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Abstract — The flow pattern and the solid-liquid mass transfer coefficient in figure-eight shaking vessels were observed
by experimental method. The flow patterns, mixing time, power consumption and mass transfer coefficient in the figure-
eight shaking vessels changed irregularly with increase in the shaking frequency. Any frequency, even in the Fr = 0.095
or more became clear experimentally. The region of the optimum operating condition of the figure-eight shaking was
larger than that of the reciprocal shaking. The solid-liquid mass transfer coefficient was correlated with the same cor-
relation as that of the rotary shaking vessel of existing. The gas-liquid mass transfer coefficient of the figure-eight shak-
ing vessel was also correlated with the same type of correlation as that of the rotary shaking vessel of existing.
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Fig. 1. Figure-eight motion of shaking vessel
o uEo 2 Table 1. Experimental Conditions
2130 D [m] 0.10,0.12,0.14,0.15,0.17, 0.21
d[m] 0.01, 0.02, 0.03, 0.04
b [m] 0.005, 0.01, 0.015, 0.02
N[s"] 1.33~3.33
n [m?s7] 1.01x10°~6.31x10"
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Fig. 2. Behavior of free surface of liquid in shaking vessel with fig-
ure-eight motion.
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Fig. 3. Photographs of typical flow patterns for shaking vessel (D=12 cm,
d=4 cm). (a) Progressive wave type, Figure-eight: (N<N,, or
N>N,,), Reciprocal [22]: N <N, or N>N_;, Rotary [13]: (N<N, 10s 15 20s

or N>N,,...), (b) Rotational flow type, Figure-eight: (N,; <IN <N,3), . . .
Recipro'gaa’ip[ZZ]: (N, <N <N,q), Rotary[13]: (N<N, or N>N,,..) Fig. 6. Photographs of the mixing process (D=15 cm, d=2 em, N=2.57s™).
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d=2 cm).

ule} o] «2 %4 N2 2,57 571 A wff wHkzU 9] F-EA = 413
F= ogstdkrel Felakaitt. 21 (9)el Kato 5[15,2319] A2
S 8AF JF ko] Al © 2 VeIt

k,d,/D’ = 0.112[dP,/(pv))]"Sc” (Ng<N<N,3) ©)

TREE A7 D=15 cm, WZ d=2 cmolA] A3, = 2 g2} X%
HS o] 8-5te] AR Al E 4 S AX1E Fig. 100 LER

t}. 82} A RkM = JE57E N, ode] =i o A
HAe Qlgoll = Batal AR Rk vhdel] 7leloke T2
ALl gA]lo] Glolth. o] A2 G5 HFunte] Anel 22 s

LeRigicE

34. 710471 2x0|ERP4

Fig. 110] 21555} 7] 917F Bdo| 5 ga%e] T2 L))
o AEL 9 sk dolEls) 71e] 2t g2k WE ko)A
= B SEAEle] Ws) ahio] 7].oigh BAo] B g
e Mg 28 Q) AT 2L Bl sl 2E
AR 2 Ko7} Dol 3 ks A8l ks 9 9lel
(N,2<N<N, ) 87} FE 0] 7)-017k 20| 43752 Blo]e]
= A3 Qg do] Tk B Ao st

—0.25

S (10)

=, Aol A2 A3 E ke S5-I de (10)9]

23] 255 Ka = 6x10°Py'D

=
S WAske] Fig. 120 vrebdnte} o] 82} Hm ko] et
2 (1 29t

82 15wk Kya = 1.05x 10'Py'D "PH *® (N,,<N<N,,)

(11



-2
10 T T
-3
10 |
5,
1
-4
10 F
Nlrl Nlr2
-5 vV, V. s
104 2 3
N[s"]

Fig. 11. Effect of shaking frequency on gas-liquid mass transfer volu-
metric coefficient (D=17 cm, d=4 cm). Figure-eight (b=2.0 cm);
@, Reciprocal [22]; A, Rotary[14]; [1.

10°
e -3
= 10
<
= Eq.(11) d8etos] 1 [15] 2
1 /0|9 @
10tk 2 |m|Oo|@ | m||
3 |Aalalaa
4 |v|v|v|w
10’ 102 10° 10*
Py [W/m’]

Fig. 12. Relationship between power consumption per unit volume and
gas-liquid mass transfer volumetric coefficient (N,, <N <N,;).

N, <N<N, 5, 5 QP98 131 57H At Qs MelelAte 24o)
FERASE 50 0450 vlelshs AE AL % gl A3
AT A4 9 FAE MAsks 2 0% 87 AN
7127k B R GRS AR AT,

k) 7)o B E G AT kad] TS A kL
$92 o) g3tol Justs Wizt e o) mkkeFes) )%
0] A

Fredel Bl =dde 54 179

227 Barg & ol 8xF W uike AYs] Su| RS 5
do] Stk A& LSkt 82 A wHke o] &35to] QA E £
u R sk AQ%e, EFAIRE, BEdolsAlTE A oE W
ek om @ 2227 0] Ao ulg- AlFsok e Uit of
w W oA Ee thEk Fr=0.095 oA} 0 2 = 27io] Aga o
2 (s FQu} i ojn mRkxY FAlE A FEe) Ha &
ghof] 71oJah= 2 A3FA AS Ltk Aty o £l A

k;d,/D’ = 0.112[dP,/(pv))]"Sc” (Ns<N<N,3)

™
offl
=
=z
12
)

¢

719 BRI E GG BT AR S
e geje) Ao epds s

—

K,a=1.05x10"Py*'D"?H"® (N,,<N<N,5,)
& At

o] =18 20128hAE AHTYSIL SHEATH] Jto] AT

oI,

Nomenclatures
a : gas-liquid interfacial area per unit volume [m™']
D : vessel diameter [m]
D' : diffusivity [m?-s7']
d : shaking diameter [m]
d, : particle diameter [m]
Fr : Froude number (=N? D/g) [-]
Fr, : Froude number (=N, D/g) [-]
Fr,., :Froude number (=N2?, . »D/g) [-]

Fr,,  :Froude number at N, (:Nfr1 D/g) [-]
Fr,, :Froude number at N,, (=N2, D/g) [-]
Fr,;  :Froude number at N, ; (=N2, D/g) [-]

g : gravitational acceleration [m-s]

H : liquid height [m]

K;a  :volumetric gas-liquid mass transfer coefficient [s]
k; : solid-liquid mass transfer coefficient [m-s']

N : shaking frequency [s™']

N, : critical circulating frequency for mixing [s']
Ny : circulating frequency for maximum power consumption [s1]
Nyg : critical frequency for complete suspension [s']
Nyt : frequency to generate a large wave [s™']

Nia : frequency to generate a steady rotational [s']

N3 : frequency to disappear a steady rotational [s']

P : power consumption [W]

P, : power consumption per unit volume [W-m™]

Re : Reynoldsnumber (=Nd*/v) [-]

Korean Chem. Eng. Res., Vol. 53, No. 2, April, 2015
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Re, : Reynolds number for critical circulating frequency for mixing
(=N.&) [-]

Re, ., : Reynolds number for critical circulating frequency for maximum
power consumption (=N, , &) [-]

Re,; :Reynolds number at N, (=N, d*») [-]

Re,, :Reynolds number at N, (=N,, d*/) [-]

Re,; :Reynolds number at N5 (=N, ; d*) [-]

Sc : Schmidt number (=v/D') [-]

\Ys : liquid volume [m?]

p : liquid viscosity [Pa‘s]

p : liquid density [kg:m®]

Py : particle density [kg'm™]

\% : kinematic viscosity of liquid [m?-s]
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