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Airfoil Design and Data

Richard Eppler, Springer-Verlag, New York, 562 pp., $69.00.

This book, along with an extensive catalog of airfoil
design solutions, is essentially a user’s manual for an
incompressible potential flow code. Discussion of com-
plex potential theory is limited to the use of the code
itself. Eppler assumes that the user is already quite fluent
with the theory. The book offers some very useful infor-
mation and insight on boundary layer behavior and its
influence on airfoil design, particularly in the low Rey-
nolds number flight regime, although examples of corre-
lation with experimental results are limited and include
only Eppler airfoils.

Modern aitfoil design and analysis has moved beyond
the restrictions of incompressible potential flow. Tran-
sonic flows with viscous interaction are the current norm.
This capability has become essential, even in the low
Reynolds number flight regime. Although the cruise
Mach number may be 0.4 or lower, requirements for high
design lift coefficients often imply transonic regions. Also,
the omnipresent laminar separation bubble at low Rey-

nolds numbers must be carefully analyzed. The Eppler
code predicts the bubble and issues a “bubble warning”
with no adjustment in the airfoil performance, whereas
the MIT ISIS code (which uses an Euler solver with
viscous interaction) predicts the bubble and calculates the
airfoil pressure distribution and drag with the bubble pre-
sent. It would have been informative to show compari-
sons of the predictions between the Eppler code and a
code such as ISIS using wind tunnel data to give a
representative array of airfoils and flow conditions. This
would provide the potential user with a firmer basis for
selecting and applying an airfoil design and analysis
method.

. The book presents a summary of the experiences and
thoughts of a pioneering and successful airfoil designer. It
is an important addition to the low-speed airplane de-
signer’s library. ,

R. H. Liebeck
McDonnell Douglas Corporation

Bifurcations in Flow Patterns—Some Applications of the Qualiiative Th’eoi’y of
Differential Equations in Fluid Dynamics
P. G. Bakker, Kluwer Academic, 1991, 209 pp., $72.00.

A topological approach to fluid flows has much to
recommend it. As Leonardo da Vinci realized, a good
qualitative sketch of the connectivity of streamlines will
provide a physically useful picture of the overall flow and
will focus attention on significant propetties of the flow
field that might otherwise escape discussion. The topol-
ogy of flow addresses such questions as the following: Is
there a closed streamline that traps fluid in a certain
region of the flow? What is the nature of some point of
separation on a rigid body? What happens in general to a
given flow pattern as one changes a certain flow parame-
ter? And so on. It is natural that such questions have been
asked for some time, and that the answers invoke a
distinct type of analysis.

This analysis is local in the sense that it makes use of
expansions, typically power series, that have a finite ra-
dius of convergence about some point in the flow. Using

such expansions, the consequences of the dynamical

equations and the boundary conditions are imposed.
This leads to a number of relations between the coeffi-
cients appearing in the expansions. Nevertheless, many
coefficients remain undetermined, and the basic goal of
the theory is to classify possible flow patterns in terms of
these coefficients as they vary over their respective al-
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lowed ranges. If one simply expands about an arbitrary
point in the flow, the degeneracy of the problem is so
great that almost nothing of consequence can be said.
However, if one expands about a special point, such as a
stagnation point or a point of separation—a singular point
in the terminology of dynamical systems—then the addi-
tional physical properties of the expansion point lead to
important relations between the coefficients, and to pre-
dictions about the flow behavior in the vicinity.

This kind of analysis was applied to viscous flow over a
rigid surface in the mid-1950s by Oswatitsch and Legen-
dre with distinct aerodynamic applications in mind. Most
readers will be aware of the elegant synopsis of the theory
by Lighthill in the well-known volume on laminar
boundary layers edited by Rosenhead.

The topological theory under discussion fits into the
general framework of what is known as the qualitative
theory of differential equations, in particular so-called
center manifold theory, and the notions of bifurcation
and unfolding. This mathematical apparatus was devel-
oped in the 1950s and 1960s, and thus requires a mod-
ern exposition to bring it in contact with the less system-
atic methods of the early “flow topologists.” Bakker’s text
attempts to fill this need. Based on work that he and his
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students have done in recent years he presents three
chapters, each essentially a review article, with the fol-
lowing titles: I. Some Elements of the Qualitative Theory
of Differential Equations; II. Topology of Conical Flow
Patterns; and III. Topological Aspects of Steady Viscous
Flows Near Plane Walls. Of these, Chapters [ and III
probably will have the broadest appeal. Chapter Il seems
to be a somewhat specialized exercise.

There are several things to like about the book, but it is

difficult to be entirely enthusiastic. On the positive side,
the exposition is systematic and (to the extent [ have had
occasion to check it} sound. As a practical guide to how
one does this kind of thing—the presentation of the “ma-
chinery” of flow topology—the book is very useful. On
the negative side, the book has been produced in cam-
era-ready form, presumably by the author, and has not
had the benefit of a good editor. The English is frequently
awkward, on occasion resulting in sentences that are

ambiguous or unintelligible. The format, such as indenta-

tions, line-skips, and references, is not consistent. There
are numerous typographical errors, one of the more
amusing being that the running title for all of Chapter 1
reads “The Quality Theory of Differential Equations” [my
italics)! The author seems to have been given less than
adequate support from the publisher on these logistical
points.

More serious criticisms regarding content are that the
discussion often seems to go on forever, with every possi-
ble mathematical case being listed, but without sufficient
discussion of the physics that will decide which of the
many possible choices ultimately deserves our attention.
Surprising and disappointing is the total lack of reference
to Lighthill’s classic exposition and to the significant work
done using these methods by U. Dallmann, A. E. Perry,
and others in recent years. Such omissions seem unfor-
givable in a monograph.

Overall, the book accomplishes the handiwork that it
sets out to do in a competent manner. As an authoritative
reference, or as a book that will lure people to the field of
flow topology, it fails in my opinion. For a first introduc-
tion I would steer a student or colleague to review papers
by Tobak and Peake (“Topology of Three-Dimensional
Separated Flows,” Annual Review of Fluid Mechanics,
Vol. 14, 1982, pp. 61-85), Perry and Chong {“A De-
scription of Eddying Motions and Flow Patterns Using
Critical-Point Concepts,” Annual Review of Fluid Me-
chanics, Vol. 19, 1987, pp. 123-155}, or to any of
several articles in the volume edited by Moffatt and Tsi-
nober (Topological Fluid Mechanics, Cambridge Univ.
Press, 1990).

Hassan Aref
University of California, San Diego



