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Monday, August 13, 1979 

9:00 a.m. - 12;00 Noon SESSION I: MIXING AND CHEMICAL REACTIONS 

Session Chairman: 	 H. L. Toor 
Car negie-Mellon University 

IJA Thinning Slab Model for Simultaneous Mi xing and 
Chemi cal React i on" 

The alternative slab model of Mao and Toor i s improved by allowing the 
al ternative slabs of reactants to become thinner with time. The model 
gi ves more accurate predictions than earlier models when app~ied to non­
premixed s ti rred tank data and data downstream of a multiple jet mixing 
head. 

P. T. Palepu, R. J. Adler, R. V. Edwards 
Case Western Reserve University 

"Fast Reactions in a Vortex" 

React ion of a strong acid and base is generally so fast that the locale 
of react i on is a surface between solutions being mixed. Th e rate of 
reaction i s not controlled by chemical kinetics but depends on diffusion 
to the reaction surface, which is expanding i n time. A detailed description 
of this expansion for a model vortex eventually leads to predictions which 
are compared to an expe r iment for a reacting flow downstream of a mixing 
head. 

Wi 11 i am E. Ranz 
Univers i ty of Minnesota 



Monday, Auqust 13, 1979 rontinued 

"Mixing and Fast Chemical Reactions in Some 
I ndustri a1 Reactors" 

Under certain circu~stances one or more (fast) chemical reactions may 
be employed to decide if a mixture was molecularly homogeneous 
(micromixed) or if segregation was present during reaction. A 
converlient system of series-parallel test reactions has been developed 
and characterized, whereby the product distribution responds to segregation. 
Experimental data are presented and compared to a model in which 
diffusion and reaction take place in intially segregated parts of the 
fluid. 

J. R. Bourne Techn. Chern. Laboratorium, 
Zuri ch .. 

liThe Effect of Agi tator Di ameter and \~i dth on 
Resin Properties During V01 Suspension Polymerization" 

Experimental runs are presented showing the effects of reactor agitation 
on resin polymer properties during vinyl chloride suspension polymer­
ization. The effects of impeller diameter, width, and speed are correlated 
with resin properties using the Weber number. Results show that the 
relationship of particle size and distribution versus Weber number are 
parabolic, not linear as they are with simple dispersions. Relationships 
of the resin internal morphology with agitation are also presented. 

Gary R. Johnson 
Continental Oil Company 

2:00 p.m. 5:00 p.m. 	 AD HOC SESSIONS 

7:30 	p.m. SESSION II: MIXING OF PARTICULATE SOLIDS AND 
AGITATION OF LIQUIDS FOR PARTICULATE SOLIDS SUSPENSION 

Session Chairman: 	 D. S. Dickey 
Chemineer Agitators 

"The Suspension of Solids in Surface Agitated 
Aeration Basins" 

Solids suspension in a small surface agitated, baffled aeration tank 
was investigated. Categories of suspension have been established and 
correlated against Froude number impeller and basin geometry. Actual 
full-scale plant data has been compared to this correlation. 

, 'D. ; L. Bennett / .Cl-

Air Products and Chemicals, Inc. I ,. ">1/~. 
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Monday,~ust 13, 1979 continued 

"Relations hip cf Tu:"bine Off-B C' ttCf"l Clearance to 
Power Requirement for Solid Suspension" 

Stati s tically significant correlation was found to ex ist between 
off-bottom clearance and power required for solids suspension. Clearances 
up to one turbine diameter for particles settling from 0.5 to 30 ft/min 
was studied. 

/, 
L. V: Castro 

/;Proquip, Inc. 

"FloY/, Particle Suspension and ~1ass Transfer in 
Contoured Bot tom Tanks II 

Experimental mea s urements in a constant cross sectional area, draft tube 
and contoured bottom tank showed equtvalent performance and reduced power 
consumption compared to conventional tanks. Characteristics of flow, 
particle suspension and mass transfer could be scaled-up according to 
well defined rules . 

, .- ,J.'" R. Bourne 
~ 


Swiss Federal Inst. of Technology, Zurich 


liThe Effect of Gas Sparging on Solids Suspension in 
an Agitated Tank" 

A study of simultaneous gas dispersion and solids suspension in an 
agitated tank revealed a more dramatic interaction than anticipated by 
current design practice. A modified designed correlation is presented.- , , . 

D. G. R. Short 1< . Ie •• ~ !·i'~ 
E. 1. duPont Company, Wi 1mi ngton I- ,-pt-.... • · ./, .'" :" 

"Improved Mixing and Bentomite in the Production 
of Taconite Concentrate Green Balls" 

Excellent dispersion can be achieved with a fluidized bed mixer, which 
combines the high instantaneous materials contact and shear needed for 
breaking the bentonite pockets.

-1 
T. A. Resing 

Littleford Brothers, Inc. 


"Recent Developments in Solids Mixing" 

Significant developments in mixing and blending of dry particulate solids 
will be reviewed. This review will cover the fundamental theories, mixing 
characteristics of mixers and othe ~ topics related to solids nlixing, 

.10. I .a.­

F. S. Lai 
U.S. Grain Marketing Research Center 

L. T. Fan 
Kansas State University 
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Tuesday, August 14, J979 

9:00 a.m. - 12:30 p.m. SESSION Ill: GAS-LIDUIDS DISPERSIONS AND MASS TRANSFER 
) 

Session Chairmen: 	 Duug Leng 
Dow Chemical Co~pany 

George Tsao 
Purdue University 

IITwo Phase Hydrodynamics of Turbine Agitators and 
Its Relationship to ~~ass Transfer and Gas Hold-upll 

TWD different flow regimes for gas-liquid agitated systems are defined. 
Different holdup and mass transfer were found to depend on the regime 
and cavity formation. A tentative criterion is proposed to establish 
the occurrence of stable reglmes. 

M. G. Warmoeskerk~n and John M. Smith 
Delft University of Technology, Holland 

liThe Influence of Very Small Bubble on the Dynamic 
KLA Measurement in Viscous Gas Liquid Systems 'l 

A new phenomenon which influences the dynamic method for KLA measurment 
will be discusse::i. Correction factors may be calculated and can amount 
to values of 2 to 5. 

Klass van't Riet and J. J. Heijnen 
Gist-Brocades N.V., Delft, Holland 

"Oxygen Absorption Mechanisms in Fermentors" 

Oxygen concentration fluctuations near the free gas-liquid surface of 
a fermentor are measured using a unique microprobe. The technique can 
help with the interpretation of surface aeration and mixing length. 

t, , ' -;') 
y, f1l. Lee 
Drexel University 

"Agitated Gas Dispersion: Power Requirments, Flooding, 
Hold-up and Scale-up" 

Data on flooding, holduP3and dispersion on a large scale gas dispersion 
mixing facility of 2.6 m will be reported. Conditions covers those 
commonly found in industrial practice. Scale-up is compared with methods 
proposed in 1977 at Cambridge, England. 

D. S. Dickey 
Chemineer Agitators 
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TlI~sday, A,ugust 14, 1979 conti nLied 

"Sparged Agi tated Ve ss e 1 s: Recent \dork" 

Experimental work on gas-liquid mixing is presented. An attempt is 
made to anslt/er: 

1. How much gas is recirculated through the impeller cavities? 

2. How much gas 1S absorbed from the free surface? 

3. What role do multiple impellers play in agitated gas-liquid systems? 

A. W. Nienow 
University College, London 

2:00 p.m. - 5:00 p.m 	 AD HOC SESSIONS 

7:30 	p.m. SESSION IV: LIQUID - LIQUID DISPERSIONS AND MASS 
TRANSFER 

Session Chairman: J. B. Gray 
E. 1. duPont Company, Wi 1mi ngton 

"Drop r·1echanics in Extraction 	Equipment" 

HO\'/ ml Xl ng affects avera 11 extract i on performance and capaci ty wi 11 be 
descr'j bed for several types of eqlJi pment. 

David B. Todd 
Baker-Perkins, Inc. 

"Drop Breakage in Liquid-Liquid Dispersions" 

A method of predicting drop sizes in stirred liquid-liquid dispersions 
is described. A theoretical model based on Kolmogorov's local isotropy 
theory is experimentally confirmed. 

Doraiswami Ramkrishna 
Purdue Uni vers i ty ­

"The Effect of Dispersed-Phase Viscosity on Drop 
Breakup in Agitated Liquid-Liquid Systems" 

Correlating equations are developed for predicting mean equilibrium 
drop size in dilute liquid-liquid dispersions under conditions where 
both surface forces and dispersed phase viscous forces are important. 

Richard V. Calabrese 

Pickard, Lowe and Garrick, Inc. 


I &1. 
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,Tuesday, August 14, 	 1979 continued 
" 

"Oil-Wat~r Dispersion t,1echanisms in Agitated Vessels" 

Dispersion of oil in water in agitated vessels was studied using 
stereoscopic movies. Two mechanisms were observed: (1) Shear flow 
stretching of oil drops into fine ligaments follDwed by fracture of the 
ligaments into smaller drops; (2) Turbulent breakup of large oil drops 
by vortices trailing behind impeller blades. 

Gary·B. Tatterson 
University of South Carolina 

IISimulated Behavior and Control of Liquid-Liquid 
Mechanically Agitated Reactorsll 

A previously developed model was used to calculate temperature and 
composition profiles along the circulation path in each phase for 
steady conditions and for step changes in these variables. 

',-Rtt 11,0.... 
Dvora ~ ..r~a, t~ichael S.. Hoffer, William Resnick 
Technion-Israel Inst .. of Technology, Haifa 

Wenesday, August 15 , 1979 

9:00 a .. m. - 12:30 p .. m.. SESSION V: MEASUREMENTS AND CHARACTERIZATION OF MIXING 

Session Chairman: 	 James Y. Oldshue 
Mixing Equipment Company 

IIA Correlation - Tracking Technique for Shear 
Rate t<1easurement ll 

A cross beam laser technique, developed to measure particle fluid 
velocities in an agitated vessel, was extended to obtain shear rates. 
The estimation of the shear rates are useful in characterization of 
mixing operations. 

H.. H.. S. Yuan and G. B. Tatterson 
University of South Carolina 

IIEffect of Jet·Flow 	Directed into a Mixing Impeller" 

A study on the impact of side flow on both an axial and radial flow 
mixing impeller was 	 made using a laser anemometer, fluid force 
instrumentation and 	 a mini-computer. Simultaneous measurements of 
flow and fluid forces are found to be essential for precise scale-up 
of process and mechanical desiQn. 

r'l-
R. N.. Salzman 
Mixing Equipment Company 
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Wedne~_~ay, Auqust 15, 1979 continued 

"Dead-Space, Spectra and Scale-up in Mixing Tanks" 

The velocity was measured in 'Nate, by using a hot-film anemometer in 
two geometrically similar tanks agitated by a six-blade turbine impeller. 
The turbulerlce spectra indicate t hat fund amental changes in the scale and 
character of the t~rbulence occur as the system volume is increased. 

, ':. 
S. H. Luk and D. \~. Hubbard 
t·, i chi 9anTe c hn0 log i cal Uni v e r sity 

"Geometric Effects on Blending Time with Anchor 
Agitators" 

The effect of liquid height to agitator diameter, blade configuration, 
and the presence of b2ffles was tested over a wide range of Reynolds 
numbers. Blend time was observed on a batch and on a continuous basis. 

L. J. Jacobs, Jr. and J. Y. Chen 
Monsanto Company 

"Controlled 8ack-~liy.ing for Activated Sludge System" 

Dye tracer tests have been conducted to measure liquid mixing and to 
identify flow patterns in aeration systems. Various geometrical con­
figurations and hydraulic conditi ons have been investigated. Operating 
data from full scale plant will be discllssed. 

S. N. Hong and M. S. K. Chen 

Air Products and Chemicals, Inc. 


2:00 p.m - 5:00 p.m. AD HOC SESSIONS 

7:30 p.m. 	 SESSION VI: MOTIONLESS MIXERS 

Session Chairman: 	 C. S. Wang 
Syracuse University 

"Convective and Flow Resistance Characteristics of 
a Range of ~lotionless Hixing Devices ll 

Experimental studies have been made with four different types of 
mixing elements in circular duts. The convective enhancement for each 
device will be compared with that for the Kenics static mixer at similar 
values of pumping power. 

W. D. ~lorri s 
University of Sussex, England 
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1979 continued 

Abso ion and Aerosol on in A 
r~otionless Mixer" 

rformance data will be presented for a static xer u ed as a scrubber 
to remove aerosol particle. A preliminary model has been de­
veloped for ribi the performance of the mixer. 

C. S. vJang 
Syracuse Universi 

II Transfel" Enhancement in Lam; nar Fl D\y a 
Static Mixer ll 

Heat transfer r vicous fluids in a lzer mixer can be predicted from 
a model using refreshment le hand raulic diameter il1 the 
sol ut ion. The predi ct ions are in good agreement th expeti ementa 1 
results. 

C. J. Hoogendoorll and Van der ~~eer 
Delft Universi of hnology, Holladn 

II f'1 i xing 0 f Particle 

Experimental results s that uniform xtures of nes and grain 
were obtained after one pass through a ix element motionless xer. 
It was observed that segre on rates were accelerated with increase 
in size difference. 

F. S. Lai 
U.S. Grain Marketing Research Center 

"Koch c Mixing - Adapted r~otionless Mixer Designll 

Concentration distribution measurmenets wi Koch-Sulzer static mixing 
units are descr'j bed. Cri teri a for selecting the best mi xi ng unit type 
are discussed and applied to the Koch-Sulzer mixing elements. 

Chris F. r 

Koch ineering Co., Inc. 


II Measurement of Mi ng ficiency in Inline t~ixersl! 

A method based on tracer techniques has been devel for measuring the 
mi efficiency of continuous xers. Mixing in both axial and radial 
di ons 11 be considered. 

S. la and 

Finnish Pulp & 
 Rsch Ctr., Finland 



Thursday, August 16, 1979 

9:00 a.m. - 12:30 p.m. SESSION VII: NUMERICAL METHODS FOR SI~ULATING MI XING 

Session Chairman: 	 G. K. Patterson 
University of Missouri-Rolla 

IINumerical Simu12tion of Flm.,r Behavior and Heat 
Transfer in an Agitated Vessel ll 

A procedure for numericla simulation of flow and heat transfer in an 
agitated vessel is dev e lop ed based on a two dimensional t angential flow 
model. The results 	explain th e dependence of the velocity distribution 
on the Reyno 1ds number in the tu r;;ul snt fl o\'/ r eg i me, and the res ultant 
turbulent diffusivityis in good agr eement ..lith Gx perimental data. 

S. Hiraoka and I. Yamada 
Nagoya Institute of Technology, Japan 

L. T. Fan 
Kansas State University 

IIA Generalized Three-Environment !10del for Unpremi xed 
Stream Chemical Reactorsll 

A deterministic flow, stochastic micromixing, thre e environment model 
simulated by Monte Carlo techniques is developed to describe the effects 
of incomplete mi xing on the performance of continuous flow chemical 
reactors fed separately by feed streams which may have arbitrary flow 
rate and residenc e time distribution. The model is compared \~'ith 
published experimental data obtained from an experimental IIjet stirred" 
reactor using a Michaelis-Menten reaction in the liquid phase. 

B. \~. Ritchie 
University of Exeter, England 

IIr'1icromixing Effects on Continuous Sirred Tank 
Reactor Performance" 

A model has been formulated to correlate the reaction and exit age 
data. A semi log relationsilip has been found relating the mass transfer 
terms to the total power input for the impeller agitator and the turbine 
agitator. 

T. R. Hanley 
Tulane University 
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_ ThL! )'s day , Augu s t 16, 1979 co nti flu ed 

I' li xing Effects on Compl ex , Mult~ple Chemic2l 
Reacti ons - Yield and Conversion" 

Methods for mo de ling complex (multiple) reactions to pl"edict yields 
in tUlobulen t ly mi x. ed r eactors ~1 re only now b2ing develop(~d. Comparisons 
ar'e ma.de between ,et hods based on rapid equ 'ilibrium, reandom coalescel1ce­
dispersion and "pa ired-interaction" closure, a new method under 
deve lopment by the aut hor. 

G. K. Patterso n 
University of Mi s souri-Rolla 

2:00 p.m, - 5:00 p.m. AD HOC SC: SSIONS 

7 : 30 p. m. 	 NO VEL CONC EP S IN MIXING 

Ses sion Chairman: 	 E. B, Nauman 
Xerox Corp. 

"1'1ixing of Stra t ified Liquids by Vortex Rings" 

Vorte x rings are formed when a fluid is discharged impul s ively from 
an orifice. They offer a novel approach to mi xing in very large 
vessels. 

M. H. I. Bai rd 
McMaster University, Canada 

" r~ixing and Di f fusion in Rotary Kilns ll 

Solids mi xing , heat and mss transfer are all important ii1 this 
common commercial device which has flow patterns reminiscent of those 
in a single screw extruder. 

J ohn Fe rr on 
University of Rochester 

"Triboelectricity as a Measul'e of Solids Mix ing" 

Charge develops when dis s imilar materials arc brought into rubbing 
contact. This, the 	basis for the xerographic proces s , provides a 
unique measure of solids mixing . 

N. A, Cicc i a r i 
Xerox Corp. 

II A Cont i nuum Descr i ption of the Mechanical Mixing of 
Fl ui ds" 

When interpreted as the deformat ion of cont ct interface s between 
mater ia ls, mi xi ng can be desc l'i bcc in terms of cOlltinuum mechanic s . 

J. M. Ott ino 
University of Mi nnesota 



-ll-

I 

-, ~ I 

"The Efficiency of Baffles in 	t~ixing Tanks 'l \ ' 
Experimental results are given for Pfaudler impellers, radial flow \ 

1 

turbines and axial flow turbines. I 

I 
C. Koen I 

Marill-Marly, France 

"Plunging Jets -in Practice: Scale-Up and 
Contamin2tion Data" 

Design data are provided for this novel appr20ch to gas-liquid contacting. 

J. Smi th 
T.H. Delft, The Netherlands 

Friday, August 17, 1979 

9:00 	a.m. - 12:00 Noon SESSION IX: MIXING IN/OF VISCOUS AND NON­
NE\>JTONIAN j,1E DI I\ 

Session Chairman: J. J. Ulbrecht 
_SUNY 

IIAn Overview - "/hat are the rheological complexities 
and how do we meet their' challenges 'l 

Jarda J. Ulbrecht 
SUNY 

l't,1ixing - of Ne\·/tonian- and Non-Newtonian Liquids with 
He 1 i ca -I Agi tatars II 

A new model is developed based on a drag flow analysis and this will 
be supported by a new experimental evidence obtained with a number of 
Newtonian and Non-Newtonian liquids_ 

Pierre J. Carreau, W. I. Patterson 
Ecole Poly technique, Canada 

IIPower and Hold-Up -in the Mixing of Aerated Highly 
Viscous Non-~jewtonian Fluids" 

Standard and pitched-blade turbines were used to disperse gas in two 
different types of rheologically complex liquids. Both the power and 
the gas hold-up were measured and correlated with the rheological 
pal~ameters of the 1iquids used. Some qual itative observations about the 
gas bubbles' behavior will also be reported. 

Aloin \v. Nieno\v 
Uni vel'S i ty Co 11 ege, Engl and 
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Friday, August 17, 1979 continued 

IINucleation and Bubble Coalescence Driven by 
Ultrasound in Viscous and Non-Newtonian Liquid Media" 

Removing of residual monomer from highly viscous polymer syrups is one 
of the serious problems of the polymer industry. Dr. Prud'homme will 
suggest a technique on how to promote nucleation and coalescence in 
these systems. 

R. K.. Prud'homme 
Princeton University 

IIKinematics of Mixingll 

A new model of mixing was developed based on the kinematics of flow. 
The role of shear and elongational deformation are compared and the 
conclusions are appled to proceses in extruders and motionless mixers. 

L. Erwi n 
University of Wisconsin-Madison 

IILamellar Mixing Hodel for Analysis of Liquid-Liquid 
t~i xing vii th 0 i ffus i on and React i 0 nil 

The new lamellar mixing model provides for a unified treatment of 
fluid mechanics, diffusion, and chemical reaction in a mixer. The 
intermaterial a'r'ea per unit volume and the striation thickness are 
the parameters of the model. 

J. ~1. Ottino 
University of Hinnesota 


