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Preface

The papers contained in this Theme Issue are based on a selection of contributions
made at the EUROMECH 384 Colloquium on Steady and Unsteady Separated Flows,
held in Manchester in July 1998. The purpose of the meeting was to bring together
experimentalists, theoreticians and computationalists, to enhance the development
and understanding of all aspects of steady and unsteady separated flows. These are
important both from the fundamental and practical points of view, because such flow
phenomena often affect entire flow fields and the aerodynamic forces acting on bodies
in these flows. A wide range of aspects of flow separation was addressed, including
steady and unsteady flows, two- and three-dimensional flows, laminar and turbu-
lent, small- and large-scale, incompressible and compressible, external and internal,
boundary layers and shear layers, stall and bubbles; a number of the participants
were also interested in stability/transition effects, since much of the flow physics is
inherently connected with the separation process. The articles selected reflect the
interdisciplinary and broad spectrum of issues addressed at the meeting.

The previous major international meeting dedicated to flow separation was the
IUTAM symposium in Novosibirsk in 1990, and therefore it is some years since a
proceedings devoted to the topic has been published, in which time there have been
a number of important developments. Also, appropriately, 1998 marked the 50th
anniversary of the landmark paper by Sydney Goldstein on the nature of the singu-
larity encountered in many boundary-layer solutions at the point of flow separation.

Sir James Lighthill, FRS, was an invited keynote speaker at the colloquium, but
tragically died just a few days after the meeting. As usual, Sir James played a full
and active role at the meeting, sitting at the front of the meeting room, interjecting
with decisive questions. Sir James had agreed to prepare a manuscript, based on his
presentation, and, indeed, had started preparation of his paper prior to his death.
We are indebted to Professor Frank Smith for generously completing Sir James’s
contribution. Additionally, Sir James’s presentational transparencies were legendary:
full of colour and packed with information, with every square inch fully utilized.
Again, thanks to Frank Smith we are able to reproduce these in this Theme Issue. The
assistance of the Lighthill family is also very gratefully acknowledged. We dedicate
this issue to the memory of Sir James Lighthill.

P. W. Duck
A. 1. RuBAN
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Sir James Lighthill’s transparencies
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Reprinted without change of pagination from the
Proceedings of the Royal Society, A, volume 217, p. 344, 1953

On boundary layers and upstream influence.
I. A comparison between subsonic and supersonic flows

By M. J. LigrTHILL*

Department of Mathematics, University of Manchester
(Communicated by M. H. A. Newman, F.R.S.—Received 25 October 1952)

It is pointed out that there are two separate i for ur gh the
boundary layer in supersonic flow, and that one of these (that involving separation) operates
also in subsonic flow. A quantitative theory of subsonic flow up & step is given to illustrate
this. The main di ¥ the subsonic and sup ic flows are as follows:

(i) The boundaries of dead-air regions are nearly straight in supersonic flow but are usually
highly curved in subsonic flow.

(ii) Separation (whether of the laminar or turbulent layer) occurs at a much lower
pressure coefficient in supersonic flow; this is only slightly due to the fact that the fluid
nearest the wall is then lighter and 80 more easily brought to rest; it is due much more to the
relative suddenness of the pressure rise ahead of the dead-air region.

(i) However, for a given pressure coefficient in the dead-sir rogion, the distance of
upstream influence is somewhat groater in the subsonic flow, except at the highest pressures.

A quelitative discussion of the second mechanism of upstream infl in sup ic flow,
is given; for a quantitative theory of this soo part II (Lighthill 1953).

THE ROYAL
SOCIETY

1. INTRODUCTION: MECHANISMS OF UPSTREAM INFLUENCE

In the well-known inviscid theory of supersonic flow, a disturbance at & point can
have an upstream influence only if it is so strongly compressive as to reduce the
local fluid speed below that of sound. But it is now many years since Ferri (1939)
found that disturbances can have an upstream influence, through the agenoy of the
boundary layer, when on the inviscid theory they would have none.

Now that a large body of experimental evidence is available (Liepmann x%@; (,ALTE ‘E‘

-~

Liepmann, Ashkenas & Cole 1947; Liepmann, Roshko & Dhawan 1949; Ackeret, ZURICH
NPL TFeldmann & Rott 1946; Fage & Sargent 1947; Barry, Shapiro & Neumann 1950; ™MIT
Holder & North 19c0; Gadd & Holder 1952; Bardsley & Mair 1951; Mair 1952; MAN (HECTIR
PRINC ETON Bogdonoff & Solarski 1951; Johannesen 1932), and that considerable effort has
been put into working out the consequences of various theories on the subject
(Oswatitsch & Wieghardt 1941; Howarth 1948; Lees 1949; Lees & Crocco 1952; EBRISTOL
Tsien & Finston 1949; Lighthill 1950; Robinson 1950; Stewartson 1951 ; Kuo 1951), QORNE LL
it has become clear that two separate mechanisms exist, by means of which the
boundary layer acts to transmit the influence of a disturbance upstream. These are
as follows:
(i) (Oswatitsch & Wieghardt 1941.) A disturbance leading to & positive pressure
gradient causes the boundary layer to thicken; similarly, one leading to a negative
gradient causes it to thin. In either case it must begin to curve slightly upstream,
and this curvature itself produces (as the simple linear two-dimensional theory of
supersonic flow makes plain) a pressure gradient in the same sense slightly upstream.
* Elected F.R.S. on 19 March 1953.
[ 344 ]
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