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This is a Dover paperback edition of the book entitled
Hypersonic Flow Theory: Inviscid Flow, published by
Academic Press 38 years ago. This edition is dedicated
to the memory of Wallace D. Hayes (1918-2001). The
earlier (1966) version of this book' was conceived as
the first of a two-volume treatise, to be followed by a
monograph on the corresponding problems of viscous
flows. It would have represented a fuller extension of
a still earlier monograph by the same authors, Hyper-
sonic Flow Theory,? which was the first text addressing
the problem of hypersonic boundary layers and the im-
portance of inviscid—viscous interactions, but the project
was not continued, as explained in the preface to the
present edition. Indeed, research and development in
the high-temperature and rarefied aspects of hypersonic
gasdynamics and heat transfer problems since the 1966
edition have become so huge in volume and diverse in
direction that to write a quality text elucidating the entire
field could be an unrewarding, if not impossible, task.

Whereas the gap in question has been filled in part by
several relatively recent texts and review papers,>~°® the
present volume should be a welcome resource for ana-
lytically inclined newcomers who would like to acquire
some of the fundamental concepts and ideas applica-
ble to hypersonic-flow analyses and design and also to
many seniors in the field, who (like the reviewer him-
self) may be happy to have his own desk copy of Hayes
and Probstein once again. Undoubtedly, both the 1959
and 1966 editions were thoroughly reviewed not long af-
ter their publications; nevertheless, the book’s content,
read from this paperback version in today’s perspective,
can add a valuable historical perspective to the work that
reflects the undertone of research activities during the
dynamic Sputnik-Apollo era.

Of the seven book chapters, Small Disturbance Theory
(Chapter 2) and Thin Shock Layer Theory (Chapter 5)
represent the book’s strength as a monograph on hyper-
sonic flow theory and a work of scholarship in breadth
and depth. Two other chapters are more closely associ-
ated with thin shock layer development, namely, Newto-
nian Theory (Chapter 3) and Constant Density Solutions
(Chapter 4). Chapters 6 and 7 cover the then-current
works on numerical methods for blunt-body flow and
other methods for locally supersonic flows.

Efforts were made throughout the book to make clear
the assumptions in the physical models and of the ap-
proximations used in mathematical analyses. Although
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a formal asymptotic approach to perturbation analy-
ses was not followed throughout, the parametric re-
quirements in distinguishing several important classes
of inviscid hypersonic flows (basic hypersonic, slender
body, strong shock, small density, and linearization) were
emphasized. Additional assumptions, or specializations,
such as the constant-density approximation and the con-
stant stream-tube approximation, were introduced to
make the analyses more amenable to applications and
to help in elucidating certain intricate flowfield behaviors,
to which the thin-shock layer theory cannot readily con-
tribute. In an effort to cover more ground, analyses and
results based on ad hoc assumptions were also included
for comparison studies.

Many fundamental aspects of hypersonic small-
disturbance theory and thin shock-layer theory were
the original contributions by Wallace Hayes. Whereas
excellent definitive analyses of problems in the small-
disturbance and shock-layer flows can be found in
Chernyi’s’ and other earlier texts for plane and axisym-
metric cases, the works in Chapters 2 and 5 treat asym-
metric flows, conical flows, and three-dimensional flows
more generally, carrying out, in some cases, novel ex-
tensions far beyond available results. Noteworthy among
these are an extended analytical treatise on self-similar
solutions in gasdynamics together with their application
to hypersonic slender-body flows, a comprehensive ex-
position of Lighthill’s® ideal dissociating gas model and
nonequilibrium shock-layer flows, the review and exten-
sion of Cole and Brainerd’s shock-layer theory for a
blunt-faced body,’ the elucidation of Freeman’s shock-
layer detachment analysis,'* and a detailed discussion of
the vortical layer on asymmetrical pointed bodies after
Ferri.!

Prominent among the blunt-body calculation meth-
ods and results covered in Chapter 5 are Dorodnitsyn’s
method of integral relations,'? the time-dependent cal-
culations employing equations in conservation form by
Goudunov'? and Lax and Wendroff,'* the inverse method
via complex characteristics applied to Garabedian and
Lieberstein’s work,"> and the inverse approach via ana-
Iytical extension by van Dyke.!® The need for a greater
computation fluid dynamics involvement in hypersonics
is quite evident here.

A great merit in theoretical aerodynamics lies in
the fruitful exploitation of parametric limits, which has
led to powerful aerodynamic concepts in analyses and
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designs, as exemplified in the tradition of Prandtl’s lift-
ing line and boundary layer theories.!” This mode of
research is prevalent throughout Chapters 1-5. The
asymptotic nature of such treatments must, however, ad-
dress the problem of nonuniform validity that may arise,
as is familiar to students of singular-perturbation analy-
ses. Whereas treatments given to the breakdown issues
of the blast-wave analogy, shock-layer detachment and
reattachment, and vortical layer and other singularities
represent the book’s successful treatments of the nonuni-
formity problems, fundamental issues still remain and
may not be considered as being satisfactorily resolved.
Outstanding among these, in this writer’s opinion, is the
theoretical question: To what degree of approximation
can one relate the nose-bluntness effect in a steady hy-
personic (infinite Mach number) flow to the blast-wave
analogy in the (Hayes) small-disturbance theory? This
question was dealt with more directly in the analysis by
Guiraud et al.'®

An erratum on an error in Eq. (2.6.21b) of page 62
and in three equations that follow is added on page xix
of the present edition. It is essential to recognize that
these errors cannot invalidate the self-similar solution sys-
tem on pp. 55-103, except for the unrealistic cases with
cylindrical and spherical symmetry, which involve a finite
impulse given at the origin.

In closing, apart from its value as a classic of high
quality in theoretical aerodynamics, the present paper-
back version should prove to be a handy desk copy to
practitioners in aerodynamics. In reading over the sec-
tion headings and the list of references, senior aero-
dynamicists may find in Hayes and Probstein many
fond memories of those exciting days four decades
ago.
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