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ABSTRACT

Because the mixing efficiency is influenced remarkably by varying the geometrical configurations, the study
of flow characteristics inside the mechanical agitator is very important to improve the performances. The
draught tube in the agitator makes intermixing between the screw and tube by interrupting radial flow, and it
makes circulation region in a mixing chamber. In general, the helical screw agitator with a draught tube (HSA)
is proved more efficient to mix than the others. Consequently, such as the shapes of helical screw, number of
pitches and the variation of angular velocity are the main parameters for improving the capacity of HSA. And
also the suspension of the solid particles in the agitator can be determined these parameters. The rate of solids
suspension in the mixing chamber was quantified with a statistical average value, 02. Numerical analyses were
carried out, using a commercial CFD code, Fluent, to obtain the velocity, pressure and particle distributions
under steady, laminar flow and no-slip conditions. Results are graphically depicted with various parameters.
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2.2. XA

TR R f52 A dolm=s (Re= pND/u< X,
p: ¥R WX, N: revolution per second, D: £71 A7, i
DRA AAAS) 2 2R creeping flow2A  FE
Aol AbgEl A AS 32k Ao IS,
F %59 Navier-Stokes #g4% 0% thes} ol

A,

Fel ofw
e

ALubA Al (continuity equation):

A7, u, e A i 53 &
Ao "drolw = AAASe.

] fF A 2EF s1Mst7] 93l Eulerian
Multiphase Model 0] AF&E91ow 7o wpe xujit
A ofgsh 2ok

L O
5 pe 98, pe &

A A E-& (volume fraction):

V= [ adv. Yo,=1 ©
14 s=1

ALA A (continuity equation):
Vo (aspsvs) = er;‘ls (4)
i=1

$EHA2 (momentum equation):
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g U% 9 E£Toln 54z} prt 19 ASE
(liquid)Z, 59 Z$= TAYA (solid particle)E 27]
gk A @A m, = AA (DA ZAYR ()R
2AAY (mass transfer)& JERE, 2 Gl g=
FErigEold = uAYAY $F-H¥E A=

A e 2.

'k
A

Tsz as,us(V;s +VEST) +a, (), — z;4S)V . Zs I
6

3714, p, % A 27 2AYAY shear and bulk
viscosity & HERAT.

T3 A B)elM K ' 1A (s)9 AA (D] F Aol
o8 Fluid-Solid exchange coefficient ZkolH, £,
?’,iﬁ,s—‘:— Zkzb 1A external body force, lift
force® 77} o}#9} o] HHEECt
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Fig. 1 Geometrical arrangement of an agitator
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Table 1 Specification of the modeled HSA

R"=024, Rs'=18
Arr t T 1 . N .
" Z‘ff;l”f:n P |07, HY=23, He=3
oen | Tyee g | B0 R 18
2 Y€ L) =08, By'- 36, Hy'=54
dimensionless parameters,
Notation Hi"=hy/r, Hy'= hy/ro, Hy'=ho/1y,
Ri'=r/r, Re=ry/rp, Ri'=ran
. . n-= 6, 3= 45,
Dimensions | Type 1| _ 175 1y =575, =75
(when, r=25) — —
[mm] Type 2 n=6 =45,
hy =20, hp =110, h3 =130
Aspect ratio | Type 1 | 0.833
H/D
(H=hs D=2r3) Type 2 | 15
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A7) R FF 540l 9TE vE F Qe o
2 WSS 7hed AAR 23%F 32 359 W &5
o] el ti3f vlizdtr] aked n=15, 2.
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g3t} M, vk g wiky] Fdnel wE v

02 n=259 359 F 7} Al disl 77+ 60, %0
mm¥ 3 £EF ALt A} £ EAE A
3 ol AgH oz A3y Al tml FA +A
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Holl= M%7 (wall boundary condition)¥} 227
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= 2000 ke/m”) & AHEEHG o 4R A71E dp =100 m
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(“Pbé) (a) 30rpm V (b) 60 rpm {c) 90 rom

Fig. 3 Pressure distribution on the vertical cross—section
of HSA with n=1.5

T,

?F’a) (a) 30rpm

(b) 60 rpm {c) 90 rpm

Fig. 4 Pressure distribution on the vertical cross—section
of HSA with n=2.5

(iFié‘) (a) 30 rpm (b} 60 rpm

(c) 90rpm

Fig. 5 Pressure distribution on the vertical cross—section
of HSA with n=3.5
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. 6 Velocity distribution on the vertical cross—section
of HSA with n=1.5
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. 7 Velocity distribution on the vertical cross—section
of HSA with n=2.5
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(a) 30 rpm

Fig. 8 Velocity distribution on the vertical cross—section
of HSA with n=3.5
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Fig. 10 Velocity distributions on the cross section of
HSA (left: Type 1, right: Type 2)
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Table 2 Variances (&) for the solid particle distribution

n=25 n=35
case
60 rpm 90 rpm 60 rpm 90 rpm
o 2.06x10° | 1.61x10° | 246x10° | 7.35x10°°

EHZE F U E30] Type 1004 o &u3hS 24
T Ayolu} E B A3k B o)A 9} o] wHky]
o7t S5k wel 22 ass 97 JsiAe g
A &5 F/pF dad AR Ry, At 4
gl Aao] £A Aol 4L FHOR ¥2 a8
£ 710§ E Type 18] 4ol H8 7oz &
oy @ykr) 9 SulE Med AleS Y3 w8 &4
7 sk A&7 AA dist Aggo| 7 AAlE H B
F o] Qg Folr},
4.2 =gt EM 2

AT e B (n=25 35 ¥ 3A £xo] Wil
(Q =60, 0rpm)el B 23 A58 H7e) g3 o
HE 8719 Fold w2 A EXE ATk Ak
Bx Al B4 A3 thrAl FA £ £
A () e 72 AlolA M7 Helsted Table 201
Yelglt) o*& O A& ol&ste] 7 & Qlrh

1 N
2 = —NZ ¢vf h/¢vf ] 9

A7IM, dyppts 71 MiEFH O 2 HE] Fo] hollA
A YA AZESE (volume fraction)ol™ ¢, =
A oo g 34 YAte) B B Rgolt}. AE
durd F M Z$Y o g Z7h 60 pmellM
2.06x10°/2.46x10°°, 90 rpmell A 1.6x107°/753x10°2.
2 3 &5 HA upg} oF 5~10uf A= AAY
2}01 Holyx & ¥ & Qlth o= AAHA EE A

HellA 90 rpme] A-9-7F 60 rpme] 73-9-ol vlste] B
E} 78 Yehll= Aot T BAF glo] ¢
2he- f=x)017] wjEoll AAEA 2 zroli B 78 8lA
‘3}@'1]”2 n=35% A7} n=252 7%l v|s}e
2 BEZ el AR g
of ek 7MAIsE sl 4zl A9 gt

dzte] AREEZ Yehglon
= upel 7o) n=25,
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Fig. 11 Solid particle distribution on the vertical direction

of HSA
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