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STUDY ON FLUX FUNCTIONS FOR THE EULER EQUATIONS

EJ. Chae' and S. Lee"

A comparative study on flux functions for the 2-dimensional Euler equations has been conducted. Explicit

4-stage Runge-Kutta method is used to integrate the equations.

Flux  functions used in the study are

Steger-Warming's, van Leer’s, Godunov's, Osher's(physical order and natural order), Roe's, HLLE, AUSM, AUSM+
and AUSMPW+. The performance of MUSCL limiters and MLP limiters in conjunction with flux functions are

compared extensively for steadw and unsteady problems.

Key words: o]} Euler *}32)(2D Euler Equations), 43} Runge-Kutta ¥(4 stage Runge-Kutta Method),
A&+ #A(MLP: Muti-dimensional Limiting Process)

Function), MUSCL, ©}3-d

LM E

SRl = 24 Flux Vector Splitting (FVS)9} Flux
Difference  Splitting(FDS)Z & < <yt FVSL  Steger
-Warming®} Van Leer7} tiEZ 0|0y, AT &4 &
4E 7R e, o] e e A9 BdnE ¢
e 7% 4 A% Positivity 27& THEAZITh 9] b
ste] AHoR 7|Fo2 AL F5 e 7ol Aruge] Wy
o|Fo A7 etk 17| Wi AlojHa 34 Hold ¢
AE & T glo] B8 8 52 v Rk g 3=
FARAAE A7) Wil ARFE ZA FANAE FA
Well4 o] AEg +x] A Brls stk

FDSE= Roe®} Osherso] &=, ]—‘é—% =4 Riemann
Aol Avg o83 Fluxe] Ag Hake AlojHol N 2ALg
o2A ZAZE UellA He —IZ}—T—E-—': 245" St ALE & F
Actk ey AEZS ZAL UFA IR Balo] B 22
3, Cabuncle &4 53 72 v Egd AAZ S
T3 FHA BAske J97 2L T4 AP} Bigs
A & YA g FAZE veRdh old TR

P

ol)l'

r-in

_l

l‘

o?.:

1 8384, dstdiste distd &35
2 B34, Jdstoistn FEEetst

* Corresponding author E-mail: slee@inha.ac.kr

ol

s 3}

-‘9~‘r12

= h(Flux

oA FvSe] 44l 771432 FDS9] A3 A4 L ol &
3hed Liou ¢ steffend AUSME 7Wdelsith ©=¢ Lioud) o)
&) AUSM+, AUSMD, AUSMDVe], Kim & Kim[5]°] ¢jsl
AUSMPW, AUSMPW+ 502 A& wrddz gtk

1z2}be] 27 AL E zh= Faiupdint e dxAE #4
g & ke AL 2 gEA Aotk 23 ¥ AERE
A 73X e 9 924E FH571918te TVD(Total
Variation Diminishing)7]%i¢] H rten°|] o8 =YHEAT. Van
Leere] MUSCL¥EE £ HTE sl AEAHE ol
3, AR FAREE AA 0}7]-A0}°4 250 a"@s}l‘:
A& HollA 239 HYEE 132 Hojmels Woloh
Tz of e Axle] A% o R 94 °l-r°111
thaiglel E42 s TSk Estn v} & oAby
S$=2249 383 13k Ak7]H <l MLP(Multi Dimensional
Limiting Process)®d o] Kim & Kim[6]ol] &}sf 7e=9ich

B oA 23l A 2 81 f5EAdA 4z
flux functiond] AL wwslyth E3F MUSCL Hhiz} MLP
Hlo] tokst Agale] BAAE vwstgich

2,1 Xjufjf gre Al
221919] Euler®ty A2 HEY geld gy Zo] Y



AR AURA TS

1 8EEY 37

g2 % an

d( o E o F
29, OE  OF_, 6
ot ox oYy

o 7)ol A} conservative variable, inviscid flux vector2} viscous

flux vector:= t}&3} 72tk

P pu pr
2 .
Q=" p= | TPy p=] o)
1% e pe+p
¢ le+piu (e +ph
oluf o]g7|Ale} Fef WAgNL thE 2ok
) 1 4 ir
[):(",»“'l){(" 5»,)(11"‘*‘(")} (3)
22 x| 7Y
SAHIE A 2 Buerd A oA

(Finite  Volume Discretization ExplicityS AFE3I$t)  Flux
function® 2= FAAEH Zo| Godunov A2 Godunov,
HLLE, Roe, Osher scheme3} Steger -Warming, Van Leer scheme
28 FvSHMY g3 FDS¢F FVSel e A3t AUSMA
g9 2|71 AUSM, AUSM+, AUSMPW+ scheme2 Al&
st FtolatshioR kARl Upwindiy & &7 A&
7t 1xpoluR, AEAE wol7] M =T ¥rE i
R 492 MUSCLHPH S ol 838ttt old] AEs = o
FAaIAE Mad 247 93 A
32}l Minmod Limiter, Van Albada Flux Limiter, Van Leer
Limitere} o2l $2ARE 233 4 d+= MLP-Minmod
Limiter, MLP-Vanleer Limiter, MLP-Superbee Limiter, MLP3,
MLP5 5& AME-f4Th
AZF 2R3 A7hol thsl 4 stage Runge-Kutta Method
2 AMgsiEh AR g Feke BAlde A AR
(Local Time Stepping)& ARE3ly Bl A= 22 A
WAL SRl A AHEE FARES AR
(Minimum Time Stepping)-2 AH&3}9th
Solid wall 7 %712 slip boundary condition .2 2x}9]
b olatel oAE ZAEE AYrk @Al Far field F7A

ar
o
20 B4 BARE A8tk

Z/J(monotonicity)-2-

J r:i r>J

3. x| sfA 2

3.1 Double Mach Reflection
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Fig. 1 Double Mach Reflection with Minmod Limier
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Fig. 2 Fine Grid Solution of Double Mach Reflection

Order)= Kinked Mach Stemo] 233k} AUSMZ} AUSM+&
ZHE) Kinked Mach Stemo] 2A3}4] S AXEA Boh}
ol AALE E2]A F9 Kinked Mach Stemo] A7t

Fig22 AALE 7+ wako 2 48] 7€ Minmod LimiterS
o] 23} HLLE schemed] A vine) 71&Ades A9l 1
o] Figl-5¥lg &3 ¢ ¢ Itk 73 71222 Minmod
Limiters= ot o3t AAET v£3d A & 7%
2 Flux function® HLLE Schemeo] density contouro A&
Kinked mach stemo] VElL}A] &gk wf&olt).

Fig3 HLLE Schemeo] oi2] 71X A#A18 AL34d Fig2
o] A-BR-23} old| #|Fshe FiglHEdAe] 3= £XE &
A3 ) Fine grid solution® oA} o] Ax}4E 7 o
3to 2 4u] ¢l HLLE Schemeo] Minmod LimiterS A&
ZAoltk Bl ok7te] ol HolAgt diAz He
AZFE 7IAE Fine grid solution® & HAMS mHelth
ol& o A&l Fetslr] Astd] Figdd €9 DRES
3 YL Figdsh Figs olth o§7]q M@ Van Leer
limiter2} Van albada limitery= 2Fz}] Overshooting@ o] Hol
i, YA A@AEL vl Y ZAE RS Q.

03

ok

3.2 Double shock reflection
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