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quartic spline bs =(1-rt-5G-pietod-nt 2 03 S L 919 2 1936492 1.977173 2.018932
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Wendland C?, v=2,3  y31=(1-r1(1+4r)
Wendland C4, v=2,3  yur=(1-rS(1+6r+3r?)
Wendland C®, v=2,3  ys53=(1-r)3(1+8r+25/% +323)
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Table 1. Functional forms and various quantities for the B-splines (equation 11) and Wendland functions (equation 12) in v = 1-3 spatial
dimensions. (-)+ = max{0,-}. C is the normalisation constant, o the standard deviation (equation 8), and & = 20 the smoothing scale. Note that
the Wendland functions of given differentiability are identical for v =2 and v =3 but differ from those for v=1. ¢ (the C? Wendland function
in 1D) has already been used in the second SPH paper ever (Lucy 1977), but for 3D simulations, when it is not a Wendland function.
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Density Independent SPH
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Hydrostatic Equilibrium test
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Generalized DISPH
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— shocktube : | D shocktube test

— hydrostatic : 2D hydrostatic test

— kh:2D Kelvin-Helmholtz inst. test

— rt:2D Rayleigh-Taylor inst. test

— sedov : 3D Sedov-Taylor test

— keplar : 2D keplar disk test

— galaxy : 2D barred galaxy model test
— evrard : 3D spherical collapse test
plot:plot tools
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N Title = "nano ASURA parameter file" E [Hydro]
= # All parameters described in this file " UseDISPH = 0 # If 1, AS
E . SelectKernelType = 1 # O=cubic
O [Mode] : # l=cubic
+: RunType = 0 # 0 is the shockt = # 2=Wendla
E NParticles = 1000 # Number of parti E KernelEvaluationType = 1 # If this
ShowLog = 1 # Verbose mode - # If 1, AS
C’ - # where m,
- [IO] . KernelEta = 1.2 # KenrelFEt
c’ OutDir = "./data ssph" # Data outpu . UseGradh = 1 # Use th
“Fz- ICFile = "" # Initial c = UseGradN = 1 # Use bo
e RunName = "shocktube" # Base name = DerivativeOperatorType = 1 # 0O=the
OutputFileNumber = 100 # Number of . # 1=thos
Q WriteEveryStep = 0 # When this E Gamma = 1.4 # Specif
c— - Ns 7 # Number
. [Boundary] . Nspm = 1 # Tolera
[ Dimension = 1 # Dimension. . ViscType = 0 # If 0, us
(()] PeriodicBoundary = 1 # Periodic bo . ViscAlpha = 1.0 # Viscosit
L - LBox0 = 2.0 # Box size. - UseVariableAlpha = 1 # If 1, th
()] LBoxl = 1.0 # Not used in = ViscAlphaMin = 0.1 # Min alph
E LBox2 = 1.0 # Not used 1n E ViscAlphaMax = 2.0 # Max alph
O - ViscBalsara = 0 # Switch f
¢ [Time] - ViscSignalVelocityBeta = 3.0 # A fa
O TEnd = 0.1 # Simulation |
O- CFL = 0.3 # Coefficient E [Thread]

ThreadNumber = 8 # Number of threa
DynamicChunk = 10 # Chunk size £&P



Shocktube X b

o EHEMIRANIZENT K
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p=1, P=1, v=0 (x<0),
p=0.25 P=0.179, v=0 (x>0),
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Shocktube 57X FNDEFT
« fE¥EFT 1L 7K): ./runs/shocktube

¢« ROZODDGEZALTHILLD:
— UseDISPH | and ./data_disph
— UseDISPH O and ./data_ssph

[IO]
OoutDir = "./data_disph'@tPUt directory.
ICFile = "" Initial condition file.

RunName = "shocktube" # Base name of output file.

OutputFileNumber = 100 # Number of output files.

WriteEveryStep = 0 # When this flag is 1, the program writes particle data after every step.
[Boundary]

Dimension = 1 # Dimension.

PeriodicBoundary = 1 # Periodic boundary condition.

LBox0 = 2.0 # Box size.

LBox1l = 1.0 # Not used in this run.

LBox2 = 1.0 # Not used in this run.
[Time]

TEnd = 0.1 # Simulation end time.

CFL = 0.3 # Coefficient for the CFL timestep.
[Hydro]

UseDISPH = 1 # If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.

SelectKernelType = 1 # O=cubic spline kernel,
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g7 9754,.DPWTET

« A[BLT OIS AL /plot U TIZHY)FT KT D@2 /31(IL
LT (CECA DRRATH— /S ERI A LTAET L)
—cd ./plot
— make
— “plot.out” A TEZT

« NOGA=ITPAINETAHPAAT HBYRTALIMN) D LR T 7
AT AAATHERLET




Title = "nano ASURA parameter file"

Parameter file for plot

[Environment]
FyEhonfath = Tpythonst o INSA—=%I3 param.toml IZEZRIN T3S
[Mode] c YYHAT REBEBRYEZS
PlotType = 0 . ) .
WriteMode = 2 — [Environment] PythonPath |3 matplotlib D&
ShowTime = 1 A5 pyThonB N/ {’Zﬁ‘%ﬁ\ﬂ’(\:\%'%‘%ﬁ‘%%
| — [Mode] PlotType ¥’ DA T Dt E D TR %
[Targ‘ji;ijﬂ _ 0 ¥ 50 (shocktube %25 0)
FileEnd = 3000 — [Shocktube] DataDir: 7 —9 XA T4L 7+
[Shocktube] — [Shocktube] OutDir : HATALINIEAS
Outbir = "./data_st_disph" HLRAIDOAN LEEIINTLINVEITOT /EN
FileName = "shocktube" — [Mode] WriteMode (3 A 74—~V e E
DataDir = ”/xd- e O=pdf. | = 2=
work/hydroXX/nanoasura/runs/shocktube ZT)F;)Z:T;f(pS, —png
/data disph" *
PlotType = 0 — [Shocktube][Hydrostatic]-:-¥ PlotType IIx¢
PlotSolution = 1 IS B/ NTA=FHTERIZHY
SolutionFileName =
"./solution sod.txt" 67
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Shocktube: DISPH
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Shocktube: SSPH

« Shocktube test (runs/shocktube)

Position
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[Mode] PlotType=|
[Shocktube] PlotType=4



P=A—>a> 774 IAERK

o ffmpeg IZLB7 = A= afERK

./run ffmpeg.sh "./data st disph/shocktube four.%04d.png" shocktube disph.mp4

» ffplay -loop 100 ./shocktube_disph.mp4
o NT—=HRAVMREIHEENET



Hydrostatic Equilibrium 57Xk

o HEFD SPH &3 TREFRE *IRALW
> JEYIR X @EIKR IO THNS

¢« ZOHOTRAMTCIEZHEEXBLZZYHANTE T/ DISPH Tk
HNIHEINS D 75\’\75 %
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Hydrostatic Equilibrium 52X bDELT
« EXET 4L 7MY ./runs/hydrostatic
« RD=ZDODT—REZALILL:

— UseDISPH |, OutDir ./data_disph

— UseDISPH O, OutDir ./data_ssph

[IO]
OutDir = "./data disph"
ICFile = ""
RunName = "hydrostatic"
OutputFileNumber = 80
WriteEveryStep = 0
[Boundary]
Dimension = 2 #
PeriodicBoundary = 1 #
LBox0 = 1.0 #
LBox1l = 1.0 #
LBox2 = 1.0 #
[Time]
TEnd = 8.0 #
CFL = 0.3 #
[Hydro]

UseDISPH = 1
SelectKernelType = 3

<i1::::::]put directory.
#Nnitial condition file.

# Base name of output file.
# Number of output files.
# When this flag is 1, the program writes particle data after every step.

Dimension.

Periodic boundary condition.
Box size.

Box size.

Not used in this run.

Simulation end time.
Coefficient for the CFL timestep.

# If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.
# O=cubic spline kernel,



Hydrostatic equilibrium 5 X D E3R1L

 Hydrostatic tests (run/hydrostatic) [Mode] PlotType=|
[Hydrostatic] PlotType=|

SSPH DISPH

1.0

1.0
- 4.0

0.8 0.8
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0.0 0.0
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Kelvin-Helmholtz T2 E&E T A MDELT
e EET 4L 7K . /runs/kh
¢« RO=ZT—REHALTHILLD:

— UseDISPH |, and OutDir ./data_disph

— UseDISPH O, and OutDir ./data_ssph

[I0]
OutDir = "./data disph" ut directory.
ICFile = "" # ¥nitial condition file.
RunName = "kh" # Base name of output file.

OutputFileNumber = 100 # Number of output files.

WriteEveryStep = 0 # When this flag is 1, the program writes particle data after every step.
[Boundary]
Dimension = 2 # Dimension.
PeriodicBoundary = 1 # Periodic boundary condition.
LBox0 = 1 # Box size.
LBox1l = 1 # Box size.
LBox2 = 1 # Not used in this run.
[Time]
TEnd = 2.0 # Simulation end time.
CFL = 0.3 # Coefficient for the CFL timestep.
[Hydro]
UseDISPH = 1 # If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.
SelectKernelType = 3 # O=cubic spline kernel,



Kelvin-Helmholtz T ZE 47T XD O[F]1L

[Mode] PlotType=2

e Kelvin-
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elmholtz inst. tests (runs/kh) (kewinHelmholtz] PlotType=3
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Rayleigh-Taylor %
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Rayleigh-Taylor T ZE 4T X FDELT
e EET4LIJK): . /runs/rt
« RD=ZDNT—REHLTHILLD:

— UseDISPH |, and OutDir ./data_disph

— UseDISPH 0O, and OutDir ./data_ssph

[I0]
OutDir = "./data disph" ut directory.
ICFile = "" # Pnitial condition file.
RunName = "rt" # Base name of output file.

OutputFileNumber = 100 # Number of output files.

WriteEveryStep = 0 # When this flag is 1, the program writes particle data after every step.
[Boundary]
Dimension = 2 # Dimension.
PeriodicBoundary = 1 # Periodic boundary condition.
LBox0 = 0.25 # Box size.
LBoxl = 1.0 # Box size.
LBox2 = 1.0 # Not used in this run.
[Time]
TEnd = 10 # Simulation end time.
CFL = 0.3 Coefficient for the CFL timestep.
[Hydro]
UseDISPH = 1 # If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.
SelectKernelType = 3 # O=cubic spline kernel,



Rayleigh-Taylor RZE TR DAL
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Sedov-Taylor A D EIT
« E¥T74L7HF): ./runs/sedov

RD_T—A%BA L THAILLD:

— UseDISPH |, and OutDir ./data_disph

— L[goz?:eDISPH O, and OutDir ./data_ssph

OutDir = "./data disph" put directory.
#ICFile = "./init/BlastWaweGlass.128.dat" # Initial condition file.
ICFile = "./init/BlastWaveGlass.64.dat" # Initial condition file.
#ICFile = "./init/BlastWaveGlass.32.dat" # Initial condition file.
RunName = "sedov" # Base name of output file.
OutputFileNumber = 100 # Number of output files.
WriteEveryStep = 0 # When this flag is 1, the program writes particle data after every step.
[Boundary]
Dimension = 3 # Dimension.
PeriodicBoundary = 1 # Periodic boundary condition.
LBox0 = 1 # Box size.
LBox1l =1 # Box size.
LBox2 = 1 # Not used in this run.
[Time]
TEnd = 0.05 # Simulation end time.
CFL = 0.3 Coefficient for the CFL timestep.
[Hydro]

UseDISPH = 1 # If 1, ASURA adopts DISPH. If 0, ASURA

uses standard SPH.
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Sedov-Taylor X rDER1L

« Sedov-Taylor tests (runs/sedov) [Mode] PlotType=4
[Sedov] PlotType=1,2
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Sedov-Taylor X rDER1L

e« Param.toml 2HE L TETRE—RZZ 1 THS

[Sedov]
OutDir = "./glass_ 64"
FileName = "sedov"
DataDir = "../runs/sedov/glass"
PlotType = 0 # O=slice,l=rho,2=p,3=Density map
PlotSolutio 1
SolutionFil® e = "./sedov t005.dat"
Xmin = 0.0
Xmax = 1.0
Ymin = 0.0
Ymax = 1.0
Slice = 0.05
Rmin = 0
Rmax = 0.
Rhomin =

0
Pmax = 10.0
e



Sedov-Taylor X D EFR1L

« Sedov-Taylor tests (runs/sedov) SD_E,:ggzg::g
SSPH DISPH
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Keplerian disk X b
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> LY ELWATIREERAYFHY%6E (Cullen & Dehnen 201 0)

Standard+Balsara

Cullen &Dehnen

2010 5



RRGATRMEIROEAESHhELAESEG
Trot~600!

Type || Abbreviation | Equations | Reference

Form of AV vNRL (1) von Neumann & Richtmyer (1950); Landshoff (1955) O. 1 1 10 100 103
0.1 1 10 100 1000
MO7 (6) Monaghan (1997) VNAL-B95-CD10-G+ 12" | |
vNRL-B95-CD10-G+12 |
No No Do not use VNRL-CD10-CD10-G+12 |
vNRAL-B85-R+00-G+12 [
Shock indicator Rosswog et al. (2000) vNRL-B85-NO-G+12 1 |
vMRL-CD10-R+00-Gi+12 A |
Cullen & Dehnen (2010} NRL-CD10-NO-G+12 1 |
vNAL-NO-R+00-G+12
VNRL-NO-CD10-G+12

Do not use

Balsara (1905)

VNRL-BY5-CD10-SPH A |
vNRL-CD10-CD10-SPH - I

vNRL-B95-R+00-5PH
Cullen & Dehnen (2010) VNHUSSBE?::%ng |
— vNRL-CD10-NO-SPH - B
Lucy (1977) Ma7-CD10-CD10-G12 | |
VNRL-NO-NO-G+12
Garcfa-Senz et al. (2012) M87-CD10-R+00-G+12 |
M97-B95-CD10-G+12 - |
M37-CD10-NO-G+12 |
vNRL-NO-CD10-SPH A |

|
|
|
|
|
!
+ VNRL B A TH5EY
i
i
|
|
|
|
|

Shear switch

M97-CD10-CD10-SPH |

'E g ° K3 M97-B95-CD10-SPH - T
f > \ M97-B95-NO-G+12 |
=tE/= ‘e gra IV/Iro wromneonion |
Mg7-CD10-NO-5PH |
Ma7-B95-R+00-SPH [
Ma7-B95-NO-SPH |
M97-NO-CD10-SPH [
MI7-NO-CD10-G+12 - |
MO7-NO-R+00-SPH
MO7-NO-R+00-G+12
M97-NO-NO-SPH A [

Hosono, Saitoh & Makino 2016

Vs




MLS-based grad/div/rot

¥401l3 Garcia-Senz et al. 201 2; Hosono, Saitoh &
Makino 201 6

Vv, —Z@('vj —v;) - (M

, o (xg — )| Wiz, hy)
— P
J
-
M; = Z p—j(ﬂi‘j —x;) @ (x; — x))W (x5, hi)
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Keplerian disk 72Xk

e 2D /7'70‘3— nﬁi ~J§-g
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F120.5>2I1C
_*’%%11/73\ J

Aot — { ($2—C|—;e]\24)3/2w ‘w < 0.25

C;Zé/[ L otherwise
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Keplerian disk 7 X D E4T
« E¥T4L7M): . /runs/keplar
« RO T—RxeALTHFELLD:
— DerivativeOperatorType=1,ViscType=1|,UseVariableAlaph=
— DerivativeOperatorType=0,ViscType=0,UseVariableAlaph=0

[Hydro]

UseDISPH = 1 # If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.
SelectKernelType = 3 # O=cubic spline kernel,
# l=cubic spline kernel with a modification proposed by Thomas & Couchman (1992)
# 2=Wendland kernel C2, 3=Wendland kernel C4, 4=Wendland C6
KernelEvaluationType = 0 # If this flag is 0, ASURA evaluates the kernel size based on the neighbor number.
# If 1, ASURA uses h = KernelEta* (m/rho)"{1/D},
# where m, rho, and D are mass, density and dimension, respectively.
KernelEta = 1.2 # KenrelEta used when KernelEvaluationType == 1.
UseGradh = 1 grad-h term.
UseGradN = 1 both grad-N and grad-h terms.
DerivativeOperatorType = 0 # Y=the standard operators.
# l=those shown 1in Hosono, Saitoh \& Makino (2016).
Gamma = 1.6667 # Specific heat ratio.
Ns = 32 # Number of neighbor particles.
Nspm = 2 # Tolerance number of the neighbor number, Ns.
ViscType = 1 , use Monaghan 1997 type visc term. If 1, use VNR type visc term.
ViscAlpha = 0.1 iscosity coefficient.
UseVariableAlpha 1 # If 1, this code uses the variable alpha mode. 89

ViscAlphaMin = 0.1 # Min alpha for the variable alpha mode.



Keplerian disk 7 X b e[$]1L

« Keplerian disk tests (runs/keplar)

[Mode] PlotType=5
Params 000

[keplar] PlotType=1|
Params 111

- 1077

'—l
o
log Density
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Barred galaxy Xk

RTATL S v L R DA ]N/

o ¥EASKAF:
exp 77 A%

77 AL 104K (58 %A 12du/dt=0Il2TF 3% N I
\_Z’(/mrhéﬁfl:)

e RTVXIIEY =TT —/Nna— /NILY, 7
2 A& /N— {

— X5 A—F |4 Pettitt+2014, Wada 1994,
Saitoh+2008 »\5




Barred galaxy XD EST
e EET4L7K): . /runs/galaxy
¢ YYHITESDETILERLTAHILLD:

[1I0]
OutDir = "./data disph" # Data output directory.
ICFile = "" # Initial condition file.
RunName = "galaxy" # Base name of output file.
OutputFileNumber = 100 # Number of output files.
WriteEveryStep = 0 # When this flag is 1, the program writes particle data after every
step.
[Boundary]
Dimension = 2 # Dimension.
PeriodicBoundary = 0 # Periodic boundary condition.
LBox0 = 1 # Box size.
LBox1l = 1 # Box size.
LBox2 = 1 # Not used in this run.
[Time]
TEnd = 10.0 # Simulation end time.
CFL = 0.3 # Coefficient for the CFL timestep.
[Hydro]
UseDISPH = 1 # If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.
SelectKernelType = 3 # O=cubic spline kernel,

q2



Barred galaxy 7 X FD [ 1L
[Mode] PlotType=6

« Barred galaxy tests (runs/galaxy) [Galaxy] Plottype=0,2

Y [kpc]

00 2. , ; -100 0 100
X [kpc] Angle [deg]
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Barred galaxy 7 X FD [ 1L
[Mode] PlotType=6

« Barred galaxy tests (runs/galaxy) [Galaxy] Plottype=|

le—>

2.5

Y [kpc]
o
o

Density

—7.5 - T
‘.'-—-.-ilJi:.‘-' s X,
-10.0 kst ; -"- oy Tl T \
-10.0 -7.5 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 q4
X [kpc]




Evrard 57X b
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Evrard 57X b

V) —=EICE T 5/ Y5 A—% (src/evrard/param.toml)

[Gravity]
SolveSelfGravity = 1 # If 1, self-gravity 1is solved.
UseSymmetrizedPlummer = 1 # If 1, the symmetrized Plummer model 1s adopted.
OpeningAngle = 0.5 # The opening angle for the gravity.
GroupSize = 32 # The group size which shares the same interaction 1ist
for the gravity calculation.
GravitationalConstant = 1.0 # The gravitational constant.

— UseSymmetrizedPlummer I3t Y H AT SIETAILAW
(Saitoh&Makino 201 2)

— OpeningAngle 7" B iIAA A
— GroupSize IIMEERV A HBIT IR F 7 IL—T DHAXIIXF IS

96




Evrard T XD ETT
« E¥EFT 4L 7K . /runs/evrard

¢« RODZDODNDT—REZALTHFLLI:
— UseDISPH |, and OutDir ./data_disph
— UseDISPH 0O, and OutDir ./data_ssph

[I0]
OutDir = "./data disph" put directory.
ICFile = "" # Initial condition file.
RunName = "Evrard" # Base name of output file.

OutputFileNumber = 100 # Number of output files.

WriteEveryStep = 0 # When this flag is 1, the program writes particle data after every step.
[Boundary]
Dimension = 3 # Dimension.
PeriodicBoundary = 0 # Periodic boundary condition.
LBox0 = 1 # Box size.
LBoxl = 1 # Box size.
LBox2 = 1 # Not used in this run.
[Time]
TEnd = 3.0 # Simulation end time.
CFL = 0.3 oefficient for the CFL timestep.
[Hydro]
UseDISPH = 1 # If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.
SelectKernelType = 3 # O=cubic spline kernel,



Evrard X D[R4k

« Evrard tests (runs/evrard)

[Mode] PlotType="7 000 [Mode] PlotType="7
[Evrard] PlotType=0 - [Evrard] PlotType=9
t = 0.00
1.00
0.75 +
0.50 -
0725 . w s Lo |
> 0004 = >
B %
PR .4-—#-4‘-.‘3:,;",’; =
-0.254 = n.o-..::—.f-'..‘:';’ S
i ::-:’..‘/'/;'}/} L >
- /././‘: ',///,'
o864 SorAIL
0501 eiseIn
e 2/ :
-0.75 - Edes 54 ¢
-1.00

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00
X
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Evrard X bD T[R4t

Evrard tests (runs/evrard)

[Mode] PlotType="7
[Evrard] PlotType=4

t=0.00
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RO H 5 ARITEREE

RT3 ZELTAHS(st/kh/rt/galaxy/evrard)

— NParticles

Kernel 9147 & &L TH5(hq/kh)

— KernelType

&EFAE DT 5 (kh)

— TEnd

IRIILF—CEHENRFLHERLTHS

— I—FREVGE

IN—RTowIL DN — B ELZEEL(HAHD

— A—RiREH S E (src/setup/SetupGalaxyModel.c: 101 1TH)
— B Z1350km/s/kpc = | Okm/s/kpc
RBER T Vv LR BN L TAS(galaxy)

— I—RFREH S E (src/setup/SetupGalaxyModel.c: | 5317 B AT I e[ H)



V3alb=2asnNFGA=IEEITOWT

e 32l —YaYEFTTALIMNIZHS param.toml DPITE &
SNTWB/NRSA—IEZZELET

» §]: hydrostatic equilibrium =Xk

[Mode]
RunType = 1 # 1 1is
NParticles = 48 # Npar

R ZZE T DIHE. Nparticles = 48 ZZ &

IBRABZIE64EN. 96N, COEFDZFTA M
FECIRBDBDT., REK U ITETBEEE(CIFRID

D ET

[Hydro]
Gamma = 1.6667 # Specific
Ns = 37 # Number o
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