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Computer Simulation of Turbulent Flow
in a Stirred Tank
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' Turbulent flow and mixing in a baffled tank stirred with 4-pitched paddle impeller were
investigated. Its velocity distribution was measured using laser doppler anemometer, and
concentration response curves were measured at one point by means of the electro conductivity
method. And also the detailed velocity distribution was calculated using computational fluid
dynamics based on k-: model, and the concentration response curve at the measuring point
was simulated. Then the computed results were compared with the measured ones. The
main results obtained in this study are as follows.

(1) The computed velocity distribution qualitatively agreed with the measured one. The
maximum error of the velocity computation was 16 95 of the impeller tip speed. Computed
turbulent energy was considerably lower than the measured one at the most of the measuring
points, and at a point the computed value could be as small as 10 ¢; of the measured one.
(2) The computed concentration response curve deviated from the measured ones. However
computed and measured mixing times were 20sec and 16 sec, respectively, to give an impres-
sion of fair agreement.
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Fig. 1 Schematic diagram of stirred tank with 4-
pitched paddle impeller used in this work

Free surface

<rfF’r:_\Pg7/< (Free slip)

1 Baffle

I Impeller region
L ol (Sink & source)

£3

AT = 7 NV R OB RS
#

Law of the wall Fig. 3

(Log-law) Analytical model and

boundary conditions

52 270 BRI I 11 NOSURTIAL AR
IM = 23
¥ “ il dler AR \} JM = 44
KM = 46
e 22 IS % CYCL=10 000
RREE] S Ut e
| N TIME== 10.000
|/ . IRt A0Y
sl g
) 2t | W s
3 WIS &
ui AN Wi 1
I8 3\92‘ }‘il K ,}\Yfi‘«’/"\‘ gl B4R .
I ) r-z EWNREAME O
JIWE L, R

Fig. 4
Computed velocity

vectors in r-z plane
0.5mes™t —>

2. HiEEt®E

EEFHETIZERAREEC L 2RO PRI 2 ~
FEER L CHRESHROCREREL RO, e 7 v
AT EFEERD REA LB k- =72 B b
NTWB, - T 2Tk, REMETEHEROR, REETH
Navier-Stokes 5 (u, v, w, p), ELiE=xrx— (k)
BOREMEEEER (o) oMt R % Hy & THRERT %
ﬁ') fCl)o

B IEERR MY R T, BABRROTERERCIL 3
HEOEE ek 52, B AERIEESCREML
oo BHER GEE) XN b0{H252, 2he
KFEEL Ulco & OELULEBED 7 X METOBEME

Fiber cable

Motor
Electro
conductivity

l-—l_-D_vILaser source
= Bafflej‘ circuit
|

Probe ——=3

[
T

Fiber cable
[Transmitte

Photomultiplier

q}

1
FVA (Flow velocity analyzer) Impeller \Conductivity
with frequency shifter probe
s—Probe =

# and z velocities

”5? r velocity
g

B2R KBREERUHREAEY 27 L

Fig. 2 Experimental apparatus and velocity measuring system
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Fig. 5 Measured velocity vectors in r-z plane
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Fig. 7 Contours of computed turbulent energy
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Fig. 8 Comparisons of computed and measured turbulent energy
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Fig. 9 Comparisons of computed and measured concentration
fluctuations
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