
 428 on

4 2 2.2 Direct Finite Difference Approximation
of the Balance Equations Fenieech3

Let us consider a regular triangulation Tain th
of the polygonally bounded hip domain a R2
E reypnir Tai DT re Rn HE

4 Jr E PB Predr resp Etz PB Pre'T AreRathe

For simplicity we construct the secondary gridTB
with the PB method Voroni mesh
ET tea Bar TB BK x C I

We now consider the balance equation 125 Bosch

25 Bay H X E W Gu Tn

ownaFain dstfglbiuldy fgcudgofyeuds ffdg ofgngd.se

at all boxes Bar xew of the Voroni mesh
n g x

and approximate
9

19 XI

IB ds byquadrature formulas y
s

I
dk byquadrature formulas pn

BE BY

5 juggle UG UCH
T hors

08h by finitedifferences p goin affixes 01h4
hurts X 51 tu emms
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for the case smooth continuous data i.e

27 acxi acxlffqfiac.ie ace
49 fngggnfgctionibutseeremark4

io

c c GIFs gillecilFi iii 43
a PB method

a tew Bet
x 113041 measBCD
as o 01h4Xgof

9 Ysr
Br Brah BCHndrtfrc BHCH frc Rhr.ae'd

Shar x es 3zh4x u a

Indifference star neighbourhood offhediffeuencestao

Consider now balance equation 25
at the point seal for the box Bar

attain ds bit
obey 7

uld's 1 Smycudy Sayfaddy

I
see Remark 4.16

and approximate the terms directly
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oh a nds Ies g gg
Ends

s s
and n'EY say

with a kg avg
for a C act far
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s

Fest surg lgcqgglyxgt xg.lk 5

Weedy Eunuch 113411

with Eur can for CECILE
350 gsafcyldy FCHIB.CH withfTxtfcxIforfeG4r7

Result Uts v O 7112 grid function
287L Lts Ln difference operator

Inv Lange's aTxg IIIY scxgttccxlvcH furf.fm
x Hx EBLhuttfulk links
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For piecewise continuous data ie a c f C PICE
the interfaces must be covered by the primarygrid
as in the REM i.e a c f C DYER Hr ERa Hh C OH

aLvg atEg IscEf t aCEI SCIH Sag
E X effigy µ

Cly dy e
g

Fck effigy µ
fly dy E r

Different approximation techniques andassembling
technologies are possible e.g the elementwise
procedure known from the FEM

Exercise 4.3
Rewrite 281L in the form

129 Linux Au Ux Bang VCE X EB
SES k

and show that I h is monotone If Carl E const o

H X E E then L h is even strongly monotone
We recall that Lh is called strongly monotone if

ACx so Bang 70 HE E SCH AXE To
Dan Lh I ACH offs4,3951300 treat

It
We mention the Difference schemes with monotonediff opLa
possess nice properties like discrete max principle seeNu II Sec5.1.41

co connectedgrid
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sseudsesiexlucxjtzlhcqqigthcx.SI'll
013gal 7 0

with Earl secy if see pg
hK

of gdsegcxlhcxlwithgcxtgcxlifgc.can7ResuItatiuisv un Leslie xE8n Vg
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canbeomitted28 e
Tech Vu gCt
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For piecwise continuous se and g one has to

modify the scheme accordingly see NaEep 155

28 L 28 e yield DS

Ssstemof FD Egn Es
Ah Uh ibn stew
An un ku in IR

Find unit Vc w SIR

hunk fuk i XEO Ithunn Inextirewn28 Yunnan gnarl iE8n1083g
www.gixexE8nUhCHgnCxliXE8e 8n

an Exercise 4.3
Tf aCH S 0 AXE W

Eur 7 O H X E w resp SO in W and
a ex 0 Axe 8h resp SO on 8n 8s

then the DS 28 is monotone resp strongly
monotone

Consequences discrete maximum principle
comparison theoremNUI
away Glow stability
A h is an M matorr etc
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Remark 4.16 Treatment of the ConvectionTerm
The convection term

beta dy
can be approximated in such a way upwind
approximation that the monotonicity of Ln
and therefore thediscrete maximum principle
is preserved
Starting point forderivingsuchapproximations
are the following relation ri n

bin dy
o
bin ads S dir b u dy

BHI

µ
ofgafbcglincgbtulgl uuifdsy gfydivb.ly UH ucy5fdg

S div bg dy S bin ds tea O
BY OBA

O

I x t g Cx

Ilk offbadinly tug UK Jdsy
ofT

div b
incompressible velocity field

I B Heinrich 1987


