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197 7 	ENGINEERING FOUNDATION 

MIXING CONFERENCE 

Frank li n Pierce College 

Ri ndge, New fli.lmpshire 


August 21-26, 1977 

PROGRAM 

REGISTRATION AND CHECK-IN 


DnmER 


INFORMAL GET ACQUAINTED SESSIO N 


WELCOME 

Sandford S. Cole, Director 

Engineering Founda tio n Conferences 


PURPOSE AND GO,l},LS OF TilE CO NF[ REN CE 

Robel"t J. Adl ~ r , Conference Ch i rman 

Case Western Reserve University 


SESSIO N 1: LASER M[ASUR EM ENT OF MIXING 

Session Chairman: 	 Robert V. Edwards 
Case We stern Reserve University 

"Pr"il1ciples, Phenolllcna, /\p '; l icotio llS, Pc tentidls, and 
Limi ta tions" 

An overvieh' of laser light s cctt ~rin g , includinc! the 
basic ph enome na, data proces ,,"ing, applications, ar:cl 
liiwitations. A litol"at urc rev"iel'/ \'Iill also be ~riVl'n. 

Robert V, edward s 

Case Wes~ern Reserve Un ivers ity 


"Correlation of Part ic l e Velociti es and Stereoscopic 
Flow Visualiza ti on in i) Sh rrcd Tan k" 

Point ve"locity measurC'lllents of particle Illotions have 
been lIl ilde in a stin'ed L(II!~ Lry i1 cross bE'dnt CO)')'('lCltion 
technique using trClckinC] ancl cOYTl'latioll of pJl'iicl c 
ShllciO'v'l signals. 

G. P. TatL"I'~ .li;1 


Univer';ity of Soui.h (orul ina 




-2­

. Monday, August 22, 	 1977 continued 

"An Experimental Investigation of the Mixing Region of 
a Turbulent Jet" 

Velocity and concentration measurements in a turbulent 
jet are made by laser-doppler and laser light scattering 
techniques. 

G. D. Catalano, 
/ 

J. B. Morton, and R. R. HUlllphris 
Univer s ity of Virginia 

"Demonstrat i on of Laser-Doppler Velocity Measurements" 

Portable equipment will be used to demonstrate point 
velocity measurement by laser light scattering. 

L. t'1. Fin g e r son 
Thermosystems, Inc. 

2:00 p.m. - 3:00 p.m. 	 INFORMAL SESSIOr~ 

"Ball and Pebble Mill Operation" 

A narrated film shows what happens inside of ball and 
pebble mills under varying conditions of operation. 

J. ~1. Rahter 
PaulO. Abbe, Inc. 

7:30 	p.m. - 10:00 p.m. SESSION 2: DESIGN PROCEDURES FOR SEL ECTING TURGINE 
AGITATORS 

Session Chairman: 	 J. B. Gray 
DuPont Company 

A design proceduro for selecting appropriate turbine 
agitators for applications in liquid blending, solid 
suspension, or gas dispers ion has been developed. The 
procedure charac te rizes the size of the problem and its 
difficulty, interprets the desired results on a scale 
of 1 to 10, and results in specification of hor sepower, 
speed , impeller type and size, and agitator drive size. 
The procedure is based on a series of papers publi s h ~.'d 
in Chemical Engineering in 1976 by Chemineer Agitators . 

L. E. Gates , R. f~. Hicks, and D. S. Dickey 
Chemineer, Inc. 

9:00 a.lll. - 12:00 Noon 	 SESSION 3: STATIC MIXERS 

Session 	Chilinnan: S. J. Chen 
Kenics Corporation 
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Tuesday, August 23, 1977 continued 

"Modeling Flow in a Stlltic Mixer Unit" 

A model based on non-orthogonal coordinates predicts 
pressure drop and mixing efficiency. tv1ixing efficiency 
is higher than in a single screw extruder, based on 
the criterion of weighted average total strain. 

:~G 
T. P. Tung and ~. L. Laurence 

University of Massachusetts 


"P l ug Flo\l~ Reactor Residence Time Behavior with Koch­
Su l zer Static Mixing Elements" 

The tracer response of the Koch-Sulzer mixer is cl ose to 
that of an ideal plug flow reactor. There are 10 to 15 
equivalent stirred tanks per meter. 

M. Mutsakis 

Koch Engineering Company 


"Two Phase Flo~." in Kenics ~~ixers" 

Pressure drop, holdup, and throughput characteristics of 
gas-liquid mixtures have been studied in Kenics mixers. 

J. M. Smith 

Technical University Delft 

The Netherlands 


"Drop Size Distl"-ibution Correlations for Ross LPD and 
and LLPD ~Iot i on 1 es s Mixers" 

Organic solvent drop size is correlated with physical 
properties, ratio of solvent to water, geometry, and flow 
rate in Ross LPD and LLPD Motionless Mixers. 

N. R. Schott and D. Yuu 

University of Lowell 


"Automatic pH Control Using Static r'iixer Units" 

Industrial pH control systems us ing static mixers to mi x 
acid or caustic solutions into waste water streams vrill 
be discussed. Feedback and feedforward control loops 
with one and two stage mixer sys tems will be illustrated. 

L. D. Beaudette 

Kenics Corporation 


"In-Line F'iocculation" 

An in-line floccuLltion process usin<j a motionless Inixe)" 
will be described. Detention time is less tflJll one sc'cond. 
Favorable charactc)"isti cs include low costs for capiti1l, 
and espec ially ene)"gy and maintenance. 

M. Fi scher 

Parkson Corporation 
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Tuesday, August 23, 	1977 cont i nued 

2:00 p.m. - 5:00 p.m. 

7:30 p.m. - 10:00 p.m. 

"Koch-Sulzer Static 	Mixing Oxidation Power" 

A superior way to oxidize sodium sulfite and other waste 
water streams having chemical oxidation demand is discussed 
with particular r eference to research data, scale-up, and 
existing commercial applications. 

t~. Mutsakis 

Koch Engineering Company 


AD HOC SESSIONS 

SESSION 4: CHEMICAL REAC TI ON MD r~IXING 

Session Chairman: 	 D. H. ~Jhite 
University of Arizona 

"The Influence of Viscosity on Micromixing in a Stirred 
Tank Reactor" 

Experiments have sholtJn a lU1Age influence of stirl'er speed 
and especially viscosity on the product distribution fron] 
two fast, series-pa)'allel reactions. Theoretical inter­
pretations are made based on unsteady state molecu12r 
dHfusion and reaction v-Jithin zones of size comparable to 
the Kolmogoroff microscale. 

J. R. Bourne 

S~"iss Fedel'al Institute of Technology 


"Limiting and Asymptotic forms of Residence Time Distt'ibuLions" 

The tail of a res idence time distribution is often ex­
ponential, but it can decay slol,'/ly so that the vCll'iance is 
infinite. The effects of high internal circulation rates. 
laminar regions, and molecular diffusion are analyzed. 

E. B. Nauman 

Union Carbide Corporation 


"Coalescence-Dispersion Modelin0 of Continuous Combustion" 

Coalescence-dispersion modeling is applied to inves t igate 
the effect of mixing frPLjuency on flame stability Mid 

pollutant production. 

D. T. Pratt and J. L. Riley 

Univer s ity of Utah 


"F-lo\'1 Phenomena in TvJi n Scre\.v Extruders" 

A radioactive tracer techniqu e has been used to Illea sure 
flows and residence tilllE:' cii s tributions in (l 47 lillli tl'Jin 
screw ex truder processing polypropylene granules 

L.P.G . ~1 . JJ.ns sen and \J.~1. Smith 

Techn i cill UnivcrsHy De lft 
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Wednesday, August 24, 1977 

9:00 a.m. - 12:00 Noon 

2:00 p.m. - 3:10 p.m. 

SESSION 5: IMMISCIBLE LIQUID OPERATIONS 

Session Chairmen: 	 J. Oldshue 
Mixing Equipment Company 

L. L. Tavlarides 
Illinois Institute of Technology 

"Analysis of Liquid-Liquid Dispel'sions with Mass Tl'ansfer 
and Reaction" 

A review of the literature from 1970 to the present is 
made. Drop sizes, breakage, coalescence, experimental 
methods, modeling methods, and applicat~ons are stressed. 

L. L. Tavlarides 

Illinois Institute of Technology 


"Mass Transfer in Liquid-Liquid Extraction Systems" 

Mixer-settler batch studies are used to design continuous 
liquid-liquid extraction systems. 

J. Oldshue and M. Lakin 

Mixing Equipment Company 


"On the Transitional Probability of Droplets in Liquid­
Liquid Dispersions" 

G. Narsimhan, D. Ramkrishna, and J.P. Gupta 
Purdue University 

"Drop Formation and 	 P01Yilicrization Processes" 

The paper includes an examination of val'ious dispersion 
Illode1s, confi rim ti on of these models wi th '1abora tOI'y 
data, and practical experience in using the models for 
scale -up to comillerical size batch polYlllerization reactors. 

D. Leng 

Om', Cherni ca 1 Company 


SESSION 6: MIXING RESEARCH IN JAPAN 

Session Chairmen: 	 R. E. \~hite 

Villanova University 

, 	 D. Ramkrishna 
Purdue University 



- 6­

Wednesday, August 24, 1977 continued 

3:15 p.m. - 5:00 p.m. 

7:30 p.m. - 10:00 p.m. 

"Recent Mixing and Agitation Research in Japan" 

E. Oshima 

Tokyo Institute of Technology 


"Dro p S-j z e Di s tIni but ion ina ~~ i xi n 9 Ve sse1 :. 

M. Nishikav..,a 

Kyoto Univ~rsity 


"Mean Flow and Turbulence Measurements for a Radially 
Di scharging Impeller" 

Y. ~Jaqase 


Hiroshima University 


SESSION 7: RESEAR CH NEEDS AND OPPORTUNIT IES IN MI XI NG 
- PART 1 

Ses s ion Chairman: -ft A. GomeziJlata 
University of Maryland 

Short presentations of 5 to 15 minutes outlining re search 
needs and opportlHlit i es as percei ved by conference 
attendees. All sp eake rs will be asked to prepare a 
one to tilree page written statement to be distributed by 
the National Science Fou ndation. 

Conference attendees wi shing to speak in this ses s ion 
should contact the Session Chairman prior to the Confe rence 
or on the fir s t day of the Conference. Preference will be 
given to attend ees with prepared writ t en stdtements, authors 
of papers, and impromptu pres enta tion s , in that order. 

SESSION 8 : LIQUID MOTION AND GLENDI NG 

Session Chairman: 	 T. R. Hanley 
Tulane University 

"\\1ixing Viscoela s tic Liquids" 

Influence of viscosity and viscoelasticity in a9itated 
ve sse ls, bubble induced mixing and sol ids sus pe ns i on . 

J. Ulbrecht 

Chemical Engi neerin g Department 

Unive rs ity of Salford, England 


"Sheal' vs. Circulation Flows in Agitated Vesse ls" 


All impellers Cdn be characterized according to the 

fraction of tho input power which produces circulation, and 

the f ra t ion VJ h i c h pro rI \l Ce s 10 cal s h (' a t' (} ncI dis si rit t ion . 

Di llle nsi onless crite ria are developed and uppliccl l:D l!lcnding, 

9a s disp~r s i on, solid suspension, and heat transfer . 


Vincent W. Uhl 

Envi l'onillCl)ta 1 Protecti on I\gency 
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Wednesday, August 24, 1977 continued 

Thursday, ~ust 25, 1977 

9:00 a. Ill. - 11:00 a.mo 

"Measurement and Interpretation of Circulation Time 
Distributions in Agitated Tanks" 

J. C. ~1 i d d 1 e ton 
I . C. I. Corporate Laboratory 

England 


"A Design Procedure 	for Turbulent Jet Mixing in Tube s " 

P. W. Coldrey 
I.C.I. Corporate Laboratory 

England 


SESSION 9: SOLID LIQUID SYSTEMS 

Session Chairman: 	 R. VJ. Pi ke 
Louisiana State University 

"Effect of System Geometry on Flow Patterns and Fluid­
Particle Mass Tl~ansfer in Ag -itated Vessels" 

Flow patterns, suspension, and rat e of dissolving of 2 mm 
sodium chloride crystals were stud i ed in turbine agitated 
vessels. PovJer requ-ired to suspend the crystals varied 
by a factor of 30, but the mass transfer rate was nearly 
constant for all conditions which just suspended the crystals. 

A. W. Nienow and D. Miles 

University College London, England 


"Continuou s Twin Scre~v ~1ixing of Solids into ~1olten Polymers" 

The incorporation of solid fillers such as titanium dio xide, 
talc, and fiberglass into plastics by a twin-screw machine 
is described. 

D. B. Todd 

Baker Perkins 


"Production of Ultril High Solids Dispers ions in it Colloid 
Mi 11" 

A new process is described for producing ultra high solids 
dispersion s in a small fr ac tion of a second using a colloid 
mill. Products wi th up to 90~w solids loading s have been 
produced COil11llerC i all y. 

G. Vickery 

Basic Chemicals 
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ThuY"sday, August 25, 1977 continued 

"Mixing Solid Rocket Propellant" 

Equipment, controls, and processing techniques for Inlxlng 
solid rocket propellants dre described. About 86-88Xw 
solids are blended with an elastomeric binder to produce 
a 3,000-15,000 poise product. 

M. T. Ol.liff 
Thiokol Corporation 

11:00 a.m. - 12:00 Noon SESSION 10 : LOW ENERGY MIXING 

Session Chairman: 	 R. V. Calabrese 
Stevens Institute of Technology 

"Energy Savings with Lo~" Speed Mixers" 

The current energy shortage motivates consideration of 
power savings in mix ing. Low speed mixing can save 
considerable power. 

M. D. Strong 
C 1 eve 1 and t~ i x e r 

"Fluid ~"1ixer Drive EfficiellCies - Practical Considerations ll 

Conserving energy in mixing, particularly in large, 
secondary treatment, wastewater plants, is of increasing 
interest . Practical considerations of overall r eliability, 
opel'ating no"ise, and IIlcchanicdl ef f-i ciency of geal" drives 
are discussed. 

J. R. Connolly 
Philadelphia Mixers 

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

7:30 p.m. - 10:00 p.m. SESSION 11 : GAS LIQUID SYSTEMS 

Session Chairman: 	 R. R. Fuy'gason 
University of Idaho 

IIUnconstrained Bubble Columns for ~1ixing Large Volullles" 

Direct injection of air can mix deep pools of liquid. 
Quantitative measurements have been made, using conventional 
and 1 aser-dopp 1 er Illethods. 

J. M. Smith and L. H. J. Goosens 
Technicul Un-iversity Delft 
The Netherlands 
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Thursday, August 25, 1977 continued 

Fri day , Au gust 26., 1977 

9:00 a.m. - 12:00 Noon 

"Gas Dispersion in Viscous and Viscoelastic Liquids" 

Mechanism of gas dispersion, mass transfer rates, power 
consumption, and interpretations for viscous and visco­
elastic liquids. 

J. U"I brecht 

University of Salford, England 


"Effect of Liquid Viscosity of a New, Conical, Self­
Inducing, Gas Disperser" 

A conical, self-inducing, gas disperser has been studied 
in detail. Critical gas flow rate, bubble size, effects 
of rheology, applications, and comparisons with other 
types of self-inducing gas dispersers are discussed. 
A movie will be shown 

C. Koen 

Agitation Consultant 

France 


"~1ass Transfer in Gas Liquid Systems" 

Discrepancies caused by experi tal methods are reviewed, 
and the main factol~s governing the rate of gas mass transfer 
are shown to be power per unit volume and superficial gas 
velocity. A useful correlation is presented. 

K. Van't Riet 

Gist Brocades nv, Delft 

The Netherlands 


SESSION 12 : RESEARCH NEEDS AND OPPORTUNITIES IN MI XING 
PART II 

Session Chairmen: 	 A. Benson and G. Martin 
She 11 Development Company 

Short presentations of 5 to 15 minut s outlining r esearch 
needs and opportunities as perce ived by conference attendees. 
All speakers will be asked to prepare a one to thre ~ page 
written statement for a booklet to be distributed by the 
National Scienc e Foundation. 

Conference attend ees wishing to speak in this sess ion should 
contact the Sess i on Cha i nnen pri 01" to the Conference or on 
the first day of the Conference. Preference will be given 
to attendees with ploepared written statements, authors of 
papers, and impromptu presentations, in that order. 


