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1. Introduction

The objective of this research is the lasic theoretical investigation of
three-dircensional pressure, skin friction and heat transfer disturbances in
both lamirar and turbulent boundary layer flows including viscous-inviscid
interaction effects, separaticn and reattachment. A sound understanding of
these phencmena is required in modern aerodynaric design analyses of high-speed
flight vehicles.

The aforementioned need has led to a systematic basic research effort
treating in parallel the twin problems of (1) viscous-inviscid interaction
with flow separation and/or attachment and (2) three-dimcnsional effects
(including those due to streamwise vortices) in high-speed laminar and tur-
bulent bouncary layer flows. Such 2 study was initiated October 1, 1971 and
has continued under AFOSR suprort. To dste, it has been very successful both

in solving & =uxber of the targst f£l:w prctlems and in developing new ideas and
1-5 . . . .. . :

tools . _r tarticular, z grozising three-dimensional extension of success-

—zictiz triple decx tnelrr Ior two-dirensional shock - turbulent

bcundary lzrzr Inzeractions wzs Zeveicted In cellaberation with the Princeton

I me I-T izrerection phencmena illustrated

in rig. 1. This report summavrizss cur recent progress during the past vear.

eflcos, in iz inifziel vear at the Universicy cof Colorado, we therefore con-
centrztel oo Iirst strengthening and extending certain key aspects of our anaiv:-

ical triclz-c2:% model approach in two-dimensional flow to expedite its sub-

I8}

sequent application to the wmore general three-dimensional case. These activitlces

have gomne very well.




As part of a substantial involvement in the detailed research, the

principal investigator familiarized himself with the Fast Fourier Transform
("FFT") technique and its operational mathematical content, since this may

well be an important component In the actual solution techniques of the 3-D
problen. Mcreover, we have succeeded in extending Lighthill'59 classical
interaction theory (as well as Inger's generalization to turbulent flow6)

to include wall suction or blowing effects; the results, which are in the
process of final completion, provide for the first time a really fundamentally-
based analytic theory for understanding and calculating these important effects
in a variety of specific supersonic SELI problems in either external aero-
dynamic or internal inlet flows. Comparisons will be made with available ex—
perimerntal studies such as those carried out at Carbridge, NASA-Lewis and

(especially) z% the University of Poitiars by LeBlanc, with whom the author

has establishzi collaboraticn under the zegis of an earlier NATO travel grant.
We intend 1 crzrare severzl zz’or fechnizal papers on this work for furture
technical zZsszinz cresentation znd iourmal publicacion.
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form scluzicn 1z the triple-Zeck sguzticns Including the turbulent case

which Zescrizzsz =211 the major phrsizzal Z=zz:tures of the interacticn zone (see

Fiz. 2); this wzs achieved by impliamentizg a2 small (but NOT negligible) lateral
pressure zrzilsnt zprroximaticn o0 7 L vields a very elegant and revealing analve-
icel sclotico, Zwen berta2r, this avcroxinztion aprears adatable to the 3-D case

oplily its more formidable numerical as-

interective pnysics involved. Furthermoere,

we carrisd cut =z detailed study of the available turbulence eddy-viscosity

-

models suitzt’e zo the law of the Wall region in three-dimensional turbulent




boundary lavers (this is very important to the inner deck part of our 3-D
triple deck approach). One consequence of this was the formulation of a

new 3-D Law of the Wall theory for i-cipiently~separating conditions, which

is the appropriate generalization of the Stratfordlo wall velocity profile
model at incipient separation in 2-D flow. A parametric study of the re-
sulting universal non-dimensional profile solutions as a function of the
basic spanwise-streamwise pressure gradient ratio parameter involved was
completed.

During this activity, we maintained a good technical collaboration with
Dr. Settles of Princeton including a day-long visit to his laboratory in
April. VWe are caking ocur thecrecical developments available to assist, for
example, interpretation of his 3-D upstreeam influence measurements on the
swept ramp prctlam while he in turm has xept us up to date on the experi-
c=ntal fincdinzs.

As tarT oI chils ressarcn zifcrz, techniczl liaison has also been main-

teinecd wizh zerzain relewven: inwvestiIzztors In western Europe with whom mutual
sciznmtific zrmzzzoze has croven Iruizivl in the past (e.g., Professor Klaus
Gersten c¢I s Thr Universizdse Zochuz-TnC and Dr. E. Stanewsky of the DFVLR-
£V inm G8ccinzan-TRS, Drs. Lezlznc znl Aricaceau of the CEAT in Poitiers,
Irznce, enc rroiasscy XNeith Stewarzson znc Sir M. J. Lighthill of the Univer-
gizv oI Lermzin Valvable technical discussion of viscous-inviscid inter-
zg¢zict Thencmeanz vare neld with these recple during a trip to Europe last
March Yorz:itzr, 2 good ceontzct was escablished with Dr. Ray Stalker (Univer-—
sicvy of Svdnev; wiz is z ploneer worker cn the 3-D interactien rroblen.
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