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Analysis of statistical data of impact (Lagrangian method)

Impact probability P

coll®

probability density of kinetic energy, P(W,)
when particles impact on impellers, baffles and wall

1
[Impactenergy: WpZEchon2 (1) }

~_~

Analysis of attrition (Stochastic method)

based on P(W,)

Next
particle

Randomly call of W,

Particle volume,
V,, after At

N
Vo=V, =D V. (3)
P n=1

Attrition model

v, = kpr ©)

Attrition
volume, v,

Sum. of N (=P

coll

X At) times

Fig. 1

Schematic of the stochastic attrition analysis.

Table 1

Calculation conditions

N Vessel diameter [m] 0.085
\ Impeller diameter [m] 0.05
n | Baffle H/D[-] 1.0
11Ge B/D 0.1
Shaft -] :
Il h/D[-] 1/3
T Impeller - Wall rx 6 xz 33X 96X 85
™ Grid number 318,240
Bottom Impeller type Six blade paddle
< /K/ Rotation speed [ s7!] 6.0
‘\ﬂ / » Crystal particle NaCl
T
BZ fZ?\ =, = Table 2 Condition of particles and time step
g P PW)) | Attrition
Initial particle dia. 100 to 150 | 100 to 150
' ’ ' _ distribution [ 4 m] | (rectangular) | (Gaussian)
Fig. 2 Simulation domain.
Particle number [-] 5.5%104 1.2x 104
Time step [s] 4.0x10* 1.0

t=0.0s

t=

2.0s

t=4.0s

Fig.3 Suspension behavior of particles. (n =6 ™)
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Impeller tip

Impeller tip
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(a) Front of impeller

(b) Back of impeller
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Fig. 4 Impact frequency. Fig.5 Profile of W,,.
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Fig. 6 Impact probability, P Fig. 7 Impact probability, P, for an impeller.
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Fig. 8 Probability density of W,,.

(D, = 120 um)

Fig. 9 Probability density of W, against an impeller.
(D, =120 pm)
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Fig. 10 Distribution of particle diameter. Fig. 11  Variation of averaged particle diameter.
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©
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l | @ ;
@w Lase]'B
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Fig. 12 Experimental apparatus. Fig. 13 Schematic of detector in scattered light.

Photon number [s’l]
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Fig. 14 Photon num. vs Weight of particles. Fig. 15 Photon num. vs Projection area of particles.
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(a) In case of small particles (b) In case of large particles

Fig. 16 Schematic of particles suspension at maximum photon num.
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Max. of photon num. vs particle diameter and number.
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No. 0617

Computational Fluid Dynamics of Crystallization Process and Modeling of
Nucleation in a Stirred Vessel

Ryuta MISUMI, Kazuhiko NISHI, Meguru KAMINOYAMA

National University Corporation Yokohama National University

Summary

In a crystallization process, estimation of crystal particle attrition occurred by impact on solid surfaces in a
stirred vessel is important to stable operation of the crystallizer, and to control of the particle size distributions.

In this study, we performed the particle Lagrangian simulations coupled with CFD (Computational Fluid
Dynamics) to calculate the statistical data of the particles impact position, probability and kinetic energy when they
impact on impellers, wall and baffles in the vessel. Then, the stochastic analysis method of particle attrition
phenomena based on the statistical data was established to calculate the long time attrition phenomena as seen in
the industrial crystallization. Assuming the case of sodium chloride in xylene, attrition model parameters were
decided based on verification experimental data. With this stochastic analysis, we can calculate the attrition
phenomena for 10 hours with much shorter calculation time than that with the Lagrangian simulation.

Primary nucleation in crystallizer is very sensitive phenomena easily disturbed by impeller stirring,
temperature fluctuation, intrusive sensors and impurity. So, we tried to establish a non-intrusive on-line
measurement method of initial dynamic behavior of primary nucleation and growth with laser scattering method.
Property of laser scattered light by particles suspended in a vessel was investigated under various size and mass
conditions of polystyrene particles. The result shows that (a) the scattered light power has a positive correlation
with amount of particles under dilute concentration, and reaches to maximum value, and (b) the maximum value of
scattered light power has a negative correlation with particle size in case of hundreds nanometers or more in the
particle diameter.

With these results, in future, we aim to the simulation of crystallization processes for long time, and to apply
the non-intrusive measurement method to quantification of initial dynamics of the primary nucleation in the

crystallizer.
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