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* hmoty:
* hybnosti:
e momentu hybnosti:

* energie:

d
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divv =0
e prirustkova pohybova rovnice: T,

—Vp+divS = RaTe,

* reologicky vztan:
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2) Okrajové a pocatecni podminky

e free-slip: v-n=0
S-n=((S-n) -n)n
e konstantni teplota:

T Fl — TbOt
T ['s — Ttop
e zrcadlové podminky:
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» prostorova diskretizace:

« konecCné diference pocatecni teplota 1o

e casova diskretizace Stokes

rychlost v
teplotni rovnice

o teplotni rovnice: Adams-Bashfortovo schéma

e reologicky vztah: zpetna Eulerova metoda

 Implementace:

e vlastni program v jazyce Fortran 90
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Konecné diterence - proc?

* pravidelna oblast

* stabilni schéma i pro velké
kontrasty viskozit

* | v nejjednodussim provedeni,
pomérné presné: O(h*)

* standardne pouzivane

* nas ukol:

e nadstavba nad standardnimi
geofyzikalnimi kody
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knihovna LAPACK -
subroutiny DGBTRF, DGBTRS
DGBTREF:

e LU rozklad pasové matice A

e Castecné pivotovani se zameénou radku

DGBTRS: resi systém Ax=Db
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casova integrace v..

explicitne - Adams—BaéH’fer,tgva metoda:

* metoda radu k |

. silné stabilni
e 1x vyhodnocovani funkce za krok

knihovna IMSL

subroutina DIVPAG
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Casovy krok

e omezeni pro zaruceni stability

e kontrolujeme Courrantovym Kritériem

, dx; dz;
dtkonv — mln( NG . )
fUm(Z,j) Uz(zvj)

1,]
dx? k
dtdzf — —, k=
K PoCp

dtcour = cmin(dtcour, dtais), ¢ € (0,1)
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1. Oberbeck-Boussinesqg pro newtonovskou tekutinu
2. + casova parcialni derivace
3. + advekeni Cleny
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e zpetne Eulerovo schéma

e Cleny v aktualnim case prevedem na LS rovnice,
tedy do matice

e zbylé Cleny zustanou na PS
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Fornbergovo schéma

FORNBERG Bengt,

Table 3.1-3. Schematic illustration of the notation used for weights
generated by the fast algorithm

A Practical Guide to Pseudospectral Methods,
Cambridge University Press, 1998 ISBN 0-521-64564-6

Approximations at x = £; x coordinates at nodes:
Order of
accuracy X X, Xy

Oth derivative

0
1 €00

0
€1,0

2
3 o
4

e pseudospektralni metoda

0
€30

Ist derivative
1 ¢l o

2, s

o 2.rad - jako ve viskdéznim .
pfipadé b

m th derivative
1 Cmo Cm
2 Cr'r7+l,0 cm+l,| Cm+2,3 e e m+i,m m+1l,m+1

n—m+1l cfy €




Fornbergovo schéma

FORNBERG Bengt,
A Practical Guide to Pseudospectral Methods,

Approximations at x = 0; x coordinates at nodes:
Order of

accuracy —4 -2 -1 0 1 3

Cambridge University Press, 1998 ISBN 0-521-64564-6

Oth derivative
(s ]

Ist derivative

Bl W |-

wls Slw WiN |-

e pseudospektralni metoda

8

|
[PYEN

L
280

2nd derivative

1 1
4 4
3 3
3 3
2 2
8 8
5 B

e 2.rad - jako ve viskdznim T
pripadée

2
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BLANKENBACH B., BUSSE F., CHRISTENSEN U., GUNKEL D., HANSEN U.,
HARDER H., JARVIS G., KOoCH M., MARQUART G., MOORE D., OLSON P.,
SCHMELING H., SCHNAUBELT T.

A benchmark comparison for mantle convection codes,
Geophysical Journal International, vol. 98, issue 1, pp. 23-38,

¢ B | an ke n baC h OV be n C h m ark DOI: 10.1111/j.1365-246X.1989.tb05511.x

o 2D teplotni konvekce tekutiny Boussinesgova typu v
obdelnikové oblasti

e kontrola Nusseltova Cisla: Nu =

o , o1
* energeticky test, t]. platnost /ﬂ%gdw:—/ q-ndS
Q o

e vychazi s presnosti neiméne 0,1%
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Blankenbachuv benchmark

x Sy, - L. aAT gd?
* VYypOCty pro ruzna Rayleighova Cisla Ra = J
a ruzna rozliseni m

 D. Moore (Courrantovo kritérium, konecné diference,
rovnomerné posunuté site, T explicitne)

Rayleigh 10 10° 10°
rozliseni | Moore | vypocet Moore vypocet Moore vypocet
48x48 4,870 4,870 10,423 10,409 21,078 20,950
96x96 4,881 4,881 10,507 10,504 21,759 21,729
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e zatim implementovana parcialni casova derivace
e testujeme limity jdouci k viskoéznimu pripadu
e 1) D<<1, ny<<1

e 2) beh s parcialni Casovou derivaci - D, 7,
konecné—ustaleny stav—mn2 — 0
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VIZUALIZACE

» 1) visk6zni model s ruznymi Rayleighovymi Cisly:
aAT gd?
m

e 2) béhy s parcialni Casovou derivaci, pro ruzna
Deborah Cisla a 72

» Ra= 10%, 10°, 10°, 10"; Ra =

e« D=10"% 10" D = E; ny =107%,1077°

M1
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Nu(visko)=10,4548



Ra=10* D =10"1 n, = 1072, 60x60

Nu: 0.9999
Nu(visko)=4,8757



Ra=10* D =10"1 n, = 1072, 60x60

Nu: 0.9999
Nu(visko)=4,8757



Ra =10, D =101, ny = 1072, 60x60

Nu: 1.1 - 3.1

» Nu: 10,4542

D 50,150 |
Nu(visko)=10,4548



Ra =10, D =101, ny = 1072, 60x60

Nu: 1.1 - 3.1

» Nu: 10,4542

D 50,150 |
Nu(visko)=10,4548



Ra =10°% D =10""1, ny = 1077, 60x60

Nu: 1.0-3.7 Nu: 21,69

D
7070 yvisko)=21,6943



Ra =10°% D =10""1, ny = 1077, 60x60

Nu: 1.0-3.7 Nu: 21,69

D
7070 yvisko)=21,6943



Ra =10* D =10"2, n, = 102, 60x60

Nu=4,3851
Nu(visko)=4,8757



Ra =10* D =10"2, n, = 102, 60x60

Nu=4,3851
Nu(visko)=4,8757



Ra =10°, D =102, ny = 1072, 60x60

NVECRSEVRG
Nu(visko)=10,4548



Ra =10°, D =102, ny = 1072, 60x60

NVECRSEVRG
Nu(visko)=10,4548



Ra =10° D =102, ny = 1072, 60x60

Nu=6.89-7.1
Nu(visko)=21,6943



Ra =10° D =102, ny = 1072, 60x60

Nu=6.89-7.1
Nu(visko)=21,6943



Deku|l za pozornost.



