
Bainer Hall is the home of the Department of Chemical Engineering. 

tiN a departmen~ 

U.C. DAVIS 
PIETER STROEVE 
University of California at Davis 
Davis, CA 95616 

IN 1906, THE UNIVERSITY of California acquired 
768 acres surrounding the town of Davisville for a 

University Farm. The Farm (as U.C. Davis was orig­
inally known) offered instruction in principles and 
practices of managing soils, crops, and animals. After 
the establishment of the Colleges of Agriculture, Let­
ters and Science, and the School of Veterinary 
Medicine, U.C. Davis was declared a general campus 
of the University of California in 1959. The College of 
Engineering was founded in 1962. The School of Law 
held its first classes in 1966, and the School of 
Medicine admitted its first students in 1968. 

With a present student enrollment of about 20,000, 
U.C. Davis has matured into a full university commu-
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nity while retaining its original character as a close­
knit and friendly place to learn and to conduct re­
search. The campus is located on a 3,800 acre site in 
the Sacramento Valley which has been growing 
economically ever since the gold rush days. The 
Pacific Ocean, San Francisco Bay, Napa Valley and 
the spectacular Mendocino Coast lie to the west of 
Davis. To the east, the Sierra Nevada mountains pro­
vide skiing in the winter and hiking in the summer. 
Lake Tahoe provides many scenic views and year­
round resort activities. Whale watching in California's 
delta (South of Davis) has recently become a favored 
pastime. 

The city of Davis has received national recognition 
for its energy conservation policies. Davis' energy­
saving building code, retrofit ordinance, recycling sys­
tem, bike lanes, and extensive use of solar energy 
make it one of the most progressive cities in America. 

CHEMICAL ENGINEERING EDUCATION 



THE COLLEGE OF ENGINEERING 

In 1959, Clark Kerr, President of the University 
of California, set up a state-wide committee to look 
into the future of engineering education in the univer­
sity. There were representatives from all the cam­
puses, and Roy Bainer represented Davis. Kenneth 
Pitzer, Dean of Chemistry and Chemical Engineering 
at Berkeley, was chair of the committee, and the 
meetings were held at Berkeley. Because U.C. Davis 
had a program in engineering since 1915, had a 
cooperative degree with engineering at U. C. Ber­
keley, and had many engineers in other departments, 
Dean Pitzer believed that a logical place to start a 
new engineering college was at U.C. Davis. In 1961 
Roy Bainer set up a local committee to propose and 
implement an engineering program at Davis. One of 
the members of that committee was Joe Mauk Smith 
who had come to the Department of Food Science and 
Technology in July 1961. Joe Smith was head of a sub­
committee appointed to study the development of 
chemical engineering within the proposed college of 
engineering. 

The Davis program was adopted by the state-wide 
committee and the president. In 1962, the Regents 
authorized the College of Engineering and appointed 
Roy Bainer as its first dean. In the fall of 1962, the 
Regents extended the college at Davis to include the 
Lawrence Radiation Laboratory at Livermore, and in 
1963 a Department of Applied Science with facilities 
at both U.C. Davis and Livermore was established. 

The College of Engineeririg now has six engineer­
ing departments, (Agricultural Engineering, Applied 
Science, Chemical Engineering, Civil Engineering, 
Electrical and Computer Engineering, and Mechanical 
Engineering) two divisions (Computer Science and 
Materials Science) three interdisciplinary graduate 
groups (Biomedical Engineering, Computing Science, 
and Engineering Management) and offers a broad 
range of engineering programs. Under Dean M. S. 
Ghausi's leadership, undergraduate and graduate en­
rollments have gone up to approximately 2,000. The 
college is among the top 20 grantors of Ph.D. degrees 
awarded in the United States (according to the En­
gineering Manpower Commission) and awards more 
than 300 Bachelor of Science, 100 Masters and 35 Doc­
toral degrees annually. 

THE DEPARTMENT OF CHEMICAL ENGINEERING 

In 1962, the new College of Engineering consisted 
of one department and several programs, one each in 
separate areas of engineering. Joe Smith as head of 
the chemical engineering program, recognized that if 
chemical engineering were to develop as a recognized 
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discipline at U.C. Davis, a separate department was 
necessary. A few faculty members in the college felt 
strongly that there should not be separate depart­
ments of engineering. However, Joe Smith's views 
prevailed and, after the Department of Applied Sci­
ence had been established, the faculty approved the 
establishment of a Department of Chemical Engineer­
ing to be effective July 1, 1964. The only faculty mem­
bers in the new department were Joe Smith (Chair), 
Bruce Caswell, Stephen Whitaker and Richard Bell. 

After the establishment of the department, the de­
velopment of a strong program in chemical engineer­
ing was initiated. This development did not occur 

In 1962, ·the new College of Engineering 
consisted of one department and several programs, 

one each in separate areas of engineering. Joe Smith 
... recognized that if chemical engineering were to 

develop as a recognized discipline ... a 
separate department was necessary. 

without a struggle, since there was still strong sup­
port in the college for a common curriculum for all 
engineering students and the department had to jus­
tify the establishment of courses such as ther­
modynamics and fluid mechanics separate from the 
existing courses in these subjects taken by all other 
students in the college. In time the support for a com­
mon curriculum dwindled and the department's pro­
grams were well-established in the late sixties. 

The faculty has grown steadily since those earlier 
days: Ben McCoy and Alan Jackman, both alumni of 
Minnesota arrived in 1967 and 1970; Ruben Carbonell 
and David Ollis joined the department, in 1973 and 
1980 respectively, but are now at North Carolina 
State University; Pieter Stroeve and Dewey Ryu, 
both with backgrounds at the Massachusetts Institute 
of Technology, joined in 1982; Brian Higgins, another 
Minnesota alumnus, and Roger Boulton, from the Uni­
versity of Melbourne, arrived in 1983; Ahmet 
Palazoglu, from Rensselaer Polytechnic Institute, and 
Karen McDonald, from the University of Maryland, 
are the most recent additions to the faculty. Ben 
McCoy is the third and present Chair, succeeding 
Richard Bell who, in turn succeeded Joe Smith. 
Former faculty members (Bruce Caswell, Neil 
Dougharty and Frank McLarnon) have contributed to 
the development of the department. 

THE UNDERGRADUATE AND GRADUATE PROGRAMS 

The Chemical Engineering Department at U.C. 
Davis has been distinguished by a continual succession 
of outstanding students and a devotion by the faculty 
to excellent teaching. In the past eight years, three 
members of the department-Alan Jackman, Stephen 
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Whitaker and Pieter Stroeve-have received the col­
lege's Teaching Award. Several outstanding teaching 
texts have been authored or co-authored by the facul­
ty. Joe Smith and Hank van Ness of R.P.I. are the 
co-authors of Introduction to Chemical Engineering 
and Joe Smith is sole author of Chemical Engineering 
Kinetics. Stephen Whitaker has written an Introduc­
tion to Fluid Mechanics, Elementary Heat Transfer 

Minicomputers are extensively used in teaching and re­
search. Ahmet Palazoglu and a graduate student discuss 

results of a program. 

Analysis and Fundamental Principles of Heat Trans­
fer. These texts have made their impact not only on a 
generation of Davis students but also on students in 
other institutions across the country and around the 
world. 

The undergraduate course curriculum at U.C. 
Davis is very rigorous. The number of quarter units 
required for graduation is 193. Our graduates have 
benefitted from the program and they have been very 
successful in both industry and academic institutions. 
The majority of the students are employed in the oil 
and chemical industry, but in the past few years 
nearly one-third of our students have obtained jobs in 
the thin film technology (integrated circuits, magnetic 
media, etc.) and biochemical engineering industries. 
Despite their heavy course load, our students are 
involved in university cultural and extra-curricular ac­
tivities. The student chapter of the American Insti­
tute of Chemical Engineers is particularly active and 
organizes athletic, educational and social events. Fac­
ulty also participate in events like hiking once each 
year to the peak of Mount Lassen in the middle of the 
night. 

The department offers graduate programs leading 
to the MS and PhD degrees. They provide the ad­
vanced student with a strong background in modern 
chemical engineering theory and its relationship to 
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chemical engineering processing, through formal 
course work and individual reseach. The PhD candi­
date is required to pass a preliminary examination, 
given by the department after two quarters of resi­
dence, and a qualifying examination administered by 
the graduate division. The latter examination covers 
the candidate's area of research and two minors of the 
candidates choice. Before submitting and defending 
the PhD thesis, the student takes at least 60 quarter 
units of coursework including two minors, each of 15 
units minimum. In both the MS and PhD program, 
the student normally takes 19 units of core courses in· 
chemical engineering. 

RESEARCH 

Traditionally, the department has been strong in 
the areas of reaction engineering, separations and 
transport phenomena. With the addition of new fac­
ulty in recent years, other areas of research have been 
strengthened or initiated-in particular, process 
dynamics and control, rheology, coatings, biotechnol­
ogy, and thin film technology. The department has 
close ties with the Department of Viticulture and 
Enology (the world's premier department of wine sci­
ence). Dewey Ryu and Roger Boulton have joint ap­
pointments in the Department of Chemical Engineer­
ing and the Department of Viticulture and Enology. 
Interdisciplinary research is a strong tradition on the 
Davis campus and research interactions exist with the 
Department of Electrical and Computer Engineering, 
the Mathematics Department and the School of 
Medicine. However, chemical engineering research 
receives the greatest attention. A description of the 
research programs follows. 

Multiphase Transport Phenomena 

The analysis of the transport of heat, mass and momentum in 
multiphase systems is of major concern to Stephen Whitaker. His 
analysis is based on the local, volume-averaged form of the point 
equations, i.e., the Navier-Stokes equations, the diffusion equation 
and the thermal energy equation. The method of volume averaging 
provides the form of the local, volume-averaged transport equations 
and the effective transport coefficients. The latter are determined 

. by means of a closure scheme, and much of Whitaker's current 
work on the fundamental aspects of multiphase transport 
phenomena is directed towards the closure problem. In addition to 
his fundamental studies, Whitaker is working on a variety of prac­
tical applications such as drying porous media, design of packed bed 
catalytic reactors, and single and two-phase flow in porous media. 
In collaboration with Pieter Stroeve, he is conducting a research 
program on diffusion with chemical reaction in multiphase media 
which has important applications in drying phenomena, transport 
in cellular suspensions, and mass diffusion and heat transport in 
porous catalysts. 

Reaction Engineering 

Accounting for transport rates and chemical kinetics gives the 
basis for design of chemical reactors. Joe Smith and his research 
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group have been involved in determining the significance of, and 
interaction between, these physical and chemical processes for vari­
ous types of catalytic reactors. His research has led to experimental 
studies of rate parameters by dynamic and steady-state methods in 
slurry, trickle-bed, single-pellet, and fixed-bed laboratory reactors. 

Several of the most recent problems in this area involve develop­
ment of models for production of alternate fuels, such as supercrit­
ical extraction of hydrocarbons from shale, lignite, coal, and thermal 
processes for producing liquid fuels from heavy oils and shale. Such 
applications are particularly challenging since they include numer­
ous transport and chemical reaction steps in a multiphase environ­
ment. In collaboration with Ben McCoy, Smith has devised a novel 
experimental approach to study the fundamental kinetics of 
homogeneous and heterogeneous catalytic reactions. The method 
has application to the study of S02 oxidation, a reaction in the 
environment leading to acid precipitation. The method has also been 
applied to the study of hydrogenation reactions. 

Ben McCoy and Joe Smith are also probing the interaction be­
tween adsorption at solid surfaces and subsequent chemical reac­
tions. Dynamic experiments yield information which is not possible 
to obtain with a steady-state system. This work is important in the 
analysis and design of trickle-bed and slurry reactors. 

Environmental Engineering 

The kinetics of ion exchange and heavy metal adsorption on soils 
is of concern to Alan Jackman. Ion exchange reactions are known 
to be extremely rapid, with the overall rate being controlled by 
mass transport. Recent studies have shown that Fickian, effective 
diffusivity models are not able to predict the rates of ion exchange 
by large, low-porosity particles composed of clay minerals. Experi­
mental and theoretical studies are conducted both to develop new 
models and to understand better the limits of existing models. In 
addition, work is in progress to identify the bonding mechanism of 
heavy metal ions adsorbed by natural sediments. This work has 
important implications for ha2ardous waste management. 

Liquid hydrocarbon sources exposed to the atmosphere acciden­
tally or in chemical processes are a significant source of air pollu­
tion. The hydrocarbon sources are of many kinds, including wastes 
in the soil, emissions from tanks and spills involving a variety of 
liquids. The characterization of the mass transfer rates of volatile 

components from pools of crude oils is being investigated by 
Richard Bell. Measurements of the diffusivities of various 
molecules in the crude oil are being conducted and the results are 
used in models of the transport process. These models include the 
energy budget, turbulent transport in the atmosphere, and the 
transport processes in the liquid and gas interface. 

Separations 

Richard Bell is studying mass transfer phenomena on distilla­
tion trays. The department has a large-scale, air-water distillation 
column simulator. A fiber optic technique has been developed for 
obtaining residence-time distributions at a point on an active distil­
lation tray. Highly non-ideal residence time distributions have been 
observed and were related to tray efficiencies. Present studies in­
clude the measurement of the two components of dispersion in the 
plane of the tray. These results will be used in developing tray 
design and scale-up criteria. 

Ben McCoy is studying the use of affinity and hydrophobic 
chromatography for large-scale, energy-efficient, high-resolution 
separations. Mathematical methods, including the moment 
techniques, are being applied to describe transport and kinetic pro­
cesses occurring in these column operations. 

The fundamentals of membrane separation processes are studied 
by Pieter Stroeve and his research group. The use of facilitated 
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A graduate student in Dewey Ryu's laboratory prepares 
data acquisition and analytical apparatus for a fermen­
tation experiment. 

transport in increasing the mass transfer rate of a desired species 
across a membrane barrier is explored both theoretically and ex­
perimentally. The group is studying the use of porous membranes 
to control transport rates of species. 

Biotechnology 

Biotechnology, specifically biochemical engineering and biomed­
ical engineering, has always been an active area of research in the 
department. · A number of faculty are currently active in this field. 
Roger Boulton's research involves chemical engineering aspects of 
fermentation kinetics, process simulation, adsorption phenomena, 
and process control and simulation of enological operations. He is 
an leading authority on wine equipment selection, winery design 
and layout, and the economics of investment and operation. 

Dewey Ryu's research endeavors are primarily focussed on the 
application of biochemical engineering principles to the production 
and effective utilization of renewable resources for feedstock, 
energy and food utilization. Examples of his current research work 
include application of immobilized enzyme and whole cell systems, 
production and characterization of proteins and lipids of microbial 
source, genetic improvement of yeast strains by gene manipulation 
and protoplast fusion, continuous animal and plant cell culture 
techniques, and problems associated with the instability of recom­
binant plasmids. 

Karen McDonald, who joined the department this fall, is in­
terested in the control and optimization of biochemical processes. 
Fermentation processes are inherently nonlinear, multivariable 
processes in which many important process variables cannot be 
measured on-line in real time. Further, fermentation systems are 
time-varying as microorganisms change or adapt to their environ­
ment. Recursive estimation algorithms, based on optimal estima­
tion theory, are used in conjunction with dynamic process models 
to estimate state variables between off-line sampling times. In col­
laboration with Ahmet Palazoglu, McDonald also investigates the 
control and optimization of bioseparation processes. Several other 
faculty members, including Pieter Stroeve, Richard Bell and Ben 
McCoy, are interested in fermentation or the bioseparation of fer­
mentation products. 

In the area of biomedical engineering, Richard Bell is inves­
tigating the effects of hyperbaric exposure on the human body. 
Present work is directed toward the use of platelet loss at liquid-gas 
interfaces in the blood as a measure of hyperbaric stress. Experi­
Continued on page 39. 
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U. C. DAVIS 
Continued from page 11. 

ments are conducted with the Department's hyperbaric chamber 
facilities. 

Pieter Stroeve is studying the transport of respiratory gases in 
blood and tissues, particularly the transport of carbon dioxide in 
whole blood and tissues. Results from these studies will be impor­
tant in the design of artificial oxygenators and may provide a better 
understanding of the relationship of pH and carbon dioxide partial 
pressure in the body. 

Robert Powell is conducting rheological studies related to sickle 
cell anemia in order to understand the transition of a sickle cell from 
a compliant to rigid behavior which can inhibit microcirculation. In 
collaboration with the Department of Obstretrics and Gynecology, 
he is also trying to elucidate the mechanical interactions between 
spermatozoa and their environment through fluid mechanical and 
rheological studies. The goal is to find a synthetic medium which 
emulates cervical mucus and can therefore be used for clinical tests 
and scientific research. 

Alan Jackman is studying the arterial pressure regulatory 
mechanism in the downstream arterial circulation of rats and dogs 
to determine its role in the development of hypertension. Studies 
in hypertensive rats have shown that the regulated pressure is 
significantly higher in hypertensive rats than normal rats. This 
work is carried out in collaboration with the Department of Human 
Physiology. 

Rheology 

Robert Powell's research in rheology focusses on experimental 
and theoretical methods to characterize the mechanics of fiber sus­
pensions, such as those encountered in the prncessing of magnetic 
coatings, advanced composite materials, and pulp fibers . For this 
effort, a state-of-the-art rheological laboratory has been established 
at U.C. Davis which includes instrumentation for routine testing 
and facilities for highly specialized experiments, such as those in­
volving measurements on suspensions of conducting particles in an 
electric field. In addition to investigating fiber suspensions, Powell 
is investigating the effects of high-intensity ultrasound on physical 
and chemical processes in fluids. An experimental investigation is 
being carried out to confirm a theory recently developed by his 
group which predicts that the addition of high molecular weight 
polymer additives to water can drastically change nonlinear wave 
propagation. 

Pieter Stroeve and Brian Higgins are interested in the problem 
of drop breakup in shear flow. The dispersion of a liquid in an 
immiscible liquid is an important process in industrial operations 
such as extraction, emulsification, and blending. The present re­
search effort is concentrated on the drop breakup of polymeric sol­
utions in an immiscible polymeric liquid. This problem is important 
in polymer mixing processes such as the dispersion of drops of color 
concentra,tes or antistatic agents in a polymer solution. 

Fluid Mechanics and Coating Phenomena 

Small-scale multilayer flows are an integral part of several in­
dustrially important coating and extrusion processes. The impor­
tance of understanding the fluid mechanics of confined layered flows 
is seen when precise control of the shape and location of the inter­
face separating adjacent layers is required. In small-scale flow·s 
interfacial instabilities and interface distortion are usually un­
wanted complications that set limits on production rates and prod­
uct suitability, both of which impact the economics of the process. 
Brian Higgin's res~arch is directed toward understanding the fluid 
mechanics and stability of layered flow of immiscible liquids in 
which the effects of interfacial tension, contact line behavior and 
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fluid properties (density, viscosity) are important. 
A key step in filament winding of composite structures is im­

pregnating the continuous reinforcement (bundle of untwisted car­
bon fibers) with a suitable matrix material such as an epoxy resin. 
In this research Higgins is developing a fundamental understanding 
of impregnation hydrodynamics. Analytical techniques and finite­
element methods are being used to study several prototype impre­
gnation flow geometries. 

Single and two-phase flows in porous media are encountered in 
many mass transfer and reactor design problems, in addition to oil 
recovery operations and ground water flows. These flows are 
strongly influenced by the heterogeneous nature of natural systems 
in which it is necessary to predict both velocity fields and the trans-

port of solutes such as surfactants (in oil recovery) or pollutants (in 
ground water flows). A theory of single phase flow in heterogeneous 
porous media has recently been developed and a variety of impor­
tant extensions, notably two-phase flow and the dispersion of sol­
utes are being studied by Stephen Whitaker. 

Process Dynamics and Control 

Ahmet Palazoglu conducts research on the design and control 
of chemical processes and plants in the presence of modeling uncer­
tainties. He is concentrating on the development of computer-aided 
tools to guide the design process for large-scale plants. Control 
system analysis and design studies are also being undertaken for 
fixed-bed tubular reactors, to assess the impact of modeling deci­
sions and the selection of measured· and manipulated variables on 
the uncertainty handling capabilities of such systems, 

Karen McDonald is investigating modifications of predictive 
control algorithms which can compensate for process nonlinearity 
in high purity distillation towers. A multivariable-gain-scheduling 
technique and a variable transformation technique are used in these 
studies. Both techniques are evaluated on complicated multicompo­
nent distillation problems as well as reactor control problems. A 
long-range goal is the development of a general methodology to 
determine pseudo-linearizing transformations for multi variable sys­
tems. 

Thin Film Technology 

The microelectronics and optical industries require the manufac­
ture of complex thin film structures with precise order, composition 
and structure. Pieter Stroeve and Brian Higgins are investigating 
different interfacial techniques for t he manufacture of thin films. 
The electrodeposition of metal alloys in microfeatures and the 
Langmuir/Blodgett technique for constructing solid macromolecular 
structures consisting of multilayers of molecules are being investi­
gated. This work is in collaboration with the Department of Electri­
cal and Computer Engineering. 

EPITOME 

Not all of the research has been described in the 
previous sections. For example, there are collabora­
tive research projects with Los Alamos National Lab­
oratory and with Phillips Petroleum Company. Due to 
space constraints, wisely imposed by this journal, we 
now must give a ~Lort statement on the main points. 
U.C. Davis is an active and growing department 
which has built an excellent program in chemical en­
gineering. The students, the faculty, the staff, and 
the department can be described as (according to one 
of its members), "good looking and brains too." D 
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