
Sunday~ August 17, 1975 

2:00 p.m, - 9:00 p.m. 

6:30 PQm ~ - 7:30 p.m. 

8:00 p.mu - 10:30 p.m. 

Monday, August 18, 1975 

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

1975 ENGINE[RING rOUNDATION CONFERENCE 

t-1IXING RESFARCH 

Franklin Pierce Co11eqe 

Rindge, Npw Hampshire 


Augll st 17-22, 1975 


PROGRAM 

REGISTRATION AND CHECK-IN 

Dinner 

Get Acquainted Social Period 

WELCOME 

Dr. S~ord S. Cole, Director 

Engineering Foundation Conferences 


PURPOSE AND GOALS OF THE CONFERENCE 

w. Roy Penney, Conference Chairman 

Monsanto Company, St.. L'Juis, Missour i 


SESSION I: MIXING IN MOTIONLESS MIXERS 

Session ChClirrnan: Professor R, J . Adler, 

Case Western Reserve University, Cleveland, Ohio 


"TURBULENT INLINE MIXING OF LI QUIDS" 

Turbulent inline mixing was investigated in a straight 
tube, a tube with inserts, and a jet mixer. Dimensionless 
correlations are given " 

Professor J . W. Hiby 

Technical University of Aachen, West Germany 


"MIXING OF MATERIALS OF WIDE VISCOSITY DIFFERENC ES" 

Experimental results are presented for use of a Sta tic 
Mixer to mlX small amounts of a low viscos i ty l iq u i d 
with a viscous polymer melt. 

Ro L" Powell 

Kenics Corporation, Danvers, Massachusetts 


T P Bor 

Kenics Europe. Brussels, Belgium 
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"PERFORMANCE OF A NEW MOTIONL ESS MIXER " 

Two older motionless mixers are compared wi t h a new 
motionless mixer Homogeneity, pressure drop, r esidence 
time distribu t ion, and costs are compared . A short movie 
shows the flow processes in the mixers , 

H.. J .. Kaluza 
Bayer AG. Dormagen, West Germany 

"RESIDENCE TIME DISTRIBUTIONS THROUGH MOTIONLESS MIXERS" 

Studies were conducted for two types of mixers. Peclet 
number data and its implications will be presented. 

Richard Barbini 
Charles Ross &Son Company, Hauppage , New York 

7:30 pum. - 10:00 p.m. SESSION II : DROP LET GEN ERATION IN MOTION LESS MI XERS 
. ...:roc-

Session Chalrman: 	 J u Bo Gray 
duPont, Wilmington. Delaware 

"DROP SIZE DISTRIBUTION GEN ERATED BY TUR BULENT FLOW IN 
MOTI ON LESS MI XERS II 

Several organic li quids were dispersed i n water using an 
LPD mixer. Dimensionless correlat i ons were obtained and 
the results are compared with ex i st ing data for a STATIC MI XER . 

Professor N. Rv Schott 
Lowell Technical Insti t ute, Lowell, Massachuset t s 

N~<P~ROP SIZE DIST~IBUT ION S FOR WATER-ORGAN IC DISPERSIONS 
USING VARIOUS IN-LINE DEVICES II 

A Koch mixer, a globe valve, and an orifice plate were 
used to create water in organic di spersions , Dimensionless 
correlations were obtained u 

Bruce Weinstein 
Koch Engineering Company, Wichita, Kansas 

"DROPLET STUDIES IN TWO MOTI ONLESS ~lIXERS" 

The Ross LPD and LLPD were used to create dispersions of 
mineral oil-in-water dispersions. Drop size distributions 
were measured and dimensionless correlati ons were obtain~dA 

Richard Barbini 
Charles Ross &Son Company, Hauppage, New York 
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Tu esday , August 19 
9:00 - 12:00 noon 

7 :30 - 10: 00 p.m. 

SESS ION III: FUNDAMENTAL PHE NOMENA OF AGITATED VESSFLS 


Sess io n Chairman: Pro fes sor G. T. Tsao , 

Purdue Un i vers i ty, West Lafayet te, Indi ana 


"FLOlJ PATTE RN AND INSTABI LITY PHENOMENA NEAR ROTATI NG 

BODIES AND AGITATORS IN VISCOELASTIC POLYMER SOLUTIONS II 


Fl ow anomalies i n ag i tated vess el s are often rel ated to 

rotat i ona l axisymmetric fl ow of vi scoelast i c fluids. Such 

seconda ry flow can l ead t o wor sening of the mixi ng 

efficiency . Predictive methods wil l be discussed . 


Profes sor J. Ulbrecht 

Uni versity of~~, E ngla ~~lt~ . ...• .
a l f.or Lgru:;.p shire , 
~ "'~ I!> ~ ~::o~ 

"ATTENUATI ON OF ( ONC E RAT~~iUCTU ATION S OF A PRODUCT 
STREAM BY A JET -AGITATED BUF FER LAYER" 

Model experiments we r e performed in a jet-agita t ed , 
continuous- f low vessel. Mi xing effect i veness wa s corre la ted 
vs. t he Reynol ds number and t he Froude number. 

Professor J .W. Hi by (S pea ker) and H. Tsuge 
Tech nical Uni vers i ty of Aachen, West Germa ny 

liTHE HYDRODYNAMI CS OF A RUSHTON TURB INE" 

Pres sure and veloci ty f i el ds have been stud i ed both wi t h 
li qui d mi xing and wi th gas di spersion. Amongst the 
surpr isi ng f indings are t he extr emel y hi gh shear rates 
whic h are important in non -coalesc i ng systems. 

Profes sor J.M. Sm i th (Speaker) and K. Van ItRie t 
Technical Uni vers ity of De l ft, Ho l l and 

"INFL UENCE OF RHEOLOGY UPON THE RATE OF MIXING OF 
POLYM ER SOLUTI ON IN STI RRED TANKSII 

The i nfluence of non -Newtoni an properties on t he mixing 
and ci rcul ation ti mes was determined for a helical screw 
agita tor operating in a draft tu be. 

Professor J. Ul brecht 
Univer sity of Sa l fo rd , Lancash ire, Eng l and 

SESSION IV: EFFECTS OF MIXI NG ON CHEMICAL REACTIO NS 

Session Cha irman: W.C. Bra si e, Dow Chem ical 
U.S. A .• Mi dland, Mic hig an 
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"MI XING DIFFUSION AND CHE~lICAL REACTI ON IN AN UN-PREMIXED 
REACTOR" 

A single parameter-minimum age mixedness - species 
diffusion model has been developed to describe the 
effects of simultaneous diffusion and chemical reaction 
on the performance of a chemica l reactor into which 
reactants are fed separately wi t hi n feedstreams having 
re sidence t ime distributions . Predictions are compared 
with expe ri ments. 

UJ,t; 
Professo r B. W. Ritchie (Speake r ) and A. H. Tobgy 
Unive r s ity of Exeter, Engla nd 

"A NEW TEST FOR MICROMIX ING EF FECTS" 

Fast substitut i on of bromine in a aromat i c nucleus has 
been used to measure mi cr om i xing in a t urb ine-agitated , 
baffled tan k. A good co rrelation between product dist ­
ribution and power input was obtained. 

professor~R . Bou r ne 
Technical University, Zur i ch , Switzer l and 

"PRE DICTI NG THE EFFECT OF MIXING ON CHE~lICAL REACTIONS 
-A CURRE NT STATE-OF -THE -ART" 

The in fluence of the effec ts of mi xi ng processes on 

chemical reac t ions in turbul ent systems wi l l be di s ­

cussed , including systems wi th competing r eactions. 

Empha si s is placed on systems with compet i ng reactions. 


Professor H. L. Toor 

Carnegie -Mell on University, Pittsburgh, Penn . 


Wednesday, August 20 SESSION V; AXI AL MIXING AND ITS EFFECT ON THE DESIGN AND 
9:00 - 12 noon OPERATION OF PROCESSI NG EQU IPMENT 

Session Chairman: Professor N. R. Schott, 
Lowell Technological Institute, Lowell, Masso 

"FLOW AND RESIDENCE TIME CHARACTERISTICS OF A DOUBLE­
SCREW PROCESSOR OR EXTRUDER" 

A model is presented which pred i cts the operating 
characteristics and the residence t i me distribut i on for 
a Newtonian fluid. The model explains measured perfo rmance 
and is a valuable start toward development of models for 
non -Newtonian fl uids . 

Profes sor J. M. Smith and L. P. B. M. Janssen 
Technical University of De l ft, Holl and 



7:30 - 10 :00 p.m. 

page 5 

"AXIAL MI XING IN MASS TRANSF ER EQU IPMENT " 

Thi s presentat i on wil l be a broad review of the importance 
of axi al mix ing, i ts effects on mas s transfer performance, 
measurement techn i ques, the me chanisms by whi ch it occ ur~ , 
and ways to reduce it. 

Profes sor M.H. Ba ird 

McMaster Uni versity, Ha milton, Ontar i o, Canada 


"RESI DE NCE TI ME DI STRIBUTION SCALEUP IN A CON TIN UOUS 

MU LTISTAGE MIXER CO LUM N" 


A techniq ue fo r sca ling up resi den ce time 
i s pr esented t ogether wit h performa nce data for a cocur r ent 
mul tistage mix er col umn and countercur r en t pac ked column. 
Both examples demonstrate the general appl icabil i ty of 
the t ech nique. 

Gyane nd ra Singh 

Procter and Gamble Co., Cincinnat i, Ohio 


"GAS-LI QUID REACTI ON IN A STAGED CONTINU OUS REACTOR OF 

UNIQ UE DESI GN" 


Scaleup from pilot tests on a 6 i nch diameter, 3 stage un it 
to a 4 feet diameter, 3 stage unit wi ll be discussed, 

M.S. Mery 

The Beth l ehem Corp ., Beth l ehem, Penn. 


~~SSION VI: SOLID- LIQUID AND SOLID-SOLID OPERATIONS 

'-Session Cha irma n: J. Y. Ol dshue, t.>- Vt....u"b1W" 
Mixing Equ i pment Co . , Rochester, New York 

"THE ATTAINMENT OF HOMOGENEOUS SUSPENSION IN STIRRED TANKS" 

Experi ments were conducted to determ ine means to achieve 

homogeneous suspension in continuous-fl ow stirred tanks. 

New des i gns, i ncluding techniques of product removal, 

have pr ov ed successful for high sedimentation rates and 

low impel ler tip speeds. 

~ 

Professor J . R. Bour ne 

Technical Un iversi ty, Zuri ch, Switzerland 


"MIX ING OF STARCH SLURRIES" 

Ex peri menta l wor k was done with a mar ine propel ler, a 

s t raig ht-blade turbine and pi tc hed - blade turbine. 

Correl at ional attempts and severa l an omalous effects 

are discussed. 




Thu r sday , August 21 
9:00 - 12 :00 noon 
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Profes sor G.T. Tsao (Speaker ) , L. Chr is t i anse n, and 
A. Patel, Iowa State Un iv ers ity, Ames, Iowa 

"SOLIDS- SOLI DS B L ENDII~G AND THE INCO RPORATION OF LIQUIDS 

INTO DRY SOLIDS" 


Res ul ts are presented f or t wo i ndependent , experimental 
stud ies of the i ncorporat io n of l i quids into powders fo r 
prepari ng pharmaceuti cal gran ul at i ons. Sampl ing programs, 
analysi s procedures and stat is tical evaluat i ons are di scussed. 

T.A. Re sing 

Littl efo rd Bros. , Cinci nna t i , Ohio 


SESSIO N VI I: MIXING IN WASTE TREATM ENT PROCESSES 

Sess i on Cha irma n: Jerry Shell, AWARE, ~A{~L0~\(~~
Na shvi l le, Tennessee 

fol,S.~ 
""- "PROBLEMS IN OPERATION OF SURFACE AERATORS" 

Small scal e tests were conducted with se veral different 

types of aerators . Dimensio nl ess correlat io ns were 

obta ined for sorpt i on and power numbers. These correlations 

were checked wi t h data from a 14 feet diameter f ul l-scale 

aerator. These st udies show that t he l arge aerators are 

often much l ess efficient than sma ll sur face aerators 

and other kinds of oxygen transfer dev i ces. 


Ma rko Zl okarni k 

Bayer AG, Leverku sen. West Germa ny 


"IMPORTANCE OF MI XING IN BIOLOGICAL WASTEWATER TREAn~ENT" 

The ef fects of mass transfer , solids suspens ion and 

res i dence time di stribu t i on will be di scussed. 


A. A. Ka 1i ns ke 

Camp, Dresser, and McKee, Bosto n, Mass. 


MIX ING OF BIOLOGICAL SUSPENSIONS WITH SUBSURFACE 

MOTI ONLE SS MIXERS" 


The oxygen transfer and so l i ds suspension character i st i cs 

of 5 different types were measured. 


Je rry She ll 

AWARE, Nashv i ll e, Tennessee 


"MIXING OF BIOLOGIC AL SYSTEMS WITH SUB-SURFACE IMPELLETS" 

Ae ra t i on equ i pment incl uded submerged radial turb i nes, surface 
aerat ors with l ower ax i al fl ow tur bi nes and, in some cases 
diffused air devic es. Ve l oci ty pr ofi l es , so l i ds suspension 
profiles and dis solved oxygen gr adi ents were measured . 
Pred ict i ve models for calcul a ting oxygen t ransfer were compared. 
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7 : 30 - 10:00 p.m. 

Friday, Augus t 22 

9:00 - 12:00 noon 

J . Y. Oldshue and G. L. Connel ly 
r~i xi ng Equ i pment Co. , Rochester, ~jew Yo rk 

SESS ION VI I I : RESEARCH NEEDS AND OPEN FO RUM 


Sess i on Chairman: J.G . Fe ni c, Chemineer, 

Doyton, Ohio 


Al l aut ho rs (lectur ers) and sess ion chairmen have been 

requested to prepare a shor t paper on r esearch needs. 

They were requ ested to l i s t f i ve spec i f i c areas they 

con s ider most impo r t ant . They wil l def i ne clear ly t he 

state-o f -the -art and indicate the probable research 

approach and sca l e of requi red resea rch . Each wi l l be 

gi ven 5- 10 minutes to pres ent the ir materi al. 


Any remaining ti me wi ll be devoted to an open f or um 

wher e anyone wi ll be gi ven 5-1 0 mi nutes to t al k on any 

subject. 


SESSION IX: POTPOURR I 


Session Chai rman: W. G. Pfitzer, 

Pr octer and Gam bl e , Cinci nnati . Oh io 


"AN EVALUATION OF FIRST COST AND pm~ER COST FOR FL OW 

CONTROLLED MI XI NG APPLI CATIONS" 


A method of determ i ning the most economica l mi xer will 

be presented. 


G. L. Connelly and J. Y. Oldshue 
Mi xi ng Equipment Co., Rochester, New York 

"ENERGY CONSERVATION IN FLU ID MIXING - THE PSYCHOLOGY 
AND PRACTICALITY OF MORE MIX ING PER AMPERE" 

Much prev i ous wor k on common commercial operat ions has 
uncovered routes for getting speci fi c fluid mixing r esults 
wi t h min imum horsepower. Techn i ques to mi nimize mi xing 
energy wi l l be covered. 

J. R. Connolly 

Ph i l adelphia Mixer Corp .• Ki ng of Prussia, Penn. 


"B LE NDING OF MISCIBLE LIQUIDS HAVING WID ELY DIFFERENT VISCOSIT I ES H 

The bl endi ng time as a function of viscosity difference 
wa s mea sur ed by carefu l ly stratifyi ng two layers of warm 
and col d li quids havi ng di ffe rent viscosi ties . 

J.Y. Ol ds hue and G.L. Connelly 
Mixing Equi pment Co., Rochester, New York 
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"RECE NT DEVELOPMENTS IN COMMERCIAL EXTRACTORS" 

Industri al extrac tors are brief ly reviewed , with emphas is 
on recent deve lopments. Select i on , economics, control, and 
ope ra t i ng practice in some large columns are discussed. 

T. C. Lo 
Ho f fma nn- La Ro che , Nutley, New Jersey 

FLU IDS II"MI XING AND INT ERFACIAL PHENOMENA IN MULTIPLE- PHASE 

Ex perimental mea su rements wil l be di scuss ed. 

Professo r G.T. Tsao (Speaker) , D. O. Lee , and 
D.T. Hsu, 

Iowa State Un i versity and Purd ue Universi ty 



