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Process Parameters for Inclined-Vortex Formation by Mechanical Offset Agitation
Tatsuya OHMI, Shingo SATOH and Manabu IGUCHI

We investigated the shapes and dynamic behaviors of vortexes in a mechanically agitated water bath,

focusing attention mainly on inclined-vortex formation by offset agitation that is effective for the mixing of a liquid

and low density particles. The shapes of observed vortexes were classified into two groups, i.e., inclined vortexes and

pseudo-vertical vortexes. The dynamic behaviors of the vortexes were classified into the following types: (1) stable,

(2) intermittently developed, and (3) undeveloped vortexes. The relationship between the vortex type and

geometrical conditions (i.e., the depth of the water, Hy, , and the height of the impeller, H) was summarized as the

vortex formation map (H -H,, diagram) for given bath diameter, rotation speed of the stirrer and offset distance, Rg.

The condition for the formation of each vortex-shape group was expressed by the corresponding equation containing

geometrical parameters such as H, Hy,, and Rg.

Keywords: vortex, mechanical agitation, offset stirring, impeller, water model
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Fig.1 Experimental apparatus.
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Table 1 Classification of vortex types.

Vortex Type Symbo|
Undeveloped vortex w
Inclined vortex 1SS

( straight shape, stable)
Inclined vortex '
( straight shape, ISI
intermittently developed)
Inclined vortex
( curved shape, stable) IGS

Inclined vortex
( curved shape, ICI
intermittently developed)

(along the stirrer axis, stable)

Pseudo-vertical vortex
(along the stirrer axis, PSI
__intermittently developed)
Pseudo-vertical vortex
(along the center of the bath, PBS

stable)

Pseudo-vertical vortex
(along the center of the bath, PBI
intermittently developed)

Vertical vortex Vs
(stable)

Vertical vortex
(intermittent |y developed) Vi

(d),

Fig.2 Photographs of vortex shapes.
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Fig.3 Time-torque curves.
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Fig.4 Vortex shapes map.
(D=300mm, centric agitation)
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Fig.5 Detailed vortex shape map.

(D=300mm, centric agitation)
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Fig.6 Vortex shape map.
(D=200mm, centric agitation)
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Fig.7 Vortex shape map.

(D=150mm, centric agitation)

DINT, R(D)~G)DEHROMEE 0.8 ILONTEERT 3.

T, (AR BRRE A BBEE LY BB OiE) &
BERIZOIMEDNDFEEE XD &, BRERER L £R
EEEROET, RERBIRESH,y, -H)B—EDRME,
TROLEE | OERICRDTTTHS. L, Figd
~Fig.7 DFEFRTIZ, H BRELRBIZ LI o THRER
TR & R FEEI & DEROBHRBHE I NN
S2TW3. ZOZ LI, BB HO—HI BRI TH
DOBEFRENC LV BEBR SN TVWAILERBL TS &
EZz6N05. LML, RO~Q)DHZEBRDOEEN—EL
RABZERIZOVWTOEBIRITHISHROBETHS.
Wi, fRLEEREE D4 b LT RAORLBBREROMR
% Fig.8~Fig.10 {Z;~¥. Fig.8 I D=3 00 mm DR DR
RTHD. ZORRETLBEEROR R (Figd) & ¥
5L, BMOEREFENRELIRZS>TWS. Fig8 iZBW
TiE, TR TRE) & RG)DERBICE T - IR
RFEFRO)BGFEET D, T, RGOER LY H, B

KZ, EBE. F0 o BERKEOERIC L DEMROFRENE

/NS VIR CIIWTERY 22 B R R LA OB TR E (@) 23
KL, ROV Hy BREWERTIIEENE 7= 13
ICRFE L BERNRO, @DERT 5.

H, =0.8H +85 ey

H, =0.8H+200 Q)

Thebb, BRTPLICHEBERS LA, HEBED
BEEI OHEMIZEE- T, BREMOFEE LR bRREE
RERICE LT 2 LR BER R E B 2R T OExt L, PR
O [EEEE % RO S ¥ 7 Fig8 DBEICIL, HBREOBEED
BT RE, SERE I DV o Tn ARFEEIREE 28 CHEA
BT BT EBbn5.

Hy=0.8/+ 200
400 T T T
\ O IS8
350 + O & & @ 0 X E ® |Si
e e X X
300 + ® O X X X X :g;
—_ [ B ] X X
E 250 X X
~ [ J *
<= 200 ®
X
150 + X 4
Hy=0.8#+85
100 1
/'/wzl'/
50

0 50 700 150 200 250
H (mm)
Fig.8 Vortex shape map.

(D=300mm, offset agitation: Rg=D/4)
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Fig.9 Vortex shape map.

(D=200mm, offset agitation: Rg=D/4)
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Fig.10 Vortex shape map.
(D=150mm, offset agitation: Rg=D/4)
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Fig.11 Vortex shape map.

(D=300mm, offset agitation: Rg=3D/8)
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Fig.12 Vortex shape map.
(D=300mm, offset agitation: Rg=D/8)

Bt - 30 0L, SBRAREANRLS, B LR L
THEBPEOEEGE & IZIEEANHOBREI D, BEROF
DNZD o TR T D Z & 28,E LTS, Fig2(c)Dif
BRIEZoBEL I —HLTWA. ZZ 7T, Fig2)®
KR 72 AR 2R ANR S BIP B OO I LTRTAEL
G B L, UTORMNOBGENS, XEBELND.

tan6y = 2Ry /(H,, — H) M

H,, =H+2R;[tan, (8)
ZZTR®)EBEBIILT, kA EWMAET LI REEAE
EEZD.

H, =0.8H +2R; [tan& )
Fig.13 1%, RO TR I N 5185 L OEBE L O O R[IH:
HIBR 2L L2 CTh 5. MF DK EOH L ERNR
OFE F XA E LT D, Table 213, RO)ZANT
EFNE B AICRE L EfRoBN S 0 O#EH
FEBLEBRTHS. ZORRICLDE, D £721ER:
DORZZNPTROFMFICBNTY, IZIE S40°DRFHA
WAEND Z LT B, £, Figl0 2BV CHEBHZE
FHR LB L ENRICEB T 2 BEROEHE FERIC
LTRDELZA, 0=200L72 7.

Table 2 Geometrical condition for inclined-vortex formation.

D (m) Ry Hy (m) 7
300 D/4 =0. 8/#+200 <37°
200 D/4 =0. 84125 =39°
150 /4 =0. 8485 =41°
300 /8 =0. 8/+85 =41°
300 30/8 =0. 8/#+265 =40°
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Fig.13 Geometry of inclined-vortex.
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