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AN LDA STUDY OF RADIAL VELOCITY FOR
VISCOELASTIC LIQUIDS IN A TANK REACTOR STIRRED
BY A RUSHTON TURBINE

M. JAHANGIRI *
Dept. of Chem. Eng., Kashan University, Emai: Jahangiri@Kashanu.ac.ir

Abstract

The hydrodynamics of the flow in stirred-tank reactors, i. e. velocity profiles, is essential
for the confident design of mixing tanks. Mean radial velocity was measured using a two-
component Laser Doppler Anemometry system for a typical Rushton turbine impeller. The
working fluids were different concentrations of poly acrylamide (PAA) solutions. It is shown
that the correlations for mean velocity in Newtonian fluids do not apply to the case of
viscoelastic liquids. New correlations are given in the lower part of the transition region, i. e.
30< Re< 2000, for mean radial velocity along the center line of the impeller tip. It is also
shown that the dimensionless mean velocity distribution is not affected by impeller speed.
Furthermore, they decrease with increaing fluid concentration.

Keywords: Laser Doppler Anemometer (LDA), Rushton turbine impeller, viscoelastic
liquids, stirred-tank reactor, velocity profile.

Introduction

In mixing processes, mechanical energy is introduced into the vessel by means of a rotating
impeller and converting this energy into hydrodynamic motion. A knowledge of flow pattern
is very helpful in understanding the impeller performance, i. e. power input, the mixing times,
(Tanguy et al., [1]). Flow pattern strongly depends on the type and geometry of the impeller
(De-Ming et al, [2]). Different computational techniques (CFD) such as finite difference or
finite element may be implemented for agitated vessels. However, detailed methods are
required to validate the calculations. Laser Doppler velocimetry has proven to be more
accurate for the measurement of flow fields in stirred tanks than any other technique such as
Pitot probes, hot-wire anemometers since it provides flow information even in unsteady and
highly turbulent flows.

The first application of LDA to mixing tanks stirred by a Rushton turbine was by Reed et
al. [3]) whilst the most extensive was that by Van der Molen and Van Maanen [4]) who found
that in the turbulent region, the dimensionless mean radial velocity in the vicinity of impeller
tip and on its centerline was as following:

V IV =0.85(r/R) (M
r' tip

This relationship was independent of the ratio of impeller to vessel diameter up to the value of
0.5. Koutsakos et al. [5] in an LDA study of non-Newtonian fluids in agitated vessels showed
that the centerline velocity profile was:

VIV, =0855(r/ R . @
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for Re> 10, E=1 ‘ (3¢)
Dyster et al.[6] gave a similar expression for radial center line velocity profiles as Eq. (2),
however the parameter § was introduced in their study as:

for Re <20, € oc Re (4a)
for Re > ~500, £=1 (4b)
for Re > ~500, E=1 (4b)
for Re~10°, £=1 (4c)

The objective of thIS work is to investigate mean radial velocity profile in mixing of
viscoelastic liquids. Also, the effect of concentration of PAA solutions and impeller speeds
are studied.

Experimental Method

Measurements were performed in a cylindrical tank of Plexiglas with an inside diameter T =
0.276 m and wall thickness of 0.003 m. The tank included four equally spaced baffles of
width 0.03 m. The height of liquid was 0.188 m. The impeller was a Rushton turbine with
diameter D = 0.104 m. The tank, turbine and the LDA system (Dantec Measurement
Technology) are shown in Fig.1. The LDA system consisted of a 5-W Spectra-Physics argon-
ion laser, two-color 55x modular optics, two Burst Spectrum Analyzers and a PC. Test fluids
were several concentrations of PAA (Magnofloc LT 27 poly. acrylamide) solutions in equal
weight percent mixtures of glycerin and water (Table 1). Rheological properties were
determined by means of a computer-controlled HAAKE rheometer, RV100/CV100. The
resulting values were in reference [7]. The rheograms of test fluids are shown in Fig.2.

RESULTS AND DISCUSSION

Eleven radial positions from the impeller tip to the vessel wall were chosen in order to
measure the mean radial velocity in mixing of PAA solutions. Local mean velocity at these
points, have been measured for different speeds of Rushton turbine impeller and various
concentrations of PAA solutions (Table 1).

Radial velocity
Fig. 3 shows the dimensionless radial velomty, Vr/ Vyip» for 900 ppm PAA solution at
different impeller speeds corresponding to the Reynolds number in the lower transmon region,

i. e., between 30 and 2000. This figure shows that impeller speed does not affect v, /v tip and

in each case ;r /v, is much less than what Eq. (1) suggests and becomes smaller when Re

tip
decreases. ;r /vn.p profile can not exceed the blade tip speeds (Fig. 4). Also, the latter result
is not similar to the findings of Stoots and Calabrese [8]. The region in which vr /v, reaches

tip
a maximum value, occurs in the range 0.4 < 7/R <0.6 ( see Fig. 3 ). This behavior may be due
to elastic effects in the vicinity of impeller blade such as the Weissenberg effect (Bird et al.,

[9]). The distributions of v,/ V,p data for 900 and 1350 ppm in Figs. 3 and 4 deviate from
straight line at locations much further than impeller tip, #/R > 0.7 (Bartels, [10]). The velocity
tends to zero and this causes the formation of a pseudo-cavern (Koutsakos et al., [5], Hirata et

al,, [11]). This phenomenon is a cavern that does not have well-defined boundaries between
the stagnant and well-mixed regions. It can be due to the low shear regions formed away from

1-1A
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the impeller tip. These results support previous observations by Metzner and Taylor [12] that
it is possible to have both laminar and turbulent regimes in an agitated vessel at the same time.

In order to determine —\7r /v tip profiles, &, is introduced in Eq. (1) as follows:

vV, /vy =085 (r/R) (5)
or equivalently:

v, Ve =p(r/R) ©)
Also, the following equation well correlates vl Vv, data:

Ve /V,,= (a; +b;(r/R)) tanh (+/R) | )

Variation of &, against Reynolds number for different PAA solutions is shown in Fig. 5 (by
using &, =1 at Re=10", Dyster et al., [6]). This figure shows that Re oc &, in the range of Re<
430, and reaches a maximum value at about Re = 950 for PAA solutions. The maximum in
Fig. 5 for PAA solutions did not exist in Newtonian (Dyster et al., [6]) and non-Newtonian
systems (Koutsakos et al.,[S]).

Values of &,, p, b, a;, and bjin Eqs.(5)-(7) can be obtained from curve fitting of v, /v, data
as in Figs. 3 and 4. The average values of these coefficients for different PAA solutions are
tabulated in Table 2. This table shows that Eq. (7) has smaller FSE [13] with respect to Egs.
(5) and (6). Egs. (5)-(6) fail to correlate the radial velocity data in some speeds but Eq. (7) can
well correlate all of the radial velocity data of this work. Fig. 6 shows a comparison between
Eqs. (5)-(7) with optimum values of &, p, h, a;, and b;. In agreement with previous works of

Dyster et al.[6] and Koutsakos et al.[6], it may be concluded that the use of £, is a suitable
approach for correlating v /v, data of Figs. 3 and 4.

Conclusions

LDA velocity measurements in polyacrylamide (PAA) solutions for a typical Rushton
turbine have produced results in the lower transition region, i. e. 30< Re <2000 as:
1. The center line mean velocity distribution was reasonably correlated by introducing the
correlation parameter, £,, in Vander Molen and Van Maanen [4]), i. e. Eq. (1) (in agreement
with the previous works of Koutsakos et al. [S] and Dyster et al.[6]).
2. The dimensionless mean radial velocity profile versus dimensionless radial coordinate was
not affected by impeller rotational speed.
3. Mean values of radial velocity profile was not exceed impeller tip speed and might be
described by an exponential decay distribution.

Nomenclature

ap by, , h,, P = constants

D = impeller diameter, m

FSE = fitting standard errors of the least squares regression coefficients, Ref. [13]
k = consistency index for power law model, pa.s”

n = flow behavior index

N = rotational speed, rev/s, rpm
r = radial coordinate, m
R =radius of agitated vessel, m

Re, = Zero shear rate Reynolds number = pND 2 /7] ,, dimensionless

-1 _)
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T = agitated vessel diameter, m
SD = standard deviation

v, /v, =dimensionless mean radial velocity

tip
v tip = impeller blade tip speed = 7 D N, m/s

Greek letters

71, = zero shear rate viscosity, kg/ms
p =density, kg / m®
&, = Consatnt coefficient in Eq. (5).
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1. Impelier 6. Tachometer

2. Agitated vessel 7. Traverse controller

3. Baffle 8. Burst spectrum analyzer
4. Laser probe 9. Laser and its accessory

5. Stepping motor 10. Computer

Fig.1. Set up of LDA and agitated vessel for mixing of viscoelastic fluids.
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Fig.2. Rheograms of test fluids.
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Figure 3. Center line radial velocities for 900 ppm PAA solution.
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Figure L . Center line radial velocity profiles for different concentrations of PAA solutions.
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