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P, VAT A 250 IR A 30 TR P RO R CE.
e, P9 ( Lazaras PR R) AT TCF $ AL A8 [R) 780 ) 1) B (E AR 400 255 SR IE T A SC35 1k

AERPE AR E .
1 A%k Lagrange .74

PHEWN B AR PR A S 1 2707 F
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dt p v’
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Y__vy
pdt P,
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Hor, d/de ZHRBERARA 2 580, Wl e, d/dr = 970t + v-V.
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Fig. 1  An illustration for the staggered mesh
BEDTIR.

2 SRR

PURFATHEse B AE i anh

XA L7 REAL R A VR 2070k B AR R it
AR ST X R g XS A 7 RS 5 23, SR AE R A L
BEHOR 7 R 2. 31X B 32 B a8 T RS AL A% A
S Lagrange 50k WL , WA n] LU P4~ RE R
FETR , P REL A A AR )2 9 T R L R P E T M
BT R AR s TR HYEURE v E SCAEIAR Y R L
PR T LLRC AR SR E v 32 3, I AR 1Y) B8 p
WHE p  LLINBE e & SCAE RIS Y DU B B0t i s
(HLABR g 4 AN DU AR XIE) . 2518 1.

FER 1 b SRR AR MG | R 23 7 4 Bl A%
(median mesh) 4 B A% i DU 2 B0 0 A 4
FRILEY T R B R LA I8 AR R v R SCAE ]
R p b A B (p,p o) 5E A RIS DY
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hydro_motion ( input )

1) [ml,m2,m3,m4 ] =corner_mass(input) ;

% WS I DU BT POt AT 4 2R R s A 2 05 4 A>T IUILIE | WA A6 1F

PR 4 A IR B

2) zone_mass=ml+m2+m3+m4;
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3) point_mass =node_mass(ml ,m2,m3 ,m4) ;

% H12) \3) Al RS 0 DU BT o e A s e 24 A

4) old_p=((gamma-1) * old_rho) * old_sien;

% WHLIE, p = (y - 1)pe, sien £/ ELINGE S IX BIRATH A AR S AR S T

5) [atf_1,atf_2,atf_3,atf_4 atf_p | =artificial_force( ) ;

% H n B2 PR T TR YE T (atf_1 atf_2, atf_3,atf_4) A TREPEFE (atf_p)
atf_i FRMUIE R ITE-TEE S @ T B TR T

6) [ meanpf_l ,meanpf_2 ,meanpf_3 , meanpf_4 | = mean_pressure_force( ) ;

% 1 n 200K T MRS 19 I 3 BT i ~F- 2 1R ), meanpf _i 387% U IE B ICAE
MBS DTS BRI Ts

7) [ subpf_1,subpf_2,subpf_3,subpf_4,subzone_p ] =subzone_pressure_force( ) ;

% H n B 20 I AR ZS T8 A 14 DU 3210 5058 1 - A& He 7 (subpf_L, subpf_2 , subpf_3,
subpf_4 ) FlIF W% 5% ( subzone_p) , subpf_i 7~ MU TE B ICAE FIAE B ROEE @ DTS B i+ M
&R

8) T Courant Z5fF MFVEALZ5AF4 B old_p, atf_p, subzone_p S5 TH5 I [H] 254K new_
dt;

9) while fEFR A (LN, SRRV T[] 55 )

do
force_i=meanpf_i+subpf_i+atf_i,:1=1,2,3 4;

point_force =node_force ( force_1 ,force_2 ,force_3 ,force_4) ;
% FH V9T B TCAE AR LTI b i 335 A% 1 BT 32 B Y 7 5
% point_force 7 Z % A REM N H T 5
[ new_vx,new_vy | =new_node_velocity( ) ;
P (n + 1) W2 RORE Y mRE | 25 AT s A8
% [ new_vx ,new_vy | i 275 JE O] R 14 AL
mean_vx = (old_vx+new_vx)/2;
mean_vy = (old_vy+new_vy)/2;
new_x =old_x+mean_vx * new_dt;
new_y =old_y+mean_vy * new_dt;
new_rho =new_zone_density ( zone_mass ,new_x,new_y) ;
% VA EAFET (no+ 1) 2000 RORS S 5 AR AR A U 38 BT JE
new_sien =new_specific_internal _energy_comp( ) ;
% (n + 1) W20 RIRS DU IR BT L N BE , i FHAR A A X DR TIE B RE R <1
% new_sien Ty 2% JE T BEAY LL N BBAB IE , LL Andm S hn 4
new_p=( (gamma-1) * new_rho) * new_sien;
% LA Rk (predictor-step ) , AT AL IEZE (corrector-step ) , 5355 Tifli 2201
TERLED S (no+ 1/2) BRZIBY SRR, B (n + 172) B 20 i AR S T35 I At 114
VUSITE B TCIR Y T, DA S-S TR 07 R WS i Hor 5T D25 28 (n + 1)
221 i AR S Y 35
BTG (n + 1) BZIOFRARE ;
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SRIG L, (no+ 1) B2 ARSI SN RGP T3 R A e, A Y IO 3 0E BT 1
B T7, VLR RS R R0 RS i, S T OB PR 5

TR BT R

10) end( while fEFRAYLE R )

A BARHE hydro_motion () H ) — L85G pRAL,
2.1 ABER ARENAINER

AN EXT REX corner_mass (), node_mass () IS, I G AT ( corner vol-
ume ) . FfJiT & ( corner mass) FIFf 7] (corner force) .

TERE 1 DU BT 2 g O R 4 S5l i v SRR 2430 4 ASF 08 (e g il
& apyz) , EATRRERR A MR BT BT AR A BT (55 T4 3 B3k B AR 4% F 2

(4 LAY 8 p DTS DU 09 £ B 10 A m? , FUE m? = m2 , AN 1 i m? s AT 18 A+
z T 85 p BT E 43 0 R (B PR KA AR )
m2=2m2,mp=2mf. (2)

T AT p 0B 0 0 f7 B £ = WP 1 ol P8 PR
IR =f2=p(s, +s,)=p(a, +a,), K s, a mEHTENTIENZE T AIRR Y
KNHEANTITERI LSS 2 SRS i i e e AR i R AR TEAE AR R P R ATIE R s, +5, =
a +a, &E,%M%"ﬁp Iz EE R

f,= 21 (3)
2.2 EMEAWITE

A /NITER X PREL mean_pressure_force () JEFF 8. 1% PRELAYIR [F{E meanpf_i #&7= PUIE
FICETEE S i DTS B FR R Wte E—/NTHe i f2 =p(a, +a,) .

BT ARFEERFR , B ATTHE BB Caramana /2409715 S B IE T 99 05 p B i a,, MATTTAR
UE (1) FERRXSFRIAEIE , 19 p W2 B0 06 Jida a3k, JF B4 T 78 23RO 4 iR 25
R AL 7 A B B /AR TR TSRS B ORE T 3RO AR 5 (i) PEARBRAFRIEIE | 16 & @, BB
TEXF RS R AR /],

2.3 AI#ihmite
3 % 2 AN EF X R artificial_force () FEFFIFE. 1%
- R 3R 51 (1 atf_i 98 7% DU 30 G B TT A PR 7602 (045
— AT A TR atf_p 465 A TR R 3 7]

i _S_st N\ : - jfl_ i FAT Courant 5414315

T % . T TR 7 3 A B0 FS 3 i 2 I,
L — i B T Sl B, A A g
5 B REFRE A P RS, 7 0 PR 45 DX I 2 400 3 1] Y 4%
. x 1 T T e 2 S X R L T3 A 5% 0. 3R 0T3¢ LR
FUREHE T B AT LR PR B AR B ; Galileo 5
E2 TR R ARV KIS s AR AR T N TR s Sk B i R
Fig.2 A sketch for the edge-centered A, FLrp B AN AR P RS SRR v 1l i A T

artificial viscosity R, TAESBE D) R JC N TR 5 Xl PRI T A 3o
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PREGIFIE |35 00 32 20 AN TRGE S48 kot | 5 HLAE B R0 SR B AR 39 AR 7™ A 8 sk B R
/ANARTE], NTITEE S bR R 1 BRA AR, T IRBA eI A TR PR B i, 27514 2.

TEFE 2 W8T 2 B3 R 4 A=A (R SERoR ) I N TR PR B TR P K e 7 X
4 A=A R X 4 DRI PN TR N, f BT S s, BT —EL s,
A SCRE 1L LR L, 9], BEHE 4 A4S NTORG P e i, 7
@i (1 =) (s -Avy ) Avy /1 Avy, 1%, s, +Av, <0,
o, s, *Av, =0,
Horr, Avyy =v, -, WHUR s, ITAER) = AR JE T A BOAR SR 10T s, J7 1] B 28 55 Bl 25
SHUE T s, - Avy, < 0 IR Av,, Fls, CBEA (08 D7 AR, A0 TR 2 7R SR I T 1 (B
Bk A5 TEBURS IR NS ANTHREES £, f 5 Av, TR (g, (1 =¢,) =0),
FITLLf, X TR 2 (s J7 0] 928 550) BOMEFH O I X TVURE 1 (s D7 1] B9 ) B R 07 ik o i 2
Newton &% = EHE NI ORTF S ~74E ; A (4) BB E S, -Av,, <0, JFH, f-Av,, =05FH T
fi=0; X

2
q =P{cz(y4#1)| Av,, | +Jc§(yi 1) | Av,, | +c?c§}| Avy I, (5)

ot e, Flle, IEEL, WHL ,y RHUEIFEEL, p Fl e 385 HUK T 2 1Y% B2 RIS T80 (o n] HUAH 4R84%
THYRH ) B A INACY-28) 5 100 o, S BRI EH -, 5 SC

, =max{0,min[0.5(r, +ry),2r ,2rs,11}, (6)
Forb ) ) F g AR AU 12 0925 A &R AL R s (PRt a5t A% & R A7 1) A —
J7 ) bW — SR A 22 AR 6 T B 2 TR AR I 12, B IS A SRt R B R
i) AR, ¢, €[0,1]; EX

o (Av,-Av,) | Ax,, |1° o (Avy-Avy,) | Ax,, 1° 7

U(Ax cAxy) L Avy, 177N T (AxgcAxy) | Avy 1P
Hp ) Axy, = (x, —x,,y, —y,) NMFED 12 B, Av, 5 Av,,, Ax, 5 Ax, B9& L5128
LT Avy, , Axy, 5T 48 A2, IR BREI T o, BT TRIIE T3 TR R AR BLIZ 3 A%
P FIBE T AN 2 5 0T AR 0 B A 8 XA 301, vy By RTHOCH 1,

AR b GRS T 2 1 4 D =IO TR PE DT f WIARE B e A5 40

W) A&7 2 EFITE B 4 DTS BT 20 501

fi (4)

le ==/ +f4,f12 =fi +f2’fz3 ==/, +f3’fz4 ==f; - fi (8)
e JE M 2 N ORGP R AT DA PR SR
g =max {g(1 -¢)}. (9)

2.4 FREENHITE

A IINITER X REY subzone_pressure_force () FEFF L. 12 PR IR [FIE subpf_i F7n PUi1IE
FAITYE AR B RS DTS AT % 7, subzone_p e/ T P& 58, 7] HF Courant 2514
.

TE 2. 1 /N5 BB T 2 R0 8 p BY BT S S ORI AS BT B I 220 B, o 3l 2 A e [
1 A% 2 B9 FURITT A p BOE A 0 B (15 o p JA) Rl ) R A i) S T8 U At 2 B o
BT LVENTARZE RSy, RIPDSATE xpyz O30 AR BA i i itk sl T LATUSH T apyz ()3T
O WA B m! DRSS e A B m? XA 2 A p PRAEAE ) =X
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(2) AIAL AT 2 I AT p BT R ANAE, TR, X P AR BB S5 1 1.

I8 U m! PR RIIEIE XN, TP apyz PS5 BE AT 105 S5 B A% 19 A
AIIZ 3 48T 2 BYRH Y B Bl 2 S8, T T~ RS xpyz B85 BERE AN [R] T48 1 2 1P 44
WL BT RS xpyz BILLINRESE T4& T 2 B LLINRE  IB AT I0HE apyz BYJESRKEA R T48 1 2
SR, I B 229008 Apl(IX L = 2 0 THE T RS AR RITHE) . JRiR2E Apl(i=1,2,3,
4) K7 s AR T AT A TR i (AT TR RO Ap! H YRR , 7 A% T I T HE 5 25 1
PATR P 5

(1) FTF 2. 2 /N THE I IEA S i TR IEBR AR ;

(i) T+ T A B 7 RO D R s i e, d it pr,;’ =0, EEFX) AT
Kt st R iz 4

PR EAE AR BT, 1~ RS ) RE AT S50 T B AR AR A2 T RS 1 Ve 12 3, DT
PN St N R S
2.5 HMEEAFESHEEFTRER

ZIKIJW? %JFXTIEI §5( new_spec1f1c_internal_energy_comp( ) %ﬁﬂ'lb 17 %:55( /JJB EHE new_
sien R (n + 1) I 2R RIRS PO B BTTHY L N RE , B AR A A% X LIRS RE H ST .

e, SRS R ERER AN T

T—Zme+zfmv (10)

i, FH‘%EI’J ﬁﬁiff?}iﬁﬁ%?ﬂ’ﬂWﬁ%%@?ﬁ*ﬁ)ﬁﬂ@iﬂ%z*ﬂ,ﬁ%lﬂﬁﬁéﬂ‘liﬁﬁ
WACHE A s A (2) , 20 (10) o rT LI T 2 .

E, = Z (;(m;ez+%m;vi) )=
Z (zp:mp )e + ;(Ez: %ml,vi)z
Zme + 2 fmv

Hix, %fr%ﬁTﬁﬁﬁE’JﬁJﬁf” MHE Ay, =vi =y w2 = (w0t 4yt ) /2, Ae, =l el
WS 55, p A Bl Ay AR RIS T 2 EI’JV\]E‘EEHO’:??F éj\%"Jjﬂ

m,Av, = D f'At, (11)
mAe, == X fiovi*Ar, (12)

Tﬁﬂfﬁﬁﬁl\j}% 0 MIEIE , T (11) | (12) AL A RS 1 S RE R ~F 1 .
AE, =E" - E} =

S =)+ X gm0 = () =
z P
z m_Ae, + z mlJAvV-v:”/2 =
z P

- viTA )+ PAL vt =
E (- Zsea) o X (e )
z P

0 (fi=f").
FATFRA(11) L (12) AAHEAE L (compatible formulation ) )| 15k 2 45 PN RE A3 1L 5 5l i
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AT AR AR AR B E AT HE TR R A A 0, AT PRI S RE B~

FROC, TS RS 1 A4 B R A5 AN AR I A BB Y e B, BB L T B TR 52 P 8 A
SEBUREANAR BB, (B, TSR A UK SR AR 1 s A (RIS (1) ) Z 00, B T
LTI SR IRATE (no+ 1) W20, RIS SRE &l A PR35 12, — Al 27 (10)
H5 BT ER ] o 2R s BT 10 By, — R RAERN(10) T SBTEEH (n o+ 1) B2
T s TR 0 Py, — O IRATT A

Eyt # Fe R = F

i TS TR (10) H B9y s BTt AN ) J5 2 o 2 A o b TRTAGIE R ; DAt , 3R
i F o+ Py LARCEY? = Fyt oo B TR TCIR BEIOR AR SO, A% L Bt B8 AN ST AL Jir LA
TEAHEAR AP BAT T2 (B AR 5 a5 o AN,

HRJa  FE T AAR LR 2.3 /N1 SCR I N TR PR RO FE IO, 55 8N TORS PR, i =X
(8) . (12) "M+ (ZHEK2, At > 0)

mAe, == X fiovi A== At Y f AV
1)

I<i<4

Hor ) At = w2 2 AR B TR TRAEALE I 2. 3 /NS (HL i Ay, BOE X)) T f,
8 LA 2.3 /N T 45

n 1 n n
Avi? = (vh =) +7(a2l —a})Ar.

N . n+1/2
ﬁﬁg,%}inofl'Avﬂ =fi-Av, <0

Mf - Avy < 0B, HEA 853/ A f, - Avs < 0

M -Av,, =0 HE, f, =0, f -Avs? =0,

PR £, - Avsy 2 < O 0 ARG @ ATRITIE. I, XY m Ae, = 0, ZEI N TR T 94E H
T RASAE A P RESE N, i DA N TR B A R o
2.6 HETERED

AN R X T A 58 A TS, 7E hydro_motion %) while fE¥ | SePAT BG4 | 5
PATIIE .

ETUG L Se R n I 2075 (32 IGO0 (0 + 1) I 2R 5 gl B,y s H A
A 1 YIRS SRS A n 2080 (o + 1) I 209719 S8 B - MEHEE (n + 1) P19
AR T AR AR ELAT 2 WA RDRE 5 Sl T A R LA 2 B R DR AR IE A 3R
IR n B Z0 BRI TR 2D TSRS 09 (n 4+ 1) IR SRR THEE (n + 1/2) WP 2B AIR
A (RVECH 2 0P 3ME ) ARG R S 4T (0 + 1/2) BEZIS S50 52 J045 50, PR X
SE3Z JIEBLITE (n + 1) B 20 it IR S R AT

TEFU AP S ROE D BT R T2 B L T WA

(1) ZERCIE A Hp ) B TR0 2 R 0 R0 A 0, TN RGP 07 3 2 B 26 b 18
FAT R XA 2377 A S /D BB R s

(ii) TCIe AT I R TEAL IE D, N RERTE AL ER R HTAH 2548 2, gl , N BERY T8 1k 5 30
e A AR A A FHAR R AR 0 L (1) L (12).

3 HUEEULS
HRAR LA LSRR TG R 2 AT T L (245 1CF %38 E 40 Lazarus
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PN R) T Saltzman 175 ZE[R) #2546 153 7 FAE A9 45 3, BR T e | X B H 98 Lazarus
PR ()R ICF S8 LN AR ), 31 22 RSB 25 3 T
3.1 Lazarus W E17%
Lazarus PN R) AT FAHAURE , 7R XS R rR  —2B 480 1 FEINBES O B B8N 1 IR
BRI R O BRI AR 0] 1] DA 7 o) 94 300 L B BR By, RN Ry
- —aof
o=
H o =0.6883545, f=1-0.185 - 0. 28,

1 T Lazarus P ]RSO RRA)RE, BT DATE R AE A bR R 3R AT R BHERAE T 2R
w53, B0 o3z — 18 s 9 HoR RO i A S AR AR S T /8, v = 573l 11 x 201 1Y
SEFIPIRE TE ¢ = 0. 80 I 221, i W AAIR.Co S Sk 11 e - 1] SME 4 | 3k AAIET 3 /T LABA S 5 e,
XTE 3 H B T A AR TS AT DA I, BRATFRAS 2] T 58 SRR (FE s ARZEDIN) s K 4 4
T =072 Fle = 0. 80 I 2% BEERE AR AR AL py M 2, SEEONTHIRAE IR Ly MBI
TormE .

numerical results
- - — known solution
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3.2 ICF #BANIREH

ZAE R B TR A AR R e M, ICF SEILh P E Y AR, B2 DT SR ()
R pyy = 1 mg/em’ 20,1 em, F434 50 %5840) ,ANZE N CH B2 (WIREE R p oy =
1 g/em’, JREE} 0.02 em, H1534 150 6403) , 46 CH Baih 2 i 4h i it LA — R ( P =
10" Pa). &5 S 7.199 7 ns B ZI AT IHE (31x201 ) , 3% B 2] DT S A% Z vkt o 3 e 4
F /42 0.009 8 em, FE4E R (convergence ratio) C, > 1037 EE poy/pye = 1 000> 1, 7E3X
Tl BB A NG I | AR 255 % 3] Rayleigh-Taylor ASfa 5 PE B9 7™ 5 52 0 11 JC 15 0647, (H 2 3%
IR FE LS RENIR S AR (UL S) EERBN L0 <[5 — (5 J& L7 (71 s AR A JB
FR I B 5 H B/ IME A AR AR 25 AR 85 0. 009 72(<1% ) 5 X5t T A B Fa 2 M.
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Construction of Compatible Hydrodynamics
Algorithms With the Preservation
of Spherical Symmetry

LIN Zhi-wei, JIANG Shao-en
(Laser Fusion Research Center, Chinese Academy of Engineering Physics
Mianyang, Sichuan 621900, P. R. China)

Abstract: The problem of preserving the spherical symmetry of fluid flow in two-dimensional
cylindrical geometry was studied in detail. This problem called for cautious analysis and design
of the entire hydrodynamics algorithms, which led to various methods. A programs was crea-
ted, which was based on the following schemes: utilizing the staggered Lagrangian algorithms;
evolving the momentum by using the modified pressure gradient operators introduced by Cara-
mana; advancing the internal energy compatibly; utilizing the edge-centered artificial viscosity;
including the effects of the subzonal pressure forces; and ensuring the second-order time accu-
racy by combining the predictor and corrector steps. The conservation of total energy was also
investigated, the necessity of maintaining constant nodal masses was discussed, and the dissi-
pativity of edge-centered artificial viscosity based on the compatible hydrodynamics algorithms
was proved. In the end, the comparisons between numerical results and the known solutions

demonstrated the correctness and robustness of the programs.

Key words: spherical symmetry; staggered Lagrangian algorithms; compatible schemes; edge-

centered artificial viscosity; subzonal pressure



