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Abstract

The paper deals with particle suspension measurements in tall vessel with axial flow agitator in a draught
tube. The effect of particle size and content on agitator speed required for particle suspending is reported.
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Streszczenie

W pracy przedstawiono wyniki badan nad wytwarzaniem suspensji w smuktych mieszalnikach z
mieszadlem osiowym w rurze cyrkulacyjnej. Przedstawiono wptyw wielkosci czastek oraz udziatu ciata
stalego na czgstos¢ obrotow niezbgdng do wytwarzania zawiesiny.

Stowa kluczowe: mieszalnik smukly, rura cyrkulacyjna, zawiesina, mieszadto z topatkami pochylonymi

* Ing. Jiti Broz; Prof. Ing. Franti$ek Rieger, DrSc.,
Ustav procesni a zpracovatelské techniky, Ceské vysoké uceni technické v Praze.



30

1. Introduction

Large tall vessels with a draught tube are used for the mixing of suspensions especially
where high homogeneity or heat transfer are desirable. Tall vessels are also advantageous
for high pressure. For many years the traditional approach to this situation was to use air lift
agitation, commonly known as Pacucha systems [1]. Pacucha systems require high energy
input and for this reason air lift was substituted by the axial flow impeller in the upper part
of the draught tube. Advantage of this arrangement over standard mixing equipment was
established by comparison of the agitator power consumption needed for suspension of
solid particles [2, 3]. The aim of this paper was to determine the effect of particle size and
content on agitator speed required for particle suspending.

2. Theoretical background

The measurements of particle suspending were evaluated according to recommendation
derived in [4] as a dimensionless dependence of modified Froude number
. n’-dp
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on the dimensionless particle size d,/D and particle volumetric concentration c,
Fr'=f & @
r= 5C,
D

For relatively small particles, the dependence between modified Froude number and
dimensionless particle size can be proposed in power form

Fr=4- d “ 3
r= 3 3

The values of coefficients 4 and a depend on particle volumetric concentration. The
mathematical description of these dependencies was proposed by Rieger [5] in the form

A=A -exp(4,-c,) 4)

a=a+a,-c, %)

3. Experimental

The experiments were carried out in model mixing equipment with Perspex vessel
shown in Fig. 1 with the dimensions presented in Table 1. The water suspensions of five
fractions of glass balotine with mean volumetric diameters in the range from 0,15 to
1,28 mm were used in measurements up to mean volumetric content of 40%. The
suspension speed n; was determined visually by decreasing the agitator speed to the state at
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which the solid particles began to settle. The speed of agitator required to initiate
suspension 7, was also determined by increasing the agitator speed to the value at which all
particles were suspended. The speed of the agitator was measured photoelectrically.

1. vessel

2. draught tube
3. impeller

4. baffles
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Fig. 1. Vessel with a draught tube
Rys. 1. Mieszalnik z rura cyrkulacyjna
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Table 1
Dimensions of experimental mixing equipment
D D, d H H, H, t L /
[mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm]
300 80 65 600 444 14 8 540 54
4. Results
The results of suspension speed measurements are depicted in Fig. 2.
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Fig. 2. Dependence of critical speed n; on volumetric particle content c, and particle diameter d,,

Rys. 2. Zalezno$¢ predkosci krytycznej n, od zawartosci objetoSciowej czastek c, i ich $rednicy d,

The results of agitator speed required to initiate suspension 7, are shown in Fig. 3. From
both figures it can be seen that suspension speed increases with increasing particle size and
content.

From the comparison of both speeds presented in Fig. 4 it can be seen that for small
particles the speed to initiate suspension are significantly greater than speed necessary to
keep particle in suspension. It is caused by more compact sediment of small particles.

For generalization, the experimental results were recalculated to the dimensionless form
of the modified Froude number dependence on the relative particle size according to
Eq. (2). This dependence for a few selected concentrations is shown in Fig. 5. From this
figure it can be seen that the results can be expressed in the power form of Eq. (3).
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Fig. 3. Dependence of critical speed 1, on volumetric particle content ¢, a and particle diameter d,,

Rys. 3. Zaleznos¢ predkosci krytycznej n, od zawartosci objetosciowej czastek c, i ich $rednicy d,
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Fig. 4. Comparison of impeller speed n, , for particle diameters d, = 1,28; 0,15 mm

Rys. 4. Poréwnanie czgstosci obrotowej mieszadla n;, dla $rednic czastek d, = 1,28; 0,15 mm
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Fig. 5. Dependences of Fr” on the relative particle size d,/D for selected volumentric particle contents

Rys. 5. Zalezno$¢ Fr” od wzglednej Srednicy czastek d,/D dla wybranych zawarto$ci objetosciowych

The dependences of the coefficients of Equation (3) on concentration for both critical
and initial agitator speeds were expressed in form of Egs. (4) and (5) as it is shown in

Fig. 6.
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a) Dependences of coefficients a;, on volumetric concentration c,
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b) Dependences of coefficients A4, on volumetric concentration ¢,
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Fig. 6. Dependences of coefficients a) a;, and b) 4;, on volumetric concentration c,

Rys. 6. Zalezno$¢ wspotczynnikéw a) a;,, i b) Ay, od zawartoSci objetosciowej ¢,

5. Conclusions

From the results presented above it follows that the agitator speed required to initiate
particle suspending can be calculated from Eq. (3) with coefficients described by the

following equations

A, =15,74-exp(3,44c,)

a,=03+0,73-¢c,

(6)
(N



36

The critical agitator speed necessary to maintain particles in suspension can be also
calculated from Eq. (3) with coefficients described by the following equations

A, =40,07-exp(17,62¢c,) 8)
a, =0,47+2,26-c, )

The agitator of industrial mixing equipment must be able not only to maintain particles
in suspension but it must be also able to suspend particles after interruption of mixing.

Symbols
Ay, Ay — constants in Equation (4)
¢y — mean volumetric concentration of solid phase
A — coefficient in Equation (3)
d — impeller diameter [m]
d, — mean volumetric particle diameter [m]
D — vessel diameter [m]
Fr’ — modified Froude number
n — impeller speed [1/s]
ay, a — constants in Equation (5)
a — coefficient in Equation (3)
p — liquid density [kg/m’]
Ap — solid — liquid density difference [kg/m®]
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