 AD-A242 351 mmon .
C AN

4 - CTa R g . . PP . [

e PURT DATE

" 9/10/91

CPRTLINYS oI

voemn e dhery : T
TN ARG e

" Final Technical Report: 1/1/90 to
T 973079IT

ONR N00014-90-J-1336

ST AND SUSTIILE
:

Pattern selection, wave formation, turbulence, and

: . vortex breakdown in spiral flows ]
4 ; — - '
v 1 6. AL HOR(E) ‘ :
N | . . .

S ; Principal Investigator: Duane P, Sather

H
i 3 -
] W
EY.BEIRCAMING T 2o HON AL o)l o 5(ES) Tt URGANIIATIIN
t T L ABER
! Universu:y of Colorado :
i Department of Mathematics
- Box 426

. * Boulder, CO 80309-0426

THSP T HSUNNG i TORING AGEHCY WARLIY) AHD ADL -5 O nNSGHE N MONITOR NG Ty

i GUNEY EPORT NUMBER :
Office of Naval Research - .

Mathematical Sciences Division
Applied Analysis Program 9 1_ 14890
IR
!

800 North Quincy Street

Arlington, VA 22217-5000
11, ;oPPLEMENTARY Q10 ES

’
2122, LiSTRIBU V. Sie . AVAILABILITY STATEIAENT -2

S5 TRIBUTIGN CODE

e

5 e ey A

SIxmum 202 wore:) I

: §13. A3STRACT ¢
.] : (1) Landau type amplitude equations for the small-gap Taylor problem were derived and analyzed; the
! equations obtained are global and are more complete than those determined by a formal two-timing analysis.
™ i Transition solutions (i.e., heteroclinic orbits) connecting the trivial Couette flow with bifurcating steady
i l flows were obtained by solving singular evolution equations in infinite-dimensional spaces. (2) The existence
? . - of a continuum of periodic waves for a class of spiral flow problems was established; the general method
> i was applied to rotating plane Couette flow to obtain an analytic description of turbulent-like flows. The
i usual Hopf bifurcation theory does not apply to such problems ard new methods using singular evolution
: equations were developed. It was shown that such methods apply also to Langmuir circulations in upper-
ocean mixing problems and that the use of such methods leads to a number of new results for Langmuir
circulations including mixing problems where the Stokes drift has a cross-wind component. The work in
(2) is joint with Prof. George II. Knightly of the University of Massachusetts.

e

14, SUBJECT i’ikMS 15. NUMBER OF PAGES

Landau type amplitude equations, spiral flows,

periodic waves, Langmuir circulations, singular evolution 3
equations 16. PRICE CODE
17. SECURITY CLASSIFICATION 18. SFCURITY CLASSIFICATION 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACY
OF REPORT -« OF THIS PAGE OF ABSTRACT :
unclassified unclassified unclassified UL
NSN 75250-01-289-550G0 stangarg form 298 (Rev 2-89)
:"‘\!"M ©y ANSI Sta 03918
. “ oy (‘v‘ 8 SN2



P TR T SRR A, L W T LT I L

Office of Naval Research
Mathematical Sciences Division

Applied Analysis Program Tl

Contragt Number: N00014-90-J-1336

Contract Title: Pattern sclection, wave formation, turbulence, and vortex breakdown
in spiral flows

Principal Investigator: Duane P. Sather Avowasion For

4T1S  GRAM

QIR

vMailing Address: Department of Mathematics DTic TiB

University of Colorado, Box 426 Lunsasonaeed

Boulder, CO S0309-0426

i
O
o Justification oo

l

Phone number: (303) 492-7664 “ ly?u \Xs :
, Distributicn/

FINAL TECHNICAL REPORT Dist Speeial

A-\

I. Summary of Research Activities.

Availabllity Codes
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1) Landau type amplitude equations for the small-gap Taylor problem were derived

and analyzed in [3] (see the list of publications in II). The equations obtained are global

and arc more complete than those determined by a formal two-timing analysis. Transition
solutions (i.e., heteroclinic orbits) connecting the trivial Couette flow with bifurcating
steady flows were obtained by solving singular evolution equations in infinite-dimensional
spaces. The results obtained lead to the first analytic description of the difference between
primary and secondary flows of a viscous fluid.

The work in (2)-(4) is joint with George H. Knightly of the University. of Mas-
sachusetts.

(2) The bifurcation and stability properties of spiral flows for a variety of Couette-
Poiseuille problems were obtained in [1]. These are the first complete results on the bifur-
cation and stability of viscous spiral flows.

(3) Periodic waves were shown to exist and their expansions obtained in [2; 5; 6]

for various Couette-Poiseuille problems for viscous spiral flows. The existence of periodie
waves in such problems Las been conjectured but never proved.

(4) A continuum of periodic waves bifurcating supercritically from the basic spiral
flow was obtained in (4] for rotating plane Couette flow. Results of this type provide a
simple explanation for the occurrence of turbulent-like flows in spiral flow problems and
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also the first analytic description of turbulent-like lows. The usual Hopf bifurcation thé(iu"'y

- does not apply to such problems and new methods using singular evolution equations were

developed.

(5) It was shown that the methods used in (4) apply also to Langmuir circulations
in upper-ocean mixing problems and that the use of such methods leads to a number of
new results for Langmuir circulations including mixing problems in which the Stokes drift
has a cross-wind component. There are no other results for Langmuir circulations of this
nature in the literature to date. These results will be reported on in a series of papers in
preiiaration.

I1. Publications and Papers in Preparation.

- The following papers were completed and accepted for publication during the period
of the grant. Preprints and reprints have been forwarded to ONR.

(1] Bifurcation and stability problems in rotating pInncf Couette-Poiseuille flow, Contem-
porary Math. 108 (1990), 79-91, (joint with George H. Knightly). '

[2] Time-periodic states in problems containing a structure parameter, Proc. 1st Eu-
ropean Conference on Elliptic and Parabolic Problems, 1991, to appear (joint with
George H. Knightly).

The following paﬁer has been submitted to the Archive for Rational Mechanies and
Analysis. A preprint has been forwarded to ONR.

(3] Transition solutions in the Taylor problem, University of Colorado Report. August
1991, (39 pages).

The following papers are in the final stages of preparation. Preprints will be forwarded
to ONR within the next two months.

(4] Continua of periodic waves in rotating plane Couette flow, (joint with George H.
Knightly). '

[5] Families of periodic waves in rotating Couette-Poiseuille flow, Proc. of the Conference
on Nonlinear Dynamics, University of Massachusetts, October 1990, to appear (joint
with George H. Knightly).

(6] Periodic waves in rotating plane Couctte flow, Conference on Applied Dynamics and
“Bifurcation Theory, January 1992, to be submitted to ZAMP (joint with George H.
Knightly). .
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III. Invited Symposia Lectures.

1
A * denotes invitat.ons not accepted.
(1) Fluid Dynamics Stability, SIAM Annual Meeting, Chicago, July 16-20. 1990.
(2)-Partial Differential Equations, Cornell University, October 5-7. 1990.

(3) Nonlincar Dynamics in Mathematics and Science, AMS Meeting, Ambherst, QOctober
20-21, 1990.

(4)* Bifurcation and Sy nmetry, University of Marburg, Germany, June 2-7, 1991.

(5) Applied Dynamics and Bifurcation Theory, Oberwolfach. Germany, January 12-18,
1992. :

(6) First World Congress of Nonlinear Analysts. Florida Inst. of Technology, Melbourne,
August 19-26, 1992,



