HV A

Lm ol P T

F v 0\\ g ¢ retita.'h'wﬁ oQ Cow.d th}f: Lflw

Cownsexsvabian (bolome): Tw oy volwme Y, ges ewil Liwme
choamge of U W ¥ = el amovmd cossing wite V thre DV

+ wel crealed wilin V

Iw‘tgﬂ;hL (;Grm G‘p CQ“SE?VUJ‘;":W de' . AL :gwm’k /Vﬂl
d _{M;V = _f%"’ﬁ A & /S dV E <z Flux = ":"""""’m/aren,/éﬂ
& Vv Y Vv AL = outga‘iw:a umil rorwel é;*

% = Source = Gwownit /yol /Bine

wost %wemf .(on\\5 'm*acafafs need to exicl | Wwo swoothwess required

D'we.ctswc.e_, Them’ewﬂ: f?ﬁ J.A ::fv.-?of,\/a c:.scs-Minﬂ V-f? in‘keﬁmue
2V v

v “Ci'ﬁm dOMaih”

d{vuﬁwm: v-F = d{v(%) = Z 3-35-—1- E’(%Ij“')g'; >'(:};1 "‘-")j:)

] X

c,r.?m?em't -pcz:f'm 5-4 Ty TL‘MM; f ?LP_ av = ICF fni AA ; i:lju-;'ﬂ
N

D (fecemtial Forw of [owsexvalion Lowo ! %i:; y 7-F = 5 "al each point of.. {2
‘ T . &5‘5%%‘;\%3 ’?Q 3 g:it_ i ttta rabde.
E\JTD'LVT\\#, _Ql..*fuolv 4]:;?.?&\’ :jS"W tOT amy c {)
d
\ Y v
> jﬁg_«_éf_‘_v;j.’_%%dv:r‘“ Y V o
V



‘DE%W-\:L%&%&“: discretize T‘ﬁﬂi&“ Ll Wl tonlrot Vt:!-u.m%‘; fl{ }E::l‘ v
time iwle tiwe,s'{'.e‘ps { t,,.,i
nz 0N
iw'te,ﬂr’a’te, PDE over each V. omd over [tmtm-.]:
| ‘qupl t"-l-i - th-H ’(u‘c e tl.
/ RQLEJM ﬁ'(/a(i'. + f jg_/‘;. O{A c:“: = [ /S AV a{t consetvatiow
i, V. b, OV Vi
; “ - J
!

actrogs doces of ‘f

-1 i} | ‘; f ?Ed,d\ e Z(A?)?l: SAwA -:?'r Liow rates
‘{ij Ty foces Toxe fou,  Toce

SQt Uw — "L" fﬂf?‘,h)dﬂ/ - VALOM v::g_]m.-t n€ L oveld Vf -::L‘L' timﬁ tﬂ

& AV; V
Vi tﬁ%-l
L N4E k |
[AY) = ¢ j (AF) db = weom Hlow rate across tace during time step
foce At‘_k Foce
w4 0 L
5. = J-E J A f% dV di = wean soutee over V. amd aver &
{- b H£“ AVJ v{ -
= AR A "\ ' - “.ie n+o )
| &Vi [U - U ] 4+ AR Z (AF)::; = At AV! | Si exact dvserete consewation
- eses p<g< | Ziw?ﬁcitne}a pMa.Mt{‘q-'
6-5(.\«\-1%; _to L‘JE L“m;gm
S " At > W8 w40 )
o= U s B D _(AF) AR &+ A0 Ji=liM m=o L N
U= U %(A 53 ,_ ,

!/lc:foh s n:.m‘._l chmmsﬂnw

’

810 / Q,x?\{f..\.t Gelnewme | Fovwacd Euﬁu‘ i Time, ‘ OCL\JC>

D o< . wpticdt scheme | veed fo solve sustew for U,,.., U

‘M
FPY0 = (=B)F 4 gFY M i) St O 5™t (et a8t

By v Cramk~Nicolson O (AL)

=\ ! bockword BEuler, Sudly wwplictt O (ot )



FV schewe w 4D | N 3

AVL = A Ax ‘ foces = AN 3- Ki_‘_‘_g | A = {ixed area "‘f“)_‘*t—_‘l-— "2;.
l -3 R T
il " o *8 - b
Ao (U7 U] BUKE L - KR = A,
i\ B W .)c “*9 '\'H-g »0 _ ’
SRR VA M{F.L_% o 1+At5 o1 w0
exoct discrete conservaliow on ecch cowmlrsl voluwe
CFL for AD diffusion for B-schewe
i | - At ~ _ nH “-i-'l . ; "'U; .
g it _;{[I 6)[‘:"“‘1 :‘*:] ’ [ H‘ }lg Ft"-} v
_ Y At _ _ l_,":_j_%_U:_'_l:l U:\-—UE &t U., Uml Uh-n Um-n
_m = UL * -E;(l 8)i D Ao +D 'th }‘F x { D ML- ‘D H-l t }
P’" D2t -
i) H
= [wz\»e]u D 2l eﬁu & (\-e)yt U +U ]J,QPK m ]

Positive Coelficiemt Kule to presecve iDSffivlt\j_(Wf’\hntomic.f%g Prcse:rving 5c:hgwe);

\-11,.(1..9) Z20 = v:% < Q\( _ﬁc C¥L
o)

For 0=0: CFL s p<Li e Bt < BT bt Explicit scheae

2D expl
For 0= -‘?-_- v CFL W £ \ e, At K _% . PR &t““ Lok~ Nicolsow
b B=1" CFL e < o2 LMo restorelion on At for stabl'h'!‘lj ' quj lw“:\fdt

need To restuiect At only tor 0L tovey

ﬂ:_(«'_g_ Backward Ew(er b5 wwdc*tfumq“ﬂ paﬁt'ﬁ'ui{'j Freservfnfj!

“ < A
A \ 4 - .‘ Yierdg AR < Atsh.m 5 01-5)



Tiwme - scales © Eqgeh ?\t\js’xmt Process has (mor wm*e) Plﬂjsiml tiwme -scales At

needed to m,pfwrt e ?\135‘3&0—\ f-l'*MﬂQS,

CGH;HPLMHMLL\-S. There ase Jﬁ»ﬁ ’ci%e-am\es

b'ts{:nh\a_ = wmax At for staby L{.’\:j of scdaewne

: wox At for SIPAL Y Vumer | cal ol vov
ﬂ-r.cu.rm.:j

I8 ﬁtm& ~ Al (ﬁ" bt?‘“'ﬁ) Them use exglict schewe,

1 At < At

CRAIVP

(’é} ﬁt?‘“?"‘) mw MSE O Wnde stalale schewme &n:)wiulﬁ At

LTA AT Y

Thwis L\a‘g?wa -cur' simp\t MM ECUsIon grocesses oltem

and most Nuwerical Amq,\\as,;s baolf_s So4 Lo wuse Iiwptl-'c.{f' ¢elhewmes ..

\qamwl Y4 wia) i, ha—?ﬂ% e tomgh Prﬁu&MS Y

XY PM'&.&, chwgt prub\&mi, mpidlj Va.t’jiwa vonlinear me('fcl

X%Q\itit twe $l'ep S a\wsz WAOT R RYPemSVe Thaw exP\icﬁ: (i, \©@ Eiwes ov vuupe>
wothing cheaper thaw Expbat Eulel {or ODEs and PDE, |

Foc \wplidl to beal explicit | od some accuracy | wodd veed At,-wpl > M‘exﬂ

Sc?iww% systems 1s cohpututimmuj exXgemsive Yo Lo wemlion ccaLfnﬂ hassle,,,

omd  very hord Lo parallelize I

Pocullelization of exphct schewe s o vieble altemative !



