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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 (a}, U.S.A. (5).

"Altogether 29 papers including one survey lecture were pre­

"sented in five m~rning and three afternoon sessions. Wednesday

afternoon ~as reserved for an ~xcursion to the Black Forest

Museum in Hausaeh. 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. wit~ 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~olloquium was divided into three main topics:

1. Stability \Theory, 2. Experimental and Empirical Investi­

gations, 3. Free Jets - Free Shear Layers. Of course some

contributlons dealt with problems touching more than one of

these topics; therefore the classification 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 experimental techniques 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 coptributions dealt with the third topiCi 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 d~fference methods for unstable

boundary layers.

2. Some new results show new points of view for the under­

standing of transition, although th~re 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 irnportant as the amplification of controlled pertur­

bations.

5. It was adequate to have as a topic only the stability of

?oundary layers. Maybe in a few years a meetingwith 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 colloquium of this type. The rather unique tradi-
. .

tion at the Institute of changing" the seating arrangement for

a very rneal, the fact that all participants were resident i~

the Institute itself and the rernote setting of the Instit~te

in the Black Forest greatly helped to facilitat~ the develop­

rnent of personal contacts and encouraged informal discussions

~ which usually lasted until late at night.

Prof.Dr.Richard Eppler (Stuttgart)
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H.True, Lyngby (Denmark)

M.Tveitereid, Os10

M.A.Weissrnann, London

F.-X.Wortmann, Stuttgart

J.Zierep, Karlsruhe

W.O.CRIMINALE: Linear stability theory for boundary 1ayers:

A review and assessrnent of progr"e·~s

though"t that the solut.iol"!s \',1ould provide ~:1S~...7ers ::c'::"

transition to turbulence. It has taken a scod ~a~y YC2rs,

but it appears that this goal is now almost wittin Y22Ch.

It .is significant that this develop;:'\ent has cor::e 2.}-;:::U-:: by

US€ of linear theory. The purpose of this ~eview i5 to

trace the formulation fram this point of view, cleur up

one by one the: najor shortcor;-lings ar1d cifficu"l toies that

have been encountEred, and to provide an outli~e with the

proper guidlines for treating thG problem. The ~e~te~ 070

interest i5 directed towards the incoopr0ssible la~inar

boundary layer without pressure gradierits, hut the s~liEnt

resul ts for the cO:!'.presstble CflE"e and bounc.ary layers Ki th

more cornplexities are also di~cussed.
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G.J. DE BRUIN: Stability of a layer of-liquid flowing down

an inclined plane

. .
The ~tability of 1:he flöl'! dc~...n an inclined plane is studiec3 for small angles

of incl inat ion. lhe same probleJ!l has been studied by s. P. Lin, ho,~eyer using

an incorrect bOWldary condition. The correctly fO:rIID.llated eigenvalue~problem

iso solved by a nLuucrical integration cf the Orr-Sommerfeld equation employir~g

the orthononnalization technique. It is shol,n that Li the range 3 '<8<1° a de­

crease in the critical reynoldsnumber for the h~Td mode, ,<;hich is a shear ,\'<r·.~e "

rnodified by the presence of the· free surface. In that range the stability ~s
. .

still more or -less .governed by the stability cf the soft \ofaVeS, \t.'hich are es-

sentially gr.avity waves rnodified by the presencc of shear.

The hard mode "does exhibit instabilities for large values cf a Re only.

For values cf ß < 1 t the stabi.1 i ty is govemed by the harcl mode, contradic­

tory to Lin I S statements.

. .
---------~._------ ---~- - -"-- ---_. - --

R.JORDINSON, M.GASTER: An investigation ofa singularity in the

eigenvalues of the Orr Sommerfe"ld equation

for Blasius fTow

The Orr Sommerfeld equation for Blasius mean flow has been solved

for real R and"complex values of a and ß i.e. assuming"that

a small disturbance in the bo~dary layer is subject to both

spatial and temporal"amplification. A square root singularity

has been found in the relationship between a and B (at fixed

R) and abrief account of a Fourier method to represent it is

given."
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M.A.WEISSMAN , P-.M.EAGLES: On the stability o"f flow in: a

divergent channel

TJ'1e "1\'KB" metho:l has been adaptcc to study the

stability of diverging channel flow. Wave~ are found

to pass through an "unstable' region (actually, a region

In contrast to the farnilar

theory for parallel flows, the gro1·;9th ra te is sho\·;n to

depend on the crCS5~stream coordinate and up?n ~he

flaw quanti ty (i .. e .. stream function, veloci ty componen ts,

etc.) under consideration. Thus, the Itcorrected"

neutral curves are not unique, hut in general the "unstablE.t:

region is expanded and the "cTitical tr Reynolds nUJilber

H.KUMMERER: Same numerical results on the s"tabil'ity of

laminar plane boundary 'layers

-e

I

So1at ion S Co f t h e :L i ~ ~ ear s tab i 1 j. t Y e q U Cl. t i ,:,) :1 S 1" Co r C, 0 und ,i:' :.~

la~'ers with pressure grac.ients includine;- the ,~f'fcc~ cf e
inc!casing toundary layer thickness have b2e~ ot~ai~eG

b~l a nUiiierical nlethod für solving Orr-Sor.:r:"!eri'elci ej.f.;en~

valuc-problems. For the Elasius flow s~all perturbation-

waves and the energy-exch2~ge between perturtation flow

and basic flow bave be~n considered in ~cre detail. As

a siö e resalt ,-::: ob tain tha t the- evolut:on of: 'l\)ll;:~ien-

Sch1 ich -: i nß:- Vi a \' e 5 canon l y be :j es c1" i beö r~ UiT: e 1."' i ca J :.. y bY

:Lntegl"'atioD 0[' the C~ir:.p~".ete r·!?.vier-Stokes- e':.iu:-::c icns;

siE:.pl ificd t:q~':'~ltion::; ·lead to li non He ll-'pc>s e,j 11 e:~~envE~l ~e­

prot:], Cr.-lS 0':' Cl"~·-So;.:~.er·f (; :~ci -type.
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F.BARK: Same aspects of the wall region" of the turbulent

boundary layer

The response of the wall layer in a turbulent shear flew due to

compact sources is discussed. Two-dimensional spectra of the

stremUlolise.fluctuating velocity, S (k+;U:+) and S (k+,ut),
+ " Ull X Ull Z

at y = 15, are computed from the solutions cf an inhomogeneous

Orr-Sommerfeld equation. Tbe structure in the normal direction

of tbe forcing ter~ is takeü from conditionally averaged measure­

ments of the Reynolds stress du~ing bursting.

Secondary instability ~f prior to bursting shott time averaged

velocity distributions ~s computed and some"analogies with the

laminar-turbulent transition phenomenon are dra~m.

Same effects cf non Newtc~ian fluid properties are discussec.

On se propose d' a.pprocher la solution u de 1 f equaticn'

M. SIBONY: Approximat"ion" deo c'ert'a'in'e's' 'e'qüa"t'i"on's" p"ar"abo'l"ig"Ües

non lineaires

fAu

. (2)

pour f et u donnes, A etant un operateur non nebeesairemento
lineaire.

1{~(r+1) _ ~(r» + ~ (e~(r+1) + (1-9) a(r» = f
h
(:+1)

k nk .nk -11· nk ' " nk . j{

pour r = 0, ••• , 8-1, e E [*, 1], h etant le pas de discretiea-
c.. '

t'ion diespace et k le pas de discretisation d'e temps.

A"l'aid~ d'une methode de diecretisation des variables
d'espace et de temps on Be ramene a 1a resolution de systemes
algebriques non lineaires de la forme
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M:ais 1J=a.tiquernerA.t i1 est i;npocsib,le 9.e de·terrr:iner 19:

··'solution exacte des systemes (2) : en eifet, si' pour resouäre (2)

on utilise une methode iterative, il f'aut 6. 1 arreter a ~1€ i "te ra.­

tion m = mCh,k,r+1) et au lieu de la determination de ~~~+1) on

obtient une certaine approxima~ion uir +1 ), elle-meme solu~ioh
approchee par les approximations de l'etape (r) ci'un systeme

'perturbe da la forme

Ie probleme "naturel" consiste 'alors en la deterrnine. t:lt
o.i un nombre op'~imal m(h,k,r,S) dtitera.tions necessaires a l·j.~-.,e:·­

sion numerique'des systemes (3) et qui assure apriori la conver­

gence de l'ensemble des approximations (discreti6utions et itera­

tions sur des systemes perturbes) du probleme initial.

L~ pl~lS souvent ce probleme a' ete t0uC~-!r§ COITW'ie ic i,

en merr.8 temps que 7e1ui <Je 1a r:iajoration E.. .priori c.es erre;...i.rs

dt~pp~oximations.

F.MARTIN, P.GOUGAT: Existence d'un harmonigue des instabilites

naturelles dans une couche limite laminaire

L'etude a permis .Ge mettrc en e\1idence un ha~oniqt1c d2:5 instabili­

t6s naturelles qui se propagent dans 1a couche linite laminaire au voisi­

nage d'une parai deformable.

Nous avons pu caracteriser l'evolution de cette freGuence et nous

pouvons dire qu'elle est due a une perturbation venant se greffer sur.les

bouffe~s instables du fondamental.

11 cst remarQuable quc, bien que l'energie de cet harmonique soit

fonction de l'amplitude de 1a deformation de paroi, il n'existe pas dram­

plitudc critique pour son existence.

Par ailleurs, une exploration de 1a couche limite avec une sonde

p. clo~lble film, nous a permis de constater que ce phenomene se localise tres

p~es de 1a paroi, la OU l~ vitesse semble avoir une incidence negative p~r

rapport a l'horizontale.

Nous avons fait l'hypothese que cct harmonique est dü a 1a pre~ence

d'un micro-decollement probab-lement intermittent que nous n'avons pas enco::e

pu met'tre en ~v:'dence.
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On pro~~~~ ~ne ~tude ~e l~ ~ta~ili~~ ~in~a~r~et nQn lin~aire
de's "~~oui~ments rlU~'des "presque parall~'l:es~ '.<? i'~'st-a-dire des

ecoulements qui ne so~t p"as st~ictemertt unidimensio"nels et qui

pr~sentent des variat~ons s~r deux di~ehsions d'ispace - temps
dont le rapport des longeurs caracteristiques est treß grand).
Elle comprend une partie th~orique o~ llon utiliseeisentielle­

ment "une methodede double"~chelle.On obtient ainsi une equation

lineaire qui decrit l'influence du non-parallelisme des lignes

de courant sur l'evolution des ondes de Tollmien - Schlichting.
Une etude separ~c:est faite pour les ecoulements de couche

limite et divers cas ~articuliers sont traites 'nume~iquement

(couche limite de Blasius, eeoulement de Jerfery Harnel, etc.).
Enfin on montre qu'il y adecouplage entre les interactions
non lineaires (avec evidemment "1' approximation faiblement non

lineaire) et les Ph~nom~nes engendr~s par le non-parallelisme
de 1 1 ecoulement de base."

C.A.BREBBIA, S.L.SMITH: Finite e"lem"ent' solut'i'on 'o"f' Navie'r-St"okes

e9uations for' tr"ansien"t two~d'imens'ion'al

incompressible f'l'ow

A method ia described for the solution of t'ransient. incompressible

~iscoes flow ~n two dimensions. The dependent variables-stream function

and vorticity - were approximated over each tiiangular 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. vith

- '"the application of Rqge-Kutta integrat~on scheme produces an efficient

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

known the velocities anrl ~~essure can be computed.·
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The me-thod. has bcen checked- by .'compa'r·ison' with known theore-tical

results. As an applica'tion a" study of tlie vorte-x- st~eet development

"behind a rectangular obstruction is ·described. The "flow has- been

impulsively accele'rated to a constant ~peed in a channel of finite

width.

100.

The Reynolds number range investigated is between 20 and

H.FASEL: Stability investigati'an of l'aminar boundary l'ayer flows

by numerical integrati'an 'af 'th'e' Nav'ie'r"-Stok'es 'eqüati'ons

Stability and transition phenomena of 'laminars tvo-dimensional

incompressible boundary layer flows are investigated by intro­

ducing forced, time-dependent perturbations into the steady

flov field along a semi-infinite rlat pletej the reaction of

the flov is then directly determined by numerical solution of

the unsteady Navier-Stokes equations using an implieit finite

differenee method.

In contrast to tbe lin~ar stability theory vhi~h is iimited to

,sinusoidal disturbances of small amplitudes, this approach

contai~s no restrict~on in respect to .form or intensity of tbe,

perturbations as long as tbe calculated flov is physically

meaningful. i. e •• esseritially tvo-dimensional. e
Stability analysis of laminar boundary layer flovs requires

numerieal cxperimentation vitb Reynolds numbers that are large

enough to allov physical instability and thus.amplification of

the introduced forced disturbances s i.e., Reynolds numbers

larger than the critical Reynolds number. Therefore for thc

development of tbe numerical method special eare had to be taken

to avoid oscillations caused by numerical instabilities or by

the built-in boundary eonditions; in the u~stable region such

osci11ations might become amplified just like the physically

meaningrul perturbations ~nd thus tbc results might become

d-isto-rted.

                                   
                                                                                                       ©



-·11 -

The main .aspects of .the numerical method vill -be described and

some results discussed. For" periodic perturbation~'of small

amplitudes the numerical' ealculations" vill be compared vith

results of the linear stability theory and measurements of the

experiments by Schubauer and Skramstnd or Ross.

G.IOOSS, H.TRUE: The nonlinear 5 t'ab'i"li'ty' o'f -the' 's"t'ati'ona'ry

incompres'sibl"e Eknian"-"l"a'yer

We consider a rotating flov of a viscous incompressihle.fluid near a plane

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

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

, unstable vhen the Ekman number increases as linearized stability theory shows.

This corresponds to the fact, that the twoconjugated eigenvalues associated

vith th~ most unstable eigenmode of the operator fram the,lioearized'theory

pass tbe imaginary axis. It is then proved, that vhen the ~oundary layer flov
. -

becomes uns~~ble, a oev stable time-periodic flow develops vith pe~iod elose
to 21t •

,110

M.TVEITEREID: On the stability' o'f' "th"erma'l'ly' "s·tra:t·if·i'ed

plane poiseui'l'l'e' 'fl'ow

The stability ~f thermally stratiried plane Poiseuille flew is
. considered with respect ~o small disturbances.The interaction

between the usual Tollmien-Schlichting type of instability and

the thermal ty~e cf (in)stability is analY.sed· for various values
or the Prandtl number.The problem is, solved as an eigenvalue

problem.The most important features from the results are that

the critical Rayleigh number is found to be nearly linearly

dep~ndent of the Prandtl number;a~d that a critical Reynolds
number always exists,no matter how great the, fluid is stabilized
by a linear temperature profile.
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T.HERBERT: Berechnung der Amplitude neutraler Störungen

der Plattengrenzschicht

Die Berechnung endlicher Amplituden per~odischer Geschwin­
diglceitsschwankungen in der Grenzschicht baut· auf der

Metqode der Landau-Konstanten auf. Durch Betrachtung der

stationüren.Lösu~~ender Arnplitu~engleichungwerden bisheri­
ge Einschränkungen umßsngen. Der Einfluß der anwachsenden

Grenzschichtdicke .. wird in den Gleichungen für die mittlere e
Geschwindigkeit berücksichtigt.

Anhand numerischer Ergebnisse wird die. neutrale Fläche für

Tollmien-Schlichting-Wellen endlicher Amplitude diskutiert.

Bei dem Versuch, den Gültigkeitsbereich der ~rgebnisse ab­

zuschätzen und auf größere Amplituden auszudehnen, zeigen

sich erneut Grenzen für die Anwendbarkeit der Methode der
Landau-Konstanten. Bei einem abschließenden Vergleich mit

Meßwerten werden die Aussagen der Theorie weitgehend be-·

stätigt.

R.E.KELLY: Instability of the- free' c·onve·cti·on boundary

layer on an inclined ·p·leite

When a heated plate i5 inc11ned relative to the

vert1cal, observations using:dye have 1ndicated that

the tree convect1on boundary layer can become unstable

in two d1stinct ways. For angles of 1nc11nat1on less than'

14°, two-d1mensional waves wh1ch travel in the r10w direct10n

predom1nate, whereas ror ang1es greater"than 11°,

longitudinal. vort1ces, whose axes are in the f10w dlrect1on,

predominate the flow pattern.
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A linear stab111ty analysis 15 presented here in

order to compare theory with experiment. It 15 found

that each mode or instab111ty first becames unstable at

the same location along the plate at an angle of only 4°.
Howeyer, the ampllficat10n rates o~ the unstable travell1ng

w~ves are relatively higher. By calculat1ng the total

amp11f1cat10n or each d1sturbance mode from the pred1cted

point or onset of instab111ty to the point or observed

1n5tab111ty ror var10us angles' of 1nclinat1on, sat1sract~ry

correlat1on between theory and experiment 15 obtained.

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

viscous fluid flows

In this lecture we describe methods which can be used to

determine the stability characteristics of some oscillatory

viscous flows. In particular we discuss tbe stability of tbe

flow between concentric cylinders wben tbe outer one is at

rest and the inner one has angular velocity o (1+ ECOS wt).o ~

When w is 5mall we seek a solution by letting E tend to

e 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 cy~inders 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- i in each region and

'match' where different regions meet. We also describe how

non-linear effects" modify the solution in each case, and mcntion

other proble~s to which the methods can be applied.
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C. VON KERCZEK, S.H.DAVIS: Linear stability theory of

oscillat'ory Stokes' layers

The stability of oscillatory Stokes boundary layers 1s examined using

two quasi-statie linear theories and an integration of the full time- ~

dependent linearized disturbance equations. The quasi-static 'theories

involve the numerical solution of the Orr-Sommerfeld.equation whereas the

'full time-dependent theory involves a partial.differential equatio~ in

space and time whose coefficients are periodic in ttme. The time-dependent

linear theory disturbance equation 1s reduced, using Ga1erkin's method, to
equations

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

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

system, which is obtained by.numerical integration, det~L~ines the stability

or instability of the flow.

The full theory predicts absolute stability within the investigated

range and perhaps for a,11 Reynolds numbers .. In fact, 'the Stokes layers

are found to be more stable than the motionless state (zero Reynolds numb~r).

The least stable disturbanee is found to deeay monotonieally with time. ~

The quasi-static theories predict strang inflexional instabilities. The

fallure of the quasi-stat1c theories 18 discussed. Relevant experimental

work 15 also discussed and compared with the theoretical predictions.

                                   
                                                                                                       ©



-:- ,1:5 -
..

H.HASSLER: Experimentelle Untersuchung von Instab11±täts­

erscheinungen im Staupu~tqebiet eines Kreiskegels

Es wurden vi~uelle Untersuchungen und Hitzdra~tmessungen

im Strömungs feld eines Kreiskegels bei turbulenter Anströmung

in einem kleinen Wassersch~eppkanal durchgeführt.

Im Staupunktgebiet geben heide Untersuchungsmethoden einen

Hin·.'leis. auf das VorkolTunen von längswirbelartigen Instabilitäts­
erscheinungen.

Es lassen sich je nach Modellkonfiguration und Anström­
geschwindigkeit die Wellenlängen der längswirbelartigen

Störungen feststellen •. Weiterhin werden die Geschwindigkeits­

profile in den verschiedenen radialen Querschnitten des

Kreiskegels und ihre Änderungen mit der Lauflänge 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 turl;>olent flow on a rotating sphere

vortex lines can be observed. The experiment shows that oll vortex lines rotote

in the same direction and are in~lined to the streomlines. Investigations, done

in aur institute gQve an explanation to this phenomena.

In the gap between two spheres, with the inner sphere rotating a number of

different fluid instobi lities, all ct the some Reynolds number, are observeable.

The abserved flow fields, especially the development of the flow configurations

depending on the initial conditions (acceleration of angular velocity) will be

discussed. A survey will be given obout the theoretic~1 considerotions concerning

the laminar flow without vorticities.
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tnstabilitäten auf.. der rotierenden Kugel und im Spalt zwischen zwe·j rotierenden

Kugeln

Auf der rotierenden Einz~lkugel treten im Übergongsgebiet zwischen laminarer und

turbutenter Strömung gleichsinnig drehende Wirbel auf, deren Achsen schräg zu

den Stromlinien verlaufen. Untersuchungen im hie~igen Institut haben dieses Phöno­

men geklärt.

Im Spalt zwischen zwei rotierenden Kugeln sind eine ganze Anzahl ~er~ch;edener

Strtimungsinstabilitäten möglich. Die zugehörigen Strömungsfelder lassen sich ex­

perimentell bei gleicher Reynolds-Zahl realisieren. Die unterschiedlichen Strö­

mungen werden besprochen und ihr Einsetzen in Abhängigkeit von den Anfangs­

bedingungen (Wi~ketbeschleuni9ung)diskutiert. Abschließend wird ein Überblick

Uber die bisher erfQlgten theoretischen Betrachtungen gegeben, die den laminaren

Fall ohne Wi rbel betrafen.

H.BIPPES: Experimente zur Entstehung von sekundären

Instabilitäten in Grenzschichten an· konkaven

Wänden

Die laminare Grenzschicht an parallel angeströmten

konkaven Wänden wird unter gewissen Bedingungen instabil
gegen gegenläufig rotierende Wirbelpaare mit Achsen in

Anstr~mungsrichtung. Während ihrer Anfachung stromabwärts
nimmt "diese Instabilität, auch Görtler-Wirbel g~nannt,

eine Schlängelbewegung an. welch~ sich ebenfalls anfacht. ~
Gleichzeitig biidet sich. in den instabilen Längszonen
des gestörten Strörnungsfeldes, wo die Grenzschichtdicke .

auf grund der Längswirbel angewachsen ist, eine sekundäre

Instabilität. Sie zeigt sich durch periodisch auftretende

Konzentrationen der Querwirbelstärke J welche der Längswirbel­

störung Uberlagert sind.

In diesem Beitra~ werden die Ergebnisse e~n~~er

Experimente beschrieben, in welchen die Entstehung dieser

sekundären Instabilität und ihre Wirkung auf den larn1nar­

turbulenten Umschlag untersucht wurde.

                                   
                                                                                                       ©



- 17

F. X. WORTMANN : Sekundäre und tertiäre Instabi'li täten

bei Görtler-Wirbeln

There exist a special interest to invest1gate the details
or the transition process d~wnstream of longitudinal Görtler vor­
t1ces". Today 1t 1s weIl lmo~, that these vort1ces can develop
an extremly amp11fied oscillatlon, which ~eads to turbulence "
w1thin one or two wavelength' downstream. In a~ earll~r investi­
gat1en the autor found between the ordinary Görtier vort1ces and
tbe ascillating regime a stronglyd1storted form ef the Görtl~r

vort1ces, wh1ch he cons1dered a second instability ,~o~e. In
contrast Bippes 1n a recently published work could not observ:
th1s lntermed1ate type cf pertubation mode. It 15 hoped t~t a
new experimental 1nvest1gation can clarify th1s d1screpancy.

N. ROTT: Recent observations of' in'st'ab'il'ity' of' osc'il'lating

boundary-layer-flow at the ETH 'in 'Zürl'ch

Experiments wlth oscillatlng boundary layers were carried out
" .

at the ETH by Merkli and Thomann, by usa of air-fil1ed piston-

driven "resonance' tubes". Instabil1ty observations were made

by h~t-wires end by flow v1sualization with the help of smoke

add1tion~ A, critical Reynolds number based on the thickness

. of the Stokes boundary"layer end the velocity amplitud~ was

found; its magnitude turned out to be easentially in agreement

with earlier observations of sim11ar flows. The character of"the

initial 1ns:t;ability can be described as a "burst" which oceurs

regularly at a certain phase and laste over a certain fraction
of the flow osc1ilation.
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E.H.HIRSCHEL: Stability and transition in -three--dimensional

boundary layers - application and' evaluation

of existing criteria

Existing stobi lity end transition criteria are applied to numerically calculated

boundary-Iayer flows on swept wings. The different criteria, and especially their

underl ying assurnptions are discussed. Although the understanding of the transi tion

phenomena in general three-dimensional boundory loyers is JX>or I certain results

con be obtoined. The crossfJow instobi lity seems to be the dominant mechanism

in creating turbulence on swept wings.

P. KROGMANN: Ermittlung des Umschlags laminar-turbule"nt

bei UberschallgeschwindigkeLten m~ttels Messung

des örtlichen Wärmeübergangs

Der Rohrwindkanal (Lud,vieg Tube) der DFVLR/AVA Göttingen wird seit

einiger Zeit zu systematischen Messungen des örtlichen \Värmeübergangs

an dünnwandigen Modelten eingesetzt. Diese·Meßmethode gestattet neben

der Messung des örttichen Wärmeübergangs auch eine geriaue Ermittlung

de~ laminar-turbulenten Umschlags der Grenzschicht sowie die Errnitt- .

lung von Strömungsabtösung.. da die St:ömung. am l\1od~11 durch keinertei

Sonden beeinflußt wird.

o·
An einem spitzen, schlanken Kegel (Hatb,vinkel (9= 5 ) wurde an" zehn

Stellen längs einer Manteltinie der \Värm eübergang bei l\ia00 = 5 im

REYNOLDSzahtbereich Re fcrn = 1 · 105 bis 4,3· 105 gemessen.
co .

Dabei ,vurde bei den höheren REYNOLDSzahlen nat\)rticher Umschlag

. der Grenzschicht von laminar zu turbulent festgestellt. Experimen~ett

ermittelte Umschtags-REYNOLDSzahlen sind von. verschiedenen Para­

metern abhängig. Unter anderem ,vurde von verschiedenen Autoren

eine starke Abhängigkeit von der Anström-REYNOLDSzaht ("unit

Reynotds number effect Jl
) festgestellt .. d. h. mit zunemp f.lder An­

ström-REYNOLDSzaht ,vächst auch die Umschlags-REYNOLDSzaht.
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Dies \vird in erster Linie auf Störungen zurückgeführt. die von der

turbulenten Grenzschicht an den Düsen\vänden abgestrahlt werden.

Die im Rohrwindkanal möglichen Anström-REYNOLDSzahlen liegen

beträchtlich über denen vergLeichbarer 'Vindkanäle. Die hier er­

m~ttelten Umschlags-REYNOLDSzahlen .zeigen einen weniger starken

"unit Reyno'tds nu~ber effect lJ
, was die Vermutung nahelegt. daß

dieser Effekt bei entsprechend hohen Anström-REYNOLDSzahlen ver­

schwi~det. Der Einfluß des Anstell\vinkels auf die Lage des Umschlag­

punktes an der Leeseite des Modells wurde für verschiedene REYNOLDS­

zahlen im A~stellwinketbereich a = 00 bis 16° untersucht, und es

wurde eine sehr starke Anstetl\vinketabhängigkeit festgestellt. 'Auß~rdem

wurden für drei Anstellwinkel Cl = 5°, 10° und 150 und konstant ge­

haltener REYNOLDSzc.hl die Wärmeübergangsverteilungen auf dem

Kegelumfang g~rnessen.

A.E.FOREST: Problems of bound'ary' '!'ate"r" ·s·t·ab"i'!"i'ty" ,·on

turbine aerofö"ils

The pur~ose of this short paper is to stimulate interest
:in~he important problem of predieting the Ioeation und
extent of the 18minar-turbulent transition region of a
tur~ine aerofoil bcundary layer. Kn~""1edge of the
transition region is vital to the s' tisfactory predietion
of heat transfer and aerodynamic loss and henee to the
compo~~"ent desig~. The ge~,eral char2.cteristics of the
bo~~d2ry layer 8r~ reviewed uith rarticul~r>attention to
these parameters known te affect the tr2.··.sition process.
It 1s shotm that the most difficult area i~ the prediction
of transition in the pressure (concave) surface of the
aero~oil, ~'There the effect of ver~.T la.rge aecelerc.. tion in
delaying transition is o~posed by the effeets of curvattrr.e
and free-strearn unsteadinesz. The ~ecessity for ~ore

experimental- ~nd theoretienl work on interactive effects on
boundary layer stability is emphasised.
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P.PLASCHKO: Die Stabilität eines elektrisch 'leitenden

Freistrahles im longitÜdinalen Magnet'feld

Es wurde eine theoretische Untersuchung des Stabilitätsver­

haltens eines Flüssigmetall-Freistrahles. ume-eben von be­

w~gten Gasen, in einem von außen angeleeten parallelen Magnet­

feld durchgeführt. FUr den reiblUlgsf're'ien Grenzf'all werden

die linearisierten Stabilitätsgleichungen unter Zulassung von

Variationen des.Grundprof'iles und/oder der Stof'rwerte senk­

recht zu den Freistrahlrändern hergeleitet. Mit ihrer Hilfe

gewinnt man exakt die Übergangsbedingungen an Grenz":flächen

zwischen Media differenter Stoff'werte oder Geschwindigkeits­

profile. Die Rechnungen ~rden ~ür ~äumliche Anf'achungen

eines ebenen Freistrahlers unter Berücksichtigung des Ein­

.flusses beider MHD-Kennzahlen (Wechselwirkungsparameter und

magnetische Reynolds:!9.hl) ausgef'ührt:~ Im Bereich kleiner

magnetischer Reynoldszahlen ist das induzierte magnetische

-Feld proportional und das Strömungs~eld unabhängig von die­

sem Parameter, dessen Variation nur von geringem E1nf1uß

au~ das Stabilitätsverhalten ist. Durch das angelegte Magn~
~eld kann der Freistrahl partiell stabilisiert werden, wobei

die Stabilisiertingsraten bei Werten der Strouhalzahl bzw.

des Wechselwirkungsparameters von 1 respektive 0,1 in der

Größeno~dnung vom 10 Prozent liegen.
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D.BECHERT, E.PFIZENMAIER: Experimental investigations on

instability-waves in a free jet, travelling fa'ste'r ,than

the mean jet exit velocity

Such a region of area11 ~trouhal-n~mbers ror phase velocities

greater th?ln the basic. me~n vclocitY,fir5t tit'le in Oll!"

mc~surcnents is proved experimcntally and·the chances downstream

in the mecn velocity profile'ca~ be Ghown to inrluenc~ the

develop~ent oi phase velocity in an important way.·

.Instabilität eines ko~pressiblen runden
Freistrahl~ unter Berllcksichtigung den
Einflu3~cs der Strahl&rcnznchichtdicko

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

The phase velocity cf disturbances in a frce jet at'8~all

Strouhal-Ilu~lbcrs is investigatcd e·xperimcntally. In different

theoretical investigations Michalke [1] alld also Cro\oJ. and

Champ~gne [2] bave shot,,'n the ratio betwecn phase velocity and

mean veloci t~" of the bnf\i.c flow to b3 grcater tlian une in ci

spccific rCt:ion or 10w Strouhal-numbe.rs, not only ror plane

or cylindrical vortex t.;h~e't6. but .also ror an axis~metric frce

j eth.,i th finite ratio b~t..-:can free jet radius &!.!1d free bcundary

lay~r thickness;

[1] Micbalkc, A.

[2] Cro\tl, S.C.
Champ~.gne, F.H.

Orderly structure in jet turbulcnce
Boeine Sei. Res.Lab.Doc.
D 1 - 82 - 0991 (1970)
u. J. Fluid Mech. 48 (1971)
p. 5~7 - 591 --
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D.BECHERT, U.MICHEL: The control of a free shear Iayer

starting from a semi-infinite plate by a pulsating monopole

or dipole. - Some new analytical solutions obtained from

incompressible theory

The stubili ty an.d \iavc tioticn of a frce shcar la:/·~r ,,,i t~ cxteric..r

fore i n6 ficlds a!ld .li~lited riGid boundaries iso cCilsidercd. P'or the

casc of an ineor.lpre~{siblc mcdiu.rn and :für s;:7:".::!etric tvundary c0ndi lio~s

\lith rcspect to tne shcar lay~r a General solution fCJr the n(..mst~6.cY'

shear la:;rcr r.lotion i~ c..btaincd. The rcsulti nt; vavc tiotion r.-~r;i1itude:s

depe~d on t!~e cxlcrie;,r f<;rcinß field ()nl~t. For thc infini le fl'ee

shcar laycr und for a shcar layer startine frcm a scmi-i?lfinitc plat.~

the \1aVC riotion due to the cxternal forcine ficlds of
c

a rr.oneJ!,:,J.e and

adipole is investieated. Sume nev analytical soluti~ns are ei~~n.

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

disturbances in a free shear layer

Using the hyberbolic-tangent velocity prorile the

spatial developrnent of disturbances has been investigated.
As a first step, the inviscid linearised stability

- equation has been solved for complex wave-nurnbers and

real frequencies. The matrix iterative method used

gives the eigenvalue and eigenfunctiön sirnultaneously,
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 stabUity problem is

rar more difficu1t. However, by making certain

assurnptions about separability, it is possible to

obtain a second order solution which gives the mean

flow distortion as weIl as the first and second
harmonics of the perturbation.

e.
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