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Fig. 1 Photograph of (8)HR320, (b)HR320S

(@)Mlixing vessel (b)Top view of HR320 and HR320S

(c)Side view of HR320 (d)Side view of HR320S

Fig. 2 Schematic diagram of experimental apparatus

Fig.3 Photograph of (D-@HR320,3)-@Fig.3
Photograph of (D-@HR320,3)- @HR320S,
(®HR100,G)propeller(A),Dpropeller(B),
(®pitched paddle(A),@pitched paddle(B)
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Table 1 Geometry of HR320 and baffle width

dm] b[m] Bw{m]
@ 008l 0012 0018
(b) 010 0014 0018
© 012 0018 0018
@ 014 0020 0014

Table 2 Geometry of HR320S and baffle width

dimi b[mi] b’[m] Bw[m]
(©) 008l 0012 0021 0018
® 010 0014 0025 0018
@ 012 0018 0031 0018
() 014 0.020 0036 0014

Table 3 Geometry of impellers and baffle

width for mixing experiment

d[m] b [m]
@ 0.10 0.014
@ 0.12 0.018
® 0.10 0.014
@ 0.12 0.018
® 0.094 0.030
® 0.070 0.019
@ 0.060 0.020
0.080 0.012
© 0.092 0.018

IKHOIKIRI A V-, 3% d=0081, 0.10, 0.12m CTILFHENIE
Bw=0.018m OFHERHEL ne=0, 1, 2, 3, 4 ZH5T L7-. 3% d=0.14m
TIPSR & TR L C L E 720, FREEHIE Ba=0.014m
TIRRRIZIER LT, HHFEROBREHIR) S Z L DO TE 720 T
BEIP I, MY A—Z—SATAKE ST-3000 it bV &l
LT, DOV ILT T & FNT P=2anT T:R7-.

12 BAHHE
IRAVEREI, IRGHAR] & IR Ch S IO TR AR n.



Table 4 Power correlation of HR320 impeller

Non-baffled condition

Neo={[1 2728 /DPHI} £
f=Cu/Rec+C{[(Cv/Rec)+Reg] +(f-/C)/my™
Re~ncPolu

Rec={Jm/In(D/d)}/(4d/D)}Req
CL=0.215np(d/H)[1-(c/D)A]+L.83(b SindlH) (ne/2 sin6)13
Ci=[(36.7X 1) 78+(0.25) 78] 78

m = [(0.71X 037) 78+ (0,333) 78] 178
Cv=23.8(d/D) X (bsing/D) 18X 07

£,=00151(d/D) CO*®

X=yne*bsintSg/H

S=2In(DIdY[(DId)-(/D)]

y=lnin(D/d)/(DId)T*

#=0.71140.157+[ne In(D/d)PS23/{ ne®2[1-(/D)}

Baffled condition
Ne=[(1:6) INares
X=1.8(Bw/D)ne®8(H/D)/(26/7)* ?+Nro/Nemax
Fully baffled condition
Nprmex=0.46
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% R L, BEOEI DMLYV 57%, d=010,
0.12m o> —FRffiz v . HRBERERAH S, HfErE Bw=0.0180m
TOREHEL ne=4 AAfET LT, IRGHRARORIER LOVES D
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TRV o Aok RO TR A U
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Table 5 Power correlation of HR320S impeller

Non-baffled condition

Neo={[L27R)[8SD?H} f
f=Cu/Rec+C{[(Cv/Rec)+Reg] +(f-/C)/my™

Re~ncPolu

Rec={[In(D/d)}/(4d/D)}Res
CL=0.215np(d/H)[1-(d/D)AJ+L.83(0"sindlH) (ne/2sing) 2
C=[(25X 1) "8+0.25) " 7%

m = [(1.01X9373)78.+ (0.333) 78] 78
Cr=0.2(d/D) (b sinID) 118X 974

£,=00151(d/D) CO=®

X=ne*hsinég/H
B=2In(D/d)/[(D/d)-(d/D)]
y=lnin(DId)/(SDId)}*
#=0.711{0.157+[ne In(D/d)]°62H{ ne*52[1-(d/D)}
b’=1.74b
Baffled condition
No={(145) ¥ Nerex
X=1.8(Bw/D)ne®8(H/D)/(26/7)* *+Nro/Nemax
Eully baffled condition
Nemax=0.67
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Fig. 4 Power correlation of HR320

H—R L LD bRAMHET 5/ EVROBI )N E AL
AU CdhD(Katoetal, 2011) = & 25, BOFKNERL Y AICH
DRGSR L CE BT E U ERE R I RIT S 0, B
JERRAE LRI, SRS IR BAT7208, Lt c sk

Y, EBITHREPRE S RDITONTTNRE ol

—7, AR D SR E DI IS T AR SHIE A S

Fig. 5 Power correlation of HR320S
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(DHR320 300rpm
P,=94W/m?

(2HR320 200rpm
P=87W/m?

(3HR320S 250rpm
P=92W/m?

(©HR320S 160rpm
P.=69W/m?

(®HR100 400rpm
P, =84W/m?

©Propeller(A) 400rpm
P=110W/m?

(DPropeller(B) 700rpm
P.=89W/m?

(®Pitched paddle(A) 300rpm E
P=76W/m®

8
@Pitched paddle(B) 200rpm
P=75W/m?

2s

Fig. 6 Comparison of mixing process for several kinds of impellers (LmPa-s)

DT, BOTDIEIERDOT—2 bEUF LTz, s 2T
AFLCIEEBIE Ch 275, MEIZ L 2B o722 3 &7
W LRI E ORISR TR 7+ Céh % (Haitsuka et al.,
2016, Kato et al., 2015, Kato et al., 2016, Matsuno et al., 2019, Ohta et al.,
2022). F7-, AGRSCCIIT—Z IR L TL Vel 3 015m OFf ¢,
TR 2 Z LITHER L QD RSIEL THT—#
TR LTV VRS, HR320 (2%t L CIIHEREATH Y, Zhbd
RS IR0 T, B IR A L

23 HR320 & HR320S O);RATHRE
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AVNBIIUCNAD. Figure 7124 A2k (ImPass) &7k
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HEIA-1/3 12722 CND Z Linh, FHRT— 2 RN N2 &
ZhitER LTz, ELHICH HR320 & HR320S D~7'm v M, flid#
LG TFEAAEL TR, BAFRRAHRETHD VD, -
721, HR320S & HR320, WRUEODIEE > F RS RAVBRDIE S
MRRZIIRE RN OV o7z, —05, BB L AIRGFE
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FBNI L B2 D, (B T ~Oltdz FHH 5 Z L
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720, EwF RNRLVEIT Ne=1.05 D & X Ng=0.65 £ 725728,
[il— Np ToHIUTHHIMREIE HR320 OF5A%E . FEHIFANS T 5
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Fig. 7 Relationship mixing time and power consumption per
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Fig. 8 Relationship between non-dimensional
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Nomenclature
b = height of impeller blade [m]
b’ =modified height of impeller blade [m]

By  =hafflewidth [m]



C =clearance between bottom and impeller [m]

CL = parameter in laminar region [1]
G = parameter in turbulent region [1]
Cr = parameter in transition region [1]
D = vessel diameter [m]
d =impeller diameter [m]
f =friction factor [1]
foo = asymptotic value of f when Reg—00 [—]
H =liquid depth [m]
m = exponent [1]
n = impeller rotational speed Y
Np = power number(=P/pnc®) -1
Nro = power number at non-baffled condition [1]
Nemex = power number at fully baffled condition [1]
n4m  =dimensionless mixing time [1]
P = power consumption W]
Py = power consumption per unit volume [Wim3]
Res  =impeller Reynolds number (=nd?p/u ) -1
Rec  =maodified Reynolds number [1]
T = shaft torque [N - m]
tm =mixing time [s]
X = baffled condition parameter [1]
X = analogy parameter [1]
B = correction coefficient [1]
y =impeller dimension parameter [1]
n = correction coefficient [1]
7 = liquid viscosity [Pa - 5]
p = liquid density [kg - m¥]
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Evaluation Mixing Performance of New Type Axial Flow Impellers HR320 and HR320S
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The mixing performance of new impellers HR320 and HR320S, which were developed with the purpose of improving the mixing efficiency of
low viscosity fluids, was evaluated by measuring power consumption and mixing time. The required stirring powers of HR320 and HR320S were correlated
by correcting the parameter for the turbulence term in the correlation equation of the pitched paddle impeller. According to the measurement of mixing time
by the decolorization method, more favorable mixing performances were obtained from HR320 and HR320S under turbulent flow conditions compared to
the propeller, pitched paddle, and HR100.



