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Table 2
Solver Design Specifications for the Eulerian Methods®

Name Base Scheme® Spatial Order® Source TermsY MHD* Time Imegrmion' Directional Splitting®
ENZO FV, HLL Second Dedner Dedner Second-order RK Direct

FLASH FV,HLLD || Second i Derivative Third-order CT Forward Euler L Reconstruction
KT-MHD FD, CWENO Third KT Third-order CT Fourth-order RK Direct

LL-MHD FV. HLLD Second None Athena CT Forward Euler Split

PLUTO FV, HLLD Third Powell Powell Fourth-order RK Direct

PPML FV, HLLD Third None Athena CT Forward Euler L Reconstruction
RAMSES FV, HLLD Second None 2D HLLD CT Forward Euler L Reconstruction
STAGGER FD, Stagger Sixth Tensor Staggered CT Third-order Hyman Direct

ZEUS FD, van Leer Second von Neumann MOC-CT Forward Euler Split

Notes.

 See Section 3 and the indicated sections on each topic for more information.

b Base method. FD for finite difference, FV for finite volume. FV techniques have the Riemann solver listed, Section 6.3.

¢ Spatial order of accuracy, Section 6.1.

d Artificial Viscosity, Section 6.2. “ Derivative” indicates presence of terms proportional to the longitudinal derivative of the magnetic field.
¢ MHD method, Section 6.4.

! Time integration method, Section 6.6.3.

& Multidimensional technique, Section 6.6.2. “ L Reconstruction™ indicates presence of transverse derivatives in the interface reconstruction.

BFKTIE, » LLDEF X IFEFAZE



BIERREFED



@ BEMREFED
O R RAE

u +af =0, f =au, a=const.
ot 0OX
mFTCS%
fi-*ulz = %( in+1 + uin)
m Laxik ] "
fiillz = E(uinﬂ + uin )_ Z—At(uinﬂ - uin)
m | L& . a
fiiyn = E(uinﬂ +U; )_ E(uinu - uin)
m Lax-Wendroffix ,
£ 23( n +u_n)_a At (un _u_n)
1+1/2 2 i+1 [ ZAX I1+1 [



@ BEMREFED
O JEfL4EBurgers A2 =X

2
ou N of _0 f— u”
ot OX 2
m Laxik
, £+ 1" AX ]
fi+1/2 = 12 - IAL (ui+1 —U; )
mRRAVNILEEE (FVSIE)
) fo o+ 14 00, o
fivw2 = 12 _Zq i1 |Uisg — Ui |U; )

m Rz L) —< R IE (Roejk)

filyn = fi21+ fin _l (uin+l _uin) _%(uinﬂ _uin )2
IVMAE—#IE

n

u.

1+1

+U;

i+1/2 2 A



=&H
ONEE S X T LARER

| a':_o A—g—E AR = AR, A=diag(4, -, A )

ot  OX
mLaxik
. FL+F"  Ax (.,
Fi+1/2 — : ( U )

ZAt 1+1
m L ocal Lax-Friedrichs:%

Mmax

n n
F * |:|+1 + F ‘ ‘|+1/2 (U n
i+1/2

B P yp ooy W = mad)
m | ocal Lax-Friedrichsi% (FVSi%)
Fn +Fn 1q ‘max n ‘ﬂ/‘max )

* i+1
Fi+1/2 A /1i 41

2 2




@ WEMRREFTLD

OWEE S X TLARER
oU oF OF

+ 220, A= AR=AR, A=diag(4, -, 4,
ot ox oU g(il )

B REREANTNL B % (Steger-Warming FVS;E)
F.,+F

I:_* — _ i+l
1+1/2 2
f=t=L. F =AU
m iR —< % (Roejk)

E FatHF ‘K(Uiﬂ’ui){
i+1/2 — 2 B 2

1
_E(l A|i+1 Ui+1_ | Ali Ui)

i+1 (U _

1+1

_Ui)




@ WEMRREFTLD

OB RTFLEFRERK
ouU aF OF
-0, A=—.  AR= AR, A=dia A
ot 8x oU 9 )

m HLLIE ) —< U ##K
po _SeFM SRl S (uy

I+1 U)

Sp =5, Sp =S,
S, = min(ﬂ’li’ﬂ’liﬂ’ ) Sg = max(/i  Ammia O) TrE

BHLLC / HLLDE ) —< ik
Dt
van Leer / Hanel FVS;% (Euler5F8=)
AUSMESE 1oL







EEES
|
HAERE

CFLE A Dl
|
BUE R O FH
|
RIS

—

Yes

T—FH 7

No

[ ®T ]




INTGIA—A

BgR yon, -
|
DHRE R
g _ Xi ’ AX e
CFL& 4 o 5F 4
| HA &%
AR bl
| U(x,t=0)
FFfElfa 7
—
Yes
T—3H 7
Yes t< tend

No
[ BT ]




EEES
|
HAERE

, A =u|+c;.
CFLE Dl AX
| At=c., —2X
0 {18 37 3R ) ST “ max A,
|
Sk

—

Yes

T—FH 7

No

[ ®T ]




gk
|

#HAERE
1 fori=1, ---. m+1
CFLEH D&
_ | UL < Ui—l
FE R D 5T U U
| R <Y,
H%Faﬁﬁﬁj\ F1/2(UL’UR)
— Ty
e g XTOTSIY DRAb:
7 BIERED AL TvIR L
“ BB T EEHRDH
(<t
Yes eIQIdo U[m] i—1| 0 |i+1|i+2

[ 8T ] Fim+1] 3%, § %1 it2 its




EEES
|
HAERE

CFLEH D&
|
B 7R 3R D STl fori=1 ---. m

|
FrEIfE 5
U. < U. —EAF

m No AX

Yes

T—FH 7

Yes t< tend
No

[ RY ]




EEES
|
HAERE

CFLE A Dl
*ﬁ&ﬁiﬁ%@%ﬂ?’m
H%F‘aﬁ%ﬁé:‘
m NG If t>t_ . then
Yes Data Output

T—FH

tout A tout + Atout

No

[ ®T ]




O & IEII_E’“S ) "

MBRE
»|

CFLEH DFF

& REEREE
HERROTME | |
EGE

Yes

TSN

Yes t<t




F—

O MUSCL.

|
CFL& A OO & il
|
(n-step SSP-RK;“z%
|

MUSCL:%
|
HUE 7R O &1 i

|
L EBREEs
|

______

U, < U, — Lim

U, < U. +%Lim

UR
/

AX/2

for1=0,---, m+1

AX

U~

AX/2

(AU
\ AX
(AU

| AX




Fv—k

OMUSCLE

|
CFL& D&Ml
|
(n-step SSP-RKR)—
|

MUSCL;%
|
RIEFE D

| |
ECE 2
|

fori=1,---, m+1
Fl/Z(UL1UR)




F—

O MUSCL.

|
CFL& A0 54
|
(h-step SSP-RKE
|

MUSCL%
|
HUE 7R O &1 i

|
L BEEs
|

______

(2nd-order SSP(TVD)-RK)

U =ur - A AF(Un)
AX
urt=Liyn +3u(1>—1ﬂm:(u @)
2 2 2 AX

' (3rd-order SSP(TVD)-RK)

_un—AUAF
AX

§U”+EU
4 4

lun_|_g
3 3

yw

(L)

1 At

4 AX
2 At

3 AX

(1)

U (2) — AF (U (1))

U = u® AF(U®)



Fr—h

OFV-WENOEGEZEHERI TR REEILZERT S
HESXIIRFEDIO—Fy—k T,
B ERERZZESREEAEEITLIHER EZLHYET,
B AEDEEILHFEEEREI T REXEEXIALL!
O ZXT{ETIE, SoKYEE ST, SplitizdUnsplitiE+
BE[ZIRTDIETY

=1L, BENZHISGRBOLENNETYT ,
HLRZmEE BRELEELALL!




HIENERTLT-

3
3

M ANESTESN 5





