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Numerical Simulation of Shocks in Solids

Tetsuyuki HIROE, Hideo MATSUO,
Kazuhito FUJIWARA and Toyohiro GOTOH

Converging shock waves in solids are numerically simulated using the random choice method
(RCM), which has been developed for gases. Initially, a Riemann solver for fluidlike solids with the
Grilneisen-type equation of state is constructed. It is incorporated into the RCM, and is applied to the
cylindrical shock tube problem in solid copper with a driving pressure of 20 GPa. Spacial distribu-
tions of pressure, density and particle velocity show that the steepness at the shock front is
maintained both in the converging and reflecting stages. Numerical results are compared with those
of the finite difference method (FDM), showing the superiority of RCM over FDM. It is shown that
the pressure on the shock front and the total energy contained in the central circular area in the
reflecting stage are much larger than those in the focusing stage.
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2. EFORBRE L UFRHFR

ESH P, BE o (AR v=1/p), REBzANVF— E
DOB% % & T BEE DR ER 13K D Mie-Grineisen 5
AWz,

P=Pu(p)+ pr(oE —En(p)} +:+evererereer (1)
Z 2T En=Pun/2p0, 1=1— polo (FF O i3 MMM
TO@METRT), 7iX Grineisen & T H 3. ¥ 1z
Hugoniot E#ERNER Py 7 — 7 O¥ b O CHRERE U,
EREE u OBRTBFRR Us=Co+Su 2\ Py
WH LT, 72 7(0) & LTI pr=p07.=const. D
BARERAL 7.

R ERE T EE b MERER S TEHNC R 57
DT RICR T —RITIERMETREDORER 2 &M L 72,
WIEW 7, t 1ZZMEER (Euler BHF) LRFMERT.

U | 9F(U) S S
ot W(U)=0 (2)

ztT

o ou
U=(pu), F=( pu2+P)

e u(e+P)

oulr
W(U)=( oullr )(a—l)
u(e+P)/r
e=p(E+u*/2)
a 3% 2 50 (@, A%, R)ickvl, 2, 3%
k5,

3. V=M EE
So¥LF aq RENDRA

y—~v U RE L RERETEOMETE, £, &
BOBOBOORERZ ZFLFhEBE (Backward-
facing Wave), A # (Foward-facing Wave) @ il

ﬂ P S: Shock
R: Rarefaction Wave
m: Intermediate State

1 V—<=rMBEcsIIREEOEETR/ ST —> (I,
r R, BRIOFIBRE, m  REEO PHRE)

FeT 2 xDORHAMELBRFTREE P-u FEICR
LEDKEERDD I LCEIDML TR
209, Ledt->THIZIIMI RRT L 5CERMERE
fleLictap) - HMEBETERINLIERES
CWRERDHEHARERE /- 3EMBEL $
(A~ C)DBERBNEIT 2L EBDBD S+S,
R+S,R+R rix3Z dtbhd, MREMLORKE
13 B E AT ORI T H 5 Rankine- Hugoniot R ¢
RAD &S MR TREINTVLELS5RER(1)
EHEE TR TEREHANTE B,

E=E\+ (= 0)(P4P)[2erereresersennn (3)

u=wu xS v=0)[(P=P) (P=Py) oo (4)

p(Us=u)=£/(P=P)[(rr=p) =-evreeve (5)
TITEREERIE (P, o1, ) XL THIES & U
BROMRIZH > WRHE LR,

RICWRED P-u BFRERD 3 X 3B ORE
Rl REX» 5B o N2 RA B LELD S,
AE=—Pdy +eveeervessreesininnsnineiianeinnes (6)
—dufdv="tcly e (7)
dPldv=—c*V?
={1—Ko(vo— v)/2/{dPu(v) /dv}
—KO{P—PH(U)/Z} ........................... (8)
ZZTc:EH, Ko=poyo
AFRTIEEM (ER) »& P-vBR (Fx b
oY —R) TERHEL L0 du=(—dpdv)'"? D&
ARAEAOT Pru iR %285 FExE->1.R+S &
R+RORBFZIOHEBITHM T xEEL &
WLELE LY, 2BEXRHMCEIBRNZRER
(6) L RER(1)DEMECE VBRI XRAEAL
A
_ Pu(v) = poyo(Pi1dvi/2+ Ey— E:-1)
B 1+ po70dvi/2

P

ZZT dvi=vi—vin1

® 1 BERIAOGREEMED ) —~ v BEB LU
S bLF ad RKIZ L BBOMERICHNT S
HXMEE (VN EZ29R0588H)

X10-¢
N Riemann Solver RCM
103 2. 88831 2.83226
104 0.20242 0.18160
10% 0.01057 0.00737
10¢ 0.00288 0.00160
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FEFECIZMOMERN & LTR(1)d Pu=0,
y=x—1(x  HRL) LT3 TRY bOEY IR
EORER 22 Z L 2Bl CFONREEME
(EAH :10) 2R EMEME OB E{To /. £
R, R1CRT &5 CWREOFXRHBAT v 7N
210° L T EREOHNREL I0°BECTE
TAEHELHE XL PBBEL. ULTHE
TRHEEOERNB NS Y — 7 ik (Riemann
Solver) o3BT & 72,

KIZR(2)TAdr (=Ro/N, R, : XK, N: x v
v anHIB), At % v, t DT L LESALIE EETF
SRS 2 MBI LROD 2K 285,

(U}*— U;")/At= _Fr( U;') ..................... (10)

(U,"”—Uf)/dt=— W(U}') .................. (1]_)
Z T Ur=U(dr, ndt)
BFEr i3 r ORESERT. XA DY ER U i3F
HEEORENOETHL Z L 8bh b, Zh®H2
WRT S CHimM/j~j+1 %Y —< MECEBL
A2h BOBMEA j+1/2 B3 2B EZOMTS
Y LSRIRU B X CORMTRES LRIV
LF aA REMWICE > TRD B, T OF M & BRI
A7y 7 T2EMELIBREDHEIR X 5 BMES
PEEROVAADEAV S, —HREALBOER I van
der Corput @ /5819 % F WK 2 At ORE X
Courant-Friedrichs-Lewy &2 2k > 7>, /Y
— = URREOHE L FRICREDOEREE OMER L
RCM i & 2 BB R (RET S5 %I%K - 500) %Lt
L, HNBEER 1 ICHEEL 2. RCM TRBFREET
SHEOFREMO S EBOHERIICY — < R
TR{FE L VMLV ORELEFULERLTE

D N=10° T+aTh 3,

bR~ EED Y — < R OMEE By TR&
& [FBRIC — R TTRIEIc 32 RCM OB HMAIRE & 72

n+1/2 A
At/2
On /
J J+1

< Ar >

B2 V-~ BEDT VT LT a4 RAEANDOMARAR
(R+S%47)

27,

YIAT, NHEFEIIHNL TRCM 28T 58IC L
EEDPHRAGEFETOROMEIC DOV T—FMN T
BLLEND A5, PERENPRA[AM o2 T
BUROIFIIEEE S OBROCBHTIAMRELET
3X5CkB, Lo THy IV ITRAV MV %T
VHLREBIERXZLIBOBLENLERKEND L
i3, ZHIRBEK X - TR ROER T
HMEALBOEEFBC IR b LARYL, Ly
LELES—BTH RO MIIFIICRELVLERE
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1} 5 R RERROLSEDRI BV CIIEEES

£ 2 YIAEMS L EENR

Pe¢ = 20 GPa P, = 0 GPa
ue = 0 km/s u; = 0 ka/s
P4 = 10061°kg/m? Pr = Po°
Po = 8930 kg/m? 7o = 1.96
Co = 3940 w/s S = 1.489
P
u

il

Material : Copper

3 EMRD RIS B R

3. Derived from E1 = E .« =0 MJ/kg

r
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4. DURERBOBMMITRR & X ORE

B3 RY & 3 280 RE RS EMEICN L T
# 2 DYIIARG L AR THHEEERL 2. BF
1, A RBOBOEESR, BERERT. MRIHBE
FUABEES % 250 &£ L7z, BMESRRKIFEUCSEFETH
SR, PORREREL ¥SREOXELR
TR0 a7 2 BEL ., E-EHE (FDM) 2 —
K Wondy [lla®” iz & 2 F—&ETOHHE (—K, =
RAIKEHERE 0.5, 0.5) bITWLHEL -, EEHKI

Cs Rr
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(a) EA

P=Plooct, 6=0/po, T®=ulco, 7 =7/Ro, t =Cot/R,,
g=cle* (e* RHMMBLERDOTREE L TOD e #)

THXRTRR LT, 42 RCM & FDM ki &k 5%
WRREHKELTB), BRESIRRAIZE TV 2
BATOEN, BF NFREOEMAMERL T
%, FDM TR 7 H 2 MRHEE O VR 2175 LE
BH3:HFOERIERSNRAGEVIZ CEEC
%D RCM L DENKELZ-2TWV3E, Thbhsikk
DFE® LRI PORERE OMATICIZ RCM 0382
THBZehbnsd, -7 UHARM (cpu) XIPERA

(¢) MFEE

6 H‘:jj, EE, ﬂ?ﬁﬁ@@ﬂﬂﬁ*ﬁ@%ﬂ: (f.‘=1~11=
0.259, 0.518, 0.760, 0.847, 0.860; 0.906, 0.993, 1.202,
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FZ % T 45 min (FACOM m780/10Q) T FDM i« &
2HHEOBEE2EL.

B5i 7-f YE EC2ENEHNEERTI 2 E
BE BRE BEMIEEEOHNBERRLZLDT
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(1) Griineisen FAARER 2 H T 2 BRI L TY
— < VIO ER TCEIERN 2k (Riemann Solver)
LR LT, Ihk 5 AT a4 AKICEARAARE
O —RTEREN 0 /5 A BFERL .
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