2003

The study of flow structurein a mixing tank for
different Reynoldsnumbersusing LES
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Abstract

The stirred tank reactor is one of the most commonly used devices in industry for achieving mixing and
reaction. Here we report on results obtained from the large eddy simulations of flow inside the tank performed
using a spectral multi-domain technique. The computations were driven by specifying the impeller-induced
flow at the blade tip radius. Stereoscopic PIV measurements (Hill et al. ") along with the theoretical model of
the impeller-induced flow (Yoon et al. ) were used in defining the impeller-induced flow as superposition of
circumferential, jet and tip vortex pair components. Large eddy simulation of flow in a stirred tank was
carried out for the three different Reynolds numbers of 4000, 16000 and 64000. The effect of different
Reynolds numbers is well observed in both instantaneous and time averaged flow fields. The instantaneous
and mean vortex structures are identified by plotting an isosurfaces of swirling strength for all Reynolds
numbers. The Reynolds number dependency of the nondimeansional eddy viscosity, resolve scale and subgrid
scale dissipations is clearly shown in this study.
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Figure 1. (a) Schematic of the stirred tank with a typical
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six blade Rushton impeller. The plan view shown at the

bottom on the right is viewed up from under the tank. (b) The overall computational geometry divided
into sun-domains in the r-z plane.
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Figure 2. An instantaneous flow field over the entire r—2z planeat 8=30° for (a) Re,=4000, (b) Re,=16000
and (c) Re,,=64000
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Figure 4. The time and @ - averaged radial velocities
along the axial direction at various positions and the
sketch of the regions divided by flow pattern at (a)

Re,=4000, (b) Re,=16000 and (c) Re,=64000.
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Figure 5. The time averaged radial velocity as a
function of radial distance from the blade along the mid-

plane(z=0). ()0 = 20° , (6)0 =30° and (c)0 = 40° .
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Figure 6. Vortex structure obtained for (a) Re,=4000,
(b) Re,;=16000 and (c) Re,,=64000 at one instance.
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Figure 7. Time averaged vortex structure obtained for
(a) Re,=4000, (b) Re,,=16000 and (c) Re,,=64000.
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Figure 8. The time histories of volume averaged eddy
viscosity obtained from the dynamic large eddy
simulation for Re,,=4000, 16000 and 64000.
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