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Shallow water equations

@ elevace vodni hladiny (rovnice kontinuity)

o U oV _

@ pohybové rovnice
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kde U =hu, V=hva f=2Qsin¢
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Konecné diference - Arakawa
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Jaké ¢asové schéma?

@ explicitni — jednoduché, ale nestabilni, omezené
Courantovo-Fridrichsovo-Lewyho kritériem (CFL)

Azx

At <
2gh
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Jaké ¢asové schéma?

@ explicitni — jednoduché, ale nestabilni, omezené
Courantovo-Fridrichsovo-Lewyho kritériem (CFL)

Az
2gh

At <

e implicitni — stabilni, nezavislé na CFL, ale nepfesné, dochazi k
tlumeni amplitud
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Jaké ¢asové schéma?

@ explicitni — jednoduché, ale nestabilni, omezené
Courantovo-Fridrichsovo-Lewyho kritériem (CFL)

Azx

At <
2gh

e implicitni — stabilni, nezavislé na CFL, ale nepfesné, dochazi k
tlumeni amplitud
@ semi-implicitni — stabilni, nezavislé na CFL, nedochazi k tlumeni,
zaklad je Crankovo-Nicolsonové schéma, tj. prostorové derivace jsou
politany na ¢asové hladiné n + 1/2:
n+1/2 1
G = (¢ + /2

i,J

Ul = (ot v o) /2

2y

VIR = (v V) /2

12¥)
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Hlavni idea semi-implicitniho schématu

@ Rovnice napiSeme v semi-implicitni aproximaci:

ni1/2 _ pnbl/2 pndl/2pntl/2
it =U, =V
Cn+1 — C:fj _ At i+1,j 4,J+ %,

Az Ay
Cn+1/2 B Cn+1/2
n+1 __ x i—1,j n
Ui’j = —gh At s +Xi7j
<n+1/2 Cn+1/2
n+1 __ n
Vit = —ghl At B v

@ Dosadime U”Jr1 a VZ"J+1 do rovnice kontinuity a dostaneme

soustavu Ilnearmch rovnic pro vodni elevaci:
'n+1 n+1 _ n
C1C1+1j + e Gt ey el + C5C” 1= R

@ Musime vSak dat pozor na nékteré problematické cleny!
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Tteni na dné — explicitni formulace

@ Tt¥eni na dné je vyjadreno kvadraticky:

LEN(EESTE
e Uvazujme jednoduchy tvar pohybové rovnice
UMt = U™ + At(X™ - 77)
@ Pokud treci ¢len vyjadfime explicitné
= KUV U2 + V22"
, pak pohybova rovnice bude mit tvar
Ut = UM(1-kAH(V U2 + V2/B2)™) + AtX™

@ Pro silné proudy v mélkych vodach bude nestabilni!
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Ttreni na dné — semi-implicitni formulace

o Untl=U"+ At(X" —77)

@ Pokud treci ¢len vyjadfime semi-implicitné
*= KU (VU + V2/R2)"
, pak pohybova rovnice ma tvar
U (1+kALH(V U2 + V2/h2)™) = U™ + AtX"

@ Zavedeme bezrozmérnou treci funkci

F* =

1
1+ kAL U2 + V2/h2)n

a vesele mizeme psat

Uttt = FT(U™ + AtX™)
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Aproximace Coriolisova clenu

@ Méjme jednoduchou soustavu rovnic s explicitné vyjadrenym
Coriolisovym &lenem:

Untt = U™ + fV"AL,
Vit = v — fUMAL

@ Velikost vektoru rychlosti (U2 + V?2) by méla byt konstantni, jenZe
(U2 + (V)2 = ((U™)? + (VM) (L + (fAY?)
@ Jednoduché feSeni — rota¢ni matice:
(vea) = (5 2) ()
vyl ) 7\ -8 o) \ V"

kde a = cos(fAt) a 3 = sin(fAt), (U? + V?) je nyni konstantni.
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Aproximace Coriolisova clenu

Correct and Wrong Approximation of Inertia Oscillations
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Legend: time series of velocity-compeonents (u,v) of inertia oscillations. The non-conservative
approximation grows by a factor of 3 within 10 Inertia periods whereas the conservative one retains its
initial amplitude.
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Suma sumarum

+1/2 +1/2 +1/2 +1/2
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T

UM = FE; |aUPy + BV — ght; At =L XA

Cn+1/2 . §n+1/2
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aliyy + eGl; + el +al iy + e =R
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Iteracni metody

@ Soustava linedrnich rovnic pro ( je obvykle prili§ velka, nez aby se
dala ¥esSit pfimo, treba LU rozkladem.

@ Kde nemozes jehld, vem vidle!

o Pouzijeme iteraéni metodu! Mé&jme soustavu rovnic A -7 = b

e Jacobiho metoda:
[CESVE N () (R
x; = CTii b; — Z ay; Z aijT;
§>i j<i
o GauBova-Seidelova metoda:
k1) _ L[, (k) (k+1)
z; = aTi b; Z%xj Zauxj
Jj>i Jj<i

o Successive over relaxation (SOR):

e®D = (1 — w)a® 4 R (Y Z awjgk) _ Z aﬁxj(k+l)

aii . . . .
Jj>i j<i
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Chessboard SOR

n+1 n+1 n+1 n+1 n+1l __ n
16ty T Gy e+ ealiny + esCiiy = Ry
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Chessboard SOR

Cerné bunky:

Cz(,l;ﬂ) = (1_0‘))(5,];)"‘6%( - chlJrl] C2<z@1j - 4ng+1 CSC” 1)
Bilé bunky:

5™ = 0o (Riy = acl) et - adil - o)

=- Zrychleni SOR, moznost paralelizace
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Srovnani itera¢nich metod

Comparison of the Performance of Iterative Schemes
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Seda je teorie, zeleny strom Zivota

Jak pravil Mefistofeles:

wSedd, muj priteli, je vsechna teorie,
a Zitt zlaty strom se zelend.“

Johann Wolfgang von Goethe: Faust

David Ein3pigel Numerické metody z mé diplomové prace



Nerealisticky priklad z alternativniho vesmiru

Bathymetry t=0s
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Efemeridni slapovy modul

@ NOVAS F3.1 — volné dostupny soubor subroutin ve Fortranu 77 pro
pocitani efemerida

@ Subroutiny také v C a Pythonu
e U.S. Naval Observatory

@ http://www.usno.navy.mil/USNO/
astronomical-applications/software-products/novas
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