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Final  Program 
 
Sunday August 17, 2008 
 
Registration:  3:00-6:00pm  Skylight Foyer 
 
Dinner:  5:00pm - 6:30pm – Sunhill Dining Room 
 
Conference Sessions will be held in Amphitheatre 
 

Session 1: Multiphase Mixing 1 –  Liquid-Liquid System 
Co-Chairs: C. Bennington & A.Etchells 

1.1 Dispersive Mixing of Immiscible Liquids 
and Gases Using Rotor-Stator Devices 
and Membranes 

Erich J. Windhab 6:30 PM – 7:10 PM 

1.2 Fundamental Experimental and 
Numerical Analysis of Stirred 
Liquid/Liquid Systems for PVC-
Production in Slim Reactors with Multi-
Stage Stirrers 

Sebastian Maaß, Florian Metz, 
Torsten Rehm and Matthias 
Kraume 

7:10 PM – 7:35 PM 

1.3 Dispersion of High Viscosity Liquid-
Liquid Systems by Flow Through SMX 
Static Mixer Elements 

N.V.Rama Rao, M.H.I.Baird, 
A.N.Hrymak, and P.E. Wood 

7:35 PM – 8:00 PM 

1.4 Emulsification using a SMX Sulzer 
Static Mixer in Turbulent Flow for a 
Microencapsulation Process 

Félicie Theron, Nathalie Le Sauze, 
and Alain Ricard 

8:00 PM – 8:25 PM 

Break 
1.5 High-Speed Visualization of Multiphase 

Dispersions in a Mixing Tank 
Eliane Guevara-López, René 
Sanjuan-Galindo, Ma. Soledad 
Córdova-Aguilar, Gabriel Corkidi, 
Gabriel Ascanio  and Enrique 
Galindo 

8:45 PM – 9:10 PM 

1.6 Using Static Mixers to Intensify Diesel 
Desulfurization Operations 

A.M. Al Taweel, F. Azizi and  
A. Uppal 

9:10 PM – 9:35 PM 

1.7 Positron Emission Particle Tracking 
Inside Caverns Formed during Mixing of 
an Industrial Slurry 

L. Adams, F. Chiti, A. Guida, S. 
Jaffer, A.W. Nienow and M. Barigou 

9:35 PM – 10:00 PM 

Evening Social Hour & Vendor Displays  
Garden View Foyer 

10:00 PM – 11:00 PM 
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Monday August 18, 2008 
 
Breakfast:  7:00am - 8:00am– Sunhill Dining Room 
 

Session 2: Mixing of Viscous and Complex Fluids 
Co-Chairs: M. Dawson & M. Liu 

2.1 Innovations and Trends in Viscous 
Mixing 

Philippe A. Tanguy 8:00 AM – 8:40 AM 

2.2 Mixing by Rotary Jet Heads: Indications 
of the Benefits of Head Rotation Under 
Turbulent and Transitional Flow 
Conditions 

Mikkel Nordkvist, Marie Vognsen, 
Alvin W. Nienow, John Villadsen 
and Krist V. Gernaey 

8:40 AM – 9:05 AM 

2.3 Cavern Formation in Agitated Pulp 
Suspension Stock Chests using Side-
Entering Impellers 

Leo K. Hui, Chad P.J Bennington 
and Guy A. Dumont 

9:05 AM – 9:30 AM 

2.4 Analysis of Cavern Formation in Mixing  
Yield Stress Fluids using Tomography 
and CFD Modeling 

Leila Pakzad, Farhad Ein-Mozaffari 
and Philip Chan 

9:30 AM – 9:55 AM 

Break 
2.5 Novel Static Mixers for Surge 

Dampening 
E. Bruce Nauman and Oliver J. 
Smith IV 

10:25 AM – 10:50 AM 

2.6 Mixing Performance Experiments in an 
Agitated Vessel Subjected to Unsteady 
Rotational Speeds 

Koji Takahashi, Kazunari Kurisaka 
and Hitoshi Sekine 

10:50 AM – 11:15 AM 

2.7 Processing and Curing of New 
Isocyanate-Based Bituminous Products 

MJ Martín-Alfonso, P Partal, FJ 
Navarro, M García-Morales and C 
Gallegos 

11:15 AM – 11:40 AM 

2.8 Mixing Analysis of a Newtonian Fluid in 
a 3D Planetary Pin Mixer 

Robin Kay Connelly and James 
Valenti-Jordan 

11:40 AM -12:05 PM 

2.9 Flow and Mixing Characteristics of S-
Type Plate Static Mixer with Splitting 
and Inverse Recombination 

Kazuo Ohkawa, Yushi Hirata and 
Yoshiro Inoue 

12:05 PM – 12:30 PM 

Lunch – Sunhill Dining Room 12:30 – 1:30PM 
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5.14 Micro Fluidic Device for the Self-
Synchronized Mixing of Water-in-Oil 
Droplets  

Maria Pilar Carreras, Stephan Mohr, 
Peter Fielden and Nick Goddard 

Multiphase Mixing 

5.15 Changing the Practice of Low Shear 
Mixing with a Novel Impeller Design 

Terri Griffin, Binxin Wu and Wojtek 
Wyczalkowski 

Multiphase Mixing 

5.16 Controlling Unidirectional Solidification 
Processes using Nucleators 

Mohammad Behshad Shafii and Ehsan 
Alavi Dehkordi  

Complex Fluids 
Mixing 

5.17 Computational Modeling of Industrial 
Pulp Stock Chests 

Sujit Bhattacharya, Ali Soltanzadeh, Clara 
Ford, Fariborz Taghipour, Chad P.J. 
Bennington And Guy A. Dumont 
 

Numerical and 
Computation Fluid 
Dynamics Models 

5.18 Improvements of the Inline Mixer 
Compax for Turbulent Flow 

Sebastian Hirschberg, Rudolf Koubek and 
Felix Moser 

Numerical and 
Computation Fluid 
Dynamics Models 

5.19 CFD Simulations of Coaxial Mixers in 
Transition Flow Regime  

Christian Rivera, Mourad Heniche and 
Philippe Tanguy 

Numerical and 
Computation Fluid 
Dynamics Models 

5.20 Modeling Flow and Residence Time 
Distribution in Reactor with Plunging 
Jets with/without Agitation 

Hua Bai, Amber Stephenson, Jorge 
Jimenez and Dennis Jewell 

Numerical and 
Computation Fluid 
Dynamics Models 

5.21 The Use of a Zonal Model and 
Multimodal Tomography to Explore 
Mixing in a Concentrated Precipitation 

I. Edwards, S.A. Axon, M. Barigou, J.F. 
Hall and E.H. Stitt 

Numerical and 
Computation Fluid 
Dynamics Models 

5.22 CFD Simulation Of Power and Mixing 
Time for a Rushton Turbine in a Baffled-
Tank Reactor 

R. Zadghaffar, J.S. Mogaddas , M. 
Ahmadlouydarab and J. Revstedt 

Numerical and 
Computation Fluid 
Dynamics Models 

5.23 Modeling Mixing of Species with 
Different Viscosity in a Non-Symmetric 
Impinging Jet Mixer With LES 

Minye Liu and Jim Tilton Numerical and 
Computation Fluid 
Dynamics Models 

5.24 Mixing Performance in a Vessel with a 
Rising Free Surface 

Grace Neal, Mark Simmons, Alan Hough 
and Peter Fryer 

Turbulent Mixing 

5.25 Mixing Phenomenon in a Confined 
Plane Wake in a Pipe 

Guiren Wang and Hong Jiang Turbulent Mixing 

5.26 Evaluation of mixing capacity of an 
impeller based on new concept of 
mixing spectrum 

Katagiri Nobutatsu, Ookawara Shinichi, 
Yoshikawa Shiro, and Ogawa Kohei 
 

Measurement and 
Characterization of 
Mixing 
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Wednesday August 20, 2008 
 
Breakfast:  7:00am - 8:00am– Sunhill Dining Room 
 

Session 6: Multiphase Mixing 2 – Solid Containing Systems 
Co-Chairs: P. Tanguy & C. Gallegos 

6.1 Mixing and Gas Dispersion in Mineral 
Flotation Cells 

Geoffrey Evans, Elham Doroodchi, 
Graeme Lane, Peter Koh and Phil 
Schwarz 

8:00 AM – 8:40 AM 

6.2 Quantitative Design of 
Industrial Powder Mixing Processes 

Fernando Muzzio 8:40 AM – 9:05 AM 

6.3 De-agglomeration processes in high-
shear devices 

Jerzy Baldyga, Lukasz Makowski, 
C. Sauter, H.P. Schuchmann and 
Wojciech Orciuch 

9:05 AM – 9:30 AM 

6.4 An Investigation of the Erosion Wear of 
Pitched Blade Impellers in a Solid-
Liquid Suspension 

Tomáš Jirout and Ivan Fořt 9:30 AM – 9:55 AM 

Break 
6.5 Effect of Two Types of Impellers on the 

Stability of Non-Newtonian Dispersion 
L. Medina Torres, R. Herrera 
Najera, G. Ascanio, J.A. Gallegos-
Infante and H. A. Fileto-Pérez 

10:25 AM – 10:50 AM 

6.6 Determination of Velocity Field and 
Solids Distribution in a Stirred 
Polydisperse System by Positron 
Emission Particle Tracking 
IChemE Student Award Winner  

Antonio Guida, Fabio Chiti, Alvin W. 
Nienow and Mostafa Barigou 

10:50 AM – 11:15 AM 

6.7 Application of Fluorescent PIV and 
Digital Image Analysis to Measure 
Turbulence Properties of Solid-Liquid 
Stirred Suspensions 

Heema Unadkat, Chris Rielly and 
Zoltan Nagy 

11:15 AM – 11:40 AM 

6.8 Why Mixers Fail: Specifications Versus 
Reality 

Todd M. Hutchnson and Wojciech 
Wyczalkowski 

11:40 AM -12:05 PM 

6.9 Nucleation, particle growth and 
agglomeration of nanoparticles in a fast 
precipitation reaction in CIJR 

Peter J. Unwin, Shad W. Siddiqui 
and Suzanne M. Kresta 

12:05 PM – 12:30 PM 

Lunch – Sunhill Dining Room 12:30 PM – 1:30PM 
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Session 7: Multiphase Mixing 3 –  Gas-Liquid Systems 

Co-Chairs: E. Galindo & A. Nienow 
7.1 Gas Dispersion and Solid Suspension 

in Cold-Gassed, Hot-Sparged and 
Boiling Three Phase Stirred Reactors 

Zhengming Gao 1:45 PM – 2:25 PM 

7.2 Gas/Liquid Contacting in SMX Static 
Mixers for the Processing of Highly 
Viscous Liquids 

Tobias Lang, Jens Hepperle and 
Manfred Piesche 

2:25 PM – 2:50 PM 

7.3 A Study of Mixing by PIV and PLIF in 
Bioreactor of Cells Animals Culture 

M-L. Collignon, M. Crine, E. Verdin, 
J-F Chaubard, L. Peeters, S. 
Dessoy and D. Toye 

2:50 PM – 3:15 PM 

7.4 Solids Distribution and Rising Velocity 
of Buoyant Solid Particles in a Tank 
Stirred with Multiple Impellers: A 
Simplified Approach for the Study of 
Sparged Gas-Liquid Reactors 

R.S. Ghadge, D. Pinelli, D. Fajner, 
G. Montante, A. Paglianti, F. Magelli 
 

3:15 PM – 3:40 PM 

Break 
7.5 Gassed Power, Hold-Up and Mass 

Transfer Under High Intensity Sparging 
and Agitation; Issues with 
Heterogeneous Gas Flows 

Alvin W. Nienow, Klaus Gezork, 
Waldemar Bujalski and Michael 
Cooke 

4:10 PM – 4:35 PM 

7.6 Gas-Liquid Mixing Studies in Industrial 
Reactors: Comparison of Different 
Agitation Systems 

Madan Somasi, Richard Cope, 
Juergen Lueske, Kishore Kar, 
Andrea Gnagnetti, Alessandro 
Baldelli and Luciano Piras 

4:35 PM – 5:00 PM 

7.7 Mass Transfer Characteristics by 
Surface Aeration of Large Paddle 
Impeller: Application to a Polymerization 
Reactor with Liquid Level Change 

Ryuichi Yatomi, Katsuhide 
Takenaka, Koji Takahashi and 
Philippe A. Tanguy 

5:00 PM – 5:25 PM 

 
 
Dinner at the Falls 
 
Banquet at Edgewaters Restaurant – Niagara Falls, ON, Canada 
 
Bus Pickup – 7:00pm 
 
Dinner:  7:30pm - 10:30pm – Including Fireworks and Light Show at the Falls 
 
Bus Pickup – 10:30pm 
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Thursday August 21, 2008 
 
Breakfast:  7:00am - 8:00am– Sunhill Dining Room 
 

Session 8: Numerical and Computational Modeling of Mixing 
Co-Chairs: E. Windhab & R. Calabrese 

8.1 Numerical Modeling of Surfactant-
Covered Drops in Confined Geometries 

Patrick Anderson 8:00 AM – 8:40 AM 

8.2 CFD Simulations of Strain Rate 
Distribution of Newtonian Model Fluids 
in a Planetary Mixer Bowl 

Laurent Bouvier, Frédéric Auger, 
Marie-Hélène Morel, Andreas Redl 
and Guillaume Delaplace 

8:40 AM – 9:05 AM 

8.3 An Improved Inline Mixer for Laminar 
Flow 

Sebastian Hirschberg, Rudolf 
Koubek, Felix Moser and Joachim 
Schöeck 

9:05 AM – 9:30 AM 

8.4 A Novel, Efficient, Method for 
Computation of Residence Time 
Distribution from Velocity Fields 
Obtained using Computational Fluid 
Dynamics 

James N. Tilton and Minye Liu 9:30 AM – 9:55 AM 

Break 
8.5 Mixing by Solid Particles Jos Derksen 10:25 AM – 10:50 AM 
8.6 CFD Modeling of Gas-Liquid-Solid 

Mechanically Agitated Contactor 
Ranganathan Panneerselvam, 
Sivakumar Savithri and Gerald 
Devasagayam Surender 

10:50 AM – 11:15 AM 

8.7 Analysis of Two-Zone Models for Stirred 
Tanks 

Ville Alopaeus, Pasi Moilanen and 
Marko Laakkonen 

11:15 AM – 11:40 AM 

8.8 LES and RANS Simulations of 
Hydrodynamics in Mixing Tank: 
Comparison to PIV Experiments 

Angélique Delafosse, Alain Line, 
Jérôme Morchain and Pascal 
Guiraud 

11:40 AM -12:05 PM 

8.9 Prospective on Deploying 
Computational Fluid Dynamics (CFD) 
and Discrete Element Modelling (DEM) 
for Solid-Liquid Mixing 

Richard D. Laroche 12:05 PM – 12:30 PM 

Lunch – Sunhill Dining Room 12:30 – 1:30PM 
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Gas-Liquid Mixing Studies in Industrial Reactors: Comparison of Different 
Agitation Systems 


 


Madan SOMASI, Richard COPE, Juergen LUESKE, Kishore KAR, Andrea GNAGNETTI, Alessandro BALDELLI 
and Luciano PIRAS 


 
The Dow Chemical Co., Midland, Michigan, 48674 USA 


 


ABSTRACT 
Gas-liquid contacting operations using stirred tank reactors (STRs) are quite common to chemical processes such as chlorination, 
neutralization, aerobic fermentation, hydrogenation, phosgenation and organic oxidation. STR design can significantly affect the 
interphase mass transfer by changing bubble dispersion, bubble size distribution, and bubble surface transients. This article details some 
of Dow’s experimental and computational efforts in the area of gas-liquid mixing. Specifically, flow behavior and power draw 
characteristics observed in a manufacturing scale gas-liquid mixing using different impeller combinations will be described. The 
resulting mass transfer coefficient correlations, gas-holdup, and k-factor measurements will be discussed. 
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Mass Transfer Characteristics by Surface Aeration of Large Paddle Impeller: 


Application to a Polymerization Reactor with Liquid Level Change 
  


Ryuichi YATOMI 1*, Katsuhide TAKENAKA 1, Koji TAKAHASHI 2 and Philippe A. TANGUY 3 
 


1 SHI Mechanical & Equipment INC. (Sumitomo Heavy Industries Group), 1501 Imazaike, Saijo-shi, Ehime 
799-1393, Japan; e-mail: Ric_Yatomi@shi.co.jp 


 
2 Department of Chemistry and Chemical Engineering, Yamagata University, 4-3‒16 Jonan, Yonezawa-


shi, Yamagata 992-8510, Japan  
 


3 URPEI, Department of Chemical Engineering, Ecole Polytechnique, PO Box 6079, Station CV, 
Montreal, H3C3A7, Canada  


 


 
The aim of this study is to investigate the mass-transfer characteristics of a large paddle impeller by comparing with 


those of the down-pumping pitched blade turbine and the Rushton turbine, and also to probe the application of surface 
aeration to batch hydrogenation in polymerization processes and the ethylene oxide additional reaction.  Laboratory 
and industrial data were used for this purpose.  As a result, it has been found that, with the large paddle impeller, large 
kLa values of surface aeration without sparging can be obtained continuously at any liquid level because of the 
combined effect of surface breakage, bubble entrapment and efficient liquid circulation by axial pumping capacity of 
the impeller.  Using these experimental kLaV data, the improvement in the operation time for a 12 m3 alkoxylation 
reactor was estimated. The reactor was then retrofitted with a large paddle impeller, and the actual operation time of 17 
h was found to be strictly identical to the estimation, that is 75% reduction of the usual 70 h. This result shows the 
advantage of large paddle impellers in industrial processes and the accuracy of the estimation procedure. 


 
 
Key words: Large Paddle Impeller, Surface Aeration, kLa, Liquid Level Change, Hydrogenation, Alkoxylation 
 
 
 


Introduction 
Surface aeration in an agitated vessel without 


sparging is commonly adopted in many chemical 
processes, such as hydrogenation in polymerization 
processes, ethylene oxide additional reactions (called 
alkoxylation) in surfactant industries, and biological 
oxidation for the wastewater-treatment in environmental 
industries.  In the literature, the investigations concerned 
with surface aeration are limited and restricted only to 
small impellers located near the free liquid surface in 
order to get an effective surface breakage and bubble 
entrapment (Zlokarnik, 1979; Backhurst et al., 1988; 
Patil et al., 2004).  Patil et al. (2004) have reported that 
the submerged depth of an impeller is one of the 
important parameters to consider, and an optimum depth 
of submergence depends on the impeller design.  These 
previous reports were conducted at a constant liquid 
level. However, there are many cases where the liquid 
level changes during operation such as batch 
hydrogenation and alkoxylation. 
    The aim of this study is to determine the mass-
transfer characteristics by surface aeration at various 


liquid depths using a large paddle impeller named 
“Maxblend®”, which has advanced mixing 
characteristics in the laminar and transient flow regime 
up to Re < 100 (Takahashi et al., 2006), and compare 
with conventional impellers. 
 


1. Experimental 


 
Fig. 1   Experimental set-up 
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Surfactant-covered drops in confined geometries 
 


Patrick D. Anderson & Pieter J. A. Janssen 
 


Eindhoven University of Technology 


PO Box 513,WH 4.142 


5600 MB Eindhoven 


The Netherlands 


http://www.mate.tue.nl/~anderson 
 


ABSTRACT 


Morphology development of blends in 
confined cases is relevant in many systems, 
for example in polymer processing, where 
the distance between the screw and barrel is 
small. Since surfactants are often added to 
blends to act as stabilizers, here, we focus 
on their role on the deformation of confined 
drops. In this paper we review the current 
state-of-the-art modeling of drop 
deformation in confined geometries. The 
two main classes of methods are discussed, 
i.e. front tracking and front capturing 
techniques, and some representative 
examples are discussed. Following , we go 
more in detail and study deformation of  
surfactant-covered drops in confinements.  


A boundary-integral method with modified 
Green's functions, which exactly satisfy the 
no-slip condition at the walls, is used to 
solve the flow equations. The resulting 
velocities are used in the convection-
diffusion equation for the surfactant 
concentration which is handled with a finite 
volume method. The local surfactant 
concentration is coupled to the local surface 
tension via a Langmuir isotherm. The 
model presented here is only suited for 
equi-viscous drops and insoluble 
surfactants, but can be easily extended.  


 


 


 


 


Several examples of the influence of 
surfactants are shown: for drops in shear 
flow, the extreme cases of convection-
dominated versus diffusion-dominated 
surfactant redistribution is shown. The 
strong shear field between the drop and the 
wall has a significant impact on the 
surfactant redistribution. For convection-
dominated situations, this area is largely 
swept clear of the surfactant, leading to a 
local higher surface tension. In diffusion-
dominated cases, the surfactant 
concentration remains uniform over the 
drop, but surface dilution, where the surface 
tension increases due to lower surfactant 
concentration, resulting in less deformation, 
becomes important. Migration of drops in 
pressure driven flows is also considered, 
where the influence of the surfactant 
coverage on migration velocity and 
transient drop shapes is shown. 
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CFD SIMULATIONS OF STRAIN RATE DISTRIBUTION OF A  
NEWTONIAN MODEL FLUIDS IN A PLANETARY MIXER BOWL 


Laurent BOUVIER1, Frédéric AUGER23, Marie-Hélène MOREL2, Andreas REDL3 and Guillaume DELAPLACE1 
1 INRA, UR638 GPTA, 369 Rue Jules Guesde, BP20039, F-59651 Villeneuve d’Ascq Cedex, France 


2INRA,  CIRAD, UMR1208 IATE, AgroM, Université Montpellier 2, 2 place Pierre Viala, Bât. 31, F-34060 Montpellier 
Cedex 1, France 


3
Tate & Lyle Europe N.V., Burchtstraat 10, 9300 Aalst, Belgium 


INTRODUCTION 
It is now well known that process conditions during bread dough 
mixing strongly influence the gluten network development (Auger 
et al., 2007). Among the process conditions, it is also widely 
admitted that shear rate distribution in the dough mixer play a 
major role in obtaining the desired gluten network. Unfortunately, 
such information, experimentally and numerically, is scarce for 
planetary mixer (Tanguy et al., 1996, 1999, Zhou et al., 2000, 
Jongen, 2000). In particular, very few contributions deal with the 
case of planetary mixer encountered in dough transformation. The 
aim of this contribution is to partially fill this gap. In particular, 
using different Newtonian model fluids, a numerical simulation 
was carried out using commercial volume control software 
(FluentTM 6.3.26) to determine the velocity field in a dough mixer 
and the associated shear rate distribution. 


MATERIALS AND METHODS 
The dough mixer investigated (Figure 1) is the P600 BrabenderTM 
mixer bowl. A three dimensional geometry was created using 
GambitTM 2.3.16 and imported into the Fluent models (Figure 2). 
In every case the generalized Reynolds number (Delaplace, G., 
2005, 2007) was lower than 20, so laminar flow model was 
considered. The mixed hexagonal and tetrahedral grid consisted of 
210,805 cells divided in two volumes. Two remarkable volumes 
was created to simulate these unsteady flow conditions in the 
blender. The tank volume was divided into two parts. The first 
volume defined a fluid domain around the impeller and the second 
one corresponds to the rest of the fluid media. Concerning the 
build up of the grid, special cares were devoted to obtain shorter 
cells spacing near the impeller (Using Gambit size function) where 
the constraints are highest The solutions were considered converge 
when normalized residuals were below 10-3 and torque monitoring 
was periodic.  The discretization schemes to solve the couple 
equations were the standard method for pressure equation, 
SIMPLE algorithm for pressure-velocity coupling and a second 
order model for momentum equation. 


 
Figure 1: Picture of the planetary mixer bowl P600 Brabender TM 
investigated: agitator and vessel. 


 
Figure 2: Geometry imported into the Fluent models. 


RESULTS 
12 velocity flow field simulations were carried out with 4 
Newtonian fluids (Table 1) and 3 arrangements of planetary-
impeller rotational speeds (Table 2) to ascertain the model. Power 
measurements were used for this purpose are very closed to power 
numerically calculated. The further analysis of the shear rate 
distribution at various positions in the bowl allow us to better 
understanding the shear rate history subjected by the material 
during a complete impeller revolution. The maximal strain rate 
observed with run B and the S8000 fluid at 25°C is between 500 
and 1500 s-1 depending on the agitator angular position. 


Table 1:  Newtonian fluids used for CFD simulations and 
experiments. 


Fluid name Viscosity 
(Pa.s) 


Density 
(kg.m-3) 


Temperature 
(°C) 


Silicone S8000 5.94 874 40 
Silicone N4000 9.13 875.6 25 
Silicone S8000 21.13 881.7 25 


Silicone N15000 40.69 888.9 25 


Table 2: Operating conditions used for CFD simulations and 
experiments. 


Run Impeller Rotational 
speed (rev.s-1) 


Planetary rotational 
speed (rev.s-1) 


A 1.67 0.5 
B 5 1.5 
C 10 3 
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CONCLUSION 
The result of this CFD computation gives us interesting 
information about how local shear rate influence the gluten 
network development. 
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An improved inline mixer for laminar flow 
 
 


Sebastian HIRSCHBERG1, Rudolf KOUBEK1, Felix MOSER1 and Joachim SCHÖECK2 
 


1 Sulzer Chemtech Ltd., Sulzer Allee 48, P.O. Box 65, CH-8404 Winterthur, Switzerland 
2 Sulzer Markets and Technology AG, Sulzer Innotec, Sulzer Allee 25, CH-8404 Winterthur, Switzerland 


 
 
Extensive studies using both computational and experimental techniques have lead to the 
development of a novel and significantly improved type of static mixer mainly for laminar 
flow. This mixer and its performance are presented and discussed using both LIF 
measurements, CFD studies coupled with a trajectory scheme for mixing quality prediction 
and epoxy cuts. Additionally, experimental results on the suitability of this mixer for 
dispersion tasks and mixing of fluids with widely different viscosities will be presented. The 
main feature of this static mixer is highly intense mixing in small distances or volumes with 
significantly reduced pressure drop compared to current designs. The impact of the use of 
this novel mixer on the design of real processes is outlined for a number of examples.  
 


Comparison of mixers
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A novel, efficient, method for computation of residence time distribution from velocity 
fields obtained using computational fluid dynamics. 


 
 


James N. Tilton and Minye Liu 
DuPont Engineering Research & Technology 


Wilmington, DE 
USA 


 
 
 


ABSTRACT 
 
Two computational fluid dynamic (CFD) methods for determining residence time 
distributions (RTD) in process equipment have been commonly used.  One is to inject a 
large number of passive tracer particles, dynamically track the particles through the flow 
domain, and record their age statistics as they exit.  Another is to add a pulse or step 
change of a chemical tracer, and solve the transient species balance to determine the exit 
concentration as a function of time.  A possibly more efficient means to compute the 
residence time distribution is developed here based on a partial differential balance 
equation for age.  Solution of this equation yields the spatial distribution of age, from 
which the exit age distribution and residence time.  For steady flows (or stationary 
turbulent flows) the balance equation is steady and therefore requires only spatial 
integration.  Unlike particle and chemical tracer methods, no time integration is required. 
The balance equation is easily implementable in standard CFD codes.  The method is 
applied to test problems and compared with the traditional methods. 
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EXTENDED ABSTRACT 
The simulation of dense gas-solid and liquid-solid flows 
has great relevance for many applications in chemical and 
environmental engineering. Driven by our desire to reveal 
the often rate limiting processes at the particle scale, 
discrete particle methods (DPM) are being developed. In 
the DPM the motion of each individual particle (including 
its collision with other particles and with walls) is tracked, 
whereas the interstitial gas or liquid flow is solved in an 
approximate manner. Strong computers and fast 
algorithms nowadays allow for DPM simulations with 
tens of thousands of particles thus allowing for realistic 
simulations of meso-scale effects in process equipment.  
 
In chemical engineering, the applications driving the 
above developments, however, usually involve more than 
the fluid and granular dynamics, heat and (reactive) mass 
transfer being prominent examples. In order to model the 
transport of a scalar in the continuous phase, somehow the 
role of the particles in the spreading of the scalar needs to 
be taken into account. So far this modeling is largely 
based on empirical dispersion models as they can be found 
in e.g. the monograph by Levenspiel on Chemical 
Reaction Engineering (1962) and references therein. 
 
In the present study, numerical experiments are described 
that directly probe the spreading of a passive scalar as a 
result of solid particle motion. The moving particles 
agitate the interstitial fluid. Subsequently the flow 
disperses the scalar dissolved in the fluid. Goals of the 
simulations are to find out how the scalar spreading scales 
with the parameters governing the particle and fluid 
motion such as the granular temperature, the mean free 
path of the particles and the fluid’s viscosity, and to 
propose expressions for scalar dispersion coefficients.  
 
The systems we study numerically consist of three-
dimensional periodic domains that contain uniformly 
sized, solid, spherical particles and interstitial fluid. The 
particles move as a granular gas with a constant (granular) 
temperature, i.e. they move ballisticly through the fluid 
and undergo fully elastic and smooth collisions. The 
particles do not feel the presence of the fluid. At the fluid-
solid interfaces, however, we impose a no-slip condition 
on the fluid. In that manner the fluid responds to the 
particle motion and gets agitated. Once this fluid-solid 
system is fully developed we release a passive scalar in 
the form of a two-dimensional slab in the fluid phase. By 
solving the convection equation for the scalar, we observe 
how it spreads by the action of the moving solid particles 
only. We do not consider mass transfer between the 


particles and the fluid, the solid particles are only there to 
agitate the fluid and thus mix the scalar dissolved in the 
fluid phase. This procedure is illustrated in Figures 1 and 
2. Figure 2 shows ensemble average concentration profiles 
at different moments in time, and the Gaussian fits 
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of the profiles (σ) develops in time is used to quantify 
scalar spreading. 


The primary independent variables in the 
numerical experiments are the solids phase volume 
fraction φ, and the Reynolds number based on the granular 


temperature Tg of the particles R e g p
g


T d


ν
= , with dp the 


particle diameter, and ν the fluid’s kinematic viscosity. To 
limit the parameter space, we give the dissolved scalar a 
very high Schmidt number, i.e. we set the molecular 
diffusivity of the passive scalar to zero. 


There is a very distinct effect of the solids volume 
fraction on scalar spreading. In Figure 3a we show that the 
scalar spreading increases significantly with decreasing 
solids volume fraction. This is not a surprising result. The 
mean-free-path (MFP, symbol λ) of the solid particles 
increases with decreasing solids volume fraction (for 
dilute gases this is an inversely proportional relationship). 
If the particles are able to travel longer in a certain 
direction, they take with them the scalar over longer 
distances. This notion suggests that it makes sense to non-
dimensionalize the scalar spreading and the time in terms 
of collisional parameters, viz. the MFP and the collision 
frequency (fc) of the particles. This we do in Figure 3b. 
The curves at different volume fraction now more or less 
overlap. 
Also shown in Figure 3b is the (by the eye) best fit 
through the bundle of curves according to the function 


ctfσ α
λ
= , with α a fitting parameter. If the scalar 


spreading were a process that could be described with a 
single effective diffusion coefficient D, the way σ depends 
on time is 2Dtσ = . Relating this to the way we fitted 


our scalar spreading results gives 21
2 cD fαλ= . The 


fitting parameter α appears to depend on the granular 
Reynolds number. In Figure 4 we show this for the four 
values of Reg investigated. Given the MFP, the collision 
frequency, and Reg, we are now able to estimate effective 
diffusion coefficients for scalar spreading in the interstitial 
fluid in gas-solid, or liquid-solid systems. 
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Figure 1: Snapshots of concentration contours in cross 
sections through the cubic domain at four subsequent 
moments in time. The white disks represent the particles 
that all have the same size but different distance to the 
plane of cross section; φ=0.30 and Reg=104. 
 


Figure 2: Simulated (dashed lines) and fitted (solid lines) 
one-dimensional concentration profiles at three instants in 
time, φ=0.30 and Reg=104. 
 


Figure 3: Profile width σ as a function of time for various 
solids volume fractions at φ=0.30 and Reg=2.8. (a): scaling 
with particle diameter dp and granular temperature Tg; (b) 
scaling with collision frequency fc and mean-free-path λ. 
 


Figure 4. Fit parameter α as a function of the granular 
Reynolds number Reg. The dashed lines indicate trends. 
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ABSTRACT 
In the present work, CFD simulations are carried out to 
study solid suspension and gas dispersion in gas-liquid-
solid mechanically agitated contactor using Eulerian-
Eulerian Multifluid approach. A multiple frame of 
reference (MFR) is used to model the impeller and tank 
region. The CFD model predictions are compared 
qualitatively with the literature experimental data and 
quantatively with our experimental data. The present 
study also involves the effects of impeller diameter, 
impeller design, impeller speed, particle size, solid 
loading and superficial gas velocity on the critical 
impeller speed and power consumption for solid 
suspension and gas dispersion in gas-liquid-solid 
mechanically agitated contactor.  
 
NOMENCLATURE 
σ   standard deviation value  
Cavg  average concentration of solid in the tank 
ci  local concentration of solid in the tank 
n  number of sampling locations used 


INTRODUCTION 
Mechanically agitated contactor involving gas-liquid-solid 
flows are widely used in the chemical industries and 
mineral process industries. It is essential to understand the 
solid suspension and gas dispersion in three-phase reactor 
for the determination of mass and heat transfer, which will 
lead to accurate design and scale up of stirred reactors. 
One of the main criteria which are often used for 
characterising the solids suspension in such reactor is the 
critical impeller speed (Njs) at which solids are just 
suspended. A correlation for minimum impeller speed for 
complete suspension in two phase stirred reactors was first 
proposed by Zwietering (1958). In recent years, CFD 
based simulation have been used to model the liquid-solid 
flows in stirred tank (Montante et al., 2001), gas-liquid 
flows in stirred tanks (Khopkar et al. 2006) by employing 
Eulerian-Eulerian approach.  In this work, Multiphase 
CFD simulation based on Eulerian-Eulerian approach is 
carried out to predict for solid suspension characteristics 
in gas-liquid-solid mechanically agitated contactor under 
critical impeller speed .  


EXPERIMENTAL DESCRIPTION 
The schematic diagram of experimental setup is shown in 
figure 1. Experiments were conducted in baffled 
cylindrical tank of internal diameter of 250 mm and 
bottom of tank was considered as elliptical. The two type 
of impellers employed were six-bladed Rushton turbine of 


diameter 100 mm and four-bladed 45° pitched blade 
turbine diameter of 125 mm with impeller off bottom 
clearance of 62.5 mm.  The liquid used was tap water and 
the solid was ilmenite particles of size in the range of 100-
250 mμ  and  density of 4200 kg /m3. Air was admitted to 
the reactor using pipe sparger and placed at a clearance of 
25 mm from the center of the impeller. Other details of 
present experiment study is available in our earlier 
published work (K.S.Geetha and G.D.Surender, 1997). 
The experiments were carried out for the prediction of 
critical impeller speed which was further verified by the 
criteria proposed by Zwietering (1958). 


 


 


 


Figure 1: A Schematic Diagram of the Experimental 
Setup 


MODEL DESCRIPTION 
Eulerian-Eulerian based hydrodynamic model is used to 
model the gas-liquid-solid flows in agitated contactor. A 
multiple reference frame (MFR) approach is used to 
simulate the impeller rotation in a fully baffled reactor. 
The interaction between the liquid and solid phases is 
modeled through the interphase drag force of Brucato et. 
al., (1998). The gas-liquid interaction is modeled by the 
modified Brucato drag model (Khopkar et al., 2006). The 
top surface of agitated contactor is considered as 
degassing boundary condition. No-slip wall boundary 
conditions are applied for all three phases on the tank 
walls and shaft.  


RESULTS AND DISCUSSTIONS  
Preliminary simulations are made for liquid-solid and gas-
liquid phase to obtain flow field and these are validated 
with literature experimental data.  
 
Solid-Liquid flows  
In liquid-solid system, CFD model predictions of radial 
profile of solid velocity are validated with experimental 
data of Guha et al., (2007) in the case Rushton turbine 
impeller. Similarly in the case of Pitched blade turbine 
impeller, experimental data of spidla et al., (2005) have 
been used for the comparison of the axial solid 
distributions. The axial profile of axial solid velocity at  a 
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radial position of r/R =0.5 for overall solid  holdup of 7 % 
at the critical impeller speed of 1200 rpm is shown in 
Figure 2 for Rushton turbine impeller. For pitched blade 
turbine impeller, Figure 3 shows the axial distribution of 
solid volume fraction at the radial position of r/R= 0.8 for 
overall solid holdup of 0.1 at the critical impeller speed of 
267 rpm.   A good comparison can be observed  between 
CFD prediction and experiment measurement of axial 
solid concentration from these figures.  
 
 


 


 


 


 


 


Figure 2: Axial profiles of axial solid velocity for solid 
holdup of 7% at a speed of 1200 rpm and for Rushton 
turbine impeller. 
 


 


 


 


 


 


 
Figure 3: Normalized axial concentration profiles for 
solid holdup of 10% at a speed of 267 rpm and for pitched 
blade turbine impeller. 
 
Gas-liquid flows 
In gas-liquid system, CFD model predictions of radial 
profiles of liquid velocity are validated with experimental 
data of Aubin et al., (2007) for the pitched blade turbine 
with downward and upward pumping. Figure 4 shows the 
radial  profile of axial liquid velocity at  axial position 
(z/T = 0.31) at the impeller speed of 300 rpm for the case 
of pitched blade downwards pumping. It can be seen that 
excellent agreement is obtained between the CFD model 
and experimental data.  
 
 
 
 
 
 
 
 
Figure 4: Radial profiles of dimensionless axial liquid 
velocity for pitched blade turbine with downward 
pumping of speed of 300 rpm. 
 
Gas-Liquid-Solid flows 
In gas-liquid-solid system, CFD model predictions are 
validated quantitatively with our own experimental data in 
terms of critical impeller speed and power 
consumption.The critical impeller speed of 8.67 rps for  
the case of Rushton turbine impeller and 7.13 rps for the 
case of 4 bladed pitched blade turbine with downward 
pumping which was obtained by experimental data are 


used in CFD simulation. Particle size is taken as 250 μm 
with solid loading of 30 by wt % at the gas sparging rate 
of  2 lpm.  Since the incorporation of Zwietering criteria 
to predict critical speed for suspension in the CFD 
simulation is difficult, the quality of solid suspension is 
quantified in terms of standard deviation of solid 
concentration which is  defined as  
                                    (1) 
                                                                                                          
 
For uniform suspension σ <0.2, for Just suspension 
0.2<σ> 0.8, and for incomplete suspension σ > 0.8. 
 
The calculated standard deviation from CFD simulation 
shows just suspension condition (σ = 0.72 for Rushton 
turbine and σ =0.78 for Pitched blade impeller). 


 


 


CONCLUSION 
 
   (a)       (b) 
Figure 5: Solid holdup distribution predicted by CFD at 
the critical impeller speed (a) for Rushton turbine (b) 
Pitched blade turbine  


CONCLUSIONS 
The two-fluid model along with the standard k-ε model of 
turbulence is developed to study critical impeller speed for 
solid suspension in gas-liquid-solid mechanically agitated 
contactor. The predicted results from CFD simulation are 
compared with the experimental data. A very good 
agreement is obtained between CFD simulations and 
experimental data in term of axial solid velocity and solid 
holdup distribution and critical impeller speed. The model 
is also used to study effects of impeller diameter, impeller 
design, impeller speed, particle size, solid loading and 
superficial gas velocity on the critical impeller speed and 
power consumption for solid suspension and gas 
dispersion in three-phase mechanically agitated contactor.  
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ABSTRACT 
The zonal models, based on pumping numbers and 
relative turbulent energy dissipation levels, have an 
attractive feature that the flow model is scale- and 
impeller speed independent. In this work we first study 
how these flow parameters are most reliably obtained 
from the CFD calculations. Then we propose a systematic 
procedure for generating a class of two-zone models, and 
discuss implications of this systematization. 


NOMENCLATURE 
Np pumping number 
ε  turbulent energy dissipation (m2/s3) 
φ volume fraction of the impeller zone 
λ zone division parameter 
 


INTRODUCTION 
Modeling of local conditions in stirred tanks is of 
fundamental importance, especially in cases where the 
tank performance is dictated by physical phenomena 
whose time scale is shorter than the vessel mixing time. 
Most notably, regions of high turbulent dissipation in the 
impeller region show different characteristics compared to 
the bulk region. This is true especially in cases involving 
mixing sensitive mass transfer or chemical kinetics. 
In the past, this need has been addressed by various 
modeling approaches. In the simplest ones, the tank is 
divided in just two sections: one describing the volume 
swept by the impeller, or a volume confined in the vicinity 
of it, and another describing the remaining volume of the 
tank. A further improvement can be made by dividing the 
tank into several regions that are separately assumed 
completely mixed. Connections between these regions can 
be obtained by computational fluid dynamics (CFD) 
modeling, or by measurements. 
Accurate calculation of the most important fluid flow 
parameters, namely fluid velocity, turbulent kinetic energy 
and pressure gradients usually requires more CFD control 
volumes than a satisfactory simulation of chemical 
concentrations or reaction kinetics. An attractive approach 
would then be calculating flow patterns with CFD, and 
kinetics with a simpler block, or zone, models. This 
approach has also been successfully applied in the past. 


TWO-ZONE MODELS 


In this work, we analyze some of the simplest zone 
models, most notably those where the tank is divided only 


in two zones. The impeller is always completely included 
in the inner zone. By gradually increasing the inner zone 
volume, a continuous curve can be obtained, describing 
the pumping numbers between the zones. Another 
continuous curve can be similarly obtained for the average 
turbulent dissipation distribution between the zones. Tank 
division is illustrated in Figure 1.  
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1−λ


λ


1−λ


 
Figure 1. Tank division 


By defining a scalar λ in such a manner that it assumes a 
value of zero when the smaller zone is just the impeller 
swept volume, and approaches one as the smaller volume 
simultaneously coincides the tank total volume at each 
direction, the tank can be divided into these two regions in 
a unique manner.  


RESULTS 


The pumping number between the two zones, and 
turbulent energy dissipation levels were calculated from 
the CFD calculations for a standard tank with a Rushton 
impeller by using CFX 5.7 software. First grid 
dependency was tested. In Figure 2, the pumping numbers 
are shown with three grids for a 200 dm3 vessel. It is clear 
that there is considerable grid dependency between 36k 
and 109k grids, where the pumping number levels change, 
but the shape of the curve remains the same. As the grid is 
refined further to 400k, the level remains the same, but 
there is still a slight change in the curve shape. After that, 
we can assume that there are no major changes in the 
pumping number curve.  


This analysis shows that a reasonably fine grid is essential 
in simulation of stirred tanks. Especially in multiphase 
modeling, loose grids are often used due to complicated 
physics and consequently time-consuming simulations. 
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However, this may lead to large errors in particle settling 
velocities and phase hold-ups due to wrong continuous 
phase fluid flow pattern. The pumping number curves 
calculated in the procedure outlined here can be used for 
grid dependency studies, instead of the standard practice 
of just looking at the impeller pumping number. 
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Figure 2. Pumping numbers for different grid sizes 


After the grid size test, we carried out a CFD study for 
geometrically similar but smaller vessel (14 dm3). The 
pumping number curves are remarkably similar, as can be 
seen in Figure 3. In Figure 4, turbulent energy dissipation 
levels are shown for the 200 dm3 vessel. 
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Figure 3. Pumping number as a function of zone size 
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Figure 4. Dissipation in the smaller zone as a function of 
zone size 


The zoning was then applied to a test case with two 
immiscible liquid phases. Drop size distributions were 
modeled by using the population balance approach 


described in our earlier papers1-3. The results are shown in 
Figure 5, where the drop surface area is shown as a 
function of the inner zone volume fraction. For 
comparison, the results are also shown with a single-zone 
model, i.e. by using ideal mixing assumption, and with a 
more complicated 21-zone model used in our earlier work.  
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Figure 5. Liquid-liquid interfacial area with different 
zonings 


It is interesting to see that the result from the 2-zone 
model depends largely on the chosen division parameter. 
The 2-zone model seems to perform slightly better than 
the CSTR assumption with all division parameters, and it 
approaches the CSTR solution as the division parameter 
approaches unity. If the 2-zone model is to be used, the 
optimal division is certainly not such that only impeller 
swept volume is included into the smaller zone, as can be 
seen from the leftmost mark in Figure 5. Tank averaged 
drop surface area, not to mention the inhomogeneity 
levels, predicted by the rigorous 21 zone model, cannot be 
achieved with any zone division when only two zones are 
used. The abscissa in the 21 zone result corresponds to the 
impeller zone volume (the smallest zone) in that model. 
Interestingly, the inner zone volume in the optimal two-
zone division is only slightly larger than that. 


CONCLUSION 
A methodology for creating and analyzing simple two-
zone models for stirred tanks was proposed. The presented 
method produces tank performance curves that can be 
used for both CFD simulation and mixing performance 
analysis. The two-zone models, however, showed only 
marginal improvement to a CSTR assumption in a realistic 
test case. 
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ABSTRACT 
Dissipation rate of turbulent kinetic energy is a key parameter in a number of chemical and 
biochemical processes. In stirred tank, its overall value is readily estimated; however its 
distribution is far from homogeneous. The experimental determination of dissipation rate is 
difficult and often limited to small regions of a reactor. Therefore, CFD appears to be a useful 
tool to estimate the distribution of the turbulence dissipation rate. In this work, two kinds of 
simulation have been performed: a simulation based on the RANS equations and a Large Eddy 
Simulation with the Smagorinski subgrid scale model. The aims of the present paper are (1) to 
compare RANS and LES simulations to PIV data in terms of velocity, kinetic energy and 
turbulence dissipation rate and (2) to study the influence of the constant in the subgrid scale 
model used in LES. In term of mean velocity, RANS simulation and especially LES are in good 
agreement with PIV experiments. In term of total kinetic energy, both simulations also give good 
results; however RANS simulation fails to predict the repartition of total kinetic energy between 
its periodic and turbulent components in the vicinity of the impeller. The mean velocity and the 
kinetic energy are shown to be independent of the value of the constant CS in the Smagorinski 
model. The overall dissipation rate is well predicted by RANS simulation but not its distribution 
in the impeller stream. For LES, the amplitude of local and overall dissipation rate is shown to be 
strongly dependent of the value of the constant CS. However, its distribution in the stream is 
similar regardless of the value of CS and best reproduced than by the RANS simulation. 
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ABSTRACT 
 
The use of computer aided engineering (CAE) tools for 
mixing analysis became mainstream with the advances in 
computational fluid dynamics (CFD)  in the mid-1990’s. 
CFD packages such as CFX, STAR-CD and FLUENT all 
introduced software capable of modelling a key mixing 
unit operation in the process industries – the stirred tank 
reactor. Progress over the last decade has led the validated 
use of CFD in modelling mixing in stirred tank reactors. 
CFD analysis is routinely used for determining 3D 
velocity fields, impeller power numbers and blendtime. 
The richness of this 3D analysis now gives engineers to 
generate probably statistics for turbulent energy 
dissipation rate and strain rate which are very useful 
complements to current scale-up methods in industrial 
fluid mixing practice. 
 
The success of CFD in stirred tank mixing analysis has 
largely been restricted to systems which are single phase 
or in multiphase systems where the distributed phase does 
not appreciably affect the continuous phase. There still 
remains a shortfall in the ability to model multiphase 
mixing in stirred tanks using Eulerian-Eulerian CFD 
methods. For example, it has been problematic for 
researchers to predict the solids concentration profile in a 
solid-liquid stirred tank mixing application.  Some 
researchers have had some success in adjusting multiphase 
parameters to match experimental data at a single scale -- 
the “belly curve” of solids concentration in a stirred tank 
as you traverse from bottom to top. But fixing these 
parameters has not led to a general ability to predict solids 
concentrations at different scales. 
 
The author will outline an enhanced approach where the 
particle nature of the solids can be introduced through the 
use of Discrete Element Modelling (DEM) and coupled 
with CFD analysis. DEM is a numerical method which 
models the movement and contact between each particle. 
A DEM model particle can represent either a single 
particle or group of particles in the physical system. The 
most common and physically accurate implementation of 
DEM is the ‘soft contact’ approach which calculates the 
forces acting on each particle using models which can 
account for the particle mechanical and surface properties.  
   
DEM is very well established as a powerful tool for 
studying the mechanics of granular bulks. Advanced DEM 
software tools such as EDEM can model both particles 


and equipment which enables direct application to 
complex processes. DEM provides a framework for 
investigating the relative effect of particle material 
properties, environmental conditions and equipment 
design. Factors such as particle shape, surface properties 
(e.g. cohesion and electrostatic charge), temperature and 
moisture content can be accounted for using appropriate 
models. DEM coupled with CFD is explored as an avenue 
to incorporate more of the physics necessary to allow 
multiphase CFD to break through into solid-liquid mixing 
analysis. 
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Abstract 


 
Chemical precipitation from reactive solutions allows a viable synthesis route for 


large-scale manufacture of nanoparticles. We use the Confined Impinging Jet Reactor 


(CIJR) to synthesize test-nanoparticles of Iron oxide (Fe3O4) via fast chemical 


precipitation at ambient conditions. Transmission electron microscopy (TEM) images 


show that particles produced in CIJR are hard-agglomerates of primary particles of 


average diameter of 7 nm. These primary particles are precipitated nuclei that have 


undergone growth, and they subsequently sinter together in the supersaturated reactor 


environment. 


It is interesting to note that the sizes of primary particles and hard agglomerates 


vary with supersaturation level and mixing rates in the reaction system. TEM images 


indicate that the size of primary particles increases with an increase in jet flowrate or an 


increase in reactant concentration. Dynamic light scattering results indicate that the size 


of hard agglomerates decreases with an increase in jet flowrate or increase in reactant 


concentrations. The size of the hard agglomerates appears to be strongly influenced both 


by a size-dependent sintering efficiency of the primary particles and by turbulent shear.  


 


Key words: Mixing, precipitation, Confined Impinging Jet Reactor, supersaturation, 


nucleation and primary particles. 


 
 
 
 
 
 
#  presenting author,  * corresponding author 





