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Introduction

• Mixing is one of the most used operations

• Mixed equipments can be classified by:

• Operation of the vessel

• Batch, Semi continuous, Continuous

• Thermal operation

• Isothermic, Adiabatic

• Type of mixing

• Mechanical, Static, Jet (or disperser)

• The main goal is the geometric optimisation of a tube

type disperser

11/18/2014 COMSOL Conference 2014 Cambridge 3/12



Problem definition

• The device is a „tube inside

the tube” disperser

• There are two inlets, and 

one outlet of the vessel

• The mixing taking place in 

the short „reaction zone” 

after the nozzle

• Different nozzles can be 

used to achieve better

phase homogeneity, and 

better conversion

outlet

reaction zone
nozzle position

inner inlet

outer inlet
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Model development

governing equations

Momentum 

balance

Component

balance without

reaction
Flow based 

particle 

tracing

ρ u ∙ 𝛻 u

= 𝛻 ρl + μ + μT 𝛻u + 𝛻u T −
2

3
μ + μT l −

2

3
ρkl + F

𝑑(𝑚𝑝𝑣)

𝑑𝑡
= 𝐹𝑡

𝐹 =
1

𝜏𝑝
𝑚𝑝(𝑢 − 𝑣)

𝐹 = 𝑚𝑝𝑔
𝜌𝑝 − 𝜌

𝜌𝑝

Stationary

Time-dependent

Time-dependent

ρ u ∙ 𝛻 k = 𝛻 ∙ μ +
μT
σk

𝛻k + Pk − ρε

ρ u ∙ 𝛻 ε = 𝛻 ∙ μ +
μT
σe

𝛻ε + ce1
ε

k
Pk − ce2ρ

ε2

k

μT = ρcμ
k2

ε

Pk = μT 𝛻u: (𝛻u + 𝛻u T −
2

3
𝛻 ∙ u 2 −

2

3
ρk𝛻 ∙ u

𝛻 ∙ −Di𝛻ci + u ∙ 𝛻ci =0
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Mesh independence, time step

• Mesh independence study 
was done with four different 
meshes
• Coarser

• Coarse

• Normal

• Fine

• The time step was 

defined based on

Courant number

max
C

x

tu
C 






Δt=0.01 s
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Model validation

• An experimental apparatus

was created for model 

validation

• An indicator injection was 

measured inside a 

trasparent laboratory scale

device

• Video recording based 

processing was used to

calculate residence time 

with different hole number

• A stationary momentum 

balance was calculated

• Rectangle function was 

applied for a time-

dependent component

balance
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Residence time results

• Different angles from

straight to 20°

• Different number of holes

from 4 to 10

• Time dependent

component balance based 

on sationary momentum 

balance results

• Concentration integrated at

the outlet boundary
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Particle tracing results

• Flow field based particle 

tracing 

• ~900 particles originated at

the inner inlet (black), and 

the outer inlet (red)

• Bounce boundary at walls, 

and freeze boundary at the 

outlet

• Poincaré plots were used

to evaluate the resuls

• Different flow rates were

applied
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Particle tracing results
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• Flow field based particle 

tracing 

• ~900 particles originated at

the inner inlet (black), and 

the outer inlet (red)

• Bounce boundary at walls, 

and freeze boundary at the 

outlet

• Poincaré plots were used

to evaluate the resuls

• Different constructions, 

hole numbers, diameters
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Conclusions

• A detailed CFD model of a tube type disperser was 

created. Different simulation studies were performed 

including residence time distribution and particle tracing 

studies.

• An experimental device was proposed and built, and the 

developed CFD model was validated based on residence 

time measurements. A good agreement was found 

between the experimental and simulation results.

• The disperser configurations were evaluated based on the 

results and the swirled configurations were found better.

11/18/2014 COMSOL Conference 2014 Cambridge 11/12



THANK YOU FOR YOUR

ATTENTION!
This work was supported in the frame of the TÉT_12_RO-
1-2013-0017 and TAMOP-4.2.2/A-11/1/KONV-2012-0071 
projects. Tamás Varga’s research activity in this work was 
supported by the European Union and the State of 
Hungary, co-financed by the European Social Fund in the 
framework of TÁMOP-4.2.4.A/ 2-11/1-2012-0001 
‘National Excellence Program’.


