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' MIXING CHARACTERIZATION IN A SLAB TANK (U)*
by

Carl M. Stoots, Angelique M. Gavlak, and Richard V. Calabrese, University of Maryland,
Department of Chemical and Nuclear Engineering, College Park, MD 20742

and

Edwérd A. Kyser and Gary B. Tatterson, Westinghouse Savannah River Company, Savannah
River Site, Actinide Technology Division, Aiken, S. C. 29808-0001

ABSTRACT

Due to safety requirements, slab.tanks are often used to process and purify. radioactive materials.
The configuration is that of a slit or a tank of rectangular cross section with very low aspect ratio.

+ Due to its nonconventional geometry, very little is known about the slab tank mixing environment.
To better understand it, experiments have been performed in a full scale standard configuration
equipped with twao stirrer shafts, each containing several axial impellers.

To characterize the velocity field, mean and RMS turbulent velocities have been measured at
several impeller speeds with a two-component Laser Doppler Anemometer (LDA). The LDA data
have been supplemented with flow visualization, circulation time, and mixing time studies. Since
the slab tank is often used as a precipitator, solids suspension studies have also been performed.

The results of the various experiments will be presented and will be interpreted to elucidate slab
tank dynamics. The implication to mixing efficiency will also be discussed.

*This article was prepared in connection with work done under Contract No. DE-AC09-
76SR00001 (now Contract No. DE-AC09-88SR18035) with the U. S. Department of Energy.



Objectives

Measure the 2 dimensional velocity field along the center
plane for the standard slab tank geometry via LDA

Detarmine it the velocity field scales on impeller tip
speed

Assess suitability of current geometry for solid suspension

Gain insight into maximum hydrodynamical forces by
measuring the velocity field close to and relative to the
rotating blade
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Representation of the beam intersection area.

Oscilloscope trace of photo-multiplier tube ouput.
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Directly Measured Quantities
(163, 249, and 351 RPM)

— !
v = U; + v

Number of Realizations > 3000

Mean Velocity : o, 7,

_ 1
v; = —N Z Vi;
}
RMS Turbulent Velocity : \V v;2, \/;?

o = 5 Y -5

J

_ Derived Quantities

Magnitude and Direction of Mean Velocity Vector

V= [ﬁ§+ﬁ§]1/2

Magnitude of RMS Turbulent Velocity

_ 1/2
a= [0+
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Data Tables
{163, 249, 351 Rpm)

ABSOLUTE QUANTITIES*
Mean Horizontal Velocity
Mean Vertical Velocity
Magnitude of Mean Velocity
Horizontal RMS Turbulent Velocity
Vertical RMS Turbulent Velocity
Magnitude of RMS Turbuient Velocity

*163 and 351 RPM - Course Grid Tables only
249 RPM - Both Course and Fine Grid Tables

NORMALIZED QUANTITIES -

All tables for absolute quantities repeated with data
normalized by tip speed

Tip Speed Vy =TIDN



General Trends

Mean Velocities

Horizontal < 10% of Tip Speed
Vertical < 30% of Tip Speed
Magnitude < 30% of Tip Speed

RMS Turbulent Velocities

Horizontal 20% to 60% of Tip Speed
Vertical 20% to 60% of Tip Speed
Magnitude up to 70% of Tip Speed

RMS Turbulent Velocities are relatively uniform
throughout the tank and are generally larger in
magnitude than the mean velocity.
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Frame of Reference

RELATIVE TO LABORATORY COORDINATES

Impeller region highly turbulent and void of coherent
structures

Location of individual impeller blades relative to
sampling volume is ignored

Velocity data adequate for design of blending and
solid suspension processes

RELATIVE TO THE ROTATING IMPELLER

Periodic Velocity relative to fixed coordinates
Trailing Vortices or Coherent Wakes

Steep mean velocity gradients

Localized regions of high turbulent energy

Velocity data needed to characterize the hydrodynamic
forces which break particles



Photoresistor

— "High" state

1 "Lo" state

0 T T T ]
0 &) 120 180 240 320 360

Degrees of shaft rotation

Once per revoludon the signal from the: photoresistor goes "high.” This signal
triggers the Dual Timing Board (DTB) in the. LDA electronics to reset. The
DTB measures the ime between resets as well as the time at which each
velocity realization is obtained. From these, it back-calculates the angular
position of the stirrer for each data point and the RPM of the shaft.
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Conclusions

There is a general three-dimensional circulation
throughout the tank.

Mean velocity measurements show several stagnation
regions throughout the tank. Furthermore, the bottom
impeller is not an effective contributor to the total pumping.

RMS Turbulent Velocities are relatively uniform
throughout the tank and are generally greater than
the mean velocity.

The slab tank scales approximately with tip speed (RPM),
particuiarly at higher impeller speeds.

The flow close to the middle impelier is highly periodic,
indicating the presence of trailing vortices or well defined
wakes. In this region vertical mean velocities are much
greater than in the horizontal but RMS turbulent velocity
components are of similar order.
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Work in Progress

Flow Visualization Studies

Microbubbles and Sand
Test different impelier operating strategies

Circulation Time Studies

Follow neutrally buoyant particle via a videa

camera technique

Determine probability of different particle paths
Standard configuration versus up and down pumping

Measurement of Power Input

Power Number versus Impeller Speed
Distribution of Energy Dissipation Rates
Power No.: '
NP = 3 P5
pNYD

Distribution of Energy Dissipation Rates

Viscous Dissipation
Turbulent Dissipation
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Mean Velocity Gradients
Obtained via 3 point Lagrangian Interpolation

Second Invariant of Rate of Deformation Tensor
85;  95:\*
A= : J
A Z Z (63:, Ox; )

Deformation Rate

Viscous Dissipation




Turbulent Energy

Turbulent Kinetic Energy KE = 1q?

(]

q

Turbulent Energy Dissipation

c(KE)3/?
E = ——
l
Integral Length Scale [ =12 +12]\/2

li=\/7-:f—?Ti

Integral Time Scale




