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90. Vortices above an inclined triangular wing. Lines
of colored fluid in water show the symmetrical pair of vor-
tices behind a thin wing of 15° semi-vertex angle at 20°
angle of attack. The Reynolds number is 20,000 based on

chord. Although the Mach number is very low, thz ==
field is practically conical over most of the wing, =
being constant along rays from the apex. ONER~
graph, Werlé 1963

91. Cross section of vortices on a
wing. Tiny air bubbles in water
tex pair for the flow above in 2 se
trailing edge of the wing. ONERA :
Werlé 1963




Euler equations

u: velocity field

w=-curlu =V A wu: vorticity
w=1"Tds T = X,

X = X(t,s) curvein R3 support of w
divu =0

u(P) = %/Z é((j__gg A T(s)ds

Examples: straight lines, vortex rings, helical vortices




BINORMAL FLOW (Vortex Filament Flow)

Xt:Xs/\XSSZCb

o X =X(ts) R’

e c=c(ts) curvature

e b=10b(t,s) binormal
Examples:

a) circle

b) straight line

c¢) helix

Remark.— X;=T IT|* = constant




SELF SIMILAR solutions

X(t,s) =VtG (S/\/%) T(t,s)=T (3/\/{5)
Ty =T N T

Difterentiating and making t =1

—gT’ =T A T,
Frenet equations:
T = cn
n' = —cT +7b
b = —Tn
—gcn = T A (dn— AT + crb)
d =0 c=a T=5/2

Buttke’88







e X(1)=G isregular

o X(t5) = VIG (s/V) X(O’S):{j+§ zzg

e Q:AT=A"7
“+0o0
NO / pis?+ialg s ds

— 00 S




AT =A" 7 6 = angle (A+, A_)

G C

a T =15/2

Lemma.— Let ¢ and 7 be the curvature and the torsion of a curve
in R? with tangent T' = (T}, T, T3). Then

2 .

for some 7; solution of

77/'/_1_ 2-7__0_/ 77/'_'_577':
J c J 4 J




In our case
2

S /
=0
e 1 +2277 + 477
Co
e 7(0)=0 U’(O):ﬁ
0 o2
e lim1—|n(s))?=sin-=e"2
S§— 00

(Joint work with Gutierrez and Rivas)
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There exist AT, EF

~

o ViG, (s/Vi) = AFs+ 0 (i)

o T (s/vE) = AE+0 (ﬁ)




SCHRODINGER EQUATION

Hasimoto transformation:
W(t,s) = c(t, s)e’ Jo T(t,s)ds’

c=c(t,s) curvature

T =17(t,s) torsion

o) = (9204 J0u + A)e

[ wtaras= [~ wo.pas= [~ @0.9as

— 00

In our case

eI / [Y]?ds = +oc.
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STABILITY / INSTABILITY (V. Banica)

The equations are time reversible

<*><( o) = i(vaxg (- 'Q'Q)w)

L o2

L P(1s) = ae'T +es)

Q1 Solve (x) for 0 < t < 1 for reasonable (small) ¢

Q2 limy(t,s) =7

£10

13




Conformal transformation

o2

bits) = C (1 f)

Vit

—vp = 1 (vss + 2_t(|v‘2 _ \a‘2)v>

Particular solution d, = ae''T

V1 =a—+ €

Y1 = (a+e)e /4
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RENORMALIZED ENERGY

/|vs dg;- (I — af?)2ds

d 1 2
E 4+ 2 2
CB(t) =1 [ (]~ laP)
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LONG RANGE SCATTERING (V. Banica)

( ‘ 1
—vy = (vm + N (Jv]* = |a]?) v>

()

(#%) S

a—+ e(t,x)

Asymptotic profile (Ozawa, Hayashi—-Naumkin)

02 s A
v (t,7) =a+eTrz Ble 2y (2)

for any u. .
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Xy = {f: £z + H'f’mﬂf)Hquasn}

Theorem 1.— Given 0 < v < 1/4 and a > 0 there exists 6 > 0
such that if
lo(1) —allx, <9

then 3lv solution of (x*) and uy € X, - with
(i) v—wv1 € C([1,00) : X,- )N Strichartz

(ii) |lv —villzz = O (71/4).
Hence

Q1 YES W
Q2 NO:  (ts) = — v(— f)

. 2
2t /it ’ 7




&t 0) = / " et 2)dz

— 0

, 1
164 + €xp = :I:Q—t (|e + a|2 — a2) (e 4+ a)

d
£/|e+a|2—a2:0 ; /|€+a|2—a2200

t
1

ie(t,0) = +aCy lgt+/ —NL(e)dr
1 T

a|Co

Hence [€(t,0)] > 5

lgt. !!
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Theorem 2.— Let X;(s) be the curve obtained from

¥(1,5) = (a+er)e™ /4,

Then, there exist a unique X (¢, s) solution of the B.F. for 0 < ¢ < 1
with X (1,s) = X1(s) and a unique Xg(s) such that

sup | X (¢, ) — Xo(s)| < Cav't.
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Moreover there exist TF, E*, Ty(s), To(01), and Tp(0~) such that

(i) T(t,s) =T+ O (1) , s — oo,

S

21y lsl

is> 1a — 1
(ii) n —ib = E¥e /4t 1gﬁ+(9(—>, s — £o0,

(iii) For s # 0 ltifél T(t,s) =Tp(s)
(iv)
o lim Ty(s) = Tp(07F)

s—0F
o Ti(s)eL?
o %
o sing =e ™% £ O(lof~1) — a)

and 6 the angle between T(0") and —T5(07).
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About the proof

T, = ReyE
E, = —yT
Tt - IHIESE
o TT-T(t,x) = / Tsds

oo —is? /4t 1
e S
= R -, =
e/az Vit <a+€>(t’t

+ integration by parts
+  growth of ||Jel| 2

J = x + 21t0,
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e Fot T; notice that the lgt¢ correction of the phase of 15 and
E cancel each other.

o To(x)=T% + ImE+/ h(s)ds

X

+ Re /w " h(s) / TR Ty(s')ds'ds.
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Conclusions
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(Banica, V. ’07)

Theorem 3.— Assume in Theorem 2 the extra hypothesis that
Uy € H™?, then there exist (T, n,b)(t,0) such that

(T7 ﬁa B) o (Ta7 Nga, ba,)

(¢,0) < O (Jlvr — al])

with
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Proof.

itd2 |2
5’56’6 xu()} ’

Gustafson, Nakanishi, Tsai.

Fefferman—Stein & Tsutsumi

(G-P.)
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