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ESEARCH AND INSTRUCTION related to the manu-

facture and use of fuels has traditionally been
a strong part of the M.I.T. Chemical Engineering
Department’s program. While the separation and
catalytic processes involved in manufacture of
useful fuels from petroleum and coal are a
standard part of the normal ChE curriculum, the
M.I.T. program has been somewhat unusual in
its additional focus on the science and engineer-
ing problems involved in the combustion of fuels
and in their high temperature thermal processing.
This area involves high temperature heat transfer
and kinetics with strong interaction with fluid me-
chanics, transport processes and thermodynamics,
and thus involves the major ChE skills. Studies in
fuels-related areas have proven to offer excellent
training in ChE and, conversely, application of
ChE skills to these problems has been extremely
effective in advancing the science and technology
of this important area.

Before World War II, research and instruc-
tion focussed on the physical aspects of combus-
tion including pioneering studies of diffusion
flame droplet combustion, atomization and radia-
tive heat transfer. During and after World War
II, development of the gas turbine and ramjet
called for major advances in understanding of
high-output combustion systems. Application of
reaction engineering principles to these problems
of combustion system stability and output did
much to accelerate development and to establish

understanding of the relative roles of fluid me-
chanics and kinetics in these systems.

More recently, the environmental impact of
steadily increasing fuel use and the growing need
to turn from use of petroleum to other resources
such as coal, oil shale and biomass has focussed
attention on understanding and control of by-
products such as nitric oxide, soot, submicron in-
organic particulates and polynuclear aromatics as
well as the processes of pyrolysis and char burn-
out encountered when burning solid fuels. This
has necessitated detailed studies of kinetics of
pyrolysis of solid and liquid fuels, heterogeneous
reactions and gas phase chain reactions.

Research and instruction in these areas has
recently been greatly augmented by formation of
the M.I.T. Energy Laboratory—a multidisciplin-
ary center which focusses on a broad spectrum of
energy-related problems and which undertakes
large integrated programs which would ordinarily
be beyond the scope of an academic department.
Examples of such programs are: a large effort in
coal burning MHD systems, a major modeling
study of fluidized bed combustion, and construc-
tion and operation of pilot plant-size facilities for
study of combustion of coal and synthetic fuels.
There is substantial faculty and student involve-
ment in these programs, greatly increasing the
scope of instruction and research and the contact
with other engineering and science disciplines.

COURSE AND DEGREE OFFERINGS

PECIAL TRAINING IN the combustion and pro-
duction of fuels in the Chemical Engineering
Department is considered to be an extension of
the core ChE skills. Consequently, this program
is closely interwoven into the ChE curriculum.

While the separation and catalytic processes involved in manufacture

of useful fuels from petroleum and coal are a standard part of the normal ChE

curriculum, the M.L.T. program has been somewhat unusual in its additional focus on the
science and engineering problems involved in the combustion of fuels and

in their high temperature thermal processing.
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Special courses offered include:
COURSE & TYPICAL TEXT

Energy Technology, Hottel and Howard, “New Energy
Technology,” plus notes.

Principles of Combustion, Beér and Chigier, “Combustion
Aerodynamics,” plus notes.

Radiative Transfer, Hottel and Sarofim, “Radiative
Transfer”

Seminar on Fuel Conversion and Utilization

Coal Science and Technology, Notes (planned)

Undergraduate Research; B.S. Thesis; M.S. Thesis; Doc-

toral Thesis; Post Doctoral Research

Principles of Combustion offers training in the
basic concepts and applications of combustion, in-
cluding ignition and flame propagation, turbulent
flames, flame stabilization, flame chemistry, pollu-
tant formation and control, pulverized coal com-
bustion and fluidized bed combustion of coal. This
course offers the basis for specialized study and
research in a chosen aspect of combustion and also
offers the basis for dealing with the energy con-
version problems encountered in chemical engi-
neering practice.

The course in radiative transfer offers inten-
sive training dealing with the high temperature
heat transfer characteristics of surfaces, gases,
and particle clouds. Analytical approaches are
combined with empirical techniques to produce
approximations of engineering utility.

Energy Technology offers a broad study of
energy and energy conversion systems. Considera-
tion is given to energy supply/demand patterns,
and economic and environmental problems asso-
ciated with energy production and consumption.
The technology of conversion of raw fossil fuels
to clean gaseous and liquid fuels and use of both
nuclear and solar energy sources are studied.
Efficiency, cost and environmental effects are
used to place these various facets of energy into a
consistent framework. Emphasis is placed on
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techniques for gaining perspective and of com-
paring the merits of various energy alternatives.

The weekly Seminar in Fuel Conversion and
Utilization offers the opportunity for participants
in this program to present a discussion of their
ongoing research or results of special studies in
which they may be engaged. Guest speakers round
out the program by bringing in current results
and viewpoints from outside the group. Two new
courses are also planned on coal science and tech-

Research is a major component
of the fuels program, with a wide variety
of opportunities by students at all levels. . . .

nology and on experimental techniques in com-
bustion which will take advantage of the extensive
experimental facilities available at M.I.T.

RESEARCH

RESEARCH IS A MAJOR component of the fuels

program, with a wide variety of opportunities
for participation by students at all levels from
undergraduate research through a masters degree
program, a doctoral program and a substantial
post doctoral and visiting scientist program.
Areas of current active interest are:

Pyrolysis—Profs. Howard, Longwell, Virk and
Sarofim. ‘

Pyrolysis (decomposition by heating) is a
basic process that occurs in fossil fuel gasifica-
tion, liquefaction and combustion. Yields and com-
position of liquids and gas can vary widely de-
pending on the manner in which the reaction is
carried out. These processes have great potential
for optimizing future use of fossil fuels and offer
many opportunities for contributions from re-
search. Research is currently active on:
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® Basic kinetics and diffusional effects in coal and biomass
pyrolysis, including effects of hydrogen pressure.

® Composition and post-pyrolysis reactions of coal and
biomass pyrolysis liquids.

® Catalytic effects of mineral matter in pyrolysis and
hydropyrolysis.

® Effects of CO, and H,S acceptors on composition of
pyrolysis liquids and gas.

® Partition of fuel nitrogen between the solid liquid and
gaseous products in high temperature.

e Hydrogen transfer reactions in coal liquefaction.

® Pyrolysis product distribution in liquid hydrocarbon
fuels.

Combustion Generated Pollutants—Profs. Beér,
Elliot, Georgakis, Hites, Howard, Longwell, Saro-
fim, Thilly, and Williams.

Studies of the mechanism of formation and
methods of control are an increasingly important
element of combustion research. Significant pro-
gress is required because of the combination of
increasingly stringent control of emissions and
the increasing use of “dirty” fuels such as coal
and liquids produced from coal and shale. Current
research programs include:

® The flame chemistry of fixed nitrogen compounds under
rich mixture conditions.

e Nitric oxide formation and destruction in droplet com-
bustion.

e Nitric oxide formation and destruction in fluidized-bed
combustion of coal.

® Reduction of pollutant emission from turbulent diffusion
flames with strong swirl.

® Chemistry and physics of soot and polynuclear aromatic
formation and destruction in idealized and in practical
combustion systems.

® Composition and mutagenicity of combustion-generated
polynuclear aromaties.

® Chemistry and thermodynamics of formation and in-
halation toxicology of submicron inorganic particulates
in high temperature coal combustion.

® Rate of reaction of H,S and SO, with calcined dolomite.

Combustion Systems—Profs. Beér, Georgakis,
Longwell, Williams and Sarofim.

Combustion systems combine the chemistry of
combustion with fluid mechanics to generate one
of the most fascinating and important areas of
reaction engineering. In practical equipment the
flow is generally turbulent, with a sufficiently
large scale to strongly favor working with large
equipment so that the scaling problem involving
reactive and radiating turbulent flows is mini-

Combustion systems combine the

chemistry of combustion with fluid mechanics to
generate one of the most fascinating and important
areas of reaction engineering.
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mized. The M.IT. fuels research program is
fortunate in having a fully instrumented mega-
watt (4 ft x 4 ft cross section) furnace suitable
for studies of combustion of a wide variety of
liquid and solid fuels and also a 2 ft x 2 ft cross
section fluidized bed combustor as well as systems
suitable for studying gas turbine combustion
under pressurized conditions. Active programs in-
clude:

® An extensive study of modeling of fluidized bed com-
bustors in cooperation with the Energy Laboratory.

® Theoretical and experimental studies of NO, formation
and destruction reactions in fluidized bed combustion.

® Experimental studies of nitric oxide reactions in the
freeboard zone above a fluidized bed.

® Combustion of coal-oil slurries.

@ Soot and polynuclear aromatic formation with coal and

- shale liquids.

® Assessment of pollutant formation potential of ad-
vanced power generation cycles. (In cooperation with
the Energy Laboratory).

® Fluid mechanic and fuel effects on soot formation in
gas turbine combustors.

Undergraduate participation in fuels research
is through the undergraduate Research Oppor-
tunities Program (UROP) which can be taken for
credit or pay. A limited number of paid summer
positions are also available. The bachelors thesis
is optional and is credited toward laboratory
course requirements during the senior year. Re-
search may be independent or may be carried out
in collaboration with graduate students working
toward more advanced degrees.

Graduate work offers a variety of opportuni-
ties for students with a strong training in chemis-
try and/or engineering science. Through an in-
tensive combination of course work and research,
beginning in the spring term and continuing
through summer, the requirements for a M.S. de-
gree can be completed in one calendar year, offer-
ing an excellent background for an industrial
career or for continuation in a doctoral program.
Candidates for the doctor’s degree must pass a
qualifying examination covering the core ChE
subjects as well as demonstrate the ability to
carry out a major individual research program.

Overall, the M.I.T. fossil fuels program in ChE
offers excellent training for addressing many of
the pressing energy-related problems facing
future engineers. Opportunities for contribution
in this area are increasing rapidly and graduates
from these programs are found in teaching, in-
dustrial research, operations and management
positions and in many government activities. O
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