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mixing process was simulated numerically 
using LES with a Smagorinsky-Lilly subgrid 
scale model and flow field, and power 
consumption and mixing time were simulated 
in a standard baffled tank reactor stirred with 
a flat 6-blade Rushton turbine. The results of 
simulation of power were compared with 
experimental data [19,20 ],  and  the  results of 
simulation mixing time were compared with 
the   empirical  correlations   [17 ].   Power 
number and velocity profile between these 
two grids were compared with the reported 
results. The results of the power number and 
flow field show very good agreement. There 
are fairly reasonable agreements with the 
reported values of the predicted mixing time 
in the literature at similar conditions. 
 
 
Mathematical Formulation 
By combining the conservation of mass 
equation with the momentum and the energy 
equations, the necessary flow equations for a 
mixing system can be developed. In this 
work we can neglect the temperature increase 
due to viscous dissipation.  
For turbulent flow to obtain the true variation 
of the velocity field, the conservation 
equations are solved with the LES Turbulent 
model. 
LES lies somewhere between the DNS 
(Direct Numerical Simulation) and the 
RANS (Reynolds Average Navier-Stokes) 
approaches. Basically, large eddies are 
resolved directly in LES, while small eddies 
are modelled. The governing equations 
employed for LES are obtained by filtering 
the time-dependent Navier-Stokes equations 
in either Fourier (wave-number) space or 
configuration (physical) space. The filtering 
process effectively ignores the eddies whose 
scales are smaller than the filter width or 
computational grid spacing. The resulting 
equations thus govern the dynamics of large 
eddies. 
A filtered variable is defined by: 
 

∫
Ω

′′′= XdXXGXX ),()()( φφ   (1) 

 
Where Ω is the fluid domain and G is the 
filter function that determines the scale of the 
resolved eddies. The finite-volume 
discretization provides the filtering operation 
implicitly:  
 

1(X) (X )dX , X
V Ω

′ ′ ′φ = φ ∈Ω∫   (2) 

 
Where V is the volume of a computational 
cell. 
The space-filtered equations for the 
conservation of mass and momentum of an 
incompressible Newtonian fluid can be 
written as: 
 

0=
∂
∂

i

i

x
u

  (3) 

 
i j ij

i i j i
i i j j j j

P u u(u ) (u u ) ( ) f
t x x x x x x

∂τ∂ ∂ ∂ ∂ ∂ ∂
+ =− +ν − − +

∂ ∂ ∂ ∂ ∂ ∂ ∂
 

 
 (4) 
 

jijiij uuuu −=τ  (5) 
 
Where if  is the force term and ijτ  is the sub-
grid scale stress tensor, which reflects the 
effect of the unresolved scales on the 
resolved scales.  
A common subgrid-scale model is the 
Smagorinsky-Lilly model [11]. In this 
method the eddy viscosity is modelled by 

SLst
2ρμ = . LS is the mixing length for 

subgrid scales. In the Fluent program used, LS 

is computed using ),min( 31VCKdL ss = . K is 
the Von Karman constant, d is the distance to 
the closest wall, V is the volume of the 
computati onal  cell.  In  this  paper CS is set to 
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