Advances in Applied Mathematics N %2232, 2020, 9(10), 1838-1846 Hans )0
Published Online October 2020 in Hans. http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2020.910213

KRBT IERFIERWENO-AOZ!
RERA

&

Kz Rp B2, BRIY 75%
Email: 3077165145@qqg.com

ks H#: 2020410 H7H; FHHM: 20204F10821H; &4 H#: 20204E10H28H

R

BRI A AL BT WENO-AOE Y, #iE T — MR i FER T RN R PR B ER . %
BAF=MEH: 1) ZEAFERXBRIYREER, FRERSRELARSG™E; 2) ENREME
T, SGMEBUETT UREBRNAINIES; 3) 24\ LB AR E 3. BELBRRY, ZHAEAR
FHREEE. BoPRERNE.

KA
HfasE, WENO-AOEM), XU ifispiase

WENO-AO Type Entropy Stable Scheme for
Solving Hyperbolic Conservation
Law Equations

Xia Xu

College of Science, Chang’an University, Xi’an Shaanxi
Email: 3077165145@qqg.com

Received: Oct. 7, 2020; accepted: Oct. 21%, 2020; published: Oct. 28", 2020

Abstract

By performing WENO-AO reconstruction at the interface of the cells, a high-resolution entropy
stable scheme for solving hyperbolic conservation law equations is constructed. This scheme has
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three advantages: 1) The scheme has fifth-order accuracy in the smooth area, and there is no spu-
rious oscillation near the discontinuity. 2) Under the condition of symmetry, the linear weight can
be any positive number with the sum of 1. 3) This scheme can avoid extreme clipping. Numerical
experiments show that the scheme has good robustness, high resolution and so on.

Keywords

Entropy Stability, WENO-AO Reconstruction, Hyperbolic Conservation Law

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1 518
Rl AR 2 B T RS R AR R . W (RO TR . R S (BRRL T )
TP E = (MHD J5R2) FIE5 0 (AR ) . fE—4EE T, BMAA W R
u+f(u) =0 V(x,r)eRxR,
u(x,0)=u,(x) vxeR

Hipuw:RxR, > R"ZFEER, f(u):R" > R"ZMPFGEERE AFEE, ERTES a6
FEI I JTRECL )R B TR ERE A2 AN 200 mT RE S tH LRI W, 7= A Bl ST W S IR R . DAL,
AL TR D RIME— SRRSO E BRI SIN TR A

n(u) +q(u), <0 (1.2)

Hod: (n,q) BN, BEEEn R" > R REL MEERE g R" > RWEo,q9=v"0,f» I
=0, NEAZE . TIHAE T i L AH S BRARE V1 ME— S5 1 .

Tadmor 5 A& H 1 e e i 30— B & 52 R o %A% 3X0 bl 49 <3 1 308 2 R RE IO 799 3508 20 K o 080 < 1
BRI IR RAF, (RPN . (RS S R DX = AR D R, 75 BN N 3 (1 B3R
KAEFRFIIFER . 1T Roe #4300 B A R I HIFHE AR, Ismail 1 Roe X HLAERGMETUIN LLAESH,
¥z imEg s b, 58 THREg. 1z T E 8o A IR G SR, HIE M B R EE
REI RS . BT TAEE TG T — R s e i, EHRE A E.

ASCEET RGeS, @R TR AR AT = T WENO-AO Y E #4), %%EMﬁﬁ%$@)
RmyKWa%%%ﬁ%ﬁﬁﬁ@ﬁﬁ 13BN T — PR AR <7 1E A 7 FR I i o e A A e S

— S B B0 IE 12 =X P A

(1.1

2. BRERR
#E R "R Cartesian Wﬂ‘%{xj}fez, B E 7S 8] B UL S G RO oA Ij:{x.l,x}l}, W5 KN A
h=Ax=x,,—x,» x, 91K sE. MBI R0 DR
%uj( )=—f[f/+l— J @1

DOI: 10.12677/aam.2020.910213 1839 W FH HeEt e


https://doi.org/10.12677/aam.2020.910213
http://creativecommons.org/licenses/by/4.0/

e
i

BBu (1) =u(x.), foRG LR, B 7 (n,) = £ (u) o HIBDE, FR(13)
FROARE IR, fn S e i 2 B s o )«
d 1
—4q -9 ,|= 2.2
@ ())+hj£q,-+; qj;] 0 (2.2)
‘}ﬁl :q(".i—ml"”’”jw)’é(”’”""’”):q(”) (2.3)

SEFE 2.1 (Tadmor [17]) 114 i_+l ST I j i 2

bl f =l 24)
AR QDRI FHRE Ry
g .=V i fj T (2.5)
)/ +(*)/+I

ﬁiwﬁ%%’ [*]/4% :_( )+1_( ) ( ),+—
D N TFwEFEN=1), 2.4)8ME—1 kR EEE

v () =v ()

, U, FU,,
fjlicl (uj u/+1) Vist TVja ’ " ’ (2.6)
? f(uj), U, =u,,
2) —4EFAESAK) Euler TR
u, +f(u)x =0, 2.7)

o T 2 T = 1 2

KB u=(p,pu,E) ,f(u):(pu,pu +p,puH) , BEp . ou. p:(y—l)(E—Epu j . EN
H=(E+p)/p rARFEm=HE. HE. K. MR, »=14 B8R

FRATVSE F A7 206k R BRI A0S 308 S R 50T SR SRR R 7 7«

_—ps —pus
n(u)—}/_l,q(u) —l 2.8)

HA N s=Inp—yinp . THEHIH, HEER
OU 7_S_p_uzﬂ_£T s _ §o% =7 A 3B T ,EC .
™ (}/_1 % p} » WHE Ny (v)=pu, WBFEEERHLCY £ =[v]
FESCHR[2], Ismail 1 Roe 418 T Euler 77 FEH v" £5€ = [y | BB R. 52 SCFEPRE:

&

P
p
23
DOI: 10.12677/aam.2020.910213 1840 IR Esid

R TCEC TR x| A~ RS B R EOA -



https://doi.org/10.12677/aam.2020.910213

e
i

il

SIS = pi b 2.10)
PiH
I
— — — A a2 e
Sooha =2, pogat =2, py LB 2B G (PR g &L i,
z zZ 2y z 2y 7z P y=1 2
In [[*]]/+7
N 10
.

XL IR R & TR ORI, (HAERB AL & IR o T iR 7 A Y B R ——
A S5 PR A% X ICTRAE B I 25 AL s BP0 o ARG A AR < 0 B AN I 4 (0 RE RO TR D IR 9%

Az
B 2.2 (Tadmor 3B D | >0, 5 R —MFIEERE, HHEBELN
J+§ ‘/+E
. 1
fo=f5-5D ([v].a (2.11)
j+§ i 2 j+§ 2

Mot R DRRRER . B, e B s A%
d .
En(uj(t))+h%(qj+; —qj_Jso (2.12)

B A=RAR HERTELAERE, A A RIRFHEA AR X AR, R A R AT REAE ) 8RS . 0 IE
FESAERE T LS A D |, =R (A B \R",, ANIEXHMMFE, B R 48 i b i 56 B, HLis A2

i+ z+— z+— P
2 2 2

R™du=BRdv . BRI LUV 3 PR FORERLEL T A% =|A], A" = max |A|7 .
BRI, ILR M IHE R 2R 2, IR 2 TS F R, [
T 2 7% 2 Oy R 5 MR 24 8 R, Tsmail 1 Roe (2106 Buler J7 R IRE I Ttk 7 LA F ks

Arr =+ 2lIA ] @.13)
AEC2 = |AEC2|+aEC2 ||:[Auia]:| ’ (2.14)
Hor
Agey :diag((1+ﬂ)(u—a),u,(l+ﬂ)(u+a)) ) (2.15)
Ay = (Cax = i )(max(O,sign(deax _IIM]])))+amin o (2.16)

i HL[M AR B A G Mach HME A, [A,.,]=diag(Ju-a].0.[u+a]) . WIS, W

L=y, ==, 0 =2.0,dM =05,

1
6

3. WENO-AO BE#
AT A, 7EIE A TAL R WENO-AC M, 3R AT BMNE R | Fla’ o Sh3IfR

ity iy
™

BESEE QDT u, M, . B35 WENO-AO ARG H & Bt i &

DOI: 10.12677/aam.2020.910213 1841 IR Esid


https://doi.org/10.12677/aam.2020.910213

e
i

1
fWElNO = [" U J——D, [V Y 1j (3.1
s 3 J 2 e\ iy

TE B w® | B w0 AR WENO-AO EAYTHELw | MI5VAM4], HRFRER G ot | Ay

]** ]Jr j+— j+*

AR TR, S Au, =u,, —u; .
o, 0 DA AR -

SO :{xl 3’xl 2’x1 lﬂxi}a
S, ={x, 29 X ,,xl,xM} 62)
SZ :{xz 12X Xi15 Xy 5
Sy ={S8,,5,,5,}
Hixk, #iE=A k2 B — AP0 2 Tk
1 X/+1/2 Au} - N . .
- R = =i-3,i-2,i—1
h‘[xjfl/z O(X)dx h s ] l 3al 51 ]
Xy Au,
lj"“Pl(x)dxz L, j=i-2,i-1i,
h Y- h
A (3.3)
1 X,'+1/2 _ uj P P
hLHth(x)dx— PR j=i-Lii+],
1 Xj+1/2 _Auj c . e R,
h.[x‘fil/zfg(x)dX— PR Jj=i-3,i-2,i—-1Li,i+1
HE b, RS x = x, MBS u | R =D =B IE . 20 E RS
irs
1
B (x;)= a(zAuﬁ3 ~TAu, , +11Au, ),
1
Pl(xj):a( —Au, ,+50u, , +2Au;), "
| .
Pz(xj):§(2Auj,l+5Auj—AuM),
1
P(x;)= m(ZAu ~13Au, , +47Au, , +27Au; ~3Au,,,)
MITATRAS w | BB TT A
ity
w =R —dR~dR~d,P)+d,Fy +d\F+d,P, (3.5)
2 3

WENO-AO E AR : R ABAR S, &R, WFHAR S,,S,,S, BAUEIEIE . XM
N, FTE KRR REAE FEVAHUNE, AT o, >d,, 0 >d,0, >d, o0, —>d . 2RESE®RE
u | — Py BATHRE KA XA B HRE R . W KBRS, A6, Ao, >0, AXGSHEKRE

i

u | = dyP,+dP+d,P,» BATNAERGRME] =F CWENO EH. XFE, S,,S,,S, TP — A TR
j+§

R TR CLRE S D IR G B 5
A TAEGS)H e | MR, FEIEAE w, , A’

DOI: 10.12677/aam.2020.910213 1842 IR Esid


https://doi.org/10.12677/aam.2020.910213

2

q;
D
KHEE =107, VABFIEBENE . XTHEAR S,,S,,S,,S, » IR N:

dy=(1-d,)(1-d,)/2;
=(1-d.)d,; 3.7

d
d,=(1-d )(1-d,)/2;
d,=d,

.9+IS/.

, aj=d.{1+ ] 7.k=0,1,2,3 (3.6)

w

Hd ,d, [0.85095], Hd +d +d,+d, =1
TG PEARFE 1S, R & R AMEAR BT A 22 T ) O 1k

1 N2

IS, = Zr:J‘:m/z 2 (B(l) (x))z dx, i=0,1,2,3 (3.8)
=1

Hi=0,1,20, r=2; Hi=3K, r=4. BIF:

1 > 13 2
IS, = W(Au#3 —4Au, , +30u, ) + 1 (Au,y—20u, ,+Au, ),

2h°

1 213
ISI = W(Au.Fz —Auj) + I

2h°

(Au,,—28u, , +Au,),

S, = g (30—, + By ) o (B =20+ )

1 2
IS, = W(Au s —BAu, , +8Au, —Au,,,)
1

+W(_l 1Au, s +174Au, , —326Au,_ +174Au, —11Au,,, )2

781 ) (3.9)
+ m(-Auji3 + 2Al/lj72 - ZAuJ + Auj+1 )

1421461 ,
13104001 <A”f' oA 6 — A+ A )

]
BT = (|18, — 18, | +[15, ~ 15, +]15, ~ 15,]) = o(n').

4. BUESCIE

FEAH R, S T 4 BB SR MO B SRAEAT T He . 7ER IR 1] b SR = WY i (SSP)
Runge Kutta 55067451 SRS 1R85 HIULEY SSP 157 7 56 4 B Ok sRIGIOTR Bt Bh L P (4
TR RIS, (5 TR E ()= Y m(u, (1) - ZHr SSP Runge Kutta I ] 5 B b 77 1 -

W =2y Lo +1AtL(u<‘>), (@.1)
47 T4 T4
u") = lu" + =4 +2AtL (u(z))
3 2

DOI: 10.12677/aam.2020.910213 1843 IR Esid


https://doi.org/10.12677/aam.2020.910213

i

4.1. Burgers 7572
uZ
2| =0 4.2
|4 ] @2)
6] WA s 4 1
1, |x|£—
u(x,0) = 1 3 (4.3)
-1, —<|x|<1

3

X HIME N (4.3)/ Burgers J7 8%, FORGHA AR 22 PR IR FITE 5 x = 1/3 Jb B0l . AL 1 AT DL HE 6

fa e A& I ES)EFM BRI H B A W, 1 WENO-AO B F 2 4% ZU(WENO-AO) il LIS M L 2R s, JFH.
TR ML N IRG =, B “EaPeR” ke,

0 ES

0 WENO-AO
— Exact —Exact
4 08-06-04020 02040608 1 1 080604020 02040608 1

Figure 1. Solution of Burgers equation with initial condition (4.3) at # = 0.32 using 100 grids and CFL = 0.25
[& 1. Burgers Jif2, #Igh%&1F(4.3), N =100, timeout = 0.32, CFL = 0.25
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Figure 2. Solution of Sod’s shock tube test 1, N =200, timeout = 0.14, CFL = 0.25
[ 2. Sod Wk I A%, N =200, timeout = 0.14, CFL= 0.25
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Figure 3. Solution of Lax’s shock tube test 2, N =200, timeout = 0.14, CFL = 0.25
[ 3. Lax #k & I UHIME, N =200, timeout = 0.13, CFL = 0.25
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