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Table 2-4. Models that Numerically Solve for the Flow in Stirred Tanks

	Type
	Reference
	Description
	Boundary Conditions
	Computational Effort
	Predictability
	Multiphase Capability

	Black Box
	Harvey and Greaves (1982), Pericleous and Patel (1987), Middleton et al. (1986), Brucato et al. (1989), Ranade and Joshi (1990),
	Treats the impeller as a cylindrical region enclosing the impeller. Some define it to be an open cylinder (no top or bottom). The actual shape of the impeller does not matter.
	Requires experimental inputs for mean velocities, turbulent kinetic energy and the dissipation rates at the surfaces of the control volumes. Alternatively the impeller also is represented by a series of sources and sinks.
	Minimal compared to the other techniques listed in this table.
	Comparisons of the mean velocity are good near the impeller but not so good away from the impeller. The turbulent kinetic energy is not predicted well. This approach cannot be used to screen large number of alternative mixer configurations.
	Extension to multiphase flows is not feasible because it is virtually impossible to obtain the accurate boundary conditions needed at the impeller.

	Moving & Deforming Mesh
	Perng and Murthy (1993)
	Single mesh and single reference frame used. Grid cells associated with impeller rotate with it causing deformation of mesh. Model is inherently transient.
	No experimental inputs needed for the boundary conditions.
	Model is computationally very intensive.
	In principle this is the right way to model the flow in stirred tanks. However, no qualitative or quantitative comparisons of predictive capabilities exist to date.
	Current version of the commercial software FLUENT does not support the Eulerian multiphase model.

	Sliding Mesh
	Luo et al. (1993), Issa (1993), Bode (1994), Daskopoulos and Harris (1996), Tabor et al. (1996), Ng et al. (1998)
	Tank divided into two mesh regions, one attached to the impeller, which slides over the other mesh attached to the stationary boundaries. Model is inherently transient.
	No experimental inputs needed . The impeller is modeled as solid wall rotating with a known angular velocity. The turbulent kinetic energy and the dissipation rates are modeled using standard wall functions.
	Computational effort is much less than that required for moving meshes but more than the other methods.
	Excellent agreement of the mean velocities. However, all researchers report a severe underprediction of turbulent kinetic energy attributed to the use of standard k- model.
	Current version of the commercial software FLUENT does not support the Eulerian multiphase model

	Multiple Reference Frame method
	Luo et al. (1994),
	A steady state model which permits multiple fluid (not grid) to rotate relative to each other. Choice of the location of the interface is critical.
	No experimental input needed except for the location of interface. The other boundary conditions are as defined as above.
	The computation time is much lower than both moving mesh and sliding mesh simulations but more than the Snapshot approach.
	Mean velocity predictions are reasonably good. Turbulent kinetic energy is underpredicted.
	Current version of the commercial software FLUENT supports the Eulerian multiphase model

	Inner Outer Method
	Brucato et al. (1994)
	A steady-state model, which divides the whole tank into two partly overlapping regions and solves for the flow in each region iteratively.
	No experimental inputs needed. The solution of one region serves as the boundary condition for the other region.
	Faster than moving and sliding mesh simulations but slower than MRF and SA.
	Predictions of mean velocities are good while turbulent kinetic energy is underpredicted.
	Current version of FLUENT does not offer this modeling option.

	Snapshot Approach


	Ranade and Van den Akker (1994),
	A steady state model where flow between blades is assumed to be developed. The action of the blades is explicitly accounted by introducing source and sink terms behind and in front of the blades.
	No empirical inputs are needed. Other boundry conditions same as above.
	Requires least time.
	Mean velocity predictions are good while turbulence predictions are not.
	Directly amenable for multiphase simulations since procedure same as for single phase model..
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