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Limilakong :  * nof appliccble (or hgh @zza,ocna, phenomens (that involve Charge
Sparahon) = W< Wp
+ non-relafivishe (V72 << /)
+ assume transpord coefficionls are scelars = M > %’?
Colherwise. shong B-Fields Lead fo anizsodmpics)



2.2 Dynama definitions and classes
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What is € 2
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i) Assume isdr(op\‘c torbulencc
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3. Numesiaal methods in hydrodynamics

3.4 Basic concepls

Flud dynamics = ok of covplecl Parial Difierential Goghons (PO
= need numerial fools
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Discredization : Eulerian vs. Lagrangian methods

Eulesian (geid-losed)

’ So(viv\cd (%) at Gxed
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by Eupl)ef(an desivative
¥
+ Adaphive Hesh Refnement”
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Hixfure :

+ moving mesh



39 Tnie diflerence methods {or PDts

Sy

1.

. Take a small time step At and calculate the new q(x;,t + At).

Define a spatial grid, x;, where the index 7 refers to one of the N grid
points.

. Specify initial conditions for q(x,t = 0) at all «;, and suitable boundary

conditions on the finite computational domain.

Compute g(x;,t = 0) at all x;.

Compute the fluxes F(q) at all x;.
% Hmes

Go back to step 3. —



Hqclrodqnqu’a( PDEs analyhasl sclokiong
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TranSport phenancna. are vsually dascribed by 4 vy dlifberand kind of PO,
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Conside (%) in 1D
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Solukions Of (Ax) and (Axx), asaumfnj inifial condions
Q(K(P(D > QO(O
e(x170) = £,(9

are trivial :

?(Xl+) = Q(x- vi)

¢ (x4) = &(x-vi)

= Vs s o test numencal Schemes.



qucrbo(lc PDE ¢ Numerical Solutians

Cngan}—"[—r(Edrfd’?\S’LﬁWH condidion (Shorf-‘ (ourani Cr(kﬂbfﬁ
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“Fnde diffgene method
Linear advechion eq. {or quqrﬁfrlq q:
9. yY-0
Discredizakion in Space and hime -
X:= X, + 10X
+'=4, +n M
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i) Tinlle difference approximation for spakial desivahves :
~ s} order derivahve, lowes accoracy:
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(i) Finlle diffsence approximation R time desivatives (enly backerd difference schemes)
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Alleahive integration Schemes

Euler FTCS g =P —vRt (P — qty)
Euler FTBS qZhLl =gq; — vﬁ—i(q? —qq)
Euler FTFS :‘H =q; — U%(Q?H —q})

Lax-Friedrichs ¢/ = ¢ — v AL (g% — a 1) + 3(¢%q — 27 + ¢ 1)

At
Lax-Wendroff q{’“ =qf — vﬁ—;(qﬁl —glf 9 ) + 02%@@%(%“ 2q;" + ¢;1)

At
Beam-Warming ¢ = ¢ — vs2L (3gP — 4q1" | + ¢ ,) + v? 2((,_\2.)2 (g1 — 2471 + ¢5-2)
n+l 2 _(At)?

Fromm g =q - U4Ag; (qz—}—l +3q7 —5q 1 + gl s) tv i(Az)? (CI?+1 —q —q; g+ qy)




Comparison with allernakive ghemes
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