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Wendland ') —X (See Dehnen & Aly 201 2)

— Pairing instability "&£ L 25V W HE

kernel name kernel function C o2 JH 2 H/h

v=1v=2v=3 v=1v=2 v=3 v=1 y=2 v=3
cubic spline by =(1-r)3-4(5-r)3 § R I 5 5 3 1732051 1.778002 1.825742
quartic spline bs =(1-rt-5G-pietod-nt 2 B3 5 L 99 B 1936492 1977173 2.018932
quintic spline be =(1-r)3—6(3 -5 +15(L-ps & 37 3 L 277l 7 3121321 2.158131 2.195775
Wendland C2, v =1 Y1 =(1—-r)3 (1+3r) 2 - — £ — — 1620185  — —
Wendland C*, v =1 Y3p=(1—-r) (1+5r+812) 3 - — = — — 1936492 — —
Wendland C°, v =1 Yaz=1-r.(1+7r+192 +217) 3 — — & — — 2207940 — —
Wendland C%,v=2,3  y31=(1-r)}(1+4r) — 1 4 — 5 —  1.897367 1.936492
Wendland C*,v=2,3  yur=(1-rS(1+6r+3r?) — 2 ¥ — = 3 — 2171239 2.207940
Wendland C®, v=2,3  ¢s3=(1-r)3(1+8r+25r2 +32/3) — BB 2L —  2.415230 2.449490

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 4 = 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. ¥ 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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Other SPH eqgs. (2)

o (BEEH T (Ea—Y) T4y 77t

H DI A

j
dv; P, P -
m; == ) mym | VWi,
e vas N
dU; P; ~
—=m




Problem in SPH
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Hydrostatic Equilibrium test

T = 0.00

Initially hydrostatic equilibrium

31
Saitoh & Makino 2013
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Density Independent SPH
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Other DISPH egs. (1)
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Other DISPH eqs. (2)
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Hydrostatic Equilibrium test
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Initial condition




Tests

Saitoh & Makino 2013
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Generalized DISPH
« g(=P/(7-1)) DRDYIZ y=PF ZEL (115

— See Saitoh & Makino (201 3)
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DISPH for Non-ideal EOS
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(> ML 8k37 etc.)

- P=P(p,u)
c PZDYLDEEARELTS
 See Hosono, Saitoh and Makino (201 3)
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Balsara Limiter
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Time step
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NanoASURA
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LRY M)
https://bitbucket.org/tsaitoh/nanoasura

Takayuki Saitoh @ V> o

NanoASURA
NanoASURA e o RAEEH
—B
V=X Here's where ):ou'll find _this repository's source files. To give your users an idea of what they'll SHEOTILUIT  TSVF
find here, U/R= U (SERBAZ IR . P 1
d=wvw b 0
J35>F f9 master v JAILI—% Moty Fir— St
1 0
TIVIOITR b
B/ N—>a>EB>SZ  S5E
Pipeli Th C
ipelines " . , - - i
0 H4ZX BEOIIVE Ayt ait
~
Deployments . plot —EB Update Makefile ;?EEZEBED o
Wiki
. runs 3 Han Change the neighbor number
Fo>0-R _ , ) 1 of 1 build passed
. src 3 Hal Update Makefile
FE . -
B .gitignore 90B  2019-02-08 Add .gitignore A=
B LICENSE 1.4KB  2019-02-14 Update LICENSE
B README.md 3.09KB 5 BHal README.md 7 Bitbucket ETAH>



License

e MIT SA4EADTTTEMLTWET
* http://opensource.org/licenses/MIT




XCc T N EITHEME

¢« V=77 EIE—LFT
—ERE xc I work TUDEITTELRVDOT work dir ZfEWFEL LD
(7= LB =D EHABZ D TEE)
—cd /work/hydro?? XZZT??2B80NES
—cp /home/hydroOO/NanoASURA_hydro2019.tar.gz ./
— tar xvfz ./NanoASURA_hydro20 1 9.tar.gz
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src:V/—X3d—FK

— setup : MEAFKMGENK T 71L&
runs: fEETALJH)

— shocktube : | D shocktube

— hydrostatic : 2D hydrostatic

— kh:2D Kelvin-Helmholtz inst.
—rt:2D Rayleigh-Taylor inst.

— sedov : 3D Sedov-Taylor

— keplar : 2D keplar disk

— galaxy : 2D barred galaxy model

plot:plot tool
doc:Documents generated by DoxyGen
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o ¢ AX/ATEIFH VBN TIAL /AL E
—cd ./src

— make
— “asura.out” HNTEFET
¢ SEINEZTIEXC50 LTEITLETDHT.XCH0 Icaz (4L
FIRRE T /XAILLTLIZEW
— Makefile DE&E#IZHS CC=cc ZgccRCIEETRraH N/ XYY
REEATY —/NTHEITEHRETT
— W E D Makefile |& XC50 BEAIZG>TWET




XC50 THORITAHE

src:V/—Xa1—F

s ERTALIMNICHEILET _ setup : MARM LR T LB

—cd ../runs/shocktube runs: EE7T1L7H)

. O S £ 4 — shocktube : | D shocktube
a7 %T}()\ L i ﬂ- hydrostatic : 2D hydrostatic

— qsub ./batch.sh kh:2D Kelvin-Helmholtz inst.

_ ASURA |Z g /73\0)_-7-_4, WA XA rt:2D Rayleigh-Taylor inst.
param.txt 77 AL EsmA3AATEY :zfavr:: 32% izcs)?;;gifor
U AN L—>at% ﬁ;ﬁﬁébij— galaxy : 2D barred galaxy model

— LIFSLFTF O BN HYET plot:plot tool

doc:Documents generated
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NParticles 1000 % Number of particles used in this run.
RunType 0 % 0 is the shocktube test.

OutDir ./data_disph % Data output directory.

RunName shocktube % Base name of output file.

Dimension.

Periodic boundary condition.
Box size.

Not used in this run.

Not used in this run.

Dimension 1
PeriodicBoundary 1

a® 3% a®

av a®

Simulation end time.
Coefficient for the CFL timestep.

av aR®

UseDISPH 1
SelectKernelType 1

If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.

O=cubic spline kernel,

1=cubic spline kernel with a modification proposed by Thomas & Couchman (1992)
2=Wendland kernel C2, 3=Wendland kernel C4, 4=Wendland C6

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.

KenrelEta used when KernelEvaluationType ==

KernelEvaluationType 1

8% 3° 3R &% &R aR av av

% Use the grad-h term.
% Use both grad-N and grad-h terms.
DerivativeOperatorType 0 % 0=the standard operators.
% 1=those shown in Hosono, Saitoh \& Makino (2016).
Specific heat ratio.
Number of neighbor particles.
Tolerance number of the neighbor number, Ns.

a® a® &%

If 0, use Monaghan 1997 type visc term. If 1, use vNR type visc term.
Viscosity coefficient.

If 1, this code uses the variable alpha mode.

Min alpha for the variable alpha mode.

Max alpha for the variable alpha mode.

Switch for the Balsara limiter.

A factor for the signal velocity.

UseVariableAlpha 0
ViscAlphaMin 0.1
ViscAlphaMax 2.0
ViscBalsara 0
ViscSgnalVelocity 3.0

a% a® 3% a®°

&% &% &%

ICFile

OutputFileNumber 100 Number of output files.
riteEveryStep 0 When this flag is 1, the program writes particle data after every step.

ShowLog 1 % Verbose mode

hreadNumber 8 % Number of thread for OpenMP instructions.
DynamicChunk 10 % Chunk size for OpenMP instructions.
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Shocktube T+ XA FDELT

« EET 4L 7K . /runs/shocktube

¢ RDZDONIZEETHALTHILLI:
— UseDISPH | and ./data_disph
— UseDISPH O and ./data_ssph

NParticles 1000 % ,NumbaglAf particles used in this run.
RunType 0 % tne shocktube test.
OutDir ./data_disph % Data output directory.

RunName shocktube % Base name of output file.

Dimension 1 Dimension.

PeriodicBoundary 1 % Periodic boundary condition.
Box size.
Not used in this run.
Not used in this run.

% Simulation end time.
A Coefficient for the CFL timestep.

% If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.



g7 9s54L,. DWTET

o TRRLICIIEIT T — T EVZTOT ENF—/Yan09 £ T
a2 /3L L TLIZI W
— cp /home/hydroOO/NanoASURA_hydro2019.tar.gz ./
— tar zxvf ./NanoASURA_hydro20 1 9.tar.gz
— cd ./NanoASURA
. ;__T?EHSTD TS5LNAV/RAILIZIE “gec” ¥ “pgplot” EEWF
— cd ./plot
— make
— “plot.out” A’ TEFY
o FRMTH—/NI2 XC50 D work ¥ hENTWED T, B —/
NoERE XC50 DEAeHmAELTHBILTEIZT




Parameter file for plot

qOutDir ./data_st_disph 0 — P

ataDir_OO ../ runs/shocktube/data_ dlsph */ \7)( o 57 Li pa ram 'TXT L\ E%é“? \l ) %
S - ) AT AERL TS

DataDir_03 ../runs/rt/data_disph

DataDir_04 ../ /sedov/data_disph N o > A >

DRERDEC 05 | friss/iaplac/iata, displi — PlotType 3D IA TN ENEEILET 50
shocktube (ShOCkTUbe fd:l’) O)

surface

i — )E)_CI'I'GDIr' 0? : T—IANHAT4L7 1) (PlotType &3¢
sedov ,
e /xc-work/zmyd roXX/NanoASURA_hydro20 | 9/runs/shocktube/data_disph
Y7o TWBDT XX % a/\ HFICEETS
— OutDir: EAFT4LIN)  ZASNALEIOENN EES
TNTLEVETOTEE
” Ki-hydrostatic — WriteMode I3 h 74 —<v 2 E R
St « O=E@mEA. |=eps 771/, 2=png 771/l

%4=sedov

%5=keplar i ZUI)Z_TO’( %ﬂ:%t&gﬁg L/T EH'#/LL;: |OI"2 [Z
— TOHIZETILITED/RSA=9HY) (??_PlotTypeZ%)

dWriteMode 2 % 0->XSERVE, 1->eps, 2->png, B

1 %if 1, rho = q/u is used.



Shocktube: DISPH

« Shocktube test (runs/shock’rube) PlotType=0

t0,0B
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Shocktube: SSPH

« Shocktube test (runs/shock’rube) PlotType=0

t0,0B
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P=A—>a> 774 IAERK

ffmpeg IZLB 7 = A—aAE R

ffmpeg -y -i
“./data_st_disph/shocktube_four.%04d.png”

-vcodec libx264 -vf format=yuv420p

—partitions parti4x4+partp38x3

-gmax 30 -r 10

shocktube_disph.mp4

147 T

ffplay -loop 100 ./shocktube_disph.mp4

IND = RAV ML BENE T
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Hydrostatic Equilibrium X FDELT

« E¥T1L7M): . /runs/hs

« RDZHDDT—REHALFLL:
— UseDISPH |, OutDir ./data_disph
— UseDISPH O, OutDir ./data_ssph

NParticles 48 % Npariia@R'? is the total number of particles used in this run.
RunType 1 % piydrostatic test.

QutDir ./data_disph = Data output directory.

RunName surface % Bdse name of output file.

Dimension 2 % Dimension.

PeriodicBoundary 1 % Periodic boundary condition.
Lbox0 1 % Box size.

Lboxl 1 % Box size.

Lbox2 1 % Not used in this run.

TEnd 8.0 zgaimulation end time.
CFL 0.3 pefficient for the CFL timestep.

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

SelectKernelType 3 % 0=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 Cé

KernelEvaluationType 0 % If this flag is 0, ASURA evaluates the kernel size based on the neighbor numbe
% If 1, ASURA uses h = KernelEta*(m/rho)*{1/D},
% where m, rho, and D are mass, density and dimension, respectively.




Hydrostatic equilibrium 57X b E3R1L

» Hydrostatic tests (run/hydrostatic) PlotType=|
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Kelvin-Helmholtz 2 E T X FDELT

« EET4L7K): . /runs/kh

¢« RO —R=H: L TAHILLD:
— UseDISPH I, and OutDir ./data_disph
— UseDISPH O, and OutDir ./data_ssph

NParticles 256

RunType 2

OutDir ./data_disph Data output directory.
RunName kh % Base name of output file.

Dimension 2 % Dimension.

PeriodicBoundary 1 % Periodic boundary condition.
Lbox0 1 % Box size.

Lbox1l 1 % Box size.

Lbox2 1 % Not used in this run.

TEnd 2.0 % Simglation end time.
CFL 0.3 - ficient for the CFL timestep.

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

SelectKernelType 3 % 0=cubic spline kernel,
% 1=cubic spline kernel with a modification proposed by Thomas & Couchman (1992)
% 2=Wendland kernel C2, 3=Wendland kernel (4, 4=Wendland Cé

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.




Kelvin-Helmholtz R ZE 4T X D O[3]4L

» Kelvin-Helmholtz inst. tests (runs/kh) PlotType=2
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Rayleigh-Taylor RZE TR D ELT

« EET4L7K): . /runs/rt

¢« RODZDODT—REHLTHILLY:
— UseDISPH I, and OutDir ./data_disph
— UseDISPH O, and OutDir ./data_ssph

%NParticles 240

NParticles 160

RunType 3

OutDir ./data_disph % Data output directory.
RunName rt % Base name of output file.

Dimension 2 % Dimension.

PeriodicBoundary 1 % Periodic boundary condition.
Lbox0 0.25 % Box size.

Lboxl 1 % Box size.

Lbox2 1 % Not used in this run.

|TEnd 10 ;
fFL 0.3 - cient for the CFL timestep.

UseDISPH 1 % If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.
SelectKernelType 3 % 0=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 Cé6
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 ==




Rayleigh-Taylor F&ZE 47X DAL

* Rayleigh-Taylor inst. tests (runs/rt)

0.4 |

0.2

t = 0.10

0 0.2

0.4

0.6

0.8

0.4 -

t = 0.10

0.2

0.4

0.6

0.8

PlotType=3
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Sedov-Taylor T AFNDET

« E¥F574L7HK): ./runs/sedov

¢« RO —R=H: L TAHILLD:
— UseDISPH I, and OutDir ./data_disph
— UseDISPH O, and OutDir ./data_ssph

NParticles 64 % NOJA Lo

RunType 4 % P oedov test.

OutDir ./data_disph

RunName sedov % Base name of output file.

Dimension 3 % Dimension.

PeriodicBoundary 1 % Periodic boundary condition.
Lbox0 1 % Box size.

Lboxl 1 % Box size.

Lbox2 1 % Not used in this run.

TEnd 0.05 % Samulation end time.
CFL 0.3 Fficient for the CFL timestep.

UseDISPH 1
SelectKernelType 3

If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.

O0=cubic spline kernel,

1=cubic spline kernel with a modification proposed by Thomas & Couchman (1992)
2=Wendland kernel C2, 3=Wendland kernel C4, 4=Wendland Cé

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.

KenrelEta used when KernelEvaluationType == 1.

KernelEvaluationType 0

Lo MG A0 AS A8 Ao

&% 8¢ &% &% &% &%

o
&%

=]
=)

KernelEta 1.2



Sedov-Taylor F X rDE[$]1L

e Sedov-Tavlor tests (runs/sedov)

t = D.DDO|53
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PlotType=4



Sedov-Taylor F X rDE[$]1L

e Param.txt 24RE L TETE—F2ZT 1 TH5

# For PlotType 4
SD_PlotType 1 % 0=slice,1=rho,2=p,3=Density map,

SD PlotSolutZma 1
SD_SolutionF\meName ./sedov_t005.dat

1NMB3(CUTHD

_ 0
SD Rmax 0.5
D Rhomin 0
Rhomax 5

SD Pmax 10

SD GridSize 128

SD Palette 2




Sedov-Taylor X FDTER1L

» Sedov-Taylor tests (runs/sedov) SD_PlotTymecs

Density 1 2 3 4 5 Density 1 2 3 4 5

84



° =

Keplerian disk =Xk
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RRGATRMIRDBEAESHE YRS

Type || Abbreviation | Equations | Reference
Form of AV vNRL (1) von Neumann & Richtmyer (1950); Landshoff (1955)
MOT (6) Monaghan (1997)
No No Do not use
Shock indicator () (16) Rosswog et al. (2000)
(18)-(21) | Cullen & Dehnen (2010)
No Do not use
Shear switch (22) Balsara (1995)
(25)-(27) | Cullen & Dehnen (2010)

(3)

Luey (1977)

(1)

Garcia-Senz et al. (2012)

« vVNRL B A THEMEY

=

-

7 grad/div/ rot 7 AF

0.1

1

NI
rot

1

10

00!

100 103

100

1000

vNAL-B95-CO10-G+ 12" 4

vNBL-B95-CD10-G+12 4

vINRL-CD10-CD10-G+12 4

vNRL-B95-R+00-G+12 4

vNRL-B85-NO-G+12

vNRL-CD10-R+00-G+12 |

vNAL-CD10-NC-G+12

vNRL-NO-R+00-G+12

vNAL-NO-CD10-G+12

vNRL-B35-CD10-5PH -

vNRL-CD10-CD10-5PH 4

vNRL-B95-R+00-5PH -

vNRL-BI5-NO-5PH -

viNRL-CD10-R+00-SPH -

vMAL-CD10-NO-SPH -

MI7-CD10-CD10-G+12

viNRL-NO-NO-G+12 4

M97-CD10-R+00-G+12

M97-B95-CD10-G+12 4

MI7-CD10-NO-G+12 4

VvINRL-NO-CD10-SPH -

vNRL-MNO-R+00-5PH -

M97-B95-R+00-G+12 -

vNRL-NO-NO-SPH

Ma7-CD10-CD10-5PH -

Ma7-B95-CD10-SPH -

Ma7-BI5-NO-G+12

MS7-CD10-R+00-5PH

ME7-CD10-NO-SPH -

M97-B95-R+00-SPH 4

ME7-BA5-NO-SPH

MET-NO-CD10-SPH

Ma7-NO-CD10-G+12

MI7-MNO-R+00-5PH |

MET-NO-R+00-G+12

MA7-NO-NO-SPH

Hosono, Saitoh & Makino 2016
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MLS-based grad/div/rot

E:

-481d Garcia-Senz et al. 2012; Hosono, Saitoh &
Makino 2016

V - v; :Z@(vj —v;) - [/\/l-_l

. 1 (ajj CL‘Z)} W(mija hz)
— P
J
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Keplerian disk 72Xk
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Keplerian disk 7 XD EFT

e EXT7T4L7HK): . /runs/keplar

c RD=_T—RZALTHELLD:
— DerivativeOperatorType=1,ViscType=1,UseVariableAlaph=|
— DerivativeOperatorType=0,ViscType=0,UseVariableAlaph O

UseGradh 1 % . h term.
UseGradN 1 % / pgrad-N and grad-h terms.
DerivativeOperatorType 1 % 0=the standard operators.
% 1=those shown in Hosono, Saitoh \& Makino (2016).
Gamma 1.6667 % Specific heat ratio.

ViscAlpha 0.1 1scosity coefficient.
UseVariableAlpha 1
ViscAlphaMin 0.1 % Min alpha for the variable alpha mode.
ViscAlphaMax 2.0 % Max alpha for the variable alpha mode.
ViscBalsara 1 % Switch for the Balsara limiter.
ViscSgnalVelocity 3.0 % A factor for the signal velocity.

32 Number of neighbor particles.
’Tolerance number of the neighbor number, Ns.
’use Monaghan 1997 type visc term. If 1, use vNR type visc term.
6 If 1,

this code uses the variable alpha mode.




Keplerian disk X D a[FR1L

« Keplerian disk tests (runs/keplar)

t = '0.32

PlotType=5
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Barred galaxy 7 Xk
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Barred galaxy 7 XA FNDELT

« fEET4L7MY): . /runs/galaxy
e ¥YHATESDETILEZARLTATILL:

\lParticles 30000 % Not used

RunType 6 % 6 1s the galaxy model test.
OQutDir ./data_disph

RunName galaxy % Base name of output file.

Dimension 2 » Dimension.

PeriodicBoundary 0 % Periodic boundary condition.
Lbox0 1 % Box size.

Lbox1l 1 6 Box size.

Lbox2 1 % Not used in this run.

TEnd 10.0 % Simulation end time.
CFL 0.3 % Coefficient for the CFL timestep.

UseDISPH 1
SelectKernelType 3

If 1, ASURA adopts DISPH. If 0, ASURA uses standard SPH.

0=cubic spline kernel,

1=cubic spline kernel with a modification proposed by Thomas & Couchman (1992)
2=Wendland kernel C2, 3=Wendland kernel C4, 4=Wendland C6

If this flag is 0, ASURA evaluates the kernel size based on the neighbor number.
If 1, ASURA uses h = KernelEta*(m/rho)A{1/D},

where m, rho, and D are mass, density and dimension, respectively.

KenrelEta used when KernelEvaluationType == 1.

KernelEvaluationType 0

R R &R 2R R R of

)
(=)

KernelEta 1.2




Barred galaxy 7 X D a1k

» Barred galaxy tests (runs/galaxy)

PlotType=6
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RieH H 5 AmITEREE

R FEE=ZELTHS(st/kh/rt/galaxy)

— NParticles

Kernel D947 %=X 8L TH%(hq/kh)

— KernelType

&BEFAFED T % (kh)

— TEnNnd

IRILF=—CEHEDNRFHERLTHS

- I—FREHNILE

IN—RTFoIvILD/INI— R EZZTEL(HS

— 3—FREH B E (src/setup/SetupGalaxyModel.c: 101 1TH)
— 51 Z21350km/s/kpc = | Okm/s/kpc

R T >V vILEEXNLTHS(galaxy)

— 2—FiREH S E (src/setup/SetupGalaxyModel.c: | 5347 B AT (A HY)
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— SPH B3

« Standard SPH
* Density independent SPH

— ZDOfh
o ATXLME. BERAFESD . BRI 415

2. B3

- %

\
n}d

35

é’cﬁ J—RIZOWTHEWEEE

— Kk

~ 5k
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2D hydrostatic equilibrium test
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2D Rayleigh-Taylor instability test
3D Sedov-Taylor test
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