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the 39 cm vessel except near the impeller tip.

Laufhiitte and Mersmann (1985) conducted measurements of the radial
fluctuating velocities in the baffle plane of a stirred tank, 19 cm in
diameter and similar in geometry except for the position of the impeller and
for the absence of the cover at the top of the tank. The impeller was located
at one-third of the liquid height from the tank bottom instead of halfway
between top and bottom. The different location of the impeller and the absence
of the cover will certainly affect the bulk flow. The impeller discharge
stream, however, is expected not to be influenced too greatly, validating the
comparison of the turbulent characteristics of the impeller discharge streams
for the 19 cm and 20 cm vessel~respectively.

Laufhiitte and Mersmann computed the energy dissipation rate distribution
from the radial turbulent velocity field using the following inviscid
estimate:

u?
e=C — (3-28)
D
This equation implies isbtropy and a constant length scale throughout the
vessel. Laufhiitte and Mersmann concluded from their measurements that the
constant Cl equals 6.5.

Their method of subtraction of the periodic component however is incorrect:
they computed u with use of the following equation: Ll W With
use of eq.(3-20) 1t follows that the maximum €/€ value is not 15 as reported
but 25. The correct value of the constant Cl should be circa 6.2. Assuming
that u =ug = uztand substituting L = D / §, eq. (3-1) can be rewritten as:

e€=C,* ui‘/ D=-=92+ uit/ D (3-29)

The ratio of maximum energy dissipation rate in the 20 cm vessel to their
value should be equal to the ratio of the constants C2 and CI:

C,/C =92/62=37/25=15.

The difference in reported values of the local energy dissipation rates is
solely attributed to the assumption of a constant length scale throughout the
vessel, that has not been used in the present study. Clearly the assumption of
a constant length scale results in an underestimation of the ratio of energy
dissipation rates in bulk and impeller discharge zone.
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Summarizing, the rms turbulent velocity fluctuations presented in section
3.6.5 are consistent with the findings in the literature. Discrepancies
between the reported values of the local energy dissipation rates stem from
different theoretical considerations with respect to the calculation of €.

3.8. CONCLUSIONS

Detailed information about the flow generated by a Rushton turbine impeller
in geometrically similar cylindrical baffled tanks, 10, 20 and 39 cm in
diameter has been obtained.

When normalized to the tip speed, the mean velocity profiles are
approximately independent of the size of the mixing unit and of the rotational
speed of the turbine impeller. The impeller pumping capacity and the
circulation flow rate in the bulk were determined and the ratio of these two
flow rates amounts to circa 2.5 and 3.8 for the baffle plane and the plane
intermediate between two baffles respectively.

In the immediate vicinity of the impeller tip there is a distinct periodic
contribution to the total velocity fluctuations arising from the trailing
vortices coming from the impeller blades. This periodic component increases
somewhat with scale-up. As a first approximation one may assume a
proportionality with D%,

The turbulent fluctuating velocity field is also dependent on scale. Near
the impeller tip the turbulent velocity when normalized to impeller tip speed,
decreases with increasing vessel size whereas the opposite is true for the
bulk flow in the tank. The random turbulence is almost isotropic.

The integral length scale in the impeller discharge stream is approximately
equal to the blade width. In the bulk of the tank the integral length scale
increases to circa 2.5 times this value. '

Since the distribution of the energy dissipation rate is governed by the
turbulent velocity field, its variation with vessel size is accordingly. The
ratio of the maximum and minimum energy dissipation near the blade tip of the
turbine impeller and in the bulk of the vessel respectively, decreases with
scale-up. It ranges from 900 for the 10 cm vessel size to 250 for the 39 cm
vessel size.
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The energy dissipation rate field is far from uniform even for the 39 cm
vessel, invalidating the assumption of homogeneous turbulence in the stirred
tank. The approach of using the mean energy dissipation rate for calculating
the coagulation rate in a stirred tank is therefore rather doubtful.
Aggregates that are formed in the bulk of the stirred vessel can be unstable
in the much more vigorous jet stream coming from the impeller. Aggregate
growth and breakup become spatially separated processes and the breakup
frequency is not related to a certain eddy frequency as in homogeneous
turbulence, but is determined by the exchange rate between the regions of high
and low energy dissipation rates. A model that incorporates the heterogeneity
of the turbulent flow in stirred tanks is presented in the next chapter.
















































































































































































































































































































































