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Abstract: In order to check the validity of the mathematical model for analyzing the flow field in the air-agitated seed precipitation
tank, a scaled down experimental apparatus was designed and the colored tracer and KCl tracer were added in the apparatus to follow
the real flow line. Virtue tracers were considered in the mathematical model and the algorithm of tracers was built. The comparison
of the results between the experiment and numerical calculation shows that the time of the tracer flows out of stirring tube are 40 s in
the experiment and 42 s in numerical calculated result. The transient diffusion process and the solution residence time of the
numerical calculation are in good agreement with the experimental results, which indicates that the mathematical model is reliable
and can be used to predict the flow field of the air-agitated seed precipitation tank.
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1 Introduction

Gas-liquid reactors are widely used in process
industries to carry out a variety of operations, like
homogenization, gas dispersion, heat transfer and
chemical reaction. To obtain high quality products and
high efficiency processes, mixing must satisfy not only
the needs of mass and heat transport but also the required
homogeneity in the vessel in the shortest time. Over the
years many experimental and numerical simulation
studies have been made to investigate the characteristics
of gas-liquid reactors [1-3].

Seed precipitation is one of the key processes in
the industrial production of alumina using Bayer process,
which has a significant effect on the output and quality
of alumina and the technical economic index.
Air-agitated tanks, which are the main facilities used for
seed precipitation, are widely used in Chinese alumina
industries. Many researches had been done on numerical
simulation of flow field in seed precipitation tank in last
years [4—5].

Generally, multi-fluid model was adopted to
calculate the flow field in the air-agitated tank. In the
multi-fluid model, there is separate solution field [6—7].

The interaction between different phases is described via
inter-phase transfer terms. The multi-fluid model was
solved using the inter-phase slip algorithm (IPSA) of
SPALDING and LAUNDER [8-9].

The continuity equation of two-phase flow is

V'(raana):O (1)

where subscript a refers to phase a; y is the volume
fraction of each phase (%); p is the fluid density (kg/m®);
and U is the velocity (m/s).
The momentum equation is

V(12PaUaU ) = e (VU +(VU,)T)

=1, (B=Vp,)+css(Uy—-U,) 2)
where subscript f refers to phase f; B is the body force
(N); p is the pressure (N); and U, U, is a dyad, which can
be expressed as:

v'(UaUa) :(Ua 'V)Ua +Uav'(Ua) (3)
cgﬂ is the drag force for single bubble, which can be
expressed as

d _ 3 Cd
caf/J’ _Z7rﬂpa|Uﬂ_Ua| (4)

where Cy is a drag coefficient, which can be decided by
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experimental drag curve [10—12]; and d is the diameter
of the bubble (m).
Algebraic equation of the phase volume fraction is

Ty trg =1 (5)

The pressure is the same on both phases, i.e. the
interfacial pressure drop is neglected.

Poa =P =D (6)

The virtual mass force was neglected in the present
simulations due to its small magnitude compared with
the drag force [13—15].

In order to predict the physical phenomena
accurately, the numerical solution of computational
model should be compared with the exact solution or the
experimental results. The multi-fluid model was verified
in some specific cases [11—12]. However, the verification
on mathematical model for air-agitated tank has not been
reported yet. In this work, an experiment is carried out to
check the validity of the mathematical model.

2 Apparatus design

The shear stress of the sodium aluminate solution
was detected under different velocity gradients, and are
results are shown in Fig. 1. It shows that the shear stress
variation follows Newton’s law of viscosity and the
sodium aluminate solution is Newtonian fluid. It is
accepted to simulate the fluid flow in the seed precipitate
tank using the multi-fluid model.
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Fig. 1 Shear stress variation of solution under different velocity
gradients

An experimental apparatus with a small size (see
Fig. 2) was designed based on analog principle because
of the complexity and hugeness of seed precipitation
tank, and the scale was 1:27. Water was added in the
model tank through inlet and compressed air was blown
through windpipe, then air and water were mixed at the
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Fig. 2 Experimental apparatus (a) and its section plane (b) of
air-agitated seed precipitation tank: 1—Body of tank; 2—
Conductivity meter; 3—Outlet; 4—Auir inlet; 5S—Flow meter;
6—Main windpipe; 7—Secondary windpipe; 8—KCI solution
tank; 9—Water tank; 10—Valve; 11—Water inlet; 12—Stirring
tube

bottom of the stirring tube, and the water was lifted
because of the density gradient between inside and
outside of the tube. Reynolds number and Froude
number were considered to ensure the dynamic similarity
in stirring tube since the distribution of flow field plays a
crucial role in the process of seed precipitation [16—18].

The colored tracer was used to follow the flow lines
of the liquid in the tank and to observe the diffusive
contour. When the flow field was steady, the colored
tracer was added through the water inlet and its diffusion
process was recorded with a camera. The results of
experiment and numerical calculation were compared to
verify the reliability of the mathematical model.

The solution residence time in tank could be
calculated through the concentration of KCI tracer at the
outlet and the concentration of KCl tracer was obtained
by measuring the conductivity of liquid at the outlet. KC1
tracer was widely used in model test of metallurgy
facilities and was proved to be more accurate than NaCl
tracer by ZHOU and DONG [19]. KCI saturated solution
was added to the seed tank from KCI solution tank and
the change of electric conductivity of water could be
measured at outlet by using conductivity measuring
apparatus. In order to reduce the influence of tracers, the
solution level in the KCI solution tank should be
coincident to the water level of the water tank. The
conversion between KCIl solution concentration and
conductivity could be found in Fig. 3, which was
obtained from experimental data.
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Fig. 3 Relationship between conductivity and KCI solution

concentration

3 Numerical calculation of solution residence
time

Virtual tracers were considered in flow field
simulation on model tank to compare with experiment
results. The diffusing process of the virtual tracer is a
transient problem and can be given by

0
E(Fapa(oa)_'_v'(rapa[]awa):V'(rara(v¢a) (7)

where ¢ is the scalar quantity and I” is the diffusion
coefficient.

The impulse concentration of the tracer at the inlet
is

()

4

1, 1 €(0,1]
0, re(l, )

where C, is the concentration of the tracer.

The algorithm pattern of solution residence time in
seed precipitation tank is shown in Fig. 4. The solution
residence time is described using the distribution density
function and the mean residence time because the time of
tracers staying in the tank is different. Tracers are added
instantaneously at the inlet of the tank and then will flow
out at different time. The proportion of tracers effusing at
the time interval [z, df] is P(f)dt, where P(¢) is the
distribution density function of solution residence time.
Then P(¢) can be described as:

C(t
P =0 ©)
j C(t)dt
0

where C(¢) is the rate of outflow of tracers.

The mean residence time of tracers, 7, is
N0
f= = jo tP(t)dt (10)

j , Pt
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Fig. 4 Algorithm pattern of solution residence time in seed

precipitation tank
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where At is the interval of record time.
In order to compare the calculated results, P(¢) and ¢
need to be dimensionless.
t

o=_1 (12)
t

avg

PO =t,,P(t) (13)

avg

where 6 is the dimensionless time; f,, is the theoretical

mean residence time of the solution in the tank:
4

avg Q

where V' is the volume of the tank and Q is the flux of the

solution.

t (14)

4 Results and discussion

The diffusing processes of the colored tracer from
experiment and calculation at different time are shown in
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Fig. 5. The tracer diffuses down along the right of the
tank and mixes adequately with the liquid in the stirring
tube. The colored tracer flows out from the stirring tube
in 40 s during the experiment, and the numerical
calculation result is 42 s. It shows that the experiment
result agrees well with the simulation situation, which
proves that the mathematical model is reliable.
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Fig. 5 Diffusion results of experiment (a) and calculation (b)

for tracers

The colored tracer diffuses horizontally when
moving down, which causes a part of tracer flow out of
the tank without stirring. Therefore, the phenomena of
liquid short-circuiting can be observed both in the
experiment and calculation results.

Model experiment of solution residence time was
carried out through detecting the conductivity of solution,
which can be used to calculate the concentration of KCL
tracers at outlet of the model tank. Figure 6 illustrates the
distribution density function of solution residence time
(P(6)—0). There are two peaks on both of the curves. The
first one indicates that KCl tracers flow out directly
without stirring and the second one is the concentration
of tracers which flow out through stirring tube. Figure 6
shows that the experiment value (P(6)) is higher than the
calculation value. The main reason lies in two factors:
1) The liquid (water) in model tank is an electric

conductor, which results in the conductivity of detected
solution being higher than the real value, then the
calculated concentration of KCL tracers is higher than
the real value. 2) Numerical calculation brings little error
because of hypothesis in the mathematical model. For
example, the level fluctuation of liquid surface was not
considered. However, the trend of curves can prove that
the mathematical model is acceptable.

4.0

3.5F = —Experiment data

* —(Calculation data
3.0+
2.5F

S

E 2-{}
1.5
1.0

0.5F

0 0.1 02 03 04 05 06 07
o

Fig. 6 Comparison of distribution density function of residence
time

5 Conclusions

1) A model experiment is proceeded to certify the
validity of the mathematical model of the flow field in
air-agitated seed precipitation tank.

2) The numerical simulation result agrees well with
the experimental result, which proves that the
mathematical model is reliable and can be used to the
numerical research on seed precipitation tank in
industrial production of alumina.
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