North American Mixing
Forum 2022

Held at the 2022 AIChE Annual Meeting

Phoenix, Arizona, USA
13-18 November 2022

ISBN: 978-1-7138-7893-3



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2022) by AIChE
All rights reserved.

Printed with permission by Curran Associates, Inc. (2023)

For permission requests, please contact AIChE
at the address below.

AIChE
120 Wall Street, FL 23
New York, NY 10005-4020

Phone: (800) 242-4363
Fax:  (203) 775-5177

www.aiche.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web: www.proceedings.com



TABLE OF CONTENTS

ADVANCES IN COMPUTATIONAL ANALYSES OF MIXING PROCESSES

134a Mixing Time Determination in a Vessel with Rotating Basket (USP Dissolution Testing

PN oS- 110 ) TP

Justin Pace, Chadakarn Sirasitthichoke, Piero Armenante

134b Efficient Modeling of Polydisperse Solid-Liquid Suspensions in Stirred Tanks.........cccecceevevenennene

Philipp Eibl, Martin Fruhwirth, Christian Witz, Johannes G. Khinast

134c¢ Optimization of a Full-Scale Disinfection Unit Using CFD at Pero WWTP in Milan ........................

Cesare Piacezzi, Giacomo Bellandi, Alejandro Claro Barreto, Roberta Muoio, Roberto Di
Cosmo, Davide Scaglione, Usman Rehman, Ingmar Nopens

134d Lattice-Boltzmann Computational Fluid Dynamics (CFD) Simulation of Jet Mixing in Tanks..........

John Thomas, Michael Poirier

134e Accelerating Biopharmaceutical Mixing Process Development with Hybrid Modeling and

Computational FIuid DYNAmICS......c.eeecuieiiiiieiieiiie e citeeieestee et e ste e st e steesveesteesnseessbeessseessseensseesssaenssens

Ross Kenyon

ANALYSES OF MIXING PROCESSES IN BIOREACTORS

203a Flow Simulation of Bioreactors Using Entropic Lattice Boltzmann Method............cccceceevveiininennenn

Sai Nithin Reddy Adidela, Chakradhar Thantanapally, Vinay Kariwala, Salvatore
Arcidiacono, Santosh Ansumali

203b Predicting the Effect of Gradients on Cell Culture Performance in Large Scale Bioreactors..............

Katherine Raudenbush, John Thomas, Marianthi Ierapetritou

203c Fluid-Dynamic Simulation of a Flat-Panel Bioreactor with Emphasis on Mixing, Mass

Transfer and Inorganic CO2 CREMISLIY ...c..covivieriiiiiiiiienieierieeee ettt sttt

John Parra-Alvarez, Mauro Lua, Lieve Laurens, Hari Sitaraman, Jonathan Stickel,
Heinnickel Mark, Paddock Troy

203d Comparison of Modeling Methodologies for Simulating a Gassed-Agitation System with

Experimental Validation ........c..cccoiriiiiiiiiieiecee ettt ettt sttt et

Christopher Tyler, John Thomas

203e Geometrical Optimization of Side-Entry Propeller Designs for the Homogenization Process in

BI0ZAS FOIMENTEIS ... .eeiiiiiiieiii ettt ete ettt ettt e et e et e st e et e e sbaeesaeeesbaeesseesasaeesseesssaeenseesnsseanseesnseeenseennses

Markus Kolano, Matthias Kraume

203f Multiphysics Simulation of an Internal Loop Airlift Photobioreactor for Microalgae

(1 L5 Y1 5 T o BRSSO

Lifeng Li, Zulfida Mohamad Hafis Mohd Shafie, Ting-Yi Huang, Raymond Lau, Chi-Hwa
Wang



MIXING IN MULTIPHASE SYSTEMS

267a On the Dispersion Dynamics of Liquid-Liquid Surfactant-Laden Flows in Static Mixers............c.coevnine 33
Juan Valdes, Fuyue Liang, Lyes Kahouadji, Seungwon Shin, Jalel Chergui, Damir Juric,
Omar K. Matar

267b Numerical Simulation of Surfactant-Laden Emulsion Formation in a Stirred Vessel ..........cccccvevvriennnnne. 36
Fuyue Liang, Juan Valdes, Lyes Kahouadji, Seungwon Shin, Jalel Chergui, Damir Juric,
Omar K. Matar

267¢ The Transition to Aeration in Turbulent Two-Phase Mixing in Stirred Vessels..........c.ccocvvvvvviiiiiniinnnns 38
Lyes Kahouadji, Fuyue Liang, Juan Valdes, Seungwon Shin, Jalel Chergui, Damir Juric,
Omar K. Matar

267d Multiscale Modelling of Food Emulsions: From Molecules to Mixing Equipment.............cccccooeneninnene. 41
Marco Ferrari, Alessio Lombardo Pontillo, Antonio Buffo, Gianluca Boccardo, Marco Vanni,
Daniele Marchisio

267e Rapid Mixing in Microfluidic Devices with Induced-Charge Electro-Osmosis for Improved

Control over Precipitation REACHIONS ..........ciiviiiiiieieiiiesee et nne e 43
Dishika Gupta, Baggie W. Nyande, Kiran Mathew Thomas, Fei Li, Andrew T.C. Mak, Richard
Lakerveld

DIVISION PLENARY: NORTH AMERICAN MIXING FORUM AWARDS SESSION
(NVITED TALKS)

564a North American Mixing Forum Award Lecture: The Progression of Computational Fluid
Dynamics As a Tool for Process and Equipment Design in MiXing........ccoovrverieeiieenenneiire e 46
Eric E. Janz

EXPERIMENTAL INVESTIGATIONS OF MIXING PROCESSES

406a Development of Turbulence Measurement Technique Using Electrical Resistance

Tomography for Multiphase FIOWS ..ot e e 47
Weiguo Xie
406b Power, Flow and Efficiency: Effect of Adding Tiplets on Impeller Efficiency ..........ccccvvvnieniiiinicnnnns 48

Richard Grenville, Jason Giacomelli, Benjamin Boyer, Bernd Gigas

406¢ Hydrodynamics Investigation of the USP Dissolution Testing Apparatus 1 (Basket Apparatus)
Filled with 500 MI Media Volume Using Particle Image Velocimetry (PIV).......cccccooiiiiiiiiiininiciieniens 49
Chadakarn Sirasitthichoke, Piero Armenante

406d Application of a Combined PIV/PTV-Method to Analyze Suspensions in (non-)Newtonian
Media N SITEA TANKS ....oeveeiiieiie e este et et e s e saeeste e teeseeeseeereesreesreenteeneeaneeaneenneenes 51
Markus Kolano, Matthias Kraume

406f Experimental Investigation on the Power Input of Viscoelastic Fluids in an Unbaffled Tank ................... 52
Alexander Maywurm, Lutz Bohm, Matthias Kraume



NOVEL, UNCONVENTIONAL, OR NON-CSTR MIXING SYSTEMS

511g Influence of mixing on nanoparticle size diStribULION. .........cceviiiiiiiiiiie e 54
Faiz Khan, Xiangming Gu, Nicholas Brunelli, Barbara E. Wyslouzil, Jessica Winter

511c Solid-Liquid Flow and Mixing in FIuidic OSCIllator ..........ccoooviiiiiiiiiiienieeeese e 55
Ketan Madane, Vivek V. Ranade

511d Hydrodynamics Characterisation in a Three-Phase Flotation System Using Positron Emission
Particle Tracking (PEPT) ..ottt bt sb e e e s sbe e sbe e beenbesnbenree s 58
Pablo Brito-Parada, Diego Mesa, Katie Cole, Michael R. van Heerden

511e Utilization of Readily Available Computer Programs for Design of Fluid Mixing Equipment................. 59
W. Roy Penney

511f Detecting Lagrangian Coherent Structures in Twin-Screw Extruder Elements Via Smoothed
Particle HYArOAYNAIMICS .......oiviiiiiiiieitieiieie ettt ettt bbb e sb e e st e ne e mn e easesbeenbe e beenbeennenrnens 60
Hannes Bauer, Johannes G. Khinast

DIVISION PLENARY: IN MEMORIAM — DR. DOUGLAS E. LENG (INVITED TALKS)

77b A Tribute to Doug Leng - Dow Impact and Leacy...........cvuvrieiiiriiiiiiisecee e e 62
Laura Dietsche, Victor A. Atiemo-Obeng

771 Douglas E. Leng — An Outstanding Contributor to Dow and to Our Profession...........c.cceccevvvviiiniiinnnn 63
Henry Kohlbrand

77h Six-Year Long Mentorship Under Doug Leng and a Lifelong Friendship .........ccccooevviiniiiieiinencneienn 64
Cassian Lee

77 Memorial to Doug Leng, Mentor and Friend ............ccooiiiiiiiiiiiieee e 65
Allen V. Forster

77e Progress on Mixing at Dow Inspired By Doug Leng.........c.ccvoveiiiiiiiiiiiiiicese e 66
David West

77c Vision and Influence: Doug Leng’s Focus on Computational Fluid Dynamics at the Dow

ChemiCal COMPAILY .....oviriiiiiriiiiitietiet e bbbt sr b bbb e bt se e b s bbb e bt e s e e e e b e er e 67
Joseph Smith

77d Emulsification and Dispersion in Agitated Liquid-Liquid Systems: Linking Hydrodynamics to

DITOP SHZE .ttt R Rt et R Rt bt r e ane 68
Richard Calabrese

MIXING SCALE-UPAND SCALE-DOWN ISSUES IN PHARMACEUTICAL PROCESSES

459f The challenges of detailed CFDsimulations ofstirred lab-scalebioreactors. .........ccccvvvvvivereenienieieniennens 69
Roya Jamshidian, Harry Van den Akker

459b Using CFD to Predict Mixing Coefficients for SCale Up .........ccccvviriiiniiiiniiiiee e 70
Darren Cappelli



459c A Design of Experiment (DOE)-Based Approach for Bioreactor Scale up and Cell Metabolic

L To 3 ) 1 TSP PRTRRPRPT
Sravan Nallamothu, Hossam Metwally, Sivasubramani Krishnaswamy, Sophie Collin,
Clementine Shao, Marc Horner

459d Scale-Down of Viral Inactivation Step: Principles and Practical Challenges............ccocoeovvivevicicieninennns
Zbynek Kalal

459e Application of Gas-Liquid Mass Transfer Coefficient Fitting Techniques in Batch Reactors for
SCALRUP ..ttt e e
Kira Ragazzo, Jeffrey A. Nye, Shulin Wu, Xiaowen Zhao, Candice Joe, Megan Emmanuel,
Antonio C. Ferretti, Richard Heid

Author Index





