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Biomedical Engineering Principles: An Introduc-
tion to Fluid, Heat and Mass Transport Process
(Biomedical Engineering and Instrumentation
Volume 2)

by David O. Cooney
Marcel Dekker, Inc., 448 pp., $36.50.

Reviewed by E. F. Leonard, Columbia University

The cover of this new text calls it “a funda-
mentally unique introductory textbook in bio-
medical engineering” (sic), and claims for its
clientele students of biomedical and chemical
engineering, physiology, internal medicine and
medical instrumentation. Its author is a professor
of chemical engineering and, as I shall discuss
further below, there is considerable interest in
teaching material for the phenomenal number of
chemical engineering students with biomedical
interests. The book will be reviewed here from this
perspective.

Prof. Cooney’s book can be considered to have
three parts: (1) a selection of quantitative in-
formation about human structure and function as
developed by physiologists and other biological
scientists, apparently intended to be complete
enough that no prior acquaintance with biology
is needed to follow the rest of the text, (2) treat-
ment of the biomedical “fluid, heat, and mass
transport processes” (quote from the text’s sub-
title) selected by the author: blood rheology and
the mechanics of blood circulation; internal and
external heat transfer; drug and indicator distri-
butions; and solvent and solute transport across
cell walls and (3) consideration of current under-
standing of transport processes in the natural
kidney followed by analysis of various artificial

CORRECTION

In the paper “Thermodynamic Heresies” by
M. V. Sussman published in the Winter 1978 issue
of CEE, the superscript °© was omitted from the
free energy change AGi.ction and AG, in the first
three paragraphs of Heresy II page 35. In the last
sentence on page 35, the word “than” should be in-
serted between “less” and ‘“that.” Also RdV in
mid-page 36 should be PdV. CEE regrets these
errors even though they were probably obvious to
most of our erudite readers.
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kidneys, then, in the same manner, natural and
artificial heart-lung circuits. Each chapter of the
text contains about 6 problems (with answers)
plus a few discussion questions. (A solution
manual for the problems is available to instruc-
tors.) The problems generally corroborate what
is in the text, occasionally offering minor exten-
sions; the problem statements often include
comments about the credibility of the numerical
answer.

Thus this book represents a sincere and largely
successful effort to make available a text in this
area. Its claim to uniqueness is largely justified:
Lightfoot’s book is brilliant but uneven and more
in the form of a monograph. Seagrave’s important
early effort is very elementary, limited both in
scope and in ability to be interfaced with other
courses. Middleman’s book is the journee of a fine
mind in a new territory, forming sound judg-
ments but lacking detail and exercises needed by
the immature student. Prof. Cooney’s prose is
clear and unpretentious; his development is care-
ful and generally well-sequenced. While no
biological background seems to be required, ele-
mentary fluid mechanics and either physical
chemistry or chemical thermodynamics in addi-
tion to the usual engineering mathematics seems
to be necessary. The text shows care in proof-
reading and assembly. Reference citations are
complete and the index has been carefully con-
structed. The book is well outlined in its intro-
duction and has a detailed table of contents.
Thus the book is the best currently available text
for undergraduate, and perhaps for beginning
graduate, students in chemical engineering who
have biomedical interests.

In my judgment this text does have serious
faults, some particular and technical, others of a
more general nature touching on fundamental
questions about biomedical and chemical engineer-
ing. The first chapter of the book takes up a
formidable task: summarizing the history and
accumulated knowledge of 400 years of medical
research. The response seems inadequate; what
is significant for engineers and the developing
specialty of biomedical engineering in the history
and achievement of medicine might have been
emphasized, and an effort to make particular
points might have been mounted, but the absence
of a relevantly critical attitude gets the text off
Continued on page 73.
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logs and correspondence with faculty. That pro-
cess should just about bury ranking of schools, and
that might be too bad because there may be some
element of truth in what Professor Griskey is
trying to do.

COMMENTS BY J. J. MARTIN
University of Michigan
Ann Arbor, Michigan 48109

There are many ways of ranking engineering
departments. Dick Griskey has chosen to rank
them on the basis of GRPI (Graduate and Re-
search Productivity Index).

Since this is not the only basis, for one could
well consider professional activities, consulting,
government committees, undergraduate programs,
and the like, it is necessary that his particular
approach be identified early or it may be mis-
leading. I would support publication of his paper
if the title had the particular qualification of the
basis of ranking by GRPI. Thus in the Introduc-
tion there should be some discussion of the total
departments’ activities so that the reader can see

the narrower basis of Dick’s technique of rank-
ing. With these changes I recommend you publish
his paper.

COMMENTS BY DAVID HANSEN
Rensselaer Polytechnic Institute
Troy, New York 12181

I believe the manuscript ‘“Ranking Chemical
Engineering Departments Part Two” should be
published as a natural follow-up to Part One. I
expect it will be even more controversial and if
there is ever a further sequel you should consider
more carefully the value of continuing to publish
this type of material. The summary statistics are
useful. Personally, I believe the rankings are
meaningless.

COMMENTS BY J. W. WESTWATER
University of Illinois
Urbana, Illinois 61801

This is an interesting study and should be
published.
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Continued from page 55.

to a weak and pedantic beginning. However, the
book’s greatest lack seems to me to be the absence
of a precise pedagogical goal. The subject area is
clear, but what is being taught about the area is
not. For example, large amounts of information
are presented in early parts of the book with
only suggestions about how the information might
be used. The review of blood rheology is not used
to teach principles (cf. Bird et. al. Transport
Phenomena) nor does it lead to clear design-style
recommendations about when account must be
taken of the various phenomena that are con-
sidered. (Incidentally use of the Magnus phenome-
non to explain axial accumulation of erythrocytes
is incorrect; the particle Reynolds numbers are
too small.) The general utility of the information
developed on circulatory dynamics is not es-
tablished ; a qualitative, and to me simplistic, dis-
cussion about how and where aneurysms develop
is given. The fifteen percent of the text dealing
with the human thermal system is very detailed
in its treatment of previous work in physiological

heat transfer but is unclear in its pedagogical

intent. The subject has not received and does not
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seem to deserve as large a role as it has in this
book. The chapter on compartmental analysis is
clearly written and contains much useful informa-
tion; but still it does not, in my judgment, spend
enough time on principles (e.g. the work of
Danckwerts, Zierler, Shinnar, Berman) nor de-
velop general techniques for model building, nor
give an adequate appreciation of the wide applica-
tion of compartmental models in modern bio-
science. The step from lumped to distributed
models is taken with very little specific recogni-
tion of the profound physical and mathematical
differences involved. One of the most important
practical aspects of compartmental analysis, the
requirements that a tracer must meet, is not dis-
cussed.

The development of the theory of elementary
transmembrane transport for substance passively
transported down an electro-chemical gradient is
very lucid (although its applicability to situations
where active transport is also present should be
explained) but the importance of the results is
discussed neither from a physiological or engi-
neering viewpoint. The treatment of renal trans-
port mechanisms is also lucid (but incomplete
especially with respect to the important counter-
current multiplier mechanism for urine concentra-
Continued on page 91.
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TABLE 7. Duration of Courses for Academic Year 1976-77 (No. = 42).

Contact Undergraduate Courses Postgraduate Courses
Hours Total (%) Lecture (%) Lab (%) Total (%) Lecture (%) Lab (%)
11-20 6.8 6.3 0.5 5.5 5.5 —
21-30 114 10.7 0.7 27.8 27.5 0.3
31-40 13.8 9.3 4.5 14.5 10.7 3.8
41-50 104 6.2 4.2 4.3 2.6 1.7
51-60 9.5 8.4 1.1 20.7 19.9 0.8
61-70 3.7 2.8 0.9 17.8 16.1 LY
71-80 4.3 4.3 — 6.2 6.2 —_
81-90 4.9 4.9 — _ — —_
101-110 5.6 5.6 —_ —_ —_ —_
121-130 6.5 6.5 —_ —_ —_ —
131-140 7.1 4.5 2.6 —_ —_ —
141-150 7.8 3.9 3.9 3.2 3.2 —_
151-160 8.2 6.9 1.3 —_ — —_
% Total 100 80.3 19.7 100 91.7 83
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Continued from page 73.

tion). Far too little is said of the difficulty of
experimentation in this field or of the problems
of developing models that can be confirmed by
experiment.

The immediately following chapter defines the
mass transfer problem involved in treating kidney
failure. It defines the problem, describes the solu-
tions proposed, and summarizes the mass transfer
analyses usually applied to the artificial kidney. It
is not written from the viewpoint of design or
synthesis and does not touch on contemporary
problems of analysis (‘“controlling” solutes; solute
redistribution from cells to plasma during dialyzer
transit; maldistribution of flow). The final two
chapters deal with transport of respiratory gases
first in the natural lung and then in heart-lung
devices. The treatment of oxygen transport is
thorough and reasonably clear; the treatment of
carbon dioxide transport ignores all of the com-
plexities of distribution among chemical species
and between plasma and cells, and represents a
lost opportunity to give a meaningful and
sophisticated example of transport across -cell
walls. The treatment of artificial lung devices de-
scribes, very succinctly, the principal simplifica-
tions used to analyze these systems but again
stops short of a design approach.

My uneasiness about this presently best text
is, in short, that it is not what I think of as an
engineering text. It consistently deals with
material without a clear sense of purpose. It does
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not show well enough how judgment enters into
defining a problem, choosing a method to solve it,
and analyzing the import of the solution. The book
is a microcosm of a serious problem facing
chemical engineering education : how and for what
kind of career we are educating the growing
fraction of students in our departments for whom
the area represented by this book is their first
career preference. There are possible answers:
Chemical engineering has served over many years
as a premedical program for some. There is a
small but growing artificial organs industry. The
diverse medical devices industry needs larger
numbers of engineers, some of them chemical.
Paramedical careers involving work with phy-
sicians to perform complex diagnoses and deliver
sophisticated therapy, are being defined. Un-
fortunately none of these areas is well addressed
in the present book. I think we lose our funda-
mental reason for being when we do not teach
the practice of engineering and the engineering
approach in our courses.

A necessary, unhappy word about the produc-
tion and pricing of this text: Each page is a
photograph of an 814" x 11” page, typewritten,
double spaced. Its 458 numbered pages each con-
tain some 300 words per page, about 2/3 that
of a conventionally typeset page. A hardcover
binding finished in plastic-coated paper has been
used ; my copy showed signs of serious wear after
a few days of use. At $36.50 this indifferently
bound book costs 12 cents per equivalent page,
surely an unenviable record for a textbook. [
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