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C, = [(3X15)778 + (0.25)77:8]-1/78
m = [(0.8X%373)78 4 (0_333)—7.8]—1/7.8
Cor = 23.8(d/D)32*(bsin §/D) 118074
foo = 0.0151(d/D)C23%8
X =ynS7bsin %0 /H
B =2In(D/d)/[(D/d) — (d/D)]
y = [nIn(D/d)/(BD/d)*1*/
n =0.711{0.157 + [np In(D/d)]>***} /{nd>2[1 — (d/D)*]}



S IR BER S COBNILLTO L S ITEIES 7.
Npmax = 6.5(n87bsin'66/d)"” (1.26)
LR OB E T 28 ORI TO L I ITROENS.

Np = (1+x73)"Y3Np0x (1.27)
X = 4"5(BW/D)ng.8/(20/T[)O 72N191121ax + NPO/NPmax

KD Npmay 1ZK(1.26) TRO SN DHE I TH D.

1.3.4 ~U v R EZoME

ARG LRI 6 U O RIS Tl b IRA R 2 TE ANV IV Y R UEMER SN D A~ v
U 7R B OKTIZIR % Figure 1.3 12777, Z ORITIJG T OEMEI @E & 72 0 L i S g,
72T, KHOKXZEIE L, No=A/Re &\ ) JBIFRE DO DA AT IX IV, &5 200, ZhicxtL
T, 2 WTEAEMRATIZ S W T FOR A BRFE L7-.

NpRe = 8np + 75.9z(np/sina)°®> (b/d)/[0.157 + {(np/sina) In(D /d)}°*°611] (1.28)

z = 0.759[(np/sina) In{d/(d — 2w)}]>*3%{np In(D /d)}°182n3 1"

sina = {1 + (md/s)?}7%5 N Vessel wall
sina |3V AR B A RERE (S P U CRERE 2 A 7 I BB L 72 Fig 13706, <—>Is @Qe\\e" i
RIBETC ORI & AT & DAL By F s LOBRERLTN. I )

d
7d

1.3.5 7> =8O Fig. 1.3 Dimension of herical ribbon impeller

T A=Y ) AR CBRFERRIC SR E RIS LT S LA 2 OFERREILE ORI T IR D
WEECOEEE RS TH2HMTH LIFLITMEHEND. 8IS 200F, ~U B U R CRFERRCLLTO XL 9 728)
FIARBEA A BHEE LTz,

NpRe = 8np + 75.9z(np/sin a)®8% (b/d) /[0.157 + {In(D /d)}°*°11] (1.29)
z=w/h+0.684[n, In{d/(d — 2w)}]""*°

1.4 ABFFED B HY

CNECTICHEAPEBEIIEIERLOBMBINTEAIETHEIT L1, HEEFHIEZ T L o
BRFELTWD., IO OREFIEITEIE AT ORI 2 2 b, FRE AR — R e Ehkx 7o BIA & HL 23
WEND., L0bi), ZORLTEORPTROALND ORI TH L. Zi1U, 8326 ZOHEES
XRE LS LLKHFREENTE LN THAD.

Z ORHEEEORFHI Yoo TEEREH & 22 O EE ) Th 5.3 @%”f%%@%ﬁﬁ##
MY, TNEHET 25, EERBERSI: CHER S D R pT EE) ) &2 ISR E B3 T D, L, 2
DEMAETHRIED DAL DI EE) ) IX L L, EOWR K2 EE /) Th 0, EHERFHI BV T2 O,
NTIEEHEAINE RN —a X ME D R CTEEA T2V,

ZIT, INETIECHBINTETZOUMENTHTH 203, %ﬁ%%ﬁﬁ%ﬁéhfwﬁwﬁﬁ”’L
L CEDOHRIPFTES ) % A 2R A BT 5 2 & 2374 2 32X, 20 FaiAARTHE SR, T0



B DAHER T o o 7o KB HRESSHAAPHAI B W TEFHOH L7 4 AN—HEH N 5.

F7o, PR T TR, M ONEDICHLER Lz, HEEONEDIC b RPRFERKIC S £ &
MDHEELTND. b o & b AL RNEMITIRER & XN AR ONEM TH 5. 2B LT, BEEONF
Zg WA GG ITEE) ) ORI I TW\W5b. £ 2T, RIFFE T, BEVE(EtET 2 HIYCHf
ANEND LHARITE PN T a0, @R SR SN TEB Y ENORERZEET 527201l I T
W5 KT 7 hFa—T7I2%H LTH%ET D.

DI, HIPEOKMIERICLE R Ui, @, HEICBET 25t M@ 2 W2 08—k <THhsd. L
ML, EEILFET T o M THEAS DRI OMET, ToRBEEOREL A 7 7 hO#HE |, A5
BHGELLIELIE® D, £, HEEOWH 2 RGIZT D712 DI EWR 7 & 51T 72 < RWIGE1E, TREER
MHERPEORBEZRICTEEX LN TV ATRENEH IND. ZOARMEIZE L THLREIOEH LD
PEHRATEE) ) OHEFUIIFE L TRV, £ 2T, Z ORI 2 i Ea hHE R oI5, #EH 1A
BT 5.

VLEIZX D, AHFFETIE, T E THES T E IR RIIR ORI 721 Tide < kkx 2R EIRIR, 1
TEAR, WEEDIC kT U CRETRIPIERER L OB A BIG O L 72 5 =3 VX — ORI EE ) 2 HEH 2 k%
HONZT 22 L2 BEMET 2. oI, HBMEH N AR T2 2L TRENNZY—UBTHITEL 2L, R
R TOMN~DEELREFT 2 2 LIk, HEERET ORI LML TE, Hx 3L F—TCTofH: - IREH
ENTE .

1.5 BFRXDOE

KL 7 TR SN TR Y, Z DA ORI EMEZ Figure 1.4 (TR L 72,

1 BETIE, KX OED B TH LIS OFEHIR L O E TS ST I i EE)
FFEEARIC W Tk 7=,

52 ETIE, T A AR THZE S EN MR 255 5 KA 2 BOMR /S RV E L O - A bicBWTEA
INDT 4 ANR—HOENZRE L, EOBMNFEZRET 5. S 5T, ZOHRGIEDORREIZONWTIRRS.

B3 ETIE, fMaDRT T NFa—T0ma A N 8RR OB ES ) 2 HE L, ToHER )
BIZOWTIRAR D, I 5|2, M A2 ARUEEEIZ L2568 JOWARZ FS S CGRE L7258 OB )
BHEIZOWTIRAR S,

9 4 O, REPEOEE S RO HIALE 2 2L S 25E ORI ) ~ DR EIZOW TR S
E BT, MR A ERIR O BRI [ B 2 V2 & & OFHRFTEE) ) ~D B A2 i 5.

FSETIE, F2ECTHERA LKA 2 BB S FAVEE AW, S UvRTAREET N ULz Atk
TIRANY =V EBET 5. BHONTRA/ Y — 2 BRI O EMEIZ DN TELT 5.

%6 BETIL, BRIRIPHE COMNMRTEZH T KLY L IF A=V y—barr—T7 2 —v U %
L, XIS EOREDE K TR EL 200 REd 5. Zh b2 L7258 0OmEBEIAEIC OV
THRATT 5. I BT, TANT FEORE W CHEH SN 5L BEHRIC OV THETT 5.

BT ETIE, KmXEiiEL, fimzids.
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Fig. 1.4 Relation of each chapter
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28 KA 2 BOPRN MV B X O a8 ) AEESSC

2.1 ¥E

FEASEVERICRT L TEEH SN~ AV RUESST U —E OB )BT 2415818, £ o H#EHITE
WAL END Z LBV, NpRe=4 L W I FRIIZESE EBIHA TH D A RO DLMHEHONIZEALETHS.
AU YRR L TKE D WL FOREZ R LTV 5.

Pg./(pn®d®) = 76.5{(D — d)/d}~**(S/d)~*{(d’np) /u} " 2.1

Hirose-Murakami'>| 3, fiE#R 3L & FHEE 0D R b oD e i il B2 ] oD KA 3L 0D e it a5 D s B fR B A& BEERARAT L, 2 <
DIRID b LRI D L 9 728 S BARA A B,

NpRe = {(4n3B,)/(m? — 4)H(1 + sin?8) /(d sin 8 /bnp)} In{(nd sin 8) / (np5)} (2.2)
PUIEKREDS RAVBEIZONT 09,7 v H— A~V DNV R T — R RTT7 MINYBILVRAT Y 2 —(Z20T 0.7
HHEZ DEBTHS.

D T FEA OSHEDANY IV U AR UBIZOWTERE X Z DR T — ARRIBORELEZRE L8
Aafr L.

NpRe = {1613 /[2In(4 + 85/b) — 1]}{(b/sin ) /d}{1 + 0.00593(5/D)~*876}(sin 8)°555 (np /2) +

2.08n,np(d,/d)*"> (1,/d)> 1 (2.3)
n X 1V DERB T2 OT — 23, da 137 — DB i 1IT — LR TH Y AUFE 2B T — LI L5810
HMEZRL TV 5.

BB 2 ROTEHEMHT I SN T Y I Y R BICHOW T TORD X 5 IR LTz

NpRe = 8np + 75.92(np/sin 8)°8> (b/d)/[0.157 + {(np/sin 8) In(D /d)}°11] (2.4)

z = 0.759{(np/sin0) In[d/(d — 2b)]}°*3°[np In(D/d)]*182n3?’

T =B OWTLUTOAD L ) ICHFE L.

NpRe = 8np + 75.9z(np/sin @)% (b/d)/[0.157 + {In(D /d)}°611] (2.5)

z=w/h+0.684[n, In{d/(d — 2w)}]""*°

S DT AARDS A =T =0 HEAFE ST KA 2 BOPIAR /S R/VEL & 3R 2 B 7o MERE 2 R AV VR EE i
FCHET O~y 7 AT LY RRROT VY — VB A—R—3 v 7 ZEBIREREH STV D E 72, BER
BB 72 PRI 2 RARIZ B S D A0 ULD T DI SN2 m BT « A=D1 H 5.

T I —FIxE U CRET O Z OB ) HEBARAEET D 23, ELREIC DO W TR S Tn RN S 51T,
BRERIY 2 BOPAR S RVBERCT ¢ A= 2%f U CTULBY MBI £ 727F/E L Tz,

Z 2T ARETIIAMIIIHK L TR LA /v ZHEPH CTE R 240 L, 2 DR R, B b 02 BET S
Z & CAMBEICK L TE A AT 2 e TET.

22 T A—RIIKT 581 /MEEIR
2.2.1 EBiE

R IZI1XT 7 U ABHIERL O S SR 2 U, 2 O D IE 170 mm, 185 mm, 200 mm & U j&HmEm S H
bR L LS L L7277 > 7 —31d Figure 2.1 (2R £ 9 72, BEEOKI 1/10 OF TRERR S iz T < EEA
M7 E LIEEN GO 7 U T T 0 A BRIk U TR 2 B A U722 WEiPH C,2, 5, 10, 15,17, 20
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131
&
<> 920
E-(— 165 —)—}‘

Fig.2.1 Anchor impeller used
mm &< B S BEEORMIIRE L OSTHEIL Fig. 2.1 1ICF & O ORI IFFRIK TR 2 ORE (6,600,
2,000, 1500, 1,100, 500, 71, 14, 4, ImPa + s W2 ML U 7= /K BA/K A 2 VN 7=
PLERATELEN 13 b — MR 72dih b v 7 JIEVEIC Ko TRIE L7 M L7z by A — &3 SATAKE ST-3000 T
B D AT EEN/13E DY) bV 7 & VT P=2anT TROT-.

Table 2.1 Correlation of Nagata (1956) for two-blade paddle impeller

A 103+1.2R€0'66 p H (0.35+b/D)
Npo = ( ) ( )

Re TP \105 ¥ 32Re0%5) \D

A=14+ (b/D){670(d/D — 0.6)2 + 185}

B = 10{1.3—4(b/D—0.5)2—1.14(d/D)}

p =1.1+4(b/D) — 2.5(d/D — 0.5)% — 7(b/D)*

222 fHRLELR
Figure 2.2 |Z D=170 mm, 185 mm T & L7z KD &) JJFHREE % 7~ L, Figure 2.3 |2 D=170 mm, 200 mm T/5 5

NI=ENERT. LA JIVREEN 10 LLF OB T d = 165 mm, b = 165 mm & A 7¢ L7k H O X (FH -, Table
2.1),/% ROVEISHT T 2 83T 5 OX(ERR, Table 2.2)8 L7 v —#Icx4 52845 0ROV L
MHBEZ R LI BRI L 28 DHOMEITIFEAEE RS TEO MEEZ VT 7 U AORBEL /NI W &350
ST E BITEBIEN HELRIK T, KHOXD d & b ITETEEEZHNTH, ERMEZFHH T 2 LIxTE 2o

T2 — 7B ORITEMELA TR TS 2 LN TE 7. 2 OFEB TIIFERENS TR L R D -0 MEEs U7 5

VADEET LV /NS L R0 BIIEICK L TR E A EEER RN LN Do T E T AR TR T FEEO

FHEE DEIR & B L, LA 0 R 2840 S8 T2 23, BLIRIR CIEXKI 0 FEBRE S FEBEIR IZZE L L TV D D1,
Wi EFIC X D2 b0 TH Y ki EFNVERTE 25830 & 1372 5 W ERNR SR & < JEE U R
f EANERCE A 2D & MRES LK ORISR E S R0 BNENKRE R d 2 Enbroi.

ZDOXIRGEFr BORBELZEBLRTNERLRNEEZ LN K HFAERD LA VBB RS 5
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WS O EHIME & ARBME DO Z5(1 mPa+s DA AN 100 rpm LA_E Tk iE _EF723 20 mm &2 #8 2 72 & & DFEE)
TR TE R R D72 LK EA A RE S RWEETITIRI AN ER TE 5 L WO UE THEINT
WHBHOLOXEZOETEMEATE D Z LN - 72 Fig. 22 BL O Fig. 2.3 1R T L 912, [ UREEZME 170
F LN 200 mm O L.diD 2 2b SE7-5A 6 D=185 mm OHA L [FREEEN G LN .2 iz kD,
JRAN LA OV ZEEPH T T v 1 —3 OB BN A, O OX A AT UL LW 2 b AHEEXOR
RYERREE 72

Table 2.2 Correlation of Kamei et al. (1995, 1996) for paddle impeller

Unbaffled conditon
Npy = {[1-27T432]/[8d3/(D2H)]}f
f = Cu/Reg + C{[(Cur/Rec) + Regl™ + (oo /COY™Y™
Reg = {[mnIn(D/d)]/(4d/BD)}Req
Req =nd?p/u
C, = 0.215nnp(d/H)[1 — (d/D)?] + 1.83(b/H)(np/2)*/3
C, = [(1.96X1.19)—7.8 + (0_25)—7.8]—1/7.8
m = [(0.71X°373)~78 4 (0_333)—7.8]—1/7.8
Ctr — 23.8(d/D)_3'24(b/D)_1'18X0'74
feo = 0.0151(d/D)CY3%®
X =ynd’b/H
B =2In(D/d)/[(D/d) — (d/D)]
y = [nIn(D/d)/(BD/d)"]*/3
n =0.711{0.157 + [np In(D/d)]>®**} /{nd>2[1 — (d/D)*]}
Baffled conditon
Np = (1+x73) 73 Nppyay
x = 4.5(By,/DINY8/NSZ .« + Npo/Npmax

Fully baffled condition
0.7 13
10(n,"'b1d) b/ d <0.54
N =1 83(n,"70 1/ d) 0.54<n’"b/d <1.6
0.7
IO(nP0.7b/d)0'6 1-6<nP b/d
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'T']O
~)
=
d ]
L 2
10% o :
v 4
M < E
Co o femestagesy  D=170mm {107 P ool fgresagss D=170mm 1107
——  Kamei et.'al.('g995) ' ——  Kameiet. al.(1995)
10—2 | ! L ! | L 10—2 | L L L .
10° 10° 10* 10° 102 10*
Re [] Re [-]

Fig.2.2 Power correlation(D=170, 185 mm) Fig.2.3 Power correlation(D=170, 200 mm)

2.3 KRB 2 PR FOVRIZ XS 5 B IAEEEK

2.3.1 EBRGE

il L7 ERR S 7 7 U VR RO PIEM R CH 0,2 ONEE D 12 183 mm & L7- Figure 2.4 (245 %&ME
WOFEZ R T IERSEMHITLLT 0@ Y & U7 IEEMIE Bo/D 130.1 & U BBERACE ne 130, 2, 4 B, & 72 0
OIS ILMHEIC I > CPEECIE A IR E 2 b ISE ~ET 5 £ T & L MR L7 i ik e kiis &
DA TH D S H TN LS L LA LRI~ v 7 A7 L FR,7 VY —V RB LT
A==y 7 AR TH L RO % Figure 2.5 1R 7T

PEARATEEN L, e b — A9 728t L7 JIEEIC X > THE L= L7z V2 A — %1% SATAKE ST-3000
T D AT EEY ) 1XF DY) S v 7 2 W T P=2anT TR 7=,

_ _ _)53 < ] ]
K N
[ | | |
b b b
H I_
d d d
D FULLZONE Supermix MR203 Supermix MR205
Fig. 2.4 Dimension of Fig. 2.5 Dimension of large two-blade impellers

mixing vessels
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Table 2.3 Geometry of large tow-blade paddle impellers

impeller d [m] b [m]
MAXBLEND 0.098 0.180
0.109 0.180

0.119 0.180

0.129 0.180

FULLZONE 0.088 0.167
0.112 0.159

Supermix MR203 0.104 0.160
Supermix MR205 0.132 0.140

2.3.2 R LB

JRUN LA 7 b ZEG I O A ATRE e B A B I < 2 DA A 20K O SV E IS O 200 2 FEE L
INFAE L 720,

K DRIETE A2 HFR S FATRE LTI S 72T 5 00T, 24 6 ORI TR I B L C b i FTRE L
PND. LA LIEE A EORITOV TR CIEBIIHER C & 7220 BRI & BLUEIIC 7215 TR BT R
BE—& Lo 7o.2 2 THaH 50K %5 H Lz Figures 2.6-2.13 (23X TOREOE) JE D E5R AL T & A1
BEf R A2~ X P ORL S DB B ORENE TH Y JRMRAS Table 22 1R STz VT O £ EHRBI L7k
BCTh D RRBERE DR L U C I EREE L A @E O RVRICR LIS L 5 72 BB C oo
D ERY B FEFIT|ONCRD ZEBHT BN S,

~ vy AT LY FRET Y AR E IR L B %R L, 2T ORICH LTl B b ALk
(A THIBHED 5K < 2 BRER Tl > 72,2 2 CHET S = & 15,2 TORITHE: 2 IR FLRE R
72 U Fig. 2.5 \ORT & 910, 80% d IR OBER,BIE b 13RO LIS FTMETOREES L L2 L ThA.
DA R IE T 1 — R B e 2 BRT i % 2 RIS 2 0 R T ~<HEIT B = & 70 2 B
E LTI THEE L U CTHBET 2 906 Th 5.

2.3.2.1 BRI JOELRIKD ST A — 2 OETE

T RTOEIZOWT BRI & L T RRE HI1Z T2 O THEXFOZNZEN ORI CB &
W Ce DIETEZ AT FHCERBI O RT A —213b &b EERIEICE 5 X 9 ICRILHIT 2 VTR H L7 x
TA=HROT,T—HICH I LHITEEL THMBEITE. F 72 BERA Y OBA B D B K E < /e
H720,7 7V KT —BORE AR U S KRR E) ) (2R RS C BT 28 ) b o/ RLa b
(XH 72 55 B) A " O TEIE Lo KRB IR 2 BOPR 22D T onp 122 ZRA L G650 T b B o7
DTRE VT M LT EDOfER, Table 2 O—FOXAEZLLTFD X 9 IZE < Z £ 12 KL Y Figs. 2.6-2.13 DIRHFRIC
ARTIEY 2 TOREFE—OXTE ) 2 HH X7z

Ce = [(1.1x%5)77% 4 (0.25) 78] /78 (2.6)
Cee = 1000(d/D)~324(b/D) 18X ~0.74 2.7)
x = 3.0(By/D)ng®/Ng2 + Npo/Np, . (2.8)
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Np__=5.0(b/d)"7" (2.9)

2322 v I AT LV KRR
Figs. 2.6-2.9 2~ v 7 A7 L v RRIZH LT, R(2.6)(2.9) TIEIE S #u7-8) JJ4HE % R4 T/k 3. Table 2.3 (Z

RT XA FEEOKMIRO~ v 7 A7 Ly REZ AW NI HEE SR TRAFICHBET 5
ZEMNTET.

2323 JAY— R
Figs. 2.10, 2.11 [ 7 /L — BT LT, R(2.6)~(2.9) TEILE SN 7B AR 2 /8 Cond.2 BB O %E
W7y — B DD, WL BB E S VAT, RAFICHBET 2 2 LR TE .

2324 A— =3 v J AW

Fig. 2.12 [ A—/%—3 v 7 A MR203 #, Fig. 2.13 |Z A—/3— 3 v 7 A MR205 #| :ﬁ L C,X(2.6)-2.9)TEIE
SN BB A AR a9 A BhEL 72 L MR203 3.3 X OWlBLELfF 0 MR205 32 & 12 BAFICHIBET 2 2 &
NTET.

A b A 7 v 2 CIEFITAH M7 KA HRE O S M S C O 28 /) 237 X CH— DA TR
BbohdZ ERasn. 272 LARER Lo KRR O LM RITL T UL Tl 22 -HER TldZe v
ZEMAEAIaANVERRBINTWIERITEHTE W L BOT Yy VHICHAZFRFO T TATA = T X
NBITEIR CITEH TE R VWARICERERZLETHS.

Table 2.4 |2 K325k L CTEIE L-Bh kB A2 £ Lo THL.

T d=0.098 m — d=0.109 m
aE= b=0.180 m e b=0.180 m
£l m Flat bottom D] nyd Flat bottom

HE Lo My
- =-- Kamei ef al. (1995,1996) -=--- Kamei ef al. (1995,1996)

—— Modified correlation — Modified correlation
0 ' 2 ' 1 0 ' ) ' 7
10 10Red[—] 10 10 10 Red[_] 10
Fig.2.6 Effect of Reynolds number on power Fig.2.7 Effect of Reynolds number on power
number for MAXBLEND (4=0.098 m) number for MAXBLEND (d=0.109 m)
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d=0.119 m
L O =0 _ i
O = b=0.180 m
A | g Flat bottom
10°}
0
0
10 00
Kamei ef al. (1995,1996)
Modified correlation
0 ' v ' v
10 10 Real-] 10

Fig.2.8 Effect of Reynolds number on power
number for MAXBLEND (4=0.119 m)

d=0.088 m
3 S, ml b=0.16Tm 1
=2
N Flat bottom
10%F
Ll Wyeemee
=
10° e
- --- Kamei ef al. (1995,1996)
Modified correlation
0 ' v ' v
10 10 Red[-] 10

Fig.2.10 Effect of Reynolds number on power
number for FULLZONE (4¢=0.088 m)

d=0.104 m
S b=0.160 m 1
A nzﬂu Flat bottom

....

=
---- Kamei ef al. (1995,1996)
Modified correlation

0 ' p '
10 19 Real]
Fig.2.12 Effect of Reynolds number on power
number for Supermix MR203

d=0.129 m

B b=0.180 m
N Flat bottom

iy
-=--- Kamei ef al. (1995,1996)
Modified correlation
0 ' 2
10 10
Rai[-]
Fig.2.9 Effect of Reynolds number on power

number for MAXBLEND (4=0.129 m)

10

d=0.112 m
PO b=0.159 m
O =2
N Flat bottom

Modified correlation

0 ' 7

10 10 Rail-] 10
Fig.2.11 Effect of Reynolds number on power
number for FULLZONE (4=0.112 m)

d=0.132 m

S b=0.140 m 1
A | gt Flat bottom
102 By
L
10°

---- Kamei ef al. (1995,1996)
Modified correlation

0 ' 2 '
10 10 Red [_]
Fig.2.13 Effect of Reynolds number on power
number for Supermix MR205
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Table 2.4 New correlation of large two-blade impellers

Unbaffled condition
Npo = {[1.2r*p?]/[8d*/(D*H)]}f (2.10)

f = Cu/Reg + C{[(Cur/Rec) + Regl™ + (oo /COY™Y™
Reg = {[mnIn(D/d)]/(4d/BD)}Req
Req =nd*p/u
C. = 0.215nnp(d/H)[1 — (d/D)?] + 1.83(b/H) (np/2)'/3
Ce = [(1.1X%5)778 + (0.25) 78] ~1/75
m = [(0.71X°373)778 4 (0.333) 78] ~1/75
Cyr = 1000(d/D)~324(b/D) 1185074
foo = 0.0151(d/D)C23%8
X =ynd’b/H
B =2In(D/d)/[(D/d) — (d/D)]
y = [nIn(D/d)/(BD/d)*]'/3
n = 0.711{0.157 + [np In(D/d)]*®**} /{nd>*[1 — (d/D)*]}

Baffled conditon

Np = (14 x73)"V3Np0x (2.11)
x = 3.0(By/DIng®/ (260 /)7 Ng%ax + Npo/Npmax

Fully baffled condition

Npmax = 5.0(n7b/d)"” 2.12)

24 T 4 ANN—EOMEEX
2.4.1 FEBRSIE

R U7 7 7 ) VIR RO M CH 0,2 ONRIE 120, 185 35 KUY 240 mm, ik 5 S 13 & 4%
L< LT 4 AR—FOMTHIRIX Figures 2.14, 2.15 (27 L7=H O T, Type A T 2 fifH, Type B T2 Fi¥E D 4
2L Lo, 20 O OFFRRE R 2 M1 G ik 2 7o 5o TV ) ORIE % L 72 f1LAE D 1X Table 2.5
\Z7” L7z F 72 Rushton # — B ROBE /JHHBICIBW TR P RO T 4 27 OEEITMD T/hINWZ L b, T
4 AN THEMER Z ENEZ BN DT ,Fig. 2.14 D Type B IR & 9 RBUWEDE S ¥k R TGk O F «
AN (AL T Fig.2.14 ORI OGS DT 4 A3—F% Type A, G R OFFER TR DT 4 A/8—3 % Type B
ERES T LT B ) Z R RRET LTz,

PEHRPTEED 13 e b — MR8 b v JIEEE W= M L7z by A —# 13 SATAKE ST-1000 T % 3
TEIE ST-3000 23 T T 5 03,7 4 A/X—HIXTHE T /13 X DD NI W2 DI/ S 728 7712 %F L CIE ST-1000
DI BERNTH D SHILFTEE) )IEZ DO M v o % AW T P=2unT TRO - B HBEIEEILI N E TO—HO
HELFARTH L.
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Fig. 2.14 Photograph of typical disper impeller Fig. 2.15Dimension of disper impeller

Table 2.5 New correlation of large two-blade impellers

Run Type D [mm] d [mm] d/D [-] b [mm] np [-]
(1) A 120 70 0.58 11 6
2) A 120 60 0.50 8.2 4
3) B 120 70 0.58 21 4
4) B 120 60 0.50 20 4
(5) A 185 70 0.38 11 6
(6) A 185 60 0.32 8.2 4
(7) B 185 70 0.38 21 4
(8) B 185 60 0.32 20 4
9) A 240 70 0.29 11 6
(10) A 240 60 0.25 8.2 4
(11) B 240 70 0.29 21 4
(12) B 240 60 0.25 20 4

2.4.2 FER L FEE

2.4.2.1 JREEARIE L O Eh /) HHES
1) BRIRDO/NT A —F

PR LAV ZED N SV BHRIBIZ 50N T Table 2.2 12 8IS OA HWCTHB L7 #6281, & < ITfg ik
DIRT A —H CLEAEIET DR MR HER TX 2.2 0 & S PIRIEIE Ea & (230 #iF 72 PR & T
T T 7RO E D AFTOR S & LPIREE b E L —HE L THE L. XS IcE+5 2 &
TR DOT —Z 1IN TFA—FHEIET D2 LR RIFICHER CE 2720 ThH H. L2 A > T Fig. 2.14 ITR L
7z TypeA 3 XU TypeB D X 9 72 TR TIEPIRBEL np IZZNEHL 6 B L4 L LR 5.
() EAFIRD/NT A —F

Req 75 2000 LA b O EI CHEFRATELE) /) 2 JIE U LRI S LIEIE VA LV XL Reg % RO 7. % L THELIRI
DIRNT A =B CBEIOm EZRO AL NRT A —2 XL DHEREEE LT 7 fld S NAVEDO S O AR
T 5 LFANEE EE > TLE 5 72 dEIE L. 2 OR R ETIRD /T A =2 132 EhikAo L 5 IEIESHh
7z,

Ce = [(0.79x1:3¢)778 4 (0.25) 78]~ 1/78 (2.13)
m = [(0.56X°266)~78 + (0.333)778]"1/78 (2.14)
foo = 0.0076(d/D)CL-3%8 (2.15)
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Q) BBIRD/NT A —¥
Fiz7e CLGB IV m OMEZEICT R COFEEOT —# ZHWCEUMEE D7 4 v T 4 71280 BB
WD/INT A =8 Co ZIRAD L HITHRE LT

C,, = 0.002(d/D)~32%(b/D)~118x—074 (2.16)

T A ANR=HITIZDO/NRNT A= F DEITRED O U, — KRR TH 5 /) RAVEZR 213 103~10° g %
EDDITK L, T 4 A= T 10T D/ S R BB 2 & - 72 AEIE BT E O 72 D12 Co DFEBUTE FH 175
DIMEIET H Z LI LT ZORRBEIT S AR EOETH 2 23.8 ITHE L TIEFIT/NE 1 0.002 &g
7.
2.4.2.2 EERA Y O#) ) FHET
(1) TR

SERRMBRET OB NI — 2 DRI L CT —F B2 —2 LG DR 728, Table 2.5 D 4 DT
S AR=BTINZ, & IS S FEDOT ¢ AN—F b (8 TSRS OB 1) &2 H17E Uiz 8 L= 9 fED
T A AR—FODO~FE% Table 2.6 (2737 .(a)-(d)IXRTE E TOMGTCTHH ST 0 A= T (e)-\)DT 1 A
PR—BNAKRIETHTZICINZ =T 4 AR—ETH 5.

FERBEMR AT IT DB ) DBAREL ST A — 2133 5 AHBIFE S A Figure 2.16 |2~ 7 .5 b PURKE D%
WDEPE TN TOE B RN TE 2 MR C& -,

0.61

Npmax = 0.51(n37b/d) (2.17)

(2) BB S DOFERER

AT & [AIERIC O FESHOD T ¢ A/ N—F CREV VR BERR S E OB /1802 I E L 7o fER U 72 AR SR 11 3 ne=1,, 2,
4, By/D=0.04, 0.05,0.07,0.08,0.1,0.13 & L7=. #4895 23,7 ¢ A =B OB EUT TR IE L & BERAE Y O
B D ZENBIND DD TED LA IV RN 5 72 O T HRICITKIEK &2 A T2 K5 3R % Figure 2.17 12777
F 72K OFERIIR U R T IR IER LA COMBEXTH 5.

Np = [(1 + x3) 73| Nppax (2.18)
x = 4.5(By /D) n{®/NEZ .« + Npo/ Npmax

EIE LA L S R & —E L7 72, 20N H 0005 L OIS HEhOMEBNIFIE L &leo TN D720,
VIR S T b e 2R RSV BN 2 & 5 TR B BUIER S A S W2 e idb
Mo T ZOMEMIT T B T EOB SFHBE O A & K < EITW 2 A3 R BERREE Lo~ D ABEENCE © ~50i3 % 3
RO TEW LA VA TH D Z & & SRR MBS OB ) B DR D TIRVVEIZ R 572 02N A TIT VDD
DEEZLND.

2.4.2.3 WEIAV LA IV AEIZ 31T S HHBIZC

JRODETEE L A 70 DA O B 1) % D FEHME & FHBIE 0O L & Figure 2.18-Figure 2.29 (T3 #1340 B
KXmp=0, O, — ;ms=2, A\, ;np=4, [, HY&/RLTWDMHHINZHEMNRIT BWD=0.1 TH D KL THRE
T 27 4 AN—EOMBERXEL F & DT Table 2.7 IR T W T LD T O AHER D LR
DEALTHBHICBBLAS%NDBRETHR CEXZEBZIOND. 2O ENDLBHELICL s TRESN
IR OFAMER S SICE T2 EE X LND.
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Table 2.6 New correlation of large two-blade impellers

Impeller Type d [mm] b [mm] np [-]
(a) A 70 11 6
(b) A 60 8.2 4
(c) B 70 21 4
(d) B 60 20 4
(e) A 50 8.2 4
) A 60 8.7 4
(2) A 147 18 8
(h) A 147 19 6
@) A 147 21 4
. Impeller key
10 Impeller key 10'F T (a) O
@ 0O ® 0
b © A
© A —— Equation (2.13)
_ — ) ©
A — Equation (2.12) (d) <> L (H =]
u () © E (& @
= £ 100k g
£ O @O 3 A
Z ©® @ > 0 v
h A
H v
-1 | —1 1
10071 10° 10’ 100 10° 10'
07 . .
n, (b/d) [-] 4.5 (By/D V1" /Nomas+Noo /Nomax [-]
Fig.2.16 Correlation of Npmax for disper impeller Fig.2.17 Correlation of power number with baffled
condition for disper impeller
10° - - 10? ' ' ‘ '
Run (1) Run (2) s
10" 10'F
z T
& 10° & 10°
2. <
Modified correlation (n5=0) Modified correlation (1,=0)
O S 1 O SR
10° 10 10° 10° 10? 10*
Re [-] Re[-]
Fig.2.18 Correlation of power number for Run (1) Fig.2.19 Correlation of power number for Run (2)
(Type A, D=120 mm, d=70 mm, b=11 mm, 7p=6 ) (Type A, D=120 mm, d=60 mm, »=8.2 mm, np=4)
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Modified correlation (m,=0)

1 0_1 Modified correlation (11,=2) o~ ]
Modified correlation (n,=4)
0 2 4
10 10 10

Rel-]

Fig.2.20 Correlation of power number for Run (3)

(Type B, D=120 mm, ¢=70 mm, b=21 mm, np=4)

Run (5) s

Modified correlation (ng=0)

1 0—1 Modified correlation (nz=2) B
Modified correlation (n5=4)
0 2 4
10 10 10

Re[-]

Fig.2.22 Correlation of power number for Run (5)
(Type A, D=185 mm, d=70 mm, b=11 mm, np=6 )

2

10

'Run (7)

Modified correlation (1,=0)

Modified correlation (1,=2)

Modified correlation (ri,=4)

10° 10° 10*
Rel-]

Fig.2.24 Correlation of power number for Run (7)

(Type B, D=185 mm, =70 mm, b=21 mm, np=4 )

Modified correlation (ng=0)

1 0—1 Modified correlation (nz=2) B
Modified correlation (n5=4)
4
10° 10° 10

Re [-]
Fig.2.26 Correlation of power number for Run (9)

(Type A, D=240 mm, d=70 mm, b=11 mm, np=6 )

22

10 T T T T
Run (4)
10'f
i
Zn. 10°
Modified correlation (2,=0) ) o)
1 0—] Modified correlation (7,=2) Oo i
Modified correlation (m,=4)
10° : 10°

10
Rel-]

Fig.2.21 Correlation of power number for Run (4)

(Type B, D=120 mm, =60 mm, »=20 mm, np=4 )

10° r . ; .
»  Run(6)
A ®] 0
1
10°F
|
Zn. 10%
Modified correlation (1,=0)
1 0—‘! Modified correlation (1,=2) B
——— Modified correlation (r,=4)
4
10° 10° 10

Fig.2.23 Correlation of power number for Run (6)
(Type A, D=185 mm, d=60 mm, »=8.2 mm, np=4)

2

10

Modified correlation (m,=0)

1 0'_1 L Modified correlation (72,=2) |
Modified correlation (12,=4)
0 2 4
10 10 10

Rel-]

Fig.2.25 Correlation of power number for Run (8)

(Type B, D=185 mm, =60 mm, »=20 mm, np=4 )

Modified correlation (1,=0) e '-‘" 3 - ‘ .
1 0—‘! Modified correlation (1,=2) B
——— Modified correlation (r,=4)
L " L s
0 2 4
10 10 10

Re[-]
Fig.2.27 Correlation of power number for Run (9)

(Type A, D=240 mm, d=60 mm, »=8.2 mm, np=4)



T
& 10°
2,
Modified correlation (n,=0) Modified correlation (7,=0)
-1 Modified correlation (rn,=2) B -1 lodified correlation (1m,=2
10 Modified correlation (n,=4) 10 ! Tl:odiﬁed correlation (;=4i
10° 10° 10* 10° 10? 10*
Re -] Re -]
Fig.2.28 Correlation of power number for Run (11) Fig.2.29 Correlation of power number for Run (8)
(Type B, D=240 mm, ¢=70 mm, b=21 mm, np=4 ) (Type B, D=185 mm, =60 mm, 5=20 mm, np=4 )
Table 2.7 New correlation of disper impellers
Unbaffled condition
Npo = {[1.2n*p?]/[8d*/(D*H)]}f (2.19)
- m
f = Cu/Reg + C{[(Cur/Rec) + Regl ™ + (fu/ €M™}
Req = nd*p/p

Reg = {[mnIn(D/d)]/(4d/BD)}Req

CL = 0.215nnp(d/H)[1 — (d/D)?] + 1.83(b/H)(np/2)/3
Ct — [(0.79X1'36)_7'8 + (0.25)—7.8]—1/7.8

m = [(0.56X0-266)~78 4 (0_333)—7.8]—1/7.8

Cqr = 0.002(d/D)~3%4(b/D) 118 X074

fwo = 0.0076(d/D)CY3%®

X =ynd’b/H

B =2In(D/d)/[(D/d) — (d/D)]

y = [nIn(D/d)/(BD/d)*]'/3

n =0.711{0.157 + [np In(D/d)]>®**} /{nd*2[1 — (d/D)*]}

Baffled conditon

Np = (14 x73)"V3Np0x (2.20)
x = 3.0(By/DIng®/ (260 /)72 Ngi%ax + Npo/Npmax

Fully baffled condition

Npmax = 5.0(n7b/d)"” 2.21)
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25 f&E

AREECIEAFEARIZICK L TIRAW LA OV ZECCHRARITEE) /) 2 & L= 2 OfER, 7 v B —8ITxt L
TLBHOORZZOEFHEHATHZ L TENHE TEX L2 Ln3bh o7z,

FEEHRBE D~ v 7 AT L RE I — B 2= 8—3 o 7 ZBRICK L UL BEH D OXT DT X —
AEDTOLIEETHZ L TENZHFE TX 5.

Unbaffled condition
C, = [(1.1X25)~78 4 (0.25)~78]~1/78
Cr = 1000(d/D)~32*(b/D)~118x~0.74
Baffled condition
Np = (1+x7) 73 Nppax
x = 3.0(B,,/D)ng® /N2 + Npy/Np

max max

Fully baffled condition
Np . = 5.0(b/d)°7>

T A AN L TULBHFODORPDONRTA—FZUTOLIIEET D L TH I 2HRTE 5.

Unbaffled condition
Ct — [(0.79X1'36)_7'8 + (0.25)—7.8]—1/7.8
m = [(0.56X0266)~78 + (0.333)778]~1/78
foo = 0.0076(d/D)CP-3%8
Cor = 0.002(d/D)_3'24(b/D)_1'18X_°'74
Baffled condition
Np = [(1 +%*) 7% Npmax
x = 4.5(By/D) n}®/Ng 25 + Npo/Npmax
Fully baffled condition
Npmax = 0.51(n37b/d)
UboZ b 8H50XOFAERLIDV V-2 I EE-T-EB2OND.
E DI FAURIPE DR S NG A L THLBRIELOXFO/8T X — X RFZELTHE COEBH Ce BL W
HEERRZEAT T D Nomaxx ZIEETH 2 & TR AN ERLTEDHLEZLND.

0.61
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HBYZ LN T D 72O Ik 2 RNEM Z HRRENIIE 2 5. Z I BERSS R 7 hFa—T7 ~U
NaANRETHL. ZNLRELEICSC CRESNVEN S5,

NI IR RNED THD. ZNEHATLZ LICLVRASCWERE 2 EMRESND Z Ll
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W5,
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FLlt 5o TWA EFERAETIEL R 7 hFa—T72RETH Z LICE VERFEERENEL R 5 - 0EA &
AHEMSED ZENTE,BVWEBIIREERBAESROND R EFIENLZ N LML, FT 7 b a—T7 Zk#E
T 52 LI K DI EER ) ~DREBIZ OV TIIH LTI

AU T3 A LSRN OWREO MBS LOWMAHB THEA SN D. 2O~ IV af VREREIND &
LN CRE SN A L R EMEBEOTEEIC R T 7 b Fa—T7 AL LTRESNDIGAND D B
RSB ZE D 2 < VAR P N BE DR BRI 2 A Vi OARBYRER O FH BRI B - 2988 IR & 72 > T
DL ANV N AL NERET D2 LI L DT ER )~ OB IRRANC RS b TE T &,
PRPRPTEE) ) 2 HER 3 2 F BTN S LTV,

F 7o, LS THEN SN D HERE I R OB S TR ZATE T 2 ©y MR EITLERBEDO LA 77 FOFS
A ARG 2560 & 5. E I OV & BRI\ T 5 T2 DITBER 72 & & AT 72 < 720356 13 R BERK
MERBBOERZT2LEDNTWAATREZ VD Z RN 5.2 0L 5 iR HEEO T — % —% AR
D 7o DI TR R T E) ) 2 3 2 HIEIT 2V E OFFE L TR b 97, R EHIRBRIC T b TR I
AN

S O, AR FEHREEIC B W T, BER ZHEE TICRG 2 WET 2 2 OICHBE O 4 F.6 S
FETHOONEEARDD. ZOHADEH N ~DEBIZHONTIIH LI > TR LT, ZOHRE FkIcOW»
THIEEIN TV,

WNEEW i 2 1o 556 AR 2 L7356 36 KOS /72355 OB T 508 ) 13, SLIR I 36 U TR BE AR
L M fEAs O BT @) /) & 22BN B o o BRI OIR G ILELIR =R L X =2 XD b D THDH Z &b, 7 r—
B = BRI S5 T THRIFDOELIET XL X —TCTHIVUL,FRRDOEEDHFEOND LB X LD I BT
DEIR T RV FX —IXHRFTEI N Z O LD TH S .Z 2 T,2NTNOHA TORFRFTEE) )23, & OFLE DR
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32 N7 NFa—T2ExHEEPEOEBTES S
3.2.1 EBRFGIL

RIS & L CNEE D=0.185 m 7 2 U VBRSO S P f8Al 4 F Vo SRR IIFE 2 OGBSI FREE U 72 K BAZK IS
KEAKBERTHY G S H ITRNEEE L LI LEH#RREIT, S FLVREE Yy F RN VE (R
) Th,Z2O~EAZZZ4 Tables 3.1, 32 IR L, R7 7 hFa—7I3ficDOREZDODOEHEL, %
D~FiE% Table 3.3 (2R L7, KT 7 b2 —7 RO A ALE A oD Z/H=0.5, 310 A5 A 1T AR (A
i C/H=0.5 & L, —#OFEERCRILY (L& % C/H=0.1-0.8 D#iPH TE{LIHTZ. KT 7 b TFa—TDFE
EDVNE L FEBIY AT ALE DS B O E SRV E ORI EN R T 7 b F 2 — 7 OIMUNIFET 2586
LHDH T, RI 7 TFa—"T0EIEEHRIIFEAYDLOERANWCDOTEDME Z—D|F L O-FKmfEt
Apt (=dotHpt/DH) &\ 9 785 A — & Z38 A L7~ Figure 3.1 (Zffi ] U 7= S #08 D etk & 505 2o L7z B HRT
BE) S L F v A—4 (SATAKE ST-3000) % FWCHIE LB HEEIZ I NETERIETHD.

Table 3.1 Geometry of paddle impeller
ne[-] d [m] bld [-]
dDT
2 0.07 0.2
H 4 0.07 0.2
Hpr b ~
6 0.07 0.2
%
C 4 0.07 0.13
4 0.07 0.4
D ! 4 0.1 0.2
Fig. 3.1 Geometry of mixing vessel with draft 4 0.12 0.2
tube
Table 3.2 Geometry of pitched paddle impeller Table 3.3 Geometry of draft tube
ne[-] d bld 0 dpr [m] Hpr [m] Apr [-]

[m] [-] [rad] 0.12 0.0463 0.162

2 007 02 w3 0.12 0.0925 0.324

4 007 02 w3 0.12 0.139 0.486

4  0.07 02 512 0.13 0.0231 0.0878

4 0.1 02 w3 0.13 0.0463 0.176

0.13 0.0925 0.351

0.13 0.139 0.527

0.14 0.0463 0.189

0.14 0.0925 0.378

0.14 0.139 0.568
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3.2.2 EBRGER 252

3.2.2.1 MRSV Re #COFEFTEE) /)

B d=0.07 m, M b/d=0.2 D 4 BCPIR/X RV B 5 \WEEEE d=0.07 m, 32105 b/d=0.2, PR 4 K FEmm s o D
AEO=m/3 O 4 BPRE > F R/8 RARE G RIZIRD AT, IRIAVY Re B CHHITEER 2 WE L2 KF 7
kT 2 — 7 IZIENEE dpr=0.13 m,i5 & Hpr=0.0231,0.0925,0.139 m & 3 Fi¥HO ¢, O & Al Hp (2B Y 4§17 7= . Figure
3.2 B LW Figure 3.3 [ZZNEN N RVEB IO v F RNV THE SN E8 IHIKTH H .S KVE, e
v F RNRAE L LB OEBITIEI R T 7 N TF a2 —T OFRBII)Hb O T RENR 7 U O, /)
B EZRITEC TRV LA LRe #0723 1000 ZH 2 58I CTIZE L LDOEAZHNTH RT 7 FFa—T70
R L > TEVIEIE, Ny T A7 UL O RELS o e LENIEIE R 7 7 N2 —7 OE STl
EEL TRV ERDND.ZDOZEND, KT 7 v Fa—T (& HEMEOE ) Mﬁ%ﬁ#é%/ﬁ\ciéuﬁﬁi@%
HHTEE IOV TEETIUEL N E WD Z DD MEIE Re BT RT 7 M a—T7 M & MO
P /) 2 /8 RAVEIZK L TRIEL DO 252D,y F RN RVEIZK L TR 50X WA W THER L THA
72 Figs. 3.2, 3.3 \ZR LI A Z OMBEIMR CTH 5 X AR TIX, NP DT 2 —% TH D NS np % 112
[EE L7z & 2 A BEEMNE Bw % ,Bw/D=0.05 £ 3 3UL, £7-,8° v F R/ KVETIL,Bw/D=0.08 & 3 FUIXAHBEME &
FHMENZE —B L7272 72 UX FAVEOELIR IS HH BIE S EERAE L 0 @V & e o TV 2 23,4 R0 F2E S
TECHBERE L OB B L ED TEO~O VTR ST 2O TEEMTH D L) 2 & F T FE5E
B OREE EANE TR D72 oo TV AT E WD Z & &% U CHEXO R E XV & Lz,

10% . : : : 10*
key Hpr[m] key Hpr [m]
O | without draft tube || @ | without draft tube
& 0.0231 & 0.0231
O 0.0925 [ | 0.0925
- 10%¢ 0.139 e - 10%k, 0.139
= Kamei et. al. (1996) =
(ng=1, BwW/D=0.05) Hiraoka et. al. (1997)
(=1, By/D=0.08)
ol N = ol i
10 B S‘!D‘? 061;) 10 - "v.‘
Kamei et. al. (1995) Hiraoka et al. (1997)
without draft tube without draft tube
10° 10° 10 10° 10° 10
Re[] Re[-]
Fig. 3.2 Power number of paddle impeller Fig. 3.3 Power number of pitched paddle impeller

3222 R 7 hFa—T7 %MK L OBIRY 15 (7 D%

Table33 (/R L7 KT 7 b Fa—7 %2 AW TERY I AE % C/H=0.1-0.8 £ T S & CTHERTEE) /) %
WE U7z M U7 BR3IERTR 0 4 BOPAR S KV S 20T 4 KPR E > 7 RS RLVE TH 5 Figure 3.4 &
Figure 3.5 |[ZZTNZNOHEBE CHONTENEEZ /R LSR5 OO TR I LiEZ R L. 208 L ¢

BV B T OEENTH 2 03I MBI L S TIRE OB TH D LR T 5 3 FHFAL
EORELZ TR ODOIIHENO—RENBEEEER THLHNH EEZXBND 3O T 7 M a—7 DKM
WRAEFE 2 IZEL S T2, 4pr 23 0.53 TIE SO E OHFIFHTIZR VBN OEMA R 61 523, 2 aFr< L
TR S NTE L - EDOMEZ R L TS LR TE 2. ZAUX RN KT 7 N F o —7 LHERED &
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FRLUFI 7 b Fa—THNTTFBTE 70— 22— R0 PRORFICEBNTHLREETH LD EEZON
D EBICNRLVEEE Yy F RARVRETHELNZT —ZIZ6 LRI DB IOVER Lo TEhE bk
L7265 Re ¥ h 254 S B T 556 L [AIRR, 7S RVELCIE ne=1, Bw/D=0.05,£" v 5 R/X R/LE TiX ng=1, Bw/D=0.08
EFTAUTHITHBIRTEETH 5 Z &b o Tz,

6 6 :
Re =25000 C/H Re=25000 C/H
0 al o1 || | <| 01
0.2 0.2
4 03 || 8l 0.3
e T . 0.5
'—m | Kamei ez. al. (1996) <|:|> gg - (leac;kilg e?;[.o(éz?ﬂ : 07
_ - . np=1, Byw/D=0. .
= Gl B0 ey =R ®| 03
2 /.’ oL ’_f . ]
, < _B LA g sts . yBg .. Hiracka er al (1997
B L-_gf'_' mh_'—%g;g_'_ Kamei ez. al. (1996) t WY R4 W]iﬁalg)u?tl;;agtu(be :
§ -~ without draft tube R -
........................ A
% ' 05 ' 1 % ' 0.5 1
Apr[-] Apr[-]
Fig. 3.4 Effect of draft tube geometry and impeller Fig. 3.5 Effect of draft tube geometry and impeller
position on power number for paddle impeller position on power number for pitched
paddle impeller

3.2.2.3 flix ORI TOREFTEE ) ~D

Table 3.2 35 L T Table 3.3 1278 L7=fli 2 ORMIIR OB OFFEFTEE H A PE LTz, KT 7 M Fa—7I12%
W dpr=0.13 m, Hpr= 0.0925 m ZfEH U FFEE O (T A7&E X C/H=0.5 & L7-. Figures 3.6-3.8 [Z/% /L
OB 28 2 T S =81 1134 Figures 3.9-3.11 [ZE v F R/X RAEDOKMIEIREZ L 2721 DIZHOWNT
ZNENR LTIz, Table 3.2 (277 L72 K 912 Fig. 3.8 ISADHEIL b/d=02 Th 5.

Figs. 3.6-3.8 725 /N RKAVEOPIBBI A0 Lo HH B LOERIEA K& < U268 Bidsn LU # 8%
K& LESABEITEAD LT s 0o RAROGMIZIRICH LTH, 85 oo AE B & H
IF—E L THY ne=1, Bw/D=0.05 & T HIL+ 3B AIRE CTd o 7= A o fiF 23 BI#E T d % Figs. 3.9-3.11
DY T R/NRAETH /S RVE L RO 2R L TEY np=1, Bw/D=0.08 &3 UL, F 5O THIET A
BETh-oT.

3 T T T T T 3 . T : . .
® | with draft tube Py B[ with draft fube
ol O| without draft tube / | 1| without draft tube
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Figure 3.21 Dimension of rectangular mixing vessel
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Figure 3.22 Correlation of power number for rectangular vessel with paddle impeller. Symbols are power number
observed and lines are correlated ones. Black broken line; non-baffled cylindrical vessel with liquid
height equal to the diagonal, Red broken line; non-baffled cylindrical vessel with liquid height equal to
the side, Black symbols and solid line; rectangular vessel with liquid height equal to the diagonal. Red
symbols and solid line; rectangular vessel with liquid height equal to the side. Correlation lines are from

Kamei et al., (1995, 1996).
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Figure 3.23 Correlation of power number for rectangular vessel with pitched paddle impeller. The symbols

and lines are the same as in Fig. 3.22. Correlation lines are from Hiraoka et al., (1997).
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Figure 3.24 Correlation of power number for rectangular vessel with Rushton turbine. The symbols and

lines are the same as in Fig. 3.22. Correlation lines are from Kamei ez al.,(1995, 1996).
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Figure 3.26 Dimension of rectangular mixing vessel Figure 3.27 Dimension of propeller impeller

Table 3.4 Geometry of several kinds of impellers

d[m] b [m] np [-] ¢ [rad]

Impeller

(1) paddle 0.070 0.028 2 /2
(2) paddle 0.070 0.021 3 /2
(3) paddle 0.100 0.020 4 /2
(4) paddle 0.076 0.19 6 /2
(5) pitched paddle 0.100 0.026 2 /4
(6) pitched paddle 0.070 0.015 4 /3
(7) pitched paddle 0.100 0.022 4 /6
(8) pitched paddle 0.070 0.017 6 /4
(9) propeller 0.073 0.019 3 /4
(10) propeller 0.069 0.022 3 /6

10° 10°

0 0
= =
10' . 10'
10° 10 10° 10'
Reg[ ] Rea[]
Figure 3.28 Correlation of power number of rectangular ~ Figure 3.29 Correlation of power number of rectangular

vessel (a’=1.5a) in laminar region. vessel (@ '=2a) in laminar region.
Correlation lines are from Kamei et Correlation lines are from Kamei ef al.,
al.,(1996). (1996).
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Figure 3.30 Correlation of power number for rectangular vessel (@ '=1.5a) with paddle impeller. Solid line :
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V2a and B,, = Va? + a’2/10 for correlation (Kamei et al., (1996))
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Figure 3.31 Correlation of power number for rectangular vessel (a '=1.5a) with pitched paddle impeller. Solid line :

D =+2a and B, = Va%+ a'2/10 for correlation (Kamei ef al., (1996))
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Figure 3.32 Correlation of power number for rectangular vessel (@ =1.5a) with propeller impeller. Solid line : D =

V2a and B,, = Va? + a’?/10 for correlation (Kamei ef al., (1996))

| T T T T T T T T T T
10% D=0240m | 10% D=0240m |
0 d=0070m § T d = 0.100m
= 10'F B | = 10'F B 1
oL | oL _
10 1 1 1 1 1 1 10 | 1 1 1 1 1
10° 102 10* 10° 10? 10*
Rel ] Rel ]
T T T T T T T T
102 D=0240m | 102k D=0240m |
Z d=0.070m I d=0.076m
= otl e 1= o .
10°F = 10%F -
10° 10? 10* 10° 10? 10*
Rel—] Rel—]

Figure 3.33 Correlation of power number for rectangular vessel (¢ =2a) with paddle impeller. Solid line : D = +/2a
and B,, = Va? + a'?2/10 for correlation (Kamei et al., (1996))
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Figure 3.34 Correlation of power number for rectangular vessel (@ =2a) with pitched paddle impeller. Solid line :
D =+2a and B,, = Va? + a’2/10 for correlation (Kamei ez al., (1996))
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Figure 3.35 Correlation of power number for rectangular vessel (¢ =2a) with propeller impeller. Solid line : D =

V2a and B,, = Va? + a’2/10 for correlation (Kamei et al., (1996))
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Table 3.5 Geometry of several kinds of impellers

Impeller d[m] b [m] np [-] 0 [rad]
(1) paddle 0.070 0.028 2 /2
(2) paddle 0.070 0.021 3 /2
(3) paddle 0.076 0.019 4 /2
(4) paddle 0.100 0.020 4 /2
(5) paddle 0.076 0.019 6 /2
(6) paddle 0.076 0.019 8 /2
(7) pitched paddle 0.100 0.026 2 /4
(8) pitched paddle 0.070 0.015 4 /3
(9) pitched paddle 0.100 0.022 4 /3
(10) pitched paddle 0.070 0.018 6 /4
(11) propeller 0.073 0.018 3 /4
(12) propeller 0.069 0.022 3 /6
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Figure 3.36 Correlation of power number of lateral

eccentric rectangular vessel with Eq. (3.1)

for paddle impeller.
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3.622 ¥ F R/NR/LE

'y F RS RVEI L CHRE SN2 (1.20) 2R L7 S o2 WO R EMRAHE R O Xh o8 2 —%
DD B BN % WD FEAALIL np & 1 ITHEE LTz & 2 A JBBERIE By ICZ DO F ERLES L 2R L TH
B L 725 R % Figures 3.40, 3.41 27”79 Fig. 3.40 [XEA FIZT 6 L7254, Fig. 3.41 1AM A AT 6 Lz
Bt T DN FVEOEE LFRRRIC, MPOFRESIEEIETH Y, ERPMHER TH L. RS SEGa, v
v F RXRALVETEUTO LM O DORAEET S Z & TRIFICEN I 2R TX 5.

Np = (14 x73) "3 Nppax
x = 4.5(Lg/D)/{(20/1)°7* Nirax} + Npo/Nemax

Figures 3.42,3.43 |2/ RAVREFEFRICA 7 — /T v 7 LTZ KEID 13478 0260 mGH AR DR & D=0.367 m)D 4

(3.2)

T T
Key | d[m] | b/d |np | O[rad]
O | 0.100 | 0.26| 2 | /4
O | 0.070 | 0.21| 4 | w/3
T A 10100 | 022 4 | w/3 T 100_
— < 10070 | 0.25] 6 | /4 —
£ 10 ] : S
= = Eq.(3.2)
Z ~ N
= =
< Key | d[m] | b/d |np | O[rad]
Eq.(3.2) O |0.100]0.26]2 | n/4
O | 0.070 | 0.21| 4 | w/3
A 10100 | 0224 | /3
1 ; < 10.070 | 0.25| 6 | /4
- | - 1
0 10° TS 10°

4.5@e/D) /{201 T0) PNyt H(Npg/ Np) [-] 4.50e/D)/{(26 1 70) " Nprgo b +(Npo/ Nppa) [7]

Figure 3.40 Correlation of power number of lateral Figure 3.41 Correlation of power number of diagonal

eccentric rectangular vessel with Eq. (3.2) eccentric rectangular vessel with Eq. (3.2)
for pitched paddle impeller. for pitched paddle impeller.

43



T T
Key | d[m] | b/d |np | O[rad] Key | d[m] | b/d |np | O[rad]
O |0.100]026|2 | n/4 O |0.100]026|2 | n/4
o |0070]|021]4 ]| 73 o |0070]021]4 | 73
- A |0.100]022]4 | 73 - A |0.100]022]4 | 73
< qooklo L0070 | 025[6 | 74 i — o 10070 ] 025]6 | n/4
a o :
= 2 =
= =
NEq(3.2) NEq(3.2)
10—1 £ 1 10—1 |
107" 10° 107" 10°
4.50e/D) {260/ 70)" " Npas +(Npo/ Npye) [-] 4.50e/D) {260/ 70)" " Npat +(Npo/ Npye) [-]
Figure 3.42 Correlation of power number of lateral Figure 3.43 Correlation of power number of diagonal
eccentric rectangular large vessel with Eq. eccentric rectangular large vessel with Eq.
(3.2) for pitched paddle impeller. (3.2) for pitched paddle impeller.

2R CELNET =X ER LT AT =T v 7 LA TH BIFICG)RTHRE TX 5.

3623 7u~T7#

TR L CRE S472(1.25)F U SN FABR SO EER A I ORF D RT XA =2 D5 b,
FEHGAE % B D FOBEMKCER ng % 1 ICHEE LIS Bw ICZOF EMEES L ZWA L CHBI LR R A
Figures 3.44 35 JU* 3.45 (27”7 Fig. 3.44 (ZEA I T 6 L7286 Fig. 3.45 3o G mc 6 LeHE T
5. HFORBITERMETH 0, FRBHBERTH 5. B S RVEOG AT Z OBz E K< —
LD LR, 7T X7 RO6E 6 FERMEITHBME S X< —FH L7z, L LSRR X9 ITmBE S/
EWVEXFENEIN NS L 20 TIF L, T eI BITRELE ST L 5T, T IR ST W8 )
BEEWD O, I EEZ R THEACH o722 0 & D Npo XM Tl < AR O LR OB ) 5%
RN U AHBIRIE, S KA DG & [RER IR BER SR O B J1HH B OB BEAIE A (R O R S ICE S M - 0
Thd.

Np = [(1+x73)"3|Np, (3.3)
x = 4.5 (Lg/D)/{(26/m)*72Ng2. }+ Np,/Np

max

ZOFRKIIFLLT O XK 91238 2 5115 Figure 3.46 | Rushton % — B3 L AREBRCHW =7 0 XTZEHDHE) )
B AT 4 — B OGE MRS O R CTIIRER VA 2 L 25D 10 O A — 2 — TR BER 72 LR #RAE O H)
JIRRK & 705 LR 508, 7 a0 RTBOBEIE 10° DA —F =B D3I/ 5. LT TR 0 & 72
L OE D ZEN R/ S < FROVIBBER S T 6 2 MRS T WBEIC 2 2720 THDH L EZ bR
5. 2L A —EVRBEEREROR TH HOICH L, 7 a T BITEiRERORTH LD EBEZLND.

6O —DODEZ L LTRARSICE ST —EOE 1A D 729 Figs. 3.44, 345 £V Np=0.89Npmax & i
RT&DZ b ik Sk A THETZ 2L b TE 5.

Np = 5.8(nd”bsin'®0/d)*7 (3.4)

A=)V T » T LI KEID 1 305 0260 m(XAHROE S D=0367 m)OAfE AN THON=T— 4 %

44



Figures 3.47,3.48 (27 L 7= Fig. 3.47 [ZE A G AT 5 L84 Fig. 348 [IAKRGRICT H LG TH 5.
IHBIZH L TVTNOHE BB LUGAHAD &5 5 THRAFIHERTE 2.

T T
Key | d[m] | b/d |np | O[rad] Key | d[m] | b/d |np | O[rad]
(@) 0.073 | 0.25| 3 /4 O 0.073 | 0.25| 3 /4
A 1 0.069 | 032 3 7T /6 A 1 0.069 | 032 3 /6
o 0
% ol i ] oL _|
ZE 10 N PV ZE 10 o cogs ERRE
= =
N N
Eq.(3.3) Eq.(3.3)
10—1 £ 1 10—1 “ |
107 10° 10™ 10°
4.5@/D)/ {26/ 70) " Npyad +(Npo/ Npg) [] 4.5@e/D) {20/ T0)" > Npra} +(Npo/ Npg) [7]

Figure 3.44 Correlation of power number of lateral Figure 3.45 Correlation of power number of diagonal

eccentric rectangular vessel with Eq. (3.3) eccentric rectangular vessel with Eq. (3.3)
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Figure 3.46 Power diagram of Rushton turbine and propeller impeller
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Table 3.6 Geometry of impellers used

Impeller d[m] b[m] np[-] o[-]
(1) paddle 0.070 0.028 2 /2
(2) paddle 0.070 0.021 3 /2
(3) paddle 0.100 0.020 4 /2
(4) paddle 0.076 0.019 6 /2
(5) paddle 0.070 0.018 6 /2
(6) paddle 0.070 0.014 8 /2
(7) Rushton turbine 0.060 0.012 6 /2
(8) pitched paddle 0.100 0.026 2 /4
(9) pitched paddle 0.070 0.015 4 /3
(10) pitched paddle 0.100 0.022 4 /6
(11) pitched paddle 0.070 0.017 6 /4
(12) propeller 0.073 0.019 3 /4
(13) propeller 0.069 0.022 3 /6

107 107

N[l

=3
10’ 10’ <
10° 10' 10° 10
Reg[—] Reg[—]
Figure 3.49 Correlation of power number of eccentric Figure 3.50 Correlation of power number of eccentric
rectangular vessel (¢ ’=1.5a) in laminar rectangular vessel (a’=2a) in laminar region
region with Lg/D=0.27 with Lg/D=0.35
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D=0.240m
d = 0.070m

Figure 3.51 Correlation of power number for eccentric rectangular vessel (¢ =1.5a) with paddle impeller with

Le/D=0.27. Solid line : D =+/2a and B,, = Va2 + a’2/10 for correlation (Kmaei ez al.,(1996))
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Figure 3.52 Correlation of power number for eccentric rectangular vessel (a =1.5a) with pitched paddle impeller

with Lg/D=0.27. Solid line : D = v2a and B, = Va? + a’2/10 for correlation (Kmaei et al.,(1996))
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Figure 3.53 Correlation of power number for eccentric rectangular vessel (a =1.5a) with propeller impeller with

Le/D=0.27. Solid line : D =+/2a and B,, = Va? + a'2/10 for correlation (Kmaei ez al.,(1996))
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Figure 3.54 Correlation of power number for eccentric rectangular vessel (a =2a) with paddle impeller with

Le/D=0.35. Solid line : D =+/2a and B,, = Va2 + a’2/10 for correlation (Kmaei ez al.,(1996))
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Figure 3.55 Correlation of power number for eccentric rectangular vessel (a =2a) with pitched paddle impeller with

Le/D=0.35. Solid line : D =+/2a and B,, = Va? + a'2/10 for correlation (Kmaei e7 al.,(1996))
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Figure 3.56 Correlation of power number for eccentric rectangular vessel (¢ =1.5a) with propeller impeller with

Li/D=0.35. Solid line : D =+/2a and B,, = Va2 + a’2/10 for correlation (Kmaei et al.,(1996))
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Fig. 3.57 Correlation of power number for eccentric Fig. 3.58 Correlation of power number for eccentric
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Fig. 3.59 Correlation of power number for eccentric
rectangular vessel (¢ '=1.5a) with pitched

paddle impeller. Solid line: Eq. (3.2)
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Fig. 3.61 Correlation of power number for eccentric
rectangular vessel (a '=1.5a) with propeller

impeller. Solid line: Eq. (3.3)
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Fig. 3.60 Correlation of power number for eccentric
rectangular vessel (a '=2a) with pitched paddle
impeller. Solid line: Eq. (3.2)
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Fig. 3.62 Correlation of power number for eccentric
rectangular vessel (a '=1.5a) with propeller

impeller. Solid line: Eq. (3.3)
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Fig. 3.63 Photograph of surface vortex of six blade paddle impeller in rectangular vessel
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Fig. 3.64 Correlation of power number for eccentric Fig. 3.65 Correlation of power number for eccentric
cylindrical vessel with paddle impeller.

Black line: Eq. (3.1)
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Fig. 3.66 Correlation of power number for eccentric Fig. 3.67 Correlation of power number for eccentric
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Fig. 4.3 Effect of impeller position on power number
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Figure 4.5 Geometry of mixing vessel
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Figure 4.6 Dependence of power number on clearance Figure 4.7 Dependence of power number on clearance
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Figure 4.8 Visualization of flow pattern in mixing vessel with paddle impeller
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Figure 4.9 Dependence of power number on clearance between bottom and Rushton turbine impeller for flat, dished

and spherical bottom vessels(r,=6, n=300rpm, ng=4, u=1 mPa * s)
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Figure 4.10 Visualization of flow pattern in mixing vessel with Rushton turbine impeller
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Fig. 5.1 MAXBLEND impeller with flat bottom and dished bottom.

Table 5.1 Geometry of large paddle impellers

Impeller d[m] b [m]
MAXBLEND 0.119 0.180
FULLZONE 0.113 0.186

Supermix MR203 0.104 0.160
Supermix MR205 0.132 0.150
Anchor 0.165 0.165
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MAXBLEND FULLZONE Supermix MR205 Supermix MR203 Anchor

Fig. 5.2 Large paddle impellers. Values of b and d are listed in Table 1.
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d=0.119 m d=0.119 m
hb=0180m | ] bh=0.180 m
Flat bottom Dished bottom

without baffle
0 ' " ' v 0 ' 2 ' '4
10 10 R 10 10 10 R 10
Fig. 5.3 Power number diagram for MAXBLEND Fig. 5.4 Power number diagram for MAXBLEND
impeller with flat bottom impeller with dished bottom

nt= 1 30 100

200 500 1000

Fig. 5.5 Mixing patterns obtained with a Maxblend in an unbaffled flat vessel

(Re=6:p=1370kg/m3 y=1.7 Pa*s n=33rpm)

100 200 500 1000

Fig. 5.6 Mixing patterns obtained with a Maxblend in an unbaffled flat vessel
(Re=10:p=1369kg/m? u=1.14 Pa*s n=36rpm)

100 200

nt= 1

Fig. 5.7 Mixing patterns obtained with a Maxblend in an unbaffled flat vessel
(Re=15:p=1363kg/m> 1=0.98 Pa*s n=46rpm)
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1000

Fig. 5.8 Mixing patterns obtained with a Maxblend in an unbaffled flat vessel
(Re=25:p=1347kg/m> u=0.48 Pa-s n=38rpm)

i |
== |

nt= 1 30 100 200

Fig.5.9 Mixing patterns obtained with a Maxblend in an unbaffled flat vessel
(Re=40:p=1336kg/m> 1=0.30 Pa-s n=38rpm)

Fig. 5.10 Mixing patterns obtained with a Maxblend in an unbaffled flat vessel
(Re=100:p=1308kg/m> 1=0.115 Pa*s n=37rpm)

-

20

n= 1 5

Fig. 5.11 Mixing patterns obtained with a Maxblend in an unbaffled flat vessel
(Re=240:p=1280kg/m> 1;=0.054 Pa*s n=43rpm)

n= 1

Fig. 5.12 Mixing patterns obtained with a Maxblend in an unbaffled flat vessel
(Re=600:p=1235kg/m? 4=0.020 Pa-s n=41rpm)
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n= 1

Fig. 5.13 Mixing patterns obtained with a Maxblend in an unbaffled flat vessel
(Re=1500:p=1175kg/m? 1=0.008 Pa-s n=43rpm)

nt= 1 3 7 20
Fig. 5.14 Mixing patterns obtained with a Maxblend in an unbaffled flat vessel
(Re=3000:p=1175kg/m> 1=0.008 Pa*s n=87rpm)
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n= 1 30 100 200 500 1000

Fig. 5.15 Mixing patterns obtained with a Maxblend in a baffled flat vessel
(Re=6:p=1370kg/m? u=1.70 Pa+s n=32rpm)
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nt= 1 100 200

Fig. 5.16 Mixing patterns obtained with a Maxblend in a baffled flat vessel
(Re=10:p=1369kg/m> u=1.14 Pa-s n=36rpm)

nt= 1 30 100 200

Fig. 5.17 Mixing patterns obtained with a Maxblend in a baffled flat vessel
(Re=15:p=1363kg/m> 1=0.98 Pa*s n=46rpm)
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Fig. 5.18 Mixing patterns obtained with a Maxblend in a baffled flat vessel

(Re=25:p=1347kg/m> u=0.48 Pa*s n=38rpm)

=3

n= 1 100

Fig. 5.19 Mixing patterns obtained with a Maxblend in a baffled flat vessel

o

15
Fig. 5.20 Mixing patterns obtained with a Maxblend in a baffled flat vessel
(Re=100:p=1308kg/m> 1=0.115 Pa*s n=37rpm)

E ]

Fig. 5.21 Mixing patterns obtained with a Maxblend in a baffled flat vessel
(Re=240:p=1280kg/m’ 1=0.054 Pa*s n=43rpm)

73 == s =

Fig. 5.22 Mixing patterns obtained with a Maxblend in a baffled flat vessel
(Re=600:p=1235kg/m> 4=0.020 Pa+s n=41rpm)
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n= 1

Fig. 5.23 Mixing patterns obtained with a Maxblend in a baffled flat vessel
(Re=1500:p=1175kg/m? 1=0.008 Pa*s n=43rpm)

Fig. 5.24 Mixing patterns obtained with a Maxblend in a baffled flat vessel
(Re=3000:p=1175kg/m> 1=0.008 Pa*s n=87rpm)

[ =

100 200 500 1000

Fig. 5.25 Mixing patterns obtained with a Maxblend in an unbaffled dished vessel
(Re=6:p=1368 kg/m> u=2.3 Pa-s n=43rpm)

[

30 500

Fig. 5.26 Mixing patterns obtained with a Maxblend in an unbaffled dished vessel
(Re=10: p=1371 kg/m?, u=1.63 Pa-s, n=50rpm)

30 100 200 300

Fig. 5.27 Mixing patterns obtained with a Maxblend in an unbaffled dished vessel
(Re=15: p=1353 kg/m?, u=1.06 Pa-s, n=50rpm)
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100 200 300 500

Fig. 5.28 Mixing patterns obtained with a Maxblend in an unbaffled dished vessel
(Re=25: p=1348 kg/m?, u=0.53 Pa-s, n=42rpm)

100 200

Fig. 5.29 Mixing patterns obtained with a Maxblend in an unbaffled dished vessel
(Re=40: p=1336 kg/m?, 1=0.30 Pa-s, n=38rpm)

Ty 0

50 100

Fig. 5.30 Mixing patterns obtained with a Maxblend in an unbaffled dished vessel
(Re=80: p=1316kg/m’, 4=0.15 Pa+s, n=39rpm)

= =51

nt= 1 20
Fig. 5.31 Mixing patterns obtained with a Maxblend in an unbaftled dished vessel
(Re=240: p=1280kg/m?, 41=0.054 Pa*s, n=43rpm)

| Tad =l

| T

nt= 1 5 10 15

Fig. 5.32 Mixing patterns obtained with a Maxblend in an unbaffled dished vessel
(Re=600: p=1235kg/m3, 4=0.020 Pa-s, n=41rpm)
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Fig. 5.33 Mixing patterns obtained with a Maxblend in an unbaffled dished vessel
(Re=1500: p=1175kg/m>, u=0.008 Pa-s, n=43rpm)

Y > - o
3

Fig. 5.34 Mixing patterns obtained with a Maxblend in an unbaffled dished vessel
(Re=3000: p=1175kg/m>, u1=0.008 Pa-s, n=87rpm)

] | o — ——aay

100 200 620
Fig. 5.35Mixing patterns obtained with a Maxblend in a baffled dished vessel

(Re=6:p=1374 kg/m> u=1.85 Pa-s n=34rpm)

b2l

bl a1 A | =

nt= 1 30 100 200 500 1000

Fig. 5.36 Mixing patterns obtained with a Maxblend in a baffled dished vessel
(Re=10:p=1374kg/m? u=1.63 Pa-s n=50rpm)

a

nt= 1 30 100 200 400
Fig. 5.37 Mixing patterns obtained with a Maxblend in a baffled dished vessel
(Re=15:p=1329kg/m> y=1.2 Pa*s n=57rpm)
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Fig. 5.38 Mixing patterns obtained with a Maxblend in a baffled dished vessel
(Re=25:p=1348kg/m> 1=0.53 Pa*s n=42rpm)

- —

100 300

Fig. 5.39 Mixing patterns obtained with a Maxblend in a baffled dished vessel
(Re=40:p=1336kg/m> 1=0.30 Pa*s n=38rpm)

n= 1 5 15

Fig. 5.40 Mixing patterns obtained with a Maxblend in a baffled dished vessel
(Re=80:p=1316kg/m> u=0.15 Pa*s n=39rpm)

Fig. 5.41 Mixing patterns obtained with a Maxblend in a baffled dished vessel
(Re=240:p=1280kg/m? 11=0.054 Pa-s n=43rpm)

-

Fig. 5.42 Mixing patterns obtained with a Maxblend in a baffled dished vessel
(Re=600:p=1235kg/m>* 11=0.020 Pa-s n=41rpm)
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nt= 1
Fig. 5.43 Mixing patterns obtained with a Maxblend in a baffled dished vessel
(Re 1500:p= 1175kg/m #=0.008 Pa*s n= 43rpm)

Fig. 5.44 Mixing patterns obtained with a Maxblend in a baffled dished vessel
(Re=3000:p=1175kg/m? u=0.008 Pa-s n=43rpm)
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d=0.112m
b=0.159 m
Flat bottom

d=0.113m
b=0.180 m
Dished bottom

without baffle
U 1 1 2 1 4 0 1 1 2 1 1 4
10 10 Rai 10 10 10 Red 10
Fig. 5.45 Power number diagram for FULLZONE Fig. 5.46 Power number diagram for FULLZONE

(flat bottom) (dished bottom)

200

Fig. 5.47 Mixing patterns obtained with a Fullzone in an unbaffled flat vessel

(Re=6:p=1363kg/m> 1=2.000 Pa*s n=40rpm)

’ 200 500

Fig. 5.48 Mixing patterns obtained with a Fullzone in an unbaffled flat vessel
(Re=10:p=1363kg/m? 11=0.950 Pa*s n=33rpm)

500 1000

nt= 1 30 100

100

nt= 1 30 100 200

Fig. 5.49 Mixing patterns obtained with a Fullzone in an unbaffled flat vessel
(Re=15:p=1363kg/m? 1;=0.950 Pa*s n=50rpm)
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30 100 200

Fig. 5.50 Mixing patterns obtained with a Fullzone in an unbaffled flat vessel

(Re=25:p=1347kg/m? 1i=0.480 Pa*s n=38rpm)

[T

100 300

n= 1

Fig. 5.51 Mixing patterns obtained with a Fullzone in an unbaffled flat vessel

(Re=40:p=1336kg/m? 1;=0.300 Pa*s n=42rpm)

50

Fig. 5.52 Mixing patterns obtained with a Fullzone in an unbaffled flat vessel
(Re=80:p=1308kg/m> 1=0.115 Pa*s n=42rpm)

5

10 15
Fig. 5.53 Mixing patterns obtained with a Fullzone in an unbaftled flat vessel
(Re=240:p=1280kg/m> 1=0.054 Pa*s n=48rpm)

i 3 B

nt= 1
Fig. 5.54 Mixing patterns obtained with a Fullzone in an unbaffled flat vessel

(Re=600:p=1235kg/m> 1=0.020 Pa*s n=46rpm)
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nt= 1
Fig. 5.55 Mixing patterns obtained with a Fullzone in an unbaffled flat vessel
(Re=1500:p=1175kg/m? u=0.008 Pa-s n=49rpm)

Fig. 5.56 Mixing patterns obtained with a Fullzone in an unbaffled flat vessel
(Re=3000:p=1175kg/m> u=0.008 Pa-s n=98rpm)

(# & | - |

nt= 1 100 200

Fig. 5.57Mixing patterns obtained with a Fullzone in a baffled flat vessel
(Re=6:p=1370kg/m> u=1.600 Pa+s n=33rpm)

nt= 1 30 100 200 300 400
Fig. 5.58 Mixing patterns obtained with a Fullzone in a baffled flat vessel
(Re=10:p=1363kg/m> 4=0.950 Pa*s n=33rpm)

nt= 1 30 50 100

Fig. 5.59 Mixing patterns obtained with a Fullzone in a baffled flat vessel
(Re=15:p=1363kg/m> 1=0.950 Pa+s n=50rpm)
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100
Fig. 5.60 Mixing patterns obtained with a Fullzone in a baffled flat vessel
(Re=25:p=1363kg/m> 1=0.480 Pa-s n=38rpm)

T

Fig. 5.61 Mixing patterns obtained with a Fullzone in a baffled flat vessel
(Re=40:p=1336kg/m> 14=0.030 Pa*s n=42rpm)

Fig. 5.62 Mixing patterns obtained with a Fullzone in a baffled flat vessel
(Re=80:p=1308kg/m> 1=0.115 Pa*s n=42rpm)

=F = -

n= 1 3

Fig. 5.63 Mixing patterns obtained with a Fullzone in a baffled flat vessel
(Re=240:p=1280kg/m? 1;=0.054 Pa*s n=48rpm)

nt= 1

Fig. 5.64 Mixing patterns obtained with a Fullzone in a baffled flat vessel
(Re=600:p=1235kg/m? 1=0.020 Pa*s n=46rpm)
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Fig. 5.65 Mixing patterns obtained with a Fullzone in a baffled flat vessel

(Re=1500:p=1175kg/m? u=0.008 Pa*s n=49rpm)

s

Fig. 5.66 Mixing patterns obtained with a Fullzone in a baffled flat vessel
(Re=3000:p=1175kg/m> u=0.008 Pa-s n=98rpm)

-

nt= 1 30 100 200 500 1000
Fig. 5.67 Mixing patterns obtained with a Fullzone in an unbaffled dished vessel
(Re=6:p=1374kg/m? 1=1.850 Pa-s n=38rpm)

nt= 1

Fig. 5.68 Mixing patterns obtained with a Fullzone in an unbaffled dished vessel

(Re=10:p=1371kg/m? u=1.630 Pa*s n=56rpm)

7

100 200 500 1000

nt= 1

Fig. 5.69 Mixing patterns obtained with a Fullzone in an unbaftled dished vessel
(Re=15:p=1329kg/m’ 1=1.200 Pa*s n=64rpm)
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nt= 1

Fig. 5.70 Mixing patterns obtained with a Fullzone in an unbaffled dished vessel
(Re=25:p=1348kg/m> u=0.530 Pa+s n=46rpm)
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100 200 300

n= 1

Fig. 5.71 Mixing patterns obtained with a Fullzone in an unbaffled dished vessel
(Re=40:p=1336kg/m? 1=0.300 Pa-s n=42rpm)

m =

n= 1

Fig. 5.72 Mixing patterns obtained with a Fullzone in an unbaffled dished vessel

(Re=80:p=1316kg/m? u=0.150 Pa-s n=42rpm)

Fig. 5.73 Mixing patterns obtained with a Fullzone in an unbaffled dished vessel
(Re=240:p=1280kg/m> 11=0.054 Pa*s n=48rpm)

| -

nt= 1

Fig. 5.74 Mixing patterns obtained with a Fullzone in an unbaffled dished vessel
(Re=600:p=1235kg/m? 11=0.020 Pa*s n=41rpm)
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Fig. 5.75 Mixing patterns obtained with a Fullzone in an unbaffled dished vessel

(Re=1500:p=1175kg/m? u=0.008 Pa-s n=48rpm)

= -]

Fig. 5.76 Mixing patterns obtained with a Fullzone in an unbaffled dished vessel
(Re=3000:p=1175kg/m? 1=0.008 Pa-s n=95rpm)

nt= 1 30 100 200

Fig. 5.77 Mixing patterns obtained with a Fullzone in a baffled dished vessel
(Re=6:p=1374kg/m? u=1.670 Pa-s n=34rpm)

nt= 1 100 200

Fig. 5.78 Mixing patterns obtained with a Fullzone in a baffled dished vessel
(Re=10:p=1371kg/m? u=1.630 Pa-s n=56rpm)

nt= 1 30 100 200 500 1000

Fig. 5.79 Mixing patterns obtained with a Fullzone in a baffled dished vessel
(Re=15:p=1329kg/m? 1;=1.200 Pa*s n=64rpm)
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Fig. 5.80 Mixing patterns obtained with a Fullzone in a baffled dished vessel

(Re=25:p=1348kg/m> 1i=0.530 Pa*s n=46rpm)

=

nt= 1 15

Fig. 5.81 Mixing patterns obtained with a Fullzone in a baffled dished vessel
(Re=40:p=1336kg/m? 1;=0.300 Pa*s n=42rpm)

. —

Fig. 5.82 Mixing patterns obtained with a Fullzone in a baffled dished vessel
(Re=80:p=1316kg/m? 1i=0.150 Pa*s n=42rpm)

R m— oo _j —.-‘__-"'-"'-_""'_, L =¥ =

Fig. 5.83 Mixing patterns obtained with a Fullzone in a baffled dished vessel
(Re=240:p=1280kg/m? 1;=0.054 Pa*s n=48rpm)

nt= 1 5 15 30 100 300

Fig. 5.84 Mixing patterns obtained with a Fullzone in a baffled dished vessel
(Re=600:p=1235kg/m? 11=0.020 Pa*s n=41rpm)
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Fig. 5.85 Mixing patterns obtained with a Fullzone in a baffled dished vessel
(Re=1500:p=1175kg/m? u=0.008 Pa*s n=48rpm)

. W' I' -
nt= 1 3 5 7

Fig. 5.86 Mixing patterns obtained with a Fullzone in a baffled dished vessel
(Re=3000:p=1175kg/m? u=0.008 Pa*s n=95rpm)

10

15 20

7

10

533 A—s3—3 v 7 X2 MR205 #

A—3—3 v 7 A MR205 A L CTRA/$Y — U 283 L TODBICHIE SN2 EE) ) & Re &
O E41% % Figures 5.87, 5.88 (2 F L ZHV LS &/, MEMEHCE LN ERT — 2 2537, FMERIRIC LS
)~ DB TIT & A L) 7= Figures 5.89-5.98 (2 FREH M L[ f41%,  Figures 5.99-5.108 | JB &M
I {78, Figures 5.109-5.118 [ FRBEAR M L ILECH 7748, Figures 5.119-5.128 (Z R BEHT & ML M HiAl C iR
HNF = ER LTS, MEROAEIZEDL LT RIEGHEIEITIZE A ETXTOD Re BHEB CHBIE S e h
S72. L L, Re=40 OFEZ, FPEEMRAHEERE CT(Fig. 5.103)/ S 22 HERK O RIB S FEIR A BlIEL S 7z,
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Fig. 5.87 Power number diagram for Supermix MR205  Fig. 5.88 Power number diagram for Supermix MR205
(flat bottom) (dished bottom)
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100 200 500

Fig. 5.89 Mixing patterns obtained with a Supermix MR205 in an unbaffled flat vessel
(Re=6:p=1367kg/m? 1=2.000 Pa*s n=30rpm)

E— ) [ S

1000

n= 1 30 100

Fig. 5.90 Mixing patterns obtained with a Supermix MR205 in an unbaffled flat vessel
(Re=10:p=1370kg/m? 1i=1.400 Pa-s n=34rpm)

G i

nt= 1 30 70 | 100 200 300

Fig. 5.91 Mixing patterns obtained with a Supermix MR205 in an unbaffled flat vessel
(Re=15:p=1363kg/m? 1;=1.000 Pa-s n=38rpm)

— . —

n= 1 30 100

Fig. 5.92 Mixing patterns obtained with a Supermix MR205 in an unbaffled flat vessel
(Re=25:p=1347kg/m? 1;=0.480 Pa-s n=31rpm)

n= 1

Fig. 5.93 Mixing patterns obtained with a Supermix MR205 in an unbaffled flat vessel
(Re=40:p=1336kg/m? 1;=0.300 Pa-s n=31rpm)

30
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30 50

Fig. 5.94 Mixing patterns obtained with a Supermix MR205 in an unbaffled flat vessel
(Re=80:p=1308kg/m> 1=0.115 Pa*s n=30rpm)

nt= 1 15

Fig. 5.95 Mixing patterns obtained with a Supermix MR205 in an unbaffled flat vessel

(Re=240:p=1280kg/m? 11=0.054 Pa-s n=35rpm)

nt= 1 5

10

Fig. 5.96 Mixing patterns obtained with a Supermix MR205 in an unbaffled flat vessel
(Re=600:p=1235kg/m? 11=0.020 Pa-s n=33rpm)

P m— — — L

Fig. 5.97 Mixing patterns obtained with a Supermix MR205 in an unbaffled flat vessel
(Re=1500:p=1175kg/m? 1=0.008 Pa*s n=35rpm)

— _— e

7

Fig. 5.98 Mixing patterns obtained with a Supermix MR205 in an unbaffled flat vessel
(Re=3000:p=1175kg/m> 4=0.008 Pa*s n=70rpm)

85



nt= 1 30 100 200 500

Fig. 5.99 Mixing patterns obtained with a Supermix MR205 in a baffled flat vessel
(Re=6:p=1370kg/m> u=1.670 Pa*s n=25rpm)

- ]

Fig. 5.100 Mixing patterns obtained with a Supermix MR205 in a baffled flat vessel
(Re=10:p=1370kg/m> 1i=1.32 Pa-

B |

s n=33rpm)

nt= 1 50 100
Fig. 5.101 Mixing patterns obtained with a Supermix MR205 in a baftled flat vessel

(Re=15:p=1363kg/m> u=1.00 Pa*s n=38rpm)

| . | .
| L ! .

Fig. 102 Mixing patterns obtained with a Supermix MR205 in a baffled flat vessel
(Re=25:p=1347kg/m? 1;=0.480 Pa-s n=31rpm)

—

nt= 1 30
Fig. 5.103 Mixing patterns obtained with a Supermix MR205 in a baffled flat vessel
(Re=40:p=1336kg/m’ 1=0.300 Pa*s n=31rpm)
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Fig. 5.104 Mixing patterns obtained with a Supermix MR205 in a baffled flat vessel

(Re=80:p=1308kg/m> 4=0.115 Pa-s n=30rpm)

=

10

Fig. 5.105 Mixing patterns obtained with a Supermix MR205 in a baftled flat vessel
(Re=240:p=1280kg/m> 1;=0.054 Pa-s n=35rpm)

14 LI 4 o’

10

Fig. 5.106 Mixing patterns obtained with a Supermix MR205 in a baftled flat vessel
(Re=600:p=1235kg/m>? 141=0.020 Pa-s n=33rpm)

Fig. 5.107 Mixing patterns obtained with a Maxblend in a baffled flat vessel
(Re=1500:p=1175kg/m? 1=0.008 Pa*s n=35rpm)

N —

3 = = }

n= 1

Fig. 5.108 Mixing patterns obtained with a Supermix MR205 in a baffled flat vessel
(Re=3000:p=1175kg/m> 1=0.008 Pa*s n=70rpm)
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Fig. 5.109 Mixing patterns obtained with a Supermix MR205 in an unbaffled dished vessel
(Re=6:p=1377kg/m> u=1.890 Pa*s n=28rpm)

Fig. 5.110 Mixing patterns obtained with a Supermix MR205 in an unbaffled dished vessel
(Re=10:p=1377kg/m? 1i=1.890 Pa-s n=47rpm)

] | ] E TR

Fig. 5.111 Mixing patterns obtained with a Supermix MR205 in an unbaftled dished vessel
(Re=15:p=1362kg/m? 1;=0.830 Pa-s n=31rpm)

=~ » = —

100

Fig. 5.112 Mixing patterns obtained with a Supermix MR205 in an unbaffled dished vessel
(Re=25:p=1348kg/m? 1;=0.530 Pa-s n=34rpm)

ni= 1 100

Fig. 5.113 Mixing patterns obtained with a Supermix MR205 in an unbaffled dished vessel
(Re=40:p=1336kg/m> 1=0.300 Pa-s n=31rpm)
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nt= 1

Fig. 5. 114 Mixing patterns obtained with a Supermix MR205 in an unbaffled dished vessel
(Re=80:p=1316kg/m? 1=0.150 Pa-s n=32rpm)

vl 1 s

nt= 1 7

Fig. 5.115 Mixing patterns obtained with a Supermix MR205 in an unbaffled dished vessel
(Re=240:p=1280kg/m? 11=0.054 Pa-s n=35rpm)

- ']

nt= 1 5 7 10 20

Fig. 5.116 Mixing patterns obtained with a Supermix MR205 in an unbaffled dished vessel
(Re=600:p=1235kg/m? 11=0.020 Pa-s n=33rpm)
i'-__-_—‘ r - =.| . = —

nt=1

Fig. 5.117 Mixing patterns obtained with a Supermix MR205 in an unbaffled dished vessel

(Re=1500:p=1175kg/m> 4=0.008 Pa-s n=35rpm)
g i =

5

nt= 1

Fig. 5.118 Mixing patterns obtained with a Supermix MR205 in an unbaffled dished vessel
(Re=3000:p=1175kg/m? 1=0.008 Pa*s n=70rpm)
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Fig. 5.119 Mixing patterns obtained with a Supermix MR205 in a baffled dished vessel
(Re=6:p=1377kg/m> u=1.890 Pa*s n=28rpm)

L s ==

100 200

Fig. 5.120 Mixing patterns obtained with a Supermix MR205 in a baffled dished vessel
(Re=10:p=1377kg/m? 1i=1.890 Pa-s n=47rpm)

. s e

n= 1

100 200

Fig. 5.121 Mixing patterns obtained with a Supermix MR205 in a baftled dished vessel
(Re=15:p=1362kg/m? 1;=0.830 Pa-s n=31rpm)

— - —_

nt= 1 30

100
Fig. 5.122 Mixing patterns obtained with a Supermix MR205 in a baffled dished vessel
(Re=25:p=1348kg/m? 1;=0.530 Pa-s n=34rpm)

S— —

n= 1

Fig. 5.123 Mixing patterns obtained with a Supermix MR205 in a baffled dished vessel
(Re=40:p=1336kg/m>® 1=0.300 Pa-s n=31rpm)
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Fig. 5.124 Mixing patterns obtained with a Supermix MR205 in a baffled dished vessel
(Re=80:p=1316kg/m? 1=0.150 Pa-s n=32rpm)

Fig. 5.125 Mixing patterns obtained with a Supermix MR205 in a baffled dished vessel
(Re=240:p=1280kg/m> 1;=0.054 Pa-s n=35rpm)

Fig. 5.126 Mixing patterns obtained with a Supermix MR205 in a baftled dished vessel
(Re=600:p=1235kg/m? 11=0.020 Pa-s n=33rpm)
o . .

Fig. 5.127 Mixing patterns obtained with a Supermix MR205 in a baffled dished vessel
(Re=1500:p=1175kg/m? 1=0.008 Pa*s n=35rpm)

" - _——g___‘:w
nt= 1 3 5 7 10

Fig. 5.128 Mixing patterns obtained with a Supermix MR205 in a baffled dished vessel
(Re=3000:p=1175kg/m? 1=0.008 Pa*s n=70rpm)
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NR—=I v 7 A MR203 BZEH L TREENNZ = 28I L TODBRIZANE SNV ERITEE) ) & Re 2O AR
% Figure 5.129 |Z7~7". Figures 5.130-5.139 |20 BEAIE U P48,  Figures 5.140-5.149 [ BEARAT - E 1 £
FECOREGNHZ—2Z R LTS, Re=6-40 DIK LA 7 )V ZEFEIK(Figs. 5.130-5.134, 5.140-5.144)) |23 THF
%*ﬁODﬁﬁ ZRD B PIAHEEOREAEERANBE SN, A= 38— v 7 A MR203 RIIMhEEZH L TEH

5 ZOMBIBENEPEREICB O TEEREHEEZ L D EEZLND. A—/3—3 v 7 A MR203 #ETlTZ
@%Efbﬁmaﬁiéiéﬁéﬁéﬂfm\

d=0.104 m
b=0.160 m
Flat bottom

without baffle

10° 102}291 10*

Fig. 5.129 Power number diagram for Supermix MR203 (flat bottom)

|||||I||||i 11|||||III|I\I||||||||' .
n= 1

30 100 200 500 1000 |

Fig. 5.130 Mixing patterns obtained with a Supermix MR203 in an unbaffled flat vessel
(Re=6:p=1368kg/m? u=2.500 Pa-s n= 61rpm)

ni= 1 100 500 1000

Fig. 5.131 Mixing patterns obtained with a Supermix MR203 in an unbaffled flat vessel
(Re=10:p=1370kg/m> u=1.35 Pa*s n=55rpm)
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nt= 1 1000

Fig. 5.132 Mixing patterns obtained with a Supermix MR203 in an unbaffled flat vessel
(Re=15:p=1363kg/m>? 1=1.000 Pa-s n=61rpm)

i - : ]

nt= 1 30

200

Fig. 5.133 Mixing patterns obtained with a Supermix MR203 in an unbaffled flat vessel

(Re=25:p=1347kg/m? 1;=0.480 Pa-s n=49rpm)

S =gy

n= 1 30 100 200 1000

Fig. 5.134 Mixing patterns obtained with a Supermix MR203 in an unbaffled flat vessel
(Re=40:p=1336kg/m? 1;=0.300 Pa-s n=50rpm)

n= 1 20

Fig. 5.135 Mixing patterns obtained with a Supermix MR203 in an unbaffled flat vessel
(Re=80:p=1308kg/m> 1=0.115 Pa*s n=49rpm)

T

ni= 1 5 7 0 15

Fig. 5.136 Mixing patterns obtained with a Supermix MR203 in an unbaffled flat vessel
(Re=240:p=1280kg/m? 1i=0.054 Pa*s n=56rpm)
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nt= 1 5 7
Fig. 5.137 Mixing patterns obtained with a Supermix MR203 in an unbaffled flat vessel
(Re=600:p=1235kg/m? 14=0.020 Pa*s n=54rpm)

n= 1

Fig. 5.138 Mixing patterns obtained with a Supermix MR203 in an unbaffled flat vessel
(Re=1500:p=1175kg/m> 4=0.008 Pa-s n=57rpm)

- g

Fig. 5.139 Mixing patterns obtained with a Supermix MR203 in an unbaffled flat vessel
(Re=3000:p=1175kg/m> ;i=0.008 Pa-s n=113rpm)

= ]

ni= 1 30 100

Fig. 5.140 Mixing patterns obtained with a Supermix MR203 in a baffled flat vessel
(Re=6:p=1370kg/m? u=1.600 Pa-s n=39rpm)

T — R A T —— ——

100 200

Fig. 5.141 Mixing patterns obtained with a Supermix MR203 in a baffled flat vessel
(Re=10:p=1370kg/m> 1=1.320 Pa-s n=54rpm)
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Fig. 5.142 Mixing patterns obtained with a Supermix MR203 in a baffled flat vessel
(Re=15:p=1363kg/m? 1;=1.000 Pa-s n=61rpm)

S — ————

n= 1

100 200

Fig. 5.143 Mixing patterns obtained with a Supermix MR203 in a baffled flat vessel
(Re=25:p=1347kg/m’ 1=0.480 Pa-s n=49rpm)

= e - S e

70 100

Fig. 5.144 Mixing patterns obtained with a Supermix MR203 in a baffled flat vessel
(Re=40:p=1336kg/m> 14=0.300 Pa*s n=50rpm)

LSS

Fig. 5.145 Mixing patterns obtained with a Supermix MR203 in a baffled flat vessel
(Re=80:p=1308kg/m> 1=0.115 Pa*s n=49rpm)

Fig. 5.146 Mixing patterns obtained with a Supermix MR203 in a baffled flat vessel
(Re=240:p=1280kg/m> 1=0.054 Pa*s n=56rpm)
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nt= 1
Fig. 5.147 Mixing patterns obtained with a Supermix MR203 in a baffled flat vessel
(Re=600:p=1235kg/m> 1=0.020 Pa+s n=54rpm)

nt= 1
Fig. 5.148 Mixing patterns obtained with a Supermix MR203 in a baffled flat vessel
(Re 1500:p=1175kg/m? 4=0.008 Pa+s n=57rpm)

—
—

7

Fig. 5.149 Mixing patterns obtained with a Supermix MR203 in a baffled flat vessel
(Re=3000:p=1175kg/m? 1=0.008 Pa*s n=113rpm)

535 7o h—#&

T U —EEEH L TRAG N — 2B L CTOSBRICHE S VIR T EE) ) & Re XD BIf% % Figure
5.150 (2" %ﬂ?{séﬂf:“ﬁ%\/w~y% Figures 5.151-160 |27~ 9. Re=6-40 OFEIKIZ I T LB DO RIEATH
WRRAE LI, 2O &b, Ty —RITREFRESIZBWTER TRV ERbooT.

10%
d=0.165m
b=0.165m
Flat bottom
10°}
i
=
o)
10°F .
10—2 L n
10° 10° 10°
Rei[-]

Fig. 5.150 Power number diagram for Anchor (flat bottom)
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nt= 1 30 100 200 1000

Fig. 5.151 Mixing patterns obtained with an Anchor (Re=6:p=1368kg/m? ;=2.5 Pa*s n=24rpm)

nt= 1 100 200 500 1000
Fig. 5.153 Mixing patterns obtained with an Anchor (Re=15:p=1363kg/m? 41=0.960 Pa-s n=23rpm)

nt= 1 30 100 200 500 1000

Fig. 5.154 Mixing patterns obtained with an Anchor (Re=25:p=1347kg/m? 4=0.480 Pa-s n=20rpm)

200

Fig. 5.156 Mixing patterns obtained with an Anchor (Re=100:p=1308kg/m? 1=0.115 Pa*s n=20rpm)
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n= 1

Fig. 5.158 Mixing patterns obtained with an Anchor (Re=600:p=1235kg/m> 1=0.020 Pa*s n=21rpm)

= — =

nt= 1 3

Fig. 5.159 Mixing patterns obtained with an Anchor (Re=1500:p=1175kg/m? 4=0.008 Pa+s n=23rpm)

—— —— =

20
Fig. 5.160 Mixing patterns obtained with an Anchor (Re=3000:p=1175kg/m? 11=0.008 Pa*s n=45rpm)
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B ENT-RIESERORIZERRO L DR, BICHEPEET CBAI SN, 2 b ORE
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Table 3.2 Experimental conditions provided small poorly mixed zone.

No. Impellers baffle condition Re[-]
(D) Maxblend (dished) baftled 40
2) unbaftled 40
3) Maxblend (flat) unbaftled 10
4 Fullzone (dished) baftled 15
(5) 80
(6) Fullzone (flat) unbaftled 15
@) SuperMix MR205 (flat) baffled 40
(8) SuperMix MR205 (dished) baftled 10

) (6) (7 (8)

Fig. 5.161 Small poorly mixed zone rotating with impeller.
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Fig. 6.1 Dimension of mixing vessel Fig. 6.2 Dimension of mixing vessel
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(a)Rushton turbine (b)concave turbine
Fig. 6.3 Effect of aeration on power consumption (z = 360rpm)
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Fig. 6.4 Correlation of masstransfer volumetric coefficient
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(a)Rushton turbine, (b)Concave turbine
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Fig. 6.5 Dimension of mixing vessel
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Fig. 6.6 Effect of aeration on power consumption

(single sparger, #=300 rpm)
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Fig. 6.8 Effect of aeration on power consumption

(single sparger, #=420 rpm)
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Fig. 6.7 Effect of aeration on power consumption

(single sparger, »=360 rpm)

Ny 7]
Fig. 6.9 Effect of aeration on power consumption

(ring sparger, ds/d=1.3, =300 rpm)
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Fig. 6.10 Effect of aeration on power consumption

(ring sparger, ds/d=1.3, =360 rpm)
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Fig. 6.12 Effect of aeration on power consumption

(ring sparger ds/d=1.5, n=300 rpm)
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Fig. 6.14 Effect of acration on power consumption

(ring sparger dy/d=1.5, n=420 rpm)
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Fig. 6.11 Effect of aeration on power consumption

(ring sparger ds/d=1.3, n=420 rpm)
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Fig. 6.13 Effect of aeration on power consumption

(ring sparger dy/d=1.5, n=360 rpm)
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Fig. 6.15 Comparison of single sparger with ring sparger
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Nomenclature

Apt = surface area ration between draft tube and vessel (=dptHp1/DT) -]
a = short side of cross section for rectangular [m]
a’ = long side of cross section for rectangular [m]
Bw = baffle width [m]
b = height of impeller blade [m]
C = clearance between bottom and impeller [m]
Cco = clearance of coil [m]
D = characteristic length

diagonal for rectangular and diameter for cylindrical diameter [m]
d = impeller diameter [m]
dco = coil diameter [m]
dprt = draft tube diameter [m]
ds = sparger diameter [m]
Fr = Froude number (=n%d/g) -]
g = gravity acceleration [m - s?]
H = liquid depth [m]
H, = clearance between vessel bottom and center of impeller blade [m]
Hpr = height of draft tube [m]
Kra = volumetric gas-liquid mass transfer coefficient [s']
Lg = eccentric length [m]
m = correlation parameter -]
Na = aeration number (=Q/nd*) -]
Np = power number (= P/pn*d®) -]
Npo = power number at non-baffled condition -]
Npmax = power number at fully baffled condition -]
n = impeller rotational speed -]
ng = number of baffle plate -]
np = number of impeller blade -]
P = power consumption [W]
Pay = aeration consumption per unit volume (=pgHQ/V) [W+ m3]
Py = power consumption under no aeration [W]
Py = power consumption under aeration [W]
Pyy = agitation power consumption per unit volume under aeration [W+ mJ]
0 = gas flow rate [m3 - 1]
Re = Reynolds number (= d’np/u) -]
Req = impeller Reynolds number (= d?np/i) -]
T = shaft torque [T+ m]
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= agitation time

= liquid volume

= clearance between impeller and vessel bottom

= liquid viscosity
= liquid density

= angle of impeller blade
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[Pa -« s]
[kg - m]
[rad]
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