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Conservation equation in the integral form

ijg U(tx)XQ + ij F(t,x)dQ =0
@9J30s 4 m

%J'Q U(tx)dQ + f F(t,x)-nds=0

) (2016) yomgobogob @ desbial. gobogol dmgabgbal Brggmatgds 2, . ongghedy (2016)

cell center
i

: |
Evaluating flux Grid cell centers: !

j=1.2.3.7n.

§ F(t, X) : ndS 5 Z Fk nk Cell interfaces: interface

faces i
P =1/2:3)2) . ne1lb. i

Finite Volume update:

Numerical flux calculation problem

F(i,j-1/2) F(i,j+1/2)

y (2016) yomgobogol @ sl gobogob dmgabighal Beppmatgds 2, . ot (2016)




Time stepping algorithm

At

U(i+1 )=V, j)—F(F*(i,jJrl/Z)— F (i, j-1/2))

j

flux on the cell faces

Leveque, Sec. 4

At
Q;Hrl — Q? — E(Fﬁr]ﬁ - Fi’i—]/’i)‘

Multidimensional problem:

Unsplit integration

Ui+1 j,k) =U i, j,k)-AAt (F', j+1/2,K) —F "G, j-1/2,k))-
Xt
]

A (GG, k+1/2) =G (i, j k-1/2))

J

, (2016) Googobogob @ 3@ibiok, gobogob sdmgabydab Bexpymatgds 2, . o (2016)

Numerical flux calculation over the domain:

Z Z Fony = Z Fon

volume faces boundary

, (2016) Googobogob @ 3@ibiok, gobogob sdmgabydab Bexpymatgds 2, . o (2016)



Estimating flux on the faces

Ui+ j)=U(, j)—AA):(F(i, j+1/2)-F(i,j-1/2))=

i
A

=—(FU(, j+1/2)-FU(, j-1/2)
ij

UGi,j+1/2) , U(i,j-1/2) - ?

y (2016)

|f /\H,L;Q ; (]

if /\5+1’;g <0

Finding flux direction and projecting cell centered flux
value on the cell face.

“wave velocity”’ /1 = 5F / 5U

y (2016)

Estimating numerical flux:

Upwind — Zeroth approximation

Central difference — Averaging conservation variable
Central difference — Averaging fluxes

Lux-Wendroff — Finite difference analog calculation of the
numerical fluxes

(2016)

1. Averaging U(i,j)
2. Averaging F(i,j)

o - U, + 1
iv12 = 5(F(Ui) + F(Uiq)) or Fiy,=F (—‘) )

(2016)




Lax-Wendroff flux estimation

/\i ! Af . P
R (F(Usy) — F(U))

Calculating numerical flux using finite difference
methods on cell center to face transition.

y (2016)

Implicit (Crank-Nicolson)

At
1
ol = o1 - E(anﬂ/z - Flip),

d
E \/;" qglx, fydx = f((](,\'[_uz. f)) - f((](,\'[.;_]/z. T))

At
ot =0 + A Pi12(Ql = 0F) = i (QF = 1)

+ Bir1p(QF — 01) = Bimip (07T — 0]

y (2016)

Discrete formulation of the conservation equation at every
cell/interface

% jQ UtxQ+ ij F(t, x)dQ =
0

= aucell.average(t’ Xj) + AL Xj) ol A Xj) =1

(2016)

Finite Difference
- Problems with conservation
- lIrregular geometries

Finite Volume

+ Explicit (hyperbolic)

+ easily adaptable

+ unstructured grids

- problems towards the edges

(2016)



www. tevza.org/home/course/modelling-II 2016/

Leveque — Finite Volume Methods for Hyperbolic equations,
Sec. 4.1-4.9, pages 64-76

y (2016)
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