IZEHT 2% L
HEMDEDOANT U ANZEIVERET LA TEILLEDEZEILND,
s D%, KL 5 3 F=2g/min (¢=0.0015kg-solids/kg-gas) O kL 1=
FEHEICB VT, BIMKE ¢Z A4 70 oRVT v 7 2N O JERHEE 2 8 K
TOHIRP B DL EMESNLTVDN, AFRICE W TIE, & 6@k IR EHE
HicksnwT, ez 0B L THRBIRICT 2088 b5b0EE 20605,
PN B 1%, =R oo M B M i BE IS 50T D BE NP TS O W T, YR A AR A R
AICHE L TWD 28, FEBEEHERORFE S LT, [IMIEEROREIAR T H &
ERE MR EFELLIEN D EamESNTND, 2O &b, B
MR ¢l EH LiEFE T, B Z VA 7 o ol 5w T o mE FIiC)A
FT, RirToo#zRE LTS H0EEx6N1D5,

= 1.0 —e—0=800 L/min
= ¢'=200 L/min, £,=73.3%
N —a— 0=900 L/min /
> ¢'=100 L/min, £,=71.1% )
s —e— 0=1000 L/min !
S ¢’=0 L/min, E=70.2% _ _ ffl=-""
S 05 /
g 0=800 L/min —; .
g q‘:() L/min, I} Qt=1000 L/n:lln
£ E=61.7% ! /1g=100 L/min
. : G=04 0=11 mm
2 6=47° (=23 mm
= N=2 d=®2.8 mm
= 6,=20°  F=40 g/min
~ 0.0 : :

10 20 30 40 50
Particle diameter D, [pum]

Fig.4.8 Effect of secondary flow injection ¢’ on /Iy
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0.90
- 0F=0+¢’=1000 L/min
NS
S 085 |t (n value) (12.7)
§ (11.3)
3= (10.0)
2080
Q
kS /g=100 L/min
@ G=04 /=11 mm
2075 6=47° (=23 mm
= N=2 d=¢2.8 mm
= 0,720°  F=40 g/min
0.70 ' ' ' L
0 50 100 150 200 250

Secondary flow injection ¢’ [L/min]
Fig.4.9 Effect of secondary flow injection g’ on sharpness of

classification

Figd4 8 IZB W T Eji&E Q0 & BIMKIE ¢ ®F Q2% 1000L/min & [ U7 51
Dpso bIRICE & 72> TWvD, ©DF Y, 0=1000L/min T ¢’=0L/min ® & X D Dyso
ERICICR ST WD, BRI ¢ &M IRNEED Dpsog IZOWTIX, AIE®T
HimIckAX2zEXHL WD,

l%”:J;i%%i§@M+?-wpﬂf€@th»j Y
90=0.275Q (¢'=0) (4.5)
TITL g lEF AT e b F XA~ ADRIEE T, v ITBMNKIE Ag
CEomESRET v RV OB 2R T OEREE CH S, AiEDHFIR

25 ¢"l% 218 L/min DfER SN TW D, Dyso BNBIARG ¢’ (B b & 3 [F Ul
Wb b, EqA.5D 0 % Q=0+¢’ 2T i, BINKHK ¢ LzEA
TH EqQUHIFHRYET 20 EE 2D, Uk, EBRERPO/OND Dyso 0 H
Eq.(4.4)% W CRLF D Jg B1E B ve 2 HEE T 5,
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4.3.3 BB EE FOORMERE~RIZTEE
i RE 7R fE IR 2 B8 Vv T, 0=800L/min, ¢’=200L/min % — & & L CT. #Hikfit
W E F % 40~100g/min (¢=0.031~0.077kg-solids/kg-gas) o #iPH T4k <&
Tl ED, FREDOEENEA T RETTHE %L Figd. 10 [Zx7T, 7B, HEX
ORI, IR E F=2g/min (¢=0.0015kg-solids/kg-gas) @ & & D EB4Y 4y
BESVE Ag O FEMERL TS, ZOWBOES i EERE Ay 13, Eq.(4.3)D
Dyso & n DER 0 NEFHE»NLEON D, ATE@TIE, 0=800L/min (g°=0)
DEXZDOn L LT24 DOfEZEHFTWVD, 0=900L/min ® & = & | (FIXFEE 72 23.6
DERHFELNTEY, 2O n=24 T ACVH A 70 THLNDIRKELS XD
b, L7zn-o>7T, 0=800L/min, ¢’=200L/min (ZEB W T HREERMEEL 2D L L
. B IR RS B F=2g/min © L X OE S EENE Ay ZEHE Lz, 723, Dpso
X 0=1000L/min & L C Eq.(4.4)& Eq4.5)HitE LZb o2 HWE, FRK X
D M IREERS NN T D L Dpsold. RELS R 2B RV | HB 54y BER)
An OBRHIT/N S < 2o 7z,

- 1.0 N
- - = F=2g/min(Estimation) /
N [——F=40 g/min, E=733%
o —A— =60 g/min, £,.=69.5% I' _
9 —e—F=80 g/min, E=59.7% , ©;=1000 L/min
2 —8—F=100 g/min, £.=62.9% 0=800 L/min
= ! | ¢'=200 L/min
D ) /1g=100 L/min
g 0.5 t ! G=0.4
p= - ,’ 0=11 mm
5 I | 6=47°
5y ! /M =23 mm
z I ! N=2
'g 5 ; d=® 2.8 mm
S - L 0,=20°
0.0 B—E—E—E—F— : :

10 20 30 40 50
Particle diameter D, [pm]

Fig.4.10 Effect of particle feed rate F on
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WAZ  Fig. 411 ([Z IR FGE E F %2 2~100g/min(c=0.0015~0.077kg-solids/kg-
gas) O#EIPH TEMLEHT- L ED Eq(4.4) L VRO K+ D FEREE ve 287,
PSR R EE AT D &, KL OFERIEE ve (TEONITE T LTV D, L
L. BLFAICHERT 2L NIE, KL OREEGEE O 2 | IZHEIT 50T, oikic
EELWVWEREZLIFL TSI LD EEZ LD,

ZOHMRELT, ROZENRBZOND, WEBRFREBRTOY A7 00
NORL 28X, VA 7 OREmEHmB LKLY IKRL RN S ERTRET
L, A7 0 OREmEOERIZL DAL FOEBH R LXF—OHEKIT, KHL
TR »LOIBREHNLT-MECEROKIMPOZ T2 NICLVHbND,
LR o T, Rl —EDRERBEE CHIEL KA EZHDYIRLZRNSER TRET
LHEEZOND, —H, RTFREZHENEIEL LR FBOMAEER. FoOK
okt 32—V R R oMM IV, K1 & BEm & o252 & 55 A 40 il
S, [N OZ T HEEHT XX =D L, K7 OEEEEN NS 2o
B2 bh b,

» 26

E 24 } 0=1000 L/min  0=800 L/min
= ¢'=200 L/min lg=100 L/min
% 22 } G=04 0=11 mm

g 6=47° =23 mm

. 20 N=2 d=¢$2.8 mm
ey 0.=20°

o q

318

g 16 |

©

Z 14

S

= 12 F

an

E 10 1 1 1 1 1

0 20 40 60 80 100 120
F [g/min]

0 0.015 0.031 0.046 0.062 0.077 0.092
¢ [kg-solids/kg-gas]
Fig.4.11 Effect of particle feed rate F' or particle concentration ¢
on tangential velocity of particle v,
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WAZ  Fig. 412 ([ZH IRILFGE E F % 2~100g/min(c=0.0015~0.077kg-solids/kg-
gas) DHIPITEML I L L EOMBEURBEERE F R oRKEEREE 25225
BWhond, OB R EE F=2g/min (¢=0.0015kg-solids/kg-gas) D & & D
Kk DX, BIECOERND «=091 22FME L THWE,

— R IR R ERE A R T H LIS k=05 L E T “BWVWask” | x=0.7 L
ETE RV BENWSHRTEERR TS, AKICHLZDOHZEZXRT 5, Fig.4.11
LV ACV YA 7 m o TERFREHERELZ BT 5L cOfEIZ, BT 523,
k=079 L LD Lo TR R D BWSHRMEREERLTWVDL 2 ERbN5,
F AN THE LN k=079 1 Eq.(4.3) 2 HWIEFHE» D n=951CH YT 5,
Hoffmann & SteinZ. R DH A 7 0 o DMK & LT n=7 13 & V5 M HE
EFRTMETHLELTEY ACVH A7 0 TR BEREROFEm YA 7 1
YEVL FANTEWSREREERT I ED DML, ACV YA 7 v TIiE,
F v RN D JRETI R Gy kS TR & kT D T2 B — om0 N
EH R RMOWMNUIE R/ T ROV A 7 1 TR TE W #RORE IS
ROELOEEZRBND,

o

5

1.00
= 095 | (n value)
< 0=800 L/min
g 0.90 ¢’=200 L/min
‘%&%
= 0.80 [ (12.7)
Z (1L0) (195 A
S 7 T R appreciably high pers
%’ 0.70 | _ll Appreciably high per _OEHEZPC_C __________
@ N ¢=100 L/min G=0.4
g 0.65 o=11 mm 0=47°
g 0.60 £=23 mm N=2
S - d=¢28mm  0,=20°
?0: g:(s) tHiglh perforrpance . . !

0 20 40 60 80 100 120
F [g/min]

0 0.015 0.031 0.046 0.062 0.077 0.092
¢ [kg-solids/kg-gas]
Fig.4.12 Effect of particle flow rate F' or particle concentration ¢
on sharpness of classification
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ARBFZE TIE. 53k Dpso DFIFIIZ O W TIEE L L TWAWR, Z ol ik
LTI, ROFERBZLNLD, £k 0 LEBEBMRR ¢ #RET NI, A
g=0L/min ® & & D Dpso ld, i SN DK FOR F&B | KL FEER EIT LV RE
SN R FBEND/NEL 72D1FE Dpso b/ NS D, ZTOFHRMT, Ag 2 XY Dyso
T2, dgz RE<THIT, ZORMOAEDE L RS R0, dg I
LM EBEOMMEITAq O/ AP EOEEH LEE RS HLAEEZE
252 LT, BMRMEAg LITMYE L TRETED, LENn- T, K
FIEAT 2R Mmoo heEmLNh%E, Aq OME L AEHEICLY . £h
TNUMNICRET DI ELICEYD, Dso 2l T2 2 &N TE D,

B, RMETIE, BT RELTAT 4T B 25um O 7 7 UV vk % H
WIS, BE, RTROBR DR FIZONTS, A7 v NOEEwETFE %
BLT, 22REILAEBS TERT 2L R FThIX, KO T 7 U Lk
F O EFARIZOBBAIETH D EFE XD,

4.4 5
BT IREMEIKICEB W T, ACVH A 7 a0k z b i L, Tito %A

BE LT,

(1) BINMRI ¢ 2 S WERAETIE, RFREAEMT 5L, ShktERENAEL
KIRTT 2, S HITHI L TR 45 3 2% 40g/min (¢=0.031kg-solids/kg-
gas) U BIZT DL MBARREICRD Z ENDhoT,

(2 L»L, Y47 RIREFENLOBMKW ¢z T ik, A7
2 UREHEOR FOEEBNEBBIRCOCHEBHIRICBITT2EELLN. Ok
OB TZ2BBE TN &, ZOME, R FHHEHER 2~
100g/min (¢=0.0015~0.077kg-solids/kg-gas) o & T4y ks FE+5 £k x=0.79
UEDZHMERPEOND Z Lo T,

I ENL,ACVY A7 E, LERAOSR T 2RO ERHEE

LTHRSHNWDZERAREBTHDL Z ER DT,

79



15

a = Centrifugal acceleration [m/s?]
c = Particle concentration [kg-SOIidsgfii
d = Inside diameter of the blow —up nozzle [m]
Dy = Particle diameter [m]
Dpas _ ii;’éecut—off size of the partial separation efficiency [m]
Dpso _ 23;’/\c;ecut—off size of the partial separation efficiency [m]
Dyprs _ Zj;’/:;ecut—off size of the partial separation efficiency [m]
E. = Yield of coarse particles [-]
F = Powders feed rate [kg/min]
F. = Centrifugal force induced by vortex flow [N]
Fp = Drag force induced by main flow and blow-up flow [N]
fe(Dp) = Frequency of coarse particle size distribution [1/m]
fr(Dp) = Frequency of fine particle size distribution [1/m]
4 = Length of slitter [m]
mem. = Mass of total particles within the inside and outside [ke]
collection boxes
N = Number of blow-up nozzles [-]
n = Exponent in Eq. (4.3) [-]
0 _ i)ar‘[i;(;fr’;nf}le()tvjlrrafé())w into cyclone [m/s]
Ot = Rate of inlet air flow (Q+¢q’) into cyclone [m3/s]
70 _ Flow rate of air into channel through throat of [m/s]
cyclone

’ = Secondary flow injection of air [m3/s]
q* = Constant parameter in Eq.(4.4) [m3/s]
= Radius of tip of slitter from center of cyclone [m]

p = Radius of particle trajectory [m]
71 = Radius of throat of cyclone [m]
) = Representative radius of CS from center of cyclone [m]
3 = Radius of outside collection box [m]
S = Area of CS [m?]
u; = Velocity within blow-up nozzle [m/s]
Uin = Velocity of air flow at cyclone inlet [m/s]
Uy = Velocity of air flow along channel [m/s]
Ut = Velocity of converged air flow by inlet guide vane [m/s]
up = Tangential velocity of air [m/s]
ug1 = Tangential velocity of air in throat of cyclone [m/s]
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Vr = Velocity of particle along channel [m/s]
Vo = Tangential velocity of particle at CS [m/s]
Agq = Blow-up flow rate of air [m3/s]
An = Partial separation efficiency [-]
o = Vertical width of channel [m]
0 = Inclination angle of slit [degree]
Oq = Inclination angle of blow-up nozzle [degree]
K = Classification sharpness index (=Dp25/Dp75) [-]
u = Viscosity of air [Pa - s]
Do = True density of particle [kg/m?]
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