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Abstract. The design of agitated tanks depends on operating conditions and processes for that are used for.

An important parameter for the scale-up modelling is the dissipation rate of the turbulent kinetic energy. The

dissipation rate is commonly assumed to be a function of the impeller power input. But this approach gives no

information about distribution of the dissipation rate inside the agitated volume. In this paper the distributions

of the dissipation rate inside the agitated vessels are estimated by evaluations of the CFD (Computational Fluid

Dynamics). The results obtained from RANS (Reynolds Averaged Navier-Stokes equations) k-ε turbulent model

and LES (Large Eddy Simulations) with Smagorinsky SGS (Sub Grid Scale) model are compared. The agitated

vessels with standard geometry equipped with four baffles and stirred by either a standard Rushton turbine or a

high shear impeller were investigated. The results are compared with mean dissipation rate estimated from the

total impeller power input.

1 Introduction

The main aim of this paper is to map distribution of dis-
sipation rate inside an agitated vessel and compared com-
monly used k-ε RANS model with LES results. The dis-
crepancy between results treated by averaging processes
and results of transient simulation is indisputable. Such
discrepancies of a simulation of velocity distributions (break-
up of trailing vortices) were indicated in [1]. The improve-
ment of distribution of dissipation rate inside the vessels is
also useful for future development in particular processes
and on aggregates or bubbles breakup modelling [2]. A
lot of papers have been devoted to a turbulence modelling
in an agitated vessel [3–6] and this process is still open.
The proposed simulations were performed on a geometry
shown in Fig. 1. The simulations were performed with two
types of impeller: Rushton turbine (RT) - Fig. 2 (left) and
high shear impeller (HSI) - Fig. 2 (right).

2 Simulations

The pressure-based solver pimpleDyMFoam from Open-
FOAM 4.0 package (for incompressible flow) was used
for calculations in the agitated vessel. The impeller move-
ment was simulated by SM (Sliding Mesh) method. The
diameter of the sliding region is twice as large as the di-
ameter of the impeller. Turbulence was modelled by ei-
ther LES approach, with Smagorinsky SGS model or stan-
dard k-ε model. The final non-structured (mainly hexago-
nal) meshes consisted of 3.3 mil. cells for RT and 1.5 mil.
cells for HSI. Only the part of the impeller shaft outside
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Fig. 1. Geometry of mixing tank (T = 300 mm, H/T = 1, T/D =

3, b/T = 1/10, four baffles). Two impellers: Rushton turbine (RT)

and high shear impeller (HSI).

Fig. 2. Impellers: Rushton turbine (left) and high shear (right).

the sliding region was defined as a moving wall with im-
peller speed velocity, the others walls were set to the no
slip condition. The rotation speed was 300 rpm (for both

     
 

DOI: 10.1051/, 02062 (2017) 714302062143EPJ Web of Conferences epjconf/201
EFM 2016

© The Authors,  published  by EDP Sciences.  This  is  an  open  access  article  distributed  under  the  terms  of  the Creative Commons Attribution
 License 4.0 (http://creativecommons.org/licenses/by/4.0/). 



Fig. 3. Tank mesh.

Fig. 4. Rushton turbine impeller mesh.

Fig. 5. High shear impeller mesh.

impellers). The time step was 0.0001 s that corresponds to
0.18◦ of the impeller movement.

3 Methods and evaluation

The advantage of batch systems represented by the agi-
tated vessels is the closed domain where the input energy
is delivered through the impeller and dissipated by viscose

Table 1. Power number for turb. regime (ReM > 104):

Impeller Po

Rushton turbine 5.0

high shear impeller 0.6

forces onto heat. Hence, it is possible to determine the total
power and compare it with dissipation of turbulent kinetic
energy.

3.1 Impeller power input

The power consumption of impeller operating in the ag-
itated vessel is given by a lot of parameters. In that case
it was simplified and so-called high speed impellers with
commonly used vessel geometry were employed. The fully
turbulent regime (ReM > 104) was proposed. The mixing
Reynolds number is defined:

ReM =
nD2

ν
, (1)

where D is impeller diameter, n impeller speed and ν is
kinematic viscosity. The power input should be calculated
with

P = Po ρn3D5, (2)

where Po is power number dependent on impeller type (see
tab. 1) and ρ is density of agitated fluid. The mean dissipa-
tion rate inside agitated vessel is determined by

ε =
P
ρVT
, (3)

where VT is tank volume.

3.2 Evaluation of the energy dissipation

Assuming a local equilibrium between production and dis-
sipation of turbulent kinetic energy at the cut-off scale the
dissipation rate of TKE from LES results was estimated as:

εLES =
ν + νt

2

(
∂ui

∂x j
+
∂u j

∂xi

)2

. (4)

Evaluation of power was performed by the calculations in
each cell volume Vi with knowledge of dissipation rate of
turbulent kinetic energy εi and the mean dissipation rate
should be obtained by the summation of values inside all
cells:

εc =
1

Vc

∑
εiVi, (5)

where Vc is total volume
∑

Vi .
The distribution of dissipated energy was calculated as power
input transformed by dissipation in each cell:

Pi = εiViρ, (6)

where the total dissipated power in vessel is Pc =
∑

Pi.
Consecutively the data were sorted by the values of the
dissipation rate and the distribution was evaluated in the
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form of the dependency of the cumulative curve on the tank
volume:

Power input/Total power input =
∑

Pj

Pc
, (7)

that is expressed as sum of cell volumes per total volume:

Volume/Total volume =
∑

Vj

Vc
. (8)

4 Results

Four basic simulations were performed: k-ε and LES com-
bined with two impellers (RT and HSI). The results of ve-
locity contours on the impeller disk are depicted in Fig.
6. It is obvious, that the distributions of velocities are dif-
ferent, moreover, the velocity distribution represented by
averaged values never occurs in real cases. The deviation
of the results is also observable in Fig. 7 where the iso-
volumes of regions with values of ε greater than 1 m2 · s−3

are depicted and in Fig. 8, where the iso-volumes of re-
gions with values of ε greater than 0.1 m2 · s−3 are shown.

Fig. 6. Velocity results obtained in disk plane by LES for RT:

Angle averaged results - similar as from RANS (left) and instan-

taneous (right).

Fig. 7. Comparison of iso-volumes obtained for Rushton turbine

impeller with conditions: ε > 1 m2 · s−3 for k-ε (left) and LES

(right).

Hence, the results were processed according to the evalua-
tion of distributions approach. The first method is to eval-
uated energy dissipated in vessel in relation with volume.
The cumulative distribution curves were calculated and the
results are shown in Fig. 9. The curves are normalized by
the total power input and the total volume. The distribu-
tion curves of k-ε model show the lower values in small
volumes (30% of energy is dissipated in 1/100 of volume)

Fig. 8. Comparison of iso-volumes obtained for high shear im-

peller with conditions: ε > 0.1 m2 · s−3 for k-ε (left) and LES

(right).

Table 2. Comparison of mean dissipation rates ε (m2 · s−3) ob-

tained from LES or k-ε calculation and estimated from power

input (eq. 3).

Impeller εLES εk−ε ε

RT 0.292 0.287 0.295

HSI 0.022 0.020 0.035
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Fig. 9. Cumulative distributions obtained from simulations based

on k-ε and LES.

and similar shape for both impellers. In contrary the results
of LES calculations indicate that more energy has been
dissipated in very small volumes (60% of energy is dissi-
pated in 1/100 of volume for RT and 80% for HSI), more-
over, the distribution of both impeller are quite different.
This corresponds with conception, that for HSI the energy
is dissipated only near the disk surface, while for RT the
dissipation regions are also inducted by trailing vortices.
The similar results were obtained by the method based on
iso-volumes evaluation (Figs. 7 and 8). The volumes were
calculated from selected data of iso-volumes of ε ranging
from 0.001 to 5, see Fig. 10. The predicted values of the
dissipation rate of the TKE are higher for k-ε in a middle
section of the volume distribution, while close to the lat-
eral sections the k-ε results approach the LES results. As
can be expected the dissipation rates of the RT impeller
are about ten times higher compared to the HSI data. Nev-
ertheless, for each type of the impeller the total powers
evaluated from both simulations are almost the same (see
Tab. 2). The differences are only between the energy cal-
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Fig. 10. Values of iso volume size for values of ε grater than

depicted ones obtained from simulations based on k-ε and LES.

culated from the power input and from the dissipation rate.
This could be caused by the using of more coarse mesh
near the surface.

5 Conclusions

The distribution of dissipation rate of turbulent kinetic en-
ergy was estimated for Rushton turbine impeller and high
shear impeller. Resulted distributions from k-ε turbulence
model seem to be more narrow but with generally higher
shifted values in comparison with LES ones. Both simu-
lation methods give satisfactory results of total dissipated
energy in agitated vessel, but the distribution is rather af-
fected by the method of turbulence modelling.

Acknowledgments

This research has been subsidized by the research project
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