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3ONA—EVEFHA-HUEEREORESHEICOVWT, FEEETILEEALTHE
RESLUXBBREICS KFT2ABRBELUROBEIE, BREEOZEZRENICIRETL
- BEDT(X010m BEREDIFEZE DO 12 L. 3BHEBBEDERE f, HHaR
Eq XBFEQAOREICT=Q - g2 DEARAMIL L. THFETHEREREn LHAAEA
ICHAILTKREL G2 SEMEEREOSEERTRMAE Q/(NDAAY) X, BitLS1 /L
X Nre Y 1x103-6x103 DEE TITHEHE L A / L XEDOH 02 RICHPILTKEL G Y i
LA 7 IWXE Nre B8 63103 LLLETIEX$ 0.17 TIRF—F ¢ %S

#® EH

FEEEC Lo TG SN D AARESE IR &R IZE— B
B, [Al SN CHRLE 2 BRAA L C ORI 2 L IS N T Y
£LBD. 207D, EHOBHULEZESG L THEEZRMZ 2ME
BAERMIEL 2D, UL, G ET O BROBIESIEOR IR
BIZE D EZARKEL, MEITREL EOFEHEZ T TV 5
BNEN. BT FFX =B b RET A R OHER 7B K
HONTVD. HEITHN LN DEITERICH L TS 2-3 50
HLORZN. ZOFGTEHRBRESELEETIEBET L

(Nagata et al., 1957) 3 FIZHEEL .

EHD i%ﬁxﬂﬁ”#ﬁﬁﬂr*@ OWVWTHRFEED TN D. SZEARE
BRI RAE 7L (Ando et al., 1981; Fukuda et al., 1990) % 6
&%MﬁﬁﬁuL%b B L LOREAWIZSA, i
Q ZETkAUT K o TG & q DIRWEIFIZ Tz o Tt f
EHETEHZ LA 5T L7 (Ohiraetal., 2011).

f=Q-= 1
Q 2 q (Y]
DT, KERKIAIR & I % 10 kg-m= LUF O CMC ki & VT,
6 BB HRRE 0O ST B Q 1240 T IR L oD R & SRR

BETL, AR Q IHHIEL A /L XHK Nee IT & » TR 3 fHIK
Wi end Z L E#BH 5 L7z (Ohiraetal., 2013).

C?3 =31x107*Npe®  (1x10%< Npe< 7x109)  (2)
nD;"A,

<23 =32x1073Ng"%0  (8x10% Npo<4x103)  (3)
nD;" A

Q
nD;*A
WRGETNOB 2 ZRGBEOSET 5 &, iimGRE#E
VSR ERE, [R5 2GR G BRI XA B E NS & o TG I
TR ERO D ZENTED

4 BUL O BEERR RS 2 F 7o s (Nagata et al., 1957;
Miyauchi et al., 1966; Lelli et al., 1972; Fajner et al., 1982; Nakamura
etal,, 1989) 3L Wb DD, 3 BtLL T D% Bt s ¥l Calfiifi i &
WE L7c @i T isz i o, 3 BT O L BRIl 0 48
R ERE IOV TIHLEFEZIT oA Y U L& k2 0
7= Vasconcelos et al. (1995, 1996) D5 H 528, Hik+ 5L D
(B EEERGTASHIR R OIS 3 [ERERZR Y, 6 Bt iHE o
WAL L T, Tﬁﬂ' LA )V ZEARIFIE D /N E W,

T ZCARIZE T, EXFEA R X OE XA O i S
HERET 2 f_&)@%ZKT ZEFEERE LT, 6 BOMIRY —
V3% 3 Offi 272 3 BefitRUEFRE 0 Wi s K OV RSO
W T BRI 21T o 7.

(4x103%< Npe< 2x10%)  (4)
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AT (Ohira et al., 2011) [FI%, 3 EXHEEUHIRRE KA S22 R
ATHY, FHEOLZHRTENELVEREL, BREAETT IV

(Ando et al., 1981; Fukuda et al., 1990) Z 34 % . ka7 E% q,
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Fig.1 Back flow ratio « as a function of parameter ¢ max
V dc,
——==(1+a)C; -(1+2a)C, +aC (6)
g =l aky -4 2a)cy +acy
V dC,
——=(1+a)Cy -(l+a @)
o go =l -rak;

Equations (5) & (6) & (7) ZAIMIGM, -

6=0, C;=Cy, C2;=C3=0
T, SERIREHEEIN =3 DFE DL a & ¢ max DEIRE R
Wi, Wit a & ¢ mx PBIRE Figure 112779, 22T ¢ max !
H3MED b L— Y —RE Co NI R & 72 DR Oax & S L—H—D
R 61 TBRLIZECTH .

¢max =9;% (8
FRRIZEY ¢ max Z23ROIUE, Figure 1 IR BER T a 23K
WHZENTED., ZOWk a ICHHREqEZELLHZ L TH
MEfERDDHZENTES.

1.2 e

AR B Q DN E T I IR IR TN IRIR & R R E L &
A9 % (Andoetal,1990) &WENCIIKRD L H 12725,

V dc, ~

3 d0 =Q(C,-¢) ©)
Vv dc

Ed—; =Q(c;-2C, +Cy) (10)
V dC; ~

T =Q(c,-C5) (11)

oo E, IS

9=0, Cl = Co, Cz = C3 =0
TR &, BLIMEEIMD b L —F—REA AC (= C-Cy) 1
WA TEFT LN TXS.

AC =C, exp(—SV—QH) (12)
LM EE IO N L — R AC ORI LA, Jrkt
¥Brooicray b5 Tay MEERELT S E, ZOER

DOEE OfEIX Eq. (12) D-83QNV & —ET%. ZDRIRN D AHA
BQiaRHDHZILMWTED.
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Fig.2 Dimensions of mixer, impeller and perforated-type
partition plate (Dt =0.10 m)

2. EBREBBLULEK

2.1 FiRERE

AR FEBRC N T i B SR BRAEE 00 O DI 2 B < HiER
AR, N L—t—fta, FHERSIEATE (Ohira et al., 2011)
LU ThD. 3 BB, HERE, RO % Figure
21R Y. 3B BRI NR Dy 23010 m D 7 7 U VR iE#RLC,
S HIZ3Dr CTHDH. FORESUIER Drd 110 DIED B D% 4 8
KIRICED AHT 72, AEIBUIARIE 1.4 mm, FLEK 28+1 fH D% FLIK
MEL, L 4mm, 7mm, 10 mm OO %E 2K OME L=,
ZRENOBITLER A1 0.047, 0139, 0282 TdhD. 3 Brtufise
Moms (U3) H, (213) H ONLEICSFMRATEIR Z 3%, B
RN 3505 L7~ AEEIHIC & » TR SNz 3 SR
JL|Z B D DMERR Dt @ 1/2 @ Rushton Y 6 BORIAR &% — © L B4 B
AT, 3 BRI OR T CH L% 1 it ANZ, &
FHTHDE IMWITIHHD 2R T 72, ASEMIIE 3 HICHkE L
7o PR & U CIREE 2021 *COKIEK (p = 1.0x10%8 kg m3, u= 1.0
mPa-s) Z M=, PRI n 1k 3.33-6.67 s, AR g 1
1.67-8.33x10° m-st O#fH CE TN LI iz, Hbh U v A

(L #%, FOGAIIR T 3EM) % o1 4 o ASHUKICVAME S E 72 1 kmol-m™3
WAL H VU LKERE b L—P—& LTHW .

HEFNEITATH (Ohira et al., 2011) LRI LT, 3 Brftusisppy
DL S L—P—% MG L, &6 3 Wi 25K E
FNTND L —H—RE Ca2IEL. FL—V—RE CD
R DHERICE SV it a ZH B LT,

22 R@FRAE

FEERRE R0 B AR E s DRI G T A  2RVZ b
DLIFFRCTHD. ABMRITE L L5 SMICHRE L. B
IR & U TIRAE 20£1 COKIEK (p=1.0x10° kg mS, 1= 1.0 mPa-
s) Mz, $EEHE n 1 1.67-6.67 571, BHFLE A 1% 0.047-0.282
E SRR DEED 0.994 OFPH TENENELSE T

3 BRI N O IR-A R O 2 1% Kamiwano et al. (1967) @
FEREICHE U CTIT o 7o, ZSHafi s Q O JE FNEILATHR (Ohiraetal.,
2011) &RILT, 3 Bt 1 M b L —d—24a L
T2 LM E 3O R L—Y—JREEE AC (=C-C3) ZMITEL,
P (Ohiraetal., 2011) (ZHAWTAeHaifift Q ZHiH L7-.
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Fig.3 Concentration Cs as a function of time
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Fig.4 Back flow ratio « as a function of feed flow rate g
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Figure 31255 31 b L — W —R [ Co ORRIRFEALDO— il Z 77T,
D AT b RRRICRIE 24TV, &5 3D b L— Y —JREE C3 Dl
TERE R BRDIWRLL o & AR q OBk % Figure 4 [Zi%f
B7ay NCRYT. SR q BRE D ik a 3/ E <
ROERBR SN, FHEE n 2 RELTH2 &, SAMREUL
UROBILE A ZRE T2 L Tt a T RE L Rotz. ¥
Hibt @ 2SR WFEBATIE, W o & HGTTEE q ORIRITEE -1
DEFRE BT D . —J, W o A/ SWHEIFACIEiEt a &
HfaiiE q OBIREZEME e T2 EMNEELY. Zh DL 6 Bt
AR 084 (Ohiraetal., 2011) & [F UHE TH 5.

WL o \CHHRTER q 2 U5 2 & TR f 2R, AT
B q & OBRE Figure 5 (2R T. T—ZITETORTYXNRH D
HOO, FFEZT LI | LHHRTTE g OBMRITEE-12 OE
MCHBETE 5. MHEREER LU0 E q 25 0 m3-s o4
AR Q ICAHY T 5. T7bh, 3 BRI OLATY
THRE Q 2 60 Lok TR, Eq. (1) OBMEN L
BEIERDDZLENTES.
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Fig.5 Back flow rate f as a function of feed flow rate q
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Fig.6 Concentration difference AC ( = C1—Cs) as a function of time

3.2 XM|EEQ

Figure 6 125 148 & 55 34> I L—H —J B AC OREHEL LD —
BZmRd. T—XIFA RS ey FTIREERIC R ST, 20T
— & D BEGHICEE DWW TR &R Q 2R, D FKHFITONT
b FRICHE 21TV, e Q 23R 7=. Figure 5 12 &SHuifi i Q
DOfiZz q=0mé-sTOMEICT 7y b Lz, &Hffism Q OfE, it
FOURE g & WHEE f OMERIRRE g = 0 m3-sTHICAME LS Off &
EIE L, ZoZ b, 3 BB CY Eq. (D 23k
ST B L EER LT

PR LA )V 2B NRe 28 6.0x103-1.7x104 DIFAIZHOWT, K
TEAMATE R QI(nDP) & ZARU LU DB FLEE A DBIfR % Figure
7T ATRT. BRI AR QIDA)XZ ILRA IR OBRTLER A,
D 1.0 FIZHBFITHZ ENbhotz. 2D Lnb, MWRTAHH
il QDA)ITR A TET Z ENTE S,

Q 10
=0.17 (13)
nD.* A

Figure 8 |ZHEWRTTATHATI B Q/(NDR) % £ FLARFU LUK D B FLER
A TR L7 (& IE MR ST 28 i B QI(NDPAY) & R L A/ /L RS Npe
DORRZERT. BV A /U ZE Nre 28 6.0x10%-1.7x10* DA,
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Fig.7 Dimensionless exchange rate Q/(nD;®) as a function of
the opening ratio of a perforated—type partition plate A
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Fig.8 Modified dimensionless exchange rate Q/(nDi*Ar) as
a function of Reynolds number Nre
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Fig.9 Relationship between the measured value of back flow rate
and the calculated value of that by Eq. (16)

R I 3 BEMERUH A% % F\ 7= Vasconcelos et al. (1996) &
T Z D EHE LB IEROT TR QI(NDRA) LR LA
Jb ZEK Nre D BR 2 A4 C/R L7=. Vasconcelos et al. (1996) O
— 2%, BN (=3), PREE N (=6), HR DI/IDr (=1/2)
72 E DRGHEMBIIAREREFCTH D, FHRLA /L REL Nee B
K& 2D LEIEMR TR Q(INDRA)IT R & < 72 B3, Hife
LA IV ABIRAFMET N S <, AREBRFER & MEROB7 277 LT
W5, LavL, Vasconcelosetal. (1996) DF — & b EHE L&
IEEER A B QI(DPA)DIFIIAFERERDZN L < 5T
BLE3EDOMEER->T 5. Vasconcelosetal. (1996) 1% h L—
P— LT, WEREEITLEZ3 mm OF Ry L a2
P2 RO CRBIRRZEE L TWD. 20k, KERRERL
BARDEIZR>TVWD EEZLND.

33 RRETFILICKZIBFREOHEH

LA ) L 2 Npe 75 6.0x10%-1.7x10% D Y4, it f 13 Eqgs.

1) & (1) ZHAEDEERRNGRO OIS,

f =0.17nD;’A —iq (16)

Equation (16) D% HMEZIRFEET 272, Figure 9 (23 7 D F2H
it fm & Eq. (16) 7 HRDFRME f OBIRZ R, SR I
FRE & FHRER T 256 TH D, T ry MIZEXAR L
WY, FEAEDT Ty FBRR20%DHFANTH 72, LLEoZ
EnD, 6 BOPRY — b 22535 Lie 3 B A 4k LA
JIVAEE Nre A 6.0x10%-1.7x10* OFEFH CHAET 254, Wik
IXEq. (16) CTHRETHZ &N TES.

#

AR 2 B E 721X E S N CHE T 2 RO i 54 & st
TDREDOERT —XBfFEHIE LT, 6 BOPIRY —E 3% 3
Offf 272 3 BefERR IR O it i f 38 K OSSR Q 1 oW Tk
O TEBRNRF 21T o 72, #ifitt o ZRE L7z 2 A,
fRiiE q 2 REL T2 LW a 13N EL ol HifPdE n %
b LIEBAFLR A 2 RE < T2 LR o TR E < eodz. Wik
it f TR g OBIfRIT 6 BEAURIRE 045G L [FER, Eq. (1)
TET I LN TE L. BIEMERICAMRE QI(NDPA) &tk L1/
IV ZHL Npe DBIFRIT Egs.  (14) & (15) THRT Z &N TE, 3



HORBEHR 2 BEHE LA ) VB Nre 2 6.0x10%-1.7x10% CHR{ET 5
Ba, Wi fiXEq. (16) THER T2 LN TED.

(8 8] AFREZTTDICHIY, BWMIERTFL ST
ATR (BN PoARRIYE N EE L. Ein, EREAT
DIz, PRSI, FHFEIRR, AOBER, HREAK, 3
Ffk R, MER, PAERK, @ERLK, LK, FEE
WK, FEAARRRI, PERHhmRICH L Tneid&E L. i
FRLCHEZRLES.

Nomenclature

A = opening ratio of a perforated—type partition plate [ -]
C = tracer concentration [kmol-m=3]
Crnax = maximum tracer concentration [kmol-m-3]
Co = tracer concentrationat #=0s [kmol-m=3]
Dr = vessel diameter [m]
D; = impeller diameter [m]
f = back flow rate [m3-s74]
fe = calculated value of back flow rate [m3-s1]
fm = measured value of back flow rate [m3-s74]
H = vessel height [m]
n = stirring speed of impeller [s~4]
N = number of separated vessel [-1
NRe = agitated Reynolds number (=Di?np/u) [-]
q = feed flow rate [m3-s1]
Q = exchange rate [m3-s71]
v = liquid volume [m?]
a = back flow ratio (= f/q) [-1
AC = tracer concentration difference [kmol-m-3]
¢ max = Omaxl67 [-1]
0 =time [s]
Omax =time at Crax [s]
Or = mean residence time (=V/q) [s]
I = liquid viscosity [Pa-s]

p = liquid density

[kg-m~]
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Backflow Rate and Exchange Rate of Liquid in a Vertical Stirred Vessel
with Three Multiple Impellers

Yuichi OHIRA, Ayaka SAWADA, and Masamitsu SHIMADZU

Division of Sustainable and Environmental Engineering, Graduate School of Engineering, Muroran
Institute of Technology, 27-1 Mizumoto—cho, Muroran—shi, Hokkaido 050-8585, Japan

Keywords: Stirred Vessel, Multiple Impeller, Backmixing, Backflow Rate, Exchange Rate

In applying a backmixing model of liquid mixing characteristics in vertical vessels with three
multiple impellers, the effects of the opening ratio of a perforated partition plate and the stirring speed
on the backflow rate and the exchange rate of liquid were experimentally investigated. The vessel
diameter Dt was 0.10 m and the impeller diameter Di was one-half of the vessel diameter Dr. In the
vertical stirred vessels with three multiple impellers, the relationship of the backflow rate f to the feed
flow rate q and the exchange rate Q was established as f = Q — /2. The exchange rate Q increased in
proportion to the stirring speed of impellers n and the opening ratio of a perforated partition plate Ar.
The value of the modified dimensionless exchange rate in the vertical vessels with three impellers
Q/(nDi*Ar) was proportional to the agitated Reynolds number Nre to the power of 0.20 when the range
of the agitated Reynolds number Nre was 1x10% to 6x103, and it was almost constant at 0.17 when the
agitated Reynolds number Nre was greater than 6x103.



