MATHEMATISCHES FORSCHUNGSINSTITUT OBERWOLFACH
Tagungsbericht 10/1974

EUROMECH COLLOQUIUM 46
Investigations of the Stability of Boundary Layers

4.3. bis 8.3.1974

‘ The European Mechanics Colloquium 46 was held at the Mathema-
tisches Forschungsinstitut in Oberwolfach (Black Forest) under
the joint chairmanship of Prof.Dr.R.Eppler and Prof.Dr.F.X.
Wortmann of the University of Stuttgart.

The colloquium was attended by 47 researchers from nine
countries: Denmark (1), France (6), Germany (20), The Nether—:
lands (3), Norway (2), Sweden (1), Switzerland (1), United
Kingdom (8), U.S.A. (5). ’

-Altogether 29 papers including one survey lecture were pre-
sented in five morning and three afternoon sessions. Wednesday
afternoon was reserved for an excursion to the Black Forest
Museum in Hausach. The Friday afternoon session was reserved
for a general discussion. The morning sessions usually lasted
three hours without a break and the afternoon sessions were
from 2 p.m. until 6 p.m. with a coffee or tea break in bet-
ween. The presentations were approximately 20 to 40 minutes
and there was adequate time for thorough discussion of the
. material presented.

The colloquium was divided into three main topics:

1. Stability ‘Theory, 2. Experimental and Empirical Investi-
gations, 3. Free Jets - Free Shear Layers. Of course some
contributions dealt with problems touching more than one of
these topics; therefore the ¢lassification of the papers was
sometimes rather arbitrary.

Most of the contributions (17) were in Stability Theory,
including the survey lecture by Prof.Criminale who gave a
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thorough review on the most recent results in linear stability
theory. The presentations in this field gave evidence that
substantial progress has been made in recent years and is
presently being made.

Eight papers were included in the second topic, Experimental
and Empirical Investigations, all of which aroused considerable
interest. The experimentalitechniques to investigate phenomena
involved in laminar-turbulent transition seem to have become

rather sophisticated. However it was also demonstrated that .
sometimes impressive results can be obtained with relatively
simple experimental arrangements.

Five contributions dealt with the third topic, Free Jets -
Free Shear Layers.

The colloquium was concluded with a general discussion on
Friday afternoon. There, the many new ideas and the progress
that became evident during the colloquium were discussed and
evaluated.

The following conclusions can be stated:

1. There is considerable progress in stability theory of
boundary layers, mainly in the field of secondary instabi-
lities and in finite difference methods for unstable
boundary layers.

2. Some new results show new points of view for the under-
standing of transition, although there is a long way to
a complete description of this phenomenon.

3. Experimental results suggest, that there is not only one
way to turbulence but many.

4. Free stream disturbances even being very small, are just
as important as the amplification of controlled pertur-
bations.

5. It was adequate to have as a topic only the stability of
poundaty layers. Maybe in a few years a meeting with the
more ambitious topic "Boundary Layer Transition" should be
organized.
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In general most participants agreed that the location and the

facilities of the Mathematisches Forschungsinstitut were very
proper for a colloguium of this type. The rather unique tradi-
tion at the Institute of chénging‘the seating arrangement for
a very meal, the fact that all participants were resident in
the Institute itself and the remote setting of the Institute
in the Black Forest greatly helped to facilitate the develop-
ment of personal contacts and encouraged informal discussions
which usually lasted until late at night.

Participants

F.Bark, Stockhom
D.Bechert, Berlin

B. van den Berg, Amsterdam
H.Bestek, Stuttgart '

. H.Bippes, Freiburg
Bouthier, Paris
C.A.Brebbia, Hampshire
G.J. de Bruin, Enschede

. W.0.Criminale, G&teborg

Dallmann, Porz=-Wahn
A.Davey, Newcastle
H.G.Elrod, London
R.Eppler, Stuttgart
H.M.S.Fasel, Stuttgart
H.Fernholz, Berlin
A.E.Forest, Derby
P.Gougat, Meudon
Ph.Hall, London
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Prof.Dr.Richard Eppler (Stuttgart)

S.Haaland, Trondheim (Norway)
H.Hassler, Freiburg
Th.Herbert, Freiburg
E.H.Hirschel, Porz-Wahn
D.J.R.Houston, Edinburgh
J.L. van Ingen, Delft
G.Iooss, Orsay (France)
R.Jordinson, Edinburgh
R.E.Keily, London

Chr. von Kerczek, Baltimore
P.Krogmann, G&ttingen
H.Klimmerer, Stuttgart
L.M.Mack, Pasadena
F.Martin, Meudon

R.Michel, Toulouse
U.Michel, Berlin
E.Pfizenmaier, Berlin
P.Plaschko, Berlin
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N.Rott, 2iirich H.True, Lyngby (Denmark)
G.S.R.Sarma, Freiburg M.Tveitereid, Oslo
O.Sawatzki, Karlsruhe M.A.Weissmann, London
H.Schlichting,‘Géttingen F.-X.Wortmann, Stuttgart
M.Sibony, Tours J.Zierep, Karlsruhe

S.Smith, Hampshire

Summaries

W.O0.CRIMINALE: Linear stability theory for boundary layers:
A review and assessment of progress

of the stabkility of th: laminar
theoretical basiz was first prescutec. Originalily, it wes
thought that the solutions weculd provide answers for

transition to turbulence. It has taken a gcod many

but it appears that this goal is now almost within
It is significant thét this develcopmenrt has come a!
use of linear theory. The purpose cf this review is to
" trace the fermulation frem this point of view, clear up
one by one the major shortcomings ard di;ficultigs that

have heen encountered, and to provide an outline with the

)]

proper guidlines for treating the problem. The center o
interest is cdirected towar#s the incompressible laminar

boundary layer without pressure gradients, but the salient
results for the compressible case and becundary layeré with

more complexities are also diccussed.
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G.J. DE BRUIN: Stability of a layer of liquid flowing down
an _inclined plane ’

The siability of the floéw dcwn an inclined plahe is studied for small angles
of inclination. The saine problem has besn studied by S.P. Lin, however using
an incorrect boundary condition. The correctly formulated eigenvalue-problem
is- solved by a numerical integration of the Orr-Sommerfeld equation employirg
the orthonormalization technique. It is shown that in the range 3'<2<1° a de-
crease in the critical reynoldsnumber for the hzrd mode, which is a shear wavei
modified by the presence of the free surface. In that range the stability is ‘
still more or ‘less governed by the stability of the soft waveé, which are es-
sentially gravity waves modified by the presence of shear.

The hard mode does exhibit instabilities for large values of « Re only.

For values of 3 < 1' the stability is governed by the hard mode, contradic-
tory to Lin's statements.
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R.JORDINSON, M.GASTER: An 1nvesti§§;ion of a sinqularity in the
eigenvalues of the Orr Sommerfeld equation
for Blasius flow )

The Orr Sommerfeld equation for Blasius mean flow has been solved
for real R and complex values of o and B i.e. assuming that
a small disturbance in the boundary layer is subject to both
spatial and temporal amplification. A square root singularity

has been found in the relationship between o and 8 (at fixed
R) and a brief account of a Fourier method to represent it is
given.




M.A.WEISSMAN , P.M.EAGLES: On the stability of flow in a
’ divergent channel

The "WKB" metho2 has been adapted to study the
stability of diverging channel flow. Waves are found
to pass through an '"unstable' region (actually, a region

of growth} and then decay. In contrast to the familar

theory for parallel flows, the growth rate is shown to
depend on the cress-stream coordinate and upon - the
flow'quantity (i.e. stream function, velocity components,
etc.) wunder consideration. Thus, the 'corrected"

neutral curves are not unique, but in general the "unstable"
region is expanded and the "critical'" Reynclds npmber '

lowered.

H.KUMMERER: Some numerical results on the stability of
~laminar plane boundary layers

Solutions of tne iinear statility equasions

| layers with pressure gracients including ti

1 ' increasing toundary layer thickness nave tzen otitzinred

| ’ by a numerical method for solving Crr-Sommerfeld eigen=
value-problems. For the Elasius flow sizll perturbation-

waves and the energy-excheange netwveen perturtation flow
. and basic flow have bteen considered in mcre cetail. As

2 sice result w2 obtain that the evolution of Tollmien-
Sehlichting-waves can only be described numerically ty

integration of the curmpliete Havier-Stokes-egusaticns;

non well-posed’

eizenvalue-

siiplified

1

problems ol Crz-~Sommer{e
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F.BARK: Some aspects of the wall region of the turbulent

boundary layer

The response of the wall layer in a turbulent shear flow due to
compact sources is discussed. Two-dimensional spectra of the
streanvise fluctuating velocity, Suu(kz,w+) and suu(k;,w+),

at y+ = 15, are computed from the solutions of an inhomogeneous
Orr-Sommerfeld equation. The structure in the normal direction

of the forcing term is taken from conditionally averaged measure-

‘ments of the Reynolds stress during bursting.

Secondary instability of prior to bursting short time averaged
velocity distributions is computed and some ‘analogies with the

laminar-turbulent transition phenomenon are drawm. : ot

Some effects of non Newtcnian fluid properties are discussed. -

On se propose d'approcher la solution u de l'léquation'
du

- qEthus=f , 0<t<T<4o

. B u(o) = ;10

oF

pour f et u, donnés, A étant un opérateur non nétessairement
linéaire.’ ' o o
A 1l'aide d'une méthode de discrétisation dee variabies

d'espace et de temps on se ramdne a la résolution de sysidmes
algébriques non linéaires de la forme

@ i =)+ aouf o (-0 u(E) - o)

pour r = 0, ... , s8-1, O € [%. 1], n _étant le pas de discrétisa-

‘tion d'espace et k le pas de discrétisation de temps.
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Mais vratiquement il est impocsible de déterminer iz -
‘solution exacte Ces systémes (2) : en erfet, si pour réscudre (2)

[y

on utilise une méthode itérative, il faut s'arréter & une itdra-

. . s . . r+
tion m = m(h,k,r+1) et au lieu de la détermination de uﬁ 1)
" . . : . T+ .
obtient une certaine dpproximation u( 1), elle-méme &Ojuv on

approchée par les approximations de 1'étape (r) a'un systeme
‘perturbé de la forme

(3) % u£§+1)‘ ir)),+ Ah(eu£i+1) + (1-86) uir)) = f£§+1)

‘ Ie probldme "naturel" consiste 'alors en la détermins ‘

d'un nombre obfimal n{h,k,r,8) d'itérations nécessaires & 1'inver=
- . sion numérique - des systimes (3) et qui assure a prlorl la conver-

gence de l'ensemble des approximations (dlscré tisations et itéra-

tions sur des systimes perturbés) du problime initial.

Ie plus souvent ce probléme a €ié touché comse ici,
er mére temps que celui de la majoration z-.priori des erreurs

d'approximations.

F.MARTIN, P.GOUGAT: Existence d'un harmonique des instabilités
naturelles dans une couche limite laminaire

_L'étude 2 permis de mettre en évidence un harmonique das instabili-
tés naturelles qui se propagent dans la couche limite laminaire au voisi-
nage d'une paroi déformable.

Nous avons pu caractériser 1'évolution de cette fréquence et nous

pouvens dire qu'elle est due 2 une perturbation venant se greffer sur - les
bouffées instables du fondamental.

I1 est remarquable que, bien que l'énergie de cet Harmonique soit
fonction de 1'amplitude de la défermation de paroi, il n'existe pas d'am-
plitude critique pour son existence.

Par ailleurs, une exploration de la couche limite avec une sonde
2 double film, nous a permis de constater que ce phénom2ne se localise tris
p:éé de la paroi, 12 ol 1la vitesse semble avoir une incidence négative per
rapport a l'horizontale.

Nous avons fait l'hypothese que cet harmonique est dd a la présence
d'un micro-décollement probablement intermittent cue nous n'avons pas encore

pu mettre en évidence.
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BOUTHIER: Stabilité des é&couléements. presq.'[ue‘ ',@rallélés

' On propose une étude de la stablllte 11nea1re et non 11nea1re
des ‘€coulements rluldes presque paralleles (c est a- dlre des
écoulements qui ne sont pas strlctement unidimensionels et qui
présentent des variations sur deux dimensions d'espace - temps
dont le rapport des longeurs caractéristiques est trés grand).
Elle comprend une partie théorique ol l'on utilise essentielle-
ment une méthode de double échelle.On obtient ainsi une équation

. linéaire qui déerit 1'influence du non-parallélisme des lignes

’ de courant sur l'évolution des ondes de Tollmien - Schlichting.

Une &tude séparée est faite pour les écoulements de couche
limite et divers cas particuliers sont traités numériquement
(couche limite de Blasius, &coulement de Jeffery Hamel, etc.).
Enfin on montre qu'il y a découplage entre les interactions
non linéaires (avec évidemment i'approximation faiblement non
lingaire) et les phénoménes engendrés par le non-parallélisme
de 1l'écoulement de pase:

C.A.BREBBIA, S.L.SMITH: Finite element solution of Navier-Stokes
equations for transient two-dimensional

incompressible flow

A method is described for the solution of tramsient, incompressible

. viscoes flow in two dimensions, The dependent variables-stream Eunction

and vorticity - were approximated over each triangular element using

linear interpolation functions. This approximation reduces the

problem to a set of matrix equations whose term involving derivatives

of time is the mass'matrix. The lumping of this matrix together, with

the applicat{on of Rd%e-Kutta integration scheme produces an efficient

method of solution, Once the real values of the stream function are

known the velocities and pressure can be computed.’
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“The method has been checked Byfcomfgfiéon'with known theoretical
results. As an application a“éfudy of fﬁe vortex street deﬁetopment
behind a rectaﬁgﬁlar obstruction is'describéd. The flow has. been
impulsively acceletgtcd to a constant séeed in alchannel of finite

width, The Reynolds number range investigated is between 20 and

100,

by numerical integration of the Navier-Stokes equations

H.FASEL: Stability investigation of laminar boundary layer flows

Stability and transition phenomena of leminar, two-dimensional
incompressible boundary layer flows are investigated by intro-
ducing forced, time-dependent perturbations into the steady
flow field along a semi-infinite flat plete; the reéction of
the flow is then direcily determined by numericel solution of
the unsteady Navier-Stokes equations using an implicit finite
difference method. .

In contrast to the linear stability theory which is 11m1ted to
sinusoidal disturbances of small amplitudes, this approach
contains no restriction in respect to form or intensity of the.
perturbations as long as the calculated flow is physically
meaningful, i. e., essentially two-dimensional. ‘

Stability analysis of laminar boundary layer flows requires
numerical experimentation with Reynolds numbers that are largé
enough to allow physical instability and thus amplification of
the introduced forced disturbances, i.e., Reynolds numbers
larger than the critical Reynolds number. Therefore for the
development of the numerical method special care had to be téken
to avoid oscillations caused by numerical instabilities or by
the built-in boundary conditions; in the unstable region such
oscillations might become amplified just like the physically
meaningful perturbations and thus the results might beconme
distorted. B -
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The main aspects of .the numerical method vwill ‘be described and
some results discussed. for'perio&ic per%urﬁgﬁionélof small
amplitudes the numerical'taléﬂlaki&hs'will be compared with
results of the linear stability theory and measurements of the

experiments by Schubauer and Skramstad or Ross.

G.I00SS, H.TRUE: The nonlinear stability of the stationary
incompressible Ekman—layer

We consider a rotating flow of a viscous incompressible fluid near a plane

boundary. The flow satisfies the Navier-Stokes gquations including the

‘additional Coriolis force term. The boundary layer (Ekman layer) becomes

‘unstable when the Ekman humber increases as linearized stability theory shows.

This corresponds to the fact, that the two conjugated eigenvalues associated
with the most unstable eigenmode of the operator from tﬁe.linea&ized'theory
pass the imaginary axis. It is then proved, that when the boundary layer flow
becomes uns;gblé,.a new stable time-periodic flow developé with period close
to %l.

o

M.TVEITEREID: On the stability of thermally stratified

plane poiseuille flow

The stability éf therhally stratified ﬁlane Poiseuille flow is

" considered with respect to small disturbances.The interaction
between the usual Tollmien-S¢hlichting type of instability and
the thermal type of (in)stability is analysed for various values
of the Prandtl number.The problem is-solvéd as an eigenvalue .
problem.The @ost important features from the results are that
the critical Rayleigh number is found to be nearly linearly
dependent of the Prandtl number;and that a critical Reynolds
number always exists,no matter how great the fluid is stabilized
by a linear temperature profile;

o
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T.HERBERT: Berechnung der Amplitude neutraler Stdrungen
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der Plattengfenzschicht

Die Berechnuhg endlicher Amplituden periodischer Geschwin-

digkeitsschwankungen in der Grenzschicht baut auf der
Methode der Landau-Konstanten auf. Durch Betrachtung der
stationiiren Losunzen der Amplitudengleichung werden bisheri-
ge Linschridnkungen umgangen. Der EinfluB der anwachsenden
Grenzschichtdicke wird in den Gleichungen fiir die mittlere
Geschwindigkeit berlicksichtigt. :

Anhand numerischer Ergebnisse wird die. neutrale Fliche fir
Tollmien-Schlichting-Wellen endlicher Amplitude diskutiert.
Bei dem Versuch, den Gliltigkeitsbereich der ¥rgebnisse ab-
zuschidtzen und auf grofBlere Amplituden auszudehnen, zeigen
sich erneut Grenzen fiir die Anwendbarkeit der Methode der
Landau-Konstanten. Bei einem abschlielBenden Vergleich mit
MeBwerten werden die Aussagen der Theorie weitgehend be-
stitigt.

R.E.KELLY: Instability of the free convection boundary

layer oh an inclined plate

When a heated plate is inclined relative to the .
vertiéal, observations using dye have indicated that
the ffee convection boundary layer can become unstable
in two distinct ways. For angles of inclination less than
14°, two-dimensional waves which travel_in the flow direction
predominaie, whereas for angles greater than 17°,
longitudinal vortices, whose axes are in the flow direction,

predominate the flow pattern.
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~ " A linear stability analysis is presented here in
order to compare theory with experiment. It is found '
that e;ch mode of instability first becomes unstable at

| the same locafion along the plate at an angle of only 4°,

l However, the amplification rates of the unstable travelling
waves are relatively higher. By ca;culating the total
amplification of each disturbance mode from the predicted

. point of onset of instability to the point of observed‘
instability for various angleS‘of inclination, satisfactory
|

correlation between theqry and experiment is obtained.

P.HALL: The effect of modulation on the stability of

viscous fluid flows

In this lecture we deséribe methods which can be used to
determine the stability cﬂaraéteristics of some oscillatory
viscous flows. In particular we discuss the stability of the
flow between concentric cylinders when the outer one is at
rest And the inner one has angular velocity Q°(1+ €COS Wt).
When w  is small we seek a solution by letting € tend to

. zero with e/w fixed. When w is large the Stokes layer
associated with the motion of the inner cylinder is thin .
compared to the separation of the cylinders and it is found
that the disturbance velocity field aiso has a Stokes layer
at the outer cylinder with a central 'inviscid' region between
these layers. We expand in powers of w-! in each region and
'match' where different regions meet. We also describe ho&
non-linear effects modify the solution in each case, and mention

| o
| other problems to which the methods can be applied.
|
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C. VON KERCZEK, S.H.DAVIS: Linear stability theory of
oscillatory Stokes layers

The stability of oscillatory Stokes boundary layers is examined using
two quasi-static linear theories and an integration of the full time- ’
dependent linearized disturbance equations. The quasi-statié'theories

involve the numerical solution of the Orr-Sommerfeld'équation whereas the

‘full time-dependent theory involves a partial differential equation in

space and time whose coefficients are periodic 19 time. The time-dependent

linear theory disturbance equation is reduced, using Galerkin's method, fo
equations,

a system of ordinary diffgrential with time-periodic coefficients. On the

basis of Floquet theory, the eigenvalues of the fundamental matrix of thié

system, which is obtained by.numerical integratiom, détc;mines the stability

or instabilitf of the fléw.

The full theory predicts absolute stability within the investigated
range and.perhaps for all Reynolds numberé.. In fact, the Stokes'layers '
‘are found to be more stable than the motionless state (zero Reynolds number).
The least stable disturbance is found to decay monotonically with time. .
The quasi-static theories predict strong inflexional instabilities. The

failure of the quasi-static theories is discussed. Relevant experimental

work is also discussed and compared with the theoretical predictions.
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H.HASSLER: Experimentelle Untersuchung von Instabilitiits-—
erscheinungen im Staupunktgebiet eines Kreiskegels

Es wurden visuelle Untersuchungen und Hitzdrahtmessungen
im Strémungsfeld eines Kreiskegels bei turbulenter Anstrdmung
in einem kleinen Wasserschleppkanal durchgefihrt.

Im Staupunktgebiet geben beide Untersuchungsmethoden einen
Hinweis auf das Vorkommen von lingswirbelartigen Instabilitdts-~
erscheinungen.

Es lassen sich je nach Modellkonfiguration und Anstrém-
geschwindigkeit die Wellenlingen der lingswirbelartigen
Stérungen feststellen.,Weiterhin werden die Geschwindigkeits-
profile in den verschiedenen radialen Querschnitten des
Kreiskegels und ihre Knderungen mit der Lauflinge untersucht.

J.ZIEREP, O.SAWATZKI: Instabilities on a rotating sphere and
in a gap between two rotating spheres

In the transition region between laminar and turbulent flow on a rotating sphere
vortex lines can be observed. The experiment shows that all vortex lines rotate
in the same direction and are inclined to the streamlines. Investigations, done

in our institute gave an explanation to this phenomena.

Ia the gap between two spheres, with the inner sphere rotating a number of )
different fluid instabilities, all at the some Reynolds number, are observeable.
The abserved flow fields, especially the dev;lopment of the flow configurations
depending on the initial conditions (acceleration of angular velocity) will be
discussed. A survey will be given about the theoretical considerations concerning

- the laminar flow without vorticities.

o®
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Instabilititen auf der rotierenden Kugel und im Spalt zwischen zwei rotierenden

Kugeln

Auf der rotierenden Einzelkuge! treten im Ubergangsgebiet zwischen lominarer und
turbulenter Strsmung gleichsinnig drehende Wirbel auf, deren Achsen schriég zu
den Stromlinien verlaufen. Untersuchungen im hiesigen Institut haben dieses Phiino-

men geklart.

Im Spalt zwischen zwei rotierenden Kugeln sind eine ganze Anzah! verschiedener

Strémungsinstabilitdten méglich. Die zugehsrigen Strsmungsfelder lassen sich ex-

perimentell bei gleicher Reynolds-Zchl realisieren. Die unterschiedlichen Str- .

mungen werden besprochen und ihr Einsetzen in Abhdngigkeit von den Anfangs-
bedingungen (Winkelbeschleunigung) diskutiert. AbschlieBend wird ein Uberblick
Uber die bisher erfolgten theoretischen Betrachtungen gegeben, die den laminaren
Fall ohne Wirbel betrafen.

H.BIPPES: Experimente zur Entstehung von sekundiren

Instabilitdten in Grenzschichten an konkaven
Wénden ' A

Die laminare Grenzschicht an parallel angestrdmten
konkaven Winden wird unter gewissen Bedingungen instabil
gegen gegenlidufig rotierende Wirbelpaare mit Achsen in
Anstrémungsrichtung. Wihrend ihrer Anfachung stromabwirts
nimmt diese Instabilitft, auch Gortler-Wirbel genannt,

eine Schlingelbewegung an, welche sich ebenfalls anfacht. .

Gleichzeitig bildet sich in den instabilen Lingszonen

des gestdrten Strémungsfeldes, wo die Grenzschichtdicke

auf grund der Lingswirbel angewachsen ist, eine sekundire
Instabilitit. Sie zeigt sich durch periodisch auftretende
Konzentrationen der Querwirbelstirke, welche der Lingswirbel-
storung Ulberlagert sind.

" In diesenm Beitrag werden die Ergebnisse einiger
Experimente beschrieben, in welchen die Entstehung dieser
sekundiren Instabilitdt und ihre Wirkung auf den laminar-
turbulenten Umschlag untersucht wurde.

Forschungsgemeinschaft
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F.X.WORTMANN: Sekundire und tertidre Instabilitéten
bei Gdrtler-Wirbeln

There exist a special interest to investigate the details
of the transition process downstream of longitudinal Gortler vor-
tices. Today it 1s well known, that these vortices can develop
an extremly amplifiéd oscillation, which ;éads to turbulence

. within one or two wavelength’ downstream. In an earlier investi-
gation the autor found between the ordinary Gortler vortices and
the oscillating regime a strongly distorted form of the Gortler
vortices, which he considered a second instability mode. In )
contrast Bippes in a recently published work could not observe
this intermediate type of pertubation mode. It is hoped that é
new experimental investigation can clarify this discrepancy.

N.ROTT: Recent observations of instability of oscillating
boundary-layer-flow at the ETH in Ziirich

Experiments gith oscillating boundary layers were carried out
at the ETH by Merkli and Thomann, by use of aif-filled piston-

. driven "resonance tubes". Instability observations were made
by hot-wires and by flow visualization with the help of smoke
addition. A critical Reynolds number based on the thickness

" of the Stokes boundary layer and the velocity amplitude was

found; its magnitude turned out to be éasenfially in aéreement
with earlier observations of similar flows. The character of the
initial instability can be described as a "burst" which occurs
regularly at a certain phase and lasts over a certain fraction
of the flow oscillation.
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E.H.HIRSCHEL: Stability and transition in three-dimensional -

boundary layers - application and evaluation

of existing criteria

Existing stability and transition criteria are applied to numerically calculated
boundary-layer flows on swept wings. The different criteria, and especially their
underlying assumptions are discussed. Although the ur;derstanding of the transition
phenomena in general three-dimensional boundary layers is poor, certain results

can be obtained. The crossflow instability seems to be the dominant mechanism .

in creating turbulence on swept wings.

P.KROGMANN: Ermittlung des Umschlags laminar-turbulent
bei Uberschallgeschwindigkeiten mittels Messung

des 8rtlichen Wiarmeiibergangs

Der Rohrwindkanal (Ludwieg Tube) der DFVLR/AVA Géttingen wird seit
einiger Zeit zu systematischen Messungen des ortlichen Wiarmeiibergangs
an diinnwandigen Modellen eingesetzt. Diese Mefmethode gestattet neben
der Messung des ortlichen Warmeiibergangs auch eine genaue Ermittlung
des laminar-turbulenten Umschlags der Grenzschicht sowie die Ermitt-
lung von Stréomungsablésung, da die Strémung am Modell durch keinerlei
Sonden beeinfluBt wird. . .

An einem spitzen, schlanken Kegel (Halbwinkel Q= 50)' wurde an zehn .
Stellen lings einer Mantellinie der Wiarmeiibergang bei Maw =5 im
REYNOL DSzahlbereich Reoo/cm =1. 105 bis 4,3 - 105 gemessen,
Dabei wurde bei den 'héheren REYNOLDSzahlen natirlicher Umschlag

"der Grenzschicht von laminar zu turbulent festgestellt. Experimentell

ermittelte Umschlags-REYNOLDSzahlen sind von verschiedenen Pa;a-
metern abhingig. Unter anderém wurde von verschiedenen Autoren
eine starke Abhingigkeit von der Anstrém-REYNOLDSzaht ("unit
Reynolds number effect") festgestellt, d. h. mit zunehme¢.ader An-
strom-REYNOLDSzahl wachst auch die Umschlags-REYNOLDSzahl,

o &
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Dies wird in erster Linie auf Stérungen zuriickgefihrt, die von der

turbulenten Grenzschicht an den Diisenwidnden abgestrahit werden.

* Dieim Rohrwindkanal mdglichen Anstrém-REYNOLDSzahlen liegen

betridchtlich liber denen vergleichbarer Windkanite. Die hier er-

. mittelten Umschlags-REYNOL DSzahlen zeigen einen weniger starken

"unit Reynolds number effect”, was die Vermutung nahelegt, dafB

dieser Effekt bei entsprechend hohen Anstrém-REYNOL DSzahlen ver-
schwindet. Der Einflu8 des Anstellwinkels auf die LL.age des Umschlag-
punktes an der Leeseite des Modells wurde fiir verschiedene REYNOLDS-
zahlen im Anstellwinkelbereich o= 0° bis 16° untersucht, und es
wurde eine sehr starke Anstellwinkelabhingigkeit festgestellt. Auferdem
wurden fiir drei Anstellwinkel o= 50, 10° und 15° und konstant ge-

hajtener REYNOLDSzahl die Wéirmeiibergangsverteilunéen auf dem

bKegelumfang gemessen.

A.E.FOREST: Problems of boundary layer stability .on
turbine aerofoils

The purpose of this short paper is to stimulate interest
"in the important problem of predicting the location and

A extent of the laminar-turbuleat transition region of a
turbine aerofoil bcundary layer. Knowledge of the
transition region is vitzl to the s tisfactory prediction
of heat transfer and aerodynamic loss and hence to the
component desigg. The gereral characteristics of the
boundary layer cre reviewed with rarticul-r attention to
those parameters lknown to affect the tra-sition process.
It is shown that the most difficult area is the prediction
of transition in the pressure (concave) surface of the
aerofoil, where the effect of very large accelerztion in
delaying transition is oovposed by the effects of curvature

" and free-streem unsteadiness. The necessity for more
experimental and theoretical work on interactive effects on
boundary layer stzbility is emphasised.
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P.PLASCHKO: Die Stabilitdt eines elektrisch leitenden
Freistrahles im longitudinalen Magnetfeld

Es wurde eine theoretische Untersuchung des Stabilititsver-

haltens eines Fliissigmetall-Freistrahles, umgeben von be-
wegten Gasen, in einem von auBen angelegten parallelen Magnet-
feld durchgefiihrt, Fiir den reibungsfreien Grenzfall werden

die linearisierten Stabilitidtsgleichungen unter Zulassung von
Variationen des Grundprofiles und/oder der Stoffwerte senk-
recht zu den Freistrahlrindern hergeleitet., Mit ihrer Hilfe
gewinnt man exakt die Ubergangsbedingungen an Grenzflichen
zwischen Media differenter Stoffwerte oder Geschwindigkeits-~
profile. Die Rechnuﬁgen wurden fir Tdumliche Anfachungen

eines ebenen Freistrahlers unter Beriicksichtigung des Ein-
flusses beider MHD-Kennzahlen (Wechselwirkungsparameter und
magnetische Reyndldszahl) ausgefiihrt, Im Bereich kleiner
magnetischer Reynoldszahlen ist das induzierte magnetische
.Feld proportional und das Strdmungsfeld unabhingig von die-
sem Parameter, dessen Variation nur von geringem Einflufl

auf das Stabilitétsverhalten'ist. Durch das angelegte Magne.

feld kann der Freistrahl partiell stabilisiert werden, wobei

die Stabilisierungsraten bei Werten der Strouhalzahl bzw,
des Wechselwirkungsparameters von 1 respektive 0,1 in der

GroBenordnung vom 10 Prozent liegen.,

DF Deutsche
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D.BECHERT, E.PFIZENMAIER: Experimental investigations on
instability-waves in a free jet, travelling faster than

the mean jet exit velocity

The phasc velocity of disturbances in a free jet at small
Strouhal-numbers is investigated éxperimcnfally. In different
theoretical investigations Michalke [1] and also Crow and
Champagne [2] have shown the ratio between phase velocity and
mean velocity of the btasic flow to b2 éreater than one in &
specific region of low Strouhal-numbers, not only for  plane
or cylindrical vortex shee'§, but also for an axisymmetric free
jetwith finite ratio betwesn free jet radius znd free boundary
layer thickness. )

Such a region of small Sirouhal-numbers for phasé velocities
greater than the basic.  mean velocity,first time in our
measurenents is proved experimentally and: the charces downstrean
in the mean velocity profile can be shown to influence the
development of phase velocity in an important way.-

[1) Michalke, A. Instabilitit eines kozpressiblen runden
: . ’ ° Freistrahls unter Beriicksichtigung des
Einflusses der Strahlgrenzschichtdicke

Z.Flugwiss. 19 (1971), Heft 8/9
S. 319 - 328 )

[2] Crow, S.C. - Orderly structure in jet turbulence
Champogne, F.H. Boeing Sci. Res.Lab.Doc.
: D1~ 82 - 0991 (1970)
u. J. Fluid Mech. 48 (1971)
pP. 547 -~ 591
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‘with respect to the shear layer a generel solution for the nonstzady .
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D.BECHERT, U.MICHEL: The control of a free shear layer
starting from a semi-infinite plate by a pulsating monopole

or dipole. - Some new analytical solutions obtained from

incompreésible theory

The stability and wave noticn of a free shear larer with extericr
forcing fields and limited rigid boundaries is censidercd. For the

casc of an incompressible medium and for symmetric boundary conditions

shear layer motion is cbtained. The resulting wave motion mzgnitudes
depend on the exterior forcing field only. For the infinite free

shear laycr and Tor a shear layer starting from a semi-infinite rlate
the vave rotion due to the external forcing fields of & ronopsle and

a dipole is investigated. Some new analytical soluticns are givan.

D.J.R.HOUSTON: A numerical study of spatially growing

disturbances in a free shear layer

Using the hyberbolic-tangent velocity profile the
spatial development of disturbances has been investigated.
As a first step, the inviscid linearised stability
equation has been solved for complex wave-numbers and
real frequencies. The matrix iterative method used
gives the eigenvalue and eigenfunctién sinultaneously., .
The results obtained are in excellent agreement with
those of Michalke (1965) who used an entirely different
numerical method.

In the non-linear case the statility problem is
far more difficult. However, by making certain
assumptions about separability, it is possible to
obtain a second order solution which gives the mean
flow distortion as well as the first and second
harmonics of the perturbation.
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