
temperature evolution to be tracked for each test, so as
to correct the viscosity values when necessary. The
rheological parameters of the non-Newtonian fluids
were found to obey a power law (Table 2). Oscillatory
shear tests revealed that the non-Newtonian fluids
exhibited a small storage modulus (G′) compared to the
loss modulus (G′′). Because the ratio G′/G′′ was much
smaller than 1, elastic effects were considered to be
negligible.

Results and Discussion

Power Draw Analysis. A preliminary power analy-
sis was first carried out by considering the power
dissipated by each individual agitator with both New-
tonian and non-Newtonian fluids. The results obtained
from this part were then compared with the power
drawn by the coaxial mixer for different speed ratios
and the two rotating modes.

Single Impeller. The power consumption of an
impeller with Newtonian fluids is usually expressed in
terms of the dimensionless power number, Np, as a
function of the Reynolds number, Re, without vortex,
where Np ) P/FN3D5 and Re ) FND2/µ. This procedure
provides a characteristic power curve that depends only
on impeller geometry and can be used to predict power
requirements for any given fluid properties, impeller
dimensions, and rotational speed. In the laminar re-
gime, it is usual to determine the power constant Kp
defined as follows

For a Newtonian fluid, Kp is a function of only the
impeller geometry.

The characteristic power curve was established for
each of the six agitators. The power consumption results
served not only to estimate the mechanical energy
drawn during the mixing operation, but also to deter-
mine the limits among the different flow regimes
(laminar, transition, and turbulent).

The characteristic power curves with Newtonian
fluids are presented in Figure 4. In agreement with
theory, the value of the slope of each curve is equal to
-1 in the laminar regime. We note that the anchor
agitator operates in the laminar regime for Re values
lower than 100 and the flow becomes transitional for
larger values. In the case of the Rushton turbine, the
flow is laminar for Re values lower than 20 and
turbulent for Re values larger than 1000. For the
dispersion impellers, the laminar regime corresponds
to Re values lower than 10 and the turbulent regime to
Re values larger than 4500. The corresponding Kp and
Np values for the turbulent regime for the six impellers
are listed in Table 3. A good agreement is obtained with
the literature values.16-18

Figure 4 shows that the Np value in the turbulent
regime does not change with increasing Reynolds num-
ber for the dispersion impellers and the Rushton
turbine. Because the anchor plays the role of a baffle

in each experiment, it is typical to obtain such a
consistency.17 Although they have different geometries,
the dispersion turbines do not exhibit significant dif-
ferences in terms of their power consumption. Often
operated in a turbulent regime with low-viscosity flu-
ids,19 from an energy perspective, the Cowles turbine
is the most efficient.

In the case of a shear-thinning fluid obeying the
power-law model, the viscosity decreases when the
shear rate is increased. To evaluate the power consump-
tion of such a fluid, the so-called process viscosity must
be determined. Metzner and Otto20 showed that the
average shear rate around the impeller can be cor-
related with the rotational speed by means of the
proportionality parameter Ks, which is a function of the
impeller geometry

Once this parameter is known, the characteristic power
curve of each agitator (Np vs Re) using a shear-thinning
fluid can be determined. In the present work, the
approach used to determine the Ks value was that of

Table 2. Properties of the Non-Newtonian Fluids (23 °C)

solution n k (Pa‚sn)
density
(kg/m3)

γ̆ range
(s-1)

2.5 wt % CMC
(Finnfix 700)

0.50 8.3 1010 100-10000

1.5 wt % CMC
(Finnfix 30000)

0.22 60 1010 100-10000

Kp ) NpRe (2)

Figure 4. Newtonian power curve for (a) Rushton and anchor
impellers and (b) dispersion impellers.

Table 3. Power Constants for the Impellers

impeller type Kp Np

anchor 230 f(Re)
Rushton 75 5.00
Cowles 65 0.45
Deflo 65 0.60
Sevin 70 0.55
hybrid 70 0.50

Ks ) γa/N (3)
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