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Compressible Navier-Stokes system with a Coriolis force

Rotating compressible fluid

0o + divk(ou) =0

1 1
Jt(ou) + divy(ou @ u) + g(g X ou) + E—ZVXp(g) = div,S

2
S = u(Vxu+ Viu— gdivxu]l), pu>0, g=10,0,1]
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Compressible Navier-Stokes system with a Coriolis force

Boundary conditions

Q=R?x[0,1]

u-n= U3|aQ =0, [Sn] Xn= [5273, —5173,0”39 =0
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Compressible Navier-Stokes system with a Coriolis force

lll-prepared initial data

0:(0,:) =0+ ¢€re, {re}e>0 bounded in >N L>°(Q)

u:(0,) = ug,e, {uoc}e>0 bounded in L?nN L>°(Q; R3)
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Convergence

Asymptotic limit

Suppose
p(o) ~ o7, v >3/2
ro,e — ro weakly in LZ(Q)
ug. — Ug weakly in L2(Q; R?)
Then

0 — 0
g
u. — U weakly in L2(0, T; W2(Q; R?)

and strongly in L2((0, T) x K; R®) for any compact K C Q

— r weakly-(*) in L°°(0, T; L? @ L7(Q))

€
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with a Corioli e Convergence Uniform bounds e of the velocity field

Moreover
|

/7
g X U+pEOQ)VXr =0, r=r(xy,x2), u=[Up,0], Uy = Up(x1, x2)

Ot (Ahr ) + Vir-Vi(Apr) = A%r

1
P'(o)

1 1
r(0,:) =F, —ApF+ ——=F= Q/ curlpUg p dxs +/ rodxs
0 0
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Convergence

Related results

m Incompressible case:
J.-Y.Chemin, B.Desjardins, |.Gallagher, E.Grenier: Basic of
mathematical geophysiscs, Oxford University Press 2006

m Compressible case:
D.Bresch, B.Desjardins, D.Gérard-Varet: Rotating dluis in a
cylinder, Disc. Cont. Dynamical Syst. 11 (2004), pages
1133-1176
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Uniform bounds

Energy inequality

1 1 T
/ ~olul* + —2E(g,@)> (1,°) dx+/ / S: Viu dx dt
o \2 € 0 Ja

</ (1 lu
< =00, |Uo,
Q 2 E E

1
2 + S_QE(QO,sa@)) dx

E(o,0) = H(0) — H'(2)(¢ — 2) — H(2)
H(o) = 9/1@ pg) dz
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Strong convergence of the velocity field

Acoustic equation

p(e)=1
|
€0er: +div,V. =0
e0:Ve + (g X V. + era> = ef;

f. = divi. ~divyoou: 9u:) ~ 5V, (ple:) p/(2)(0: ~0) ~p(2))
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Strong convergence of the velocity field
e0

Spectral analysis

Spectral analysis

B r| div,V
V| | gxV+Vyr

Dispersion relation (in Fourier variables)
|

)\Qz—u

L4 EP + K2+ /(1 + €2 + k2)2 — 4k2
,U _=
2

Ker[B = {[r,V | r = r(x1, x2)
ViV =0, Vir = [V, —V4]}
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Strong convergence of the velocity field
oe

Spectral analysis

Variation-of-constants formula
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Strong convergence of the velocity field

@000
RAGE theorem

RAGE theorem

Theorem

Let H be a Hilbert space, A: D(A) C H — H a self-adjoint
operator, C : H— H a compact operator, and P. the orthogonal
projection onto H., where

H=H.® clH{span{W € H | w an eigenvector ofA}}.

Then

— 0 for T — oo.
L(H)

1 T
/ exp(—itA)CP. exp(itA) dt
0

T
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Strong convergence of the velocity field

[e] lele}
RAGE theorem

C non-negative selfadjoint:

/ eXp it A) Cexp< A)Px Y>Hdt§h(5)HXHHHYHH
Y = P.X

/ |VCex (i2 )PxH dt < h(e) | X%

h(e) = 0ase—0
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n with a Coriolis force ( gence ds Strong convergence of the velocity field

0080
RAGE theorem

2

- SA> X(s) ds

L2(0,T;H)

2
dt ds

VCexp <it - SA> P.X(s)

H

exp (—iSA) X(S)Hi ds = h(a)/OT 1X(s)|? ds

gh(a)/oT‘
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Strong convergence of the velocity field

[e]e]e] ]
RAGE theorem

Apply RAGE theorem to:

A=iB, C=Pyox
Py L2(Q) x L2(%; R?) — Hy

Hu = {[r,V] | F(&n, k) =0, V(&h, k) =0
for |n| + |k| > M}

7, V denote the Fourier transform
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