A re-evaluation of shock attenuation using a shock physics code
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ABSTRACT
We investigate the effect of porosity in a target body on the distribution of
peak pressure P during hypervelocity impacts using the iISALE shock
physics code. Collisions between two dunite bodies were considered. A
spherical projectile impacted onto a half-space target at 5-30 km/s in the
calculation. The compaction model was used to insert micro porosity of
20% into the target. For comparison, an impact onto a target without any
porosity were also calculated under the same impact conditions. We found
that target porosity largely affects the propagating behavior of a generated
shock wave. A shock propagation with a shape of half-spherical shell to a
far from the impact point does not occur under the presence of target
porosity. The peak pressure decreases with the distance from the impact
point in the form of power-law excepted within the isobaric core in the
both case of the presence and absence of porosity in the target. Then, the
decay exponent at 1-10 GPa of P, was extracted as a function of impact
velocity. The presence of target porosity leads to a 1.5-2 times larger decay
exponent at a given impact velocity. The melted mass after impacts under a
given impact condition was also estimated by a comparison between the
temperature of shocked materials and the solidus for dunite. The melted
mass in the target with the micro porosity was a few times than that without
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porosity at a given impact velocity. These results consistent with a
qualitative understanding based on previous studies; the presence of target
porosity increases the efficiency of energy partitioning from the kinetic
energy of the projectile to the internal energy of target drastically.
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1. IXCHIT

KI5 % O [E AR B2/ 2 DR & AL 2 HIFBILEE 7 L— 2 Th 5.
BRI L—2 32N 0 OBE/FENE LW KIRE A2 R L T2 L 2 Wik
L. RIFERENZOBRBEOENICED L ) B BERIT L TEZO0, L)
L EEREMICTMT 2 Z L ITKERRIEORK Y SEH &~ D ETRA[RTH
A9,

RKEBRICE > THERZ SNDTXTOYHE - (LR X2 KK
NFFBIATEE) T R L X — DR RIKE DS DDE T 3L — FERYRIRDEL
T AL F— LB TR )L F— T ENENTE S NIRRT H[e.g., Ahrens and
O’Keefe, 1972]. D & ERAET HEME DIREEEDMEOEEEZ B X T\ 5D
GBS RAE L, W= R VX — N AR lmns 5. 2ok XHE,
EEE, TR AF—IIRETEN, = o V3 E B OLFIC L > TR
T 5. ZDOTZOEEEMD OB S V722 OB AR BRI IR B & 13872
H DI/ D. ZHUTEEIEAN CIE O V& T - @R & OB Hom R 1 B 2L
WL & e D Z L2 X Dle.g, Melosh, 2007]. 2D Z & X RIKEZET LAMED
IR VVEE I 7 VB BRI S A SN D FIREMEN D D Z L R T 5.

INETOWENDE XLE 1 GPa 2% 2 ERIT 2% 1T 72156 1R
M7 HVERREBI 2 R SN D Z L3> T D [e.g., Melosh, 1989]. BRI 131
IS E(50-70 GPa), 1 EFASEMI(15-50 GPa), PDF(5-30 GPa), v v ¥ —a—
(2-6 GPa)72 K32 1F H v D [e.g., Melosh, 1989]. = Z iR~ 7= @B E ) 1355 A [A]
TR km CEZETIVERGICEKR I ND. HHREEZREELZ L X2
L—Z L OEIGREI NS 26 0EMEZ M Z enTE g, BEICZED
RIKDE > T RIFEZRIZET DA 2 2 & TE, ZORIKOMHEZEE/IC
Nz, IR D KB 5% D RAARTR] L 0D FH e 3 B OB 2241 B 12Dy C O HLIE J) 5 H 72
BFHE bl HT I eNTED LR TE 5.

BROR PR ORI AMERUR & BN 3 2 72 OIIZFRIIC, & 53 E TRIK
EZEN L X T2 BRIC & DR DL S OFEIRA>1 GPa DEBRIE ) &2 155 D)%
HORETH L CTBBLERDH A 5. EAIDRER Lo i KEBRED /3 P(r)lE
FREREIZ

P(r)=Po (r<Ric) (1)
P(r)=Po(r/Ry)"  (r>Ri) (2)
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DEIRIBETRIND Z & PEIEER - BUEE LR O T2 HiE D H T
V5. [Pierazzo et al., 1997, Nakazawa et al., 2002]. Z Z T r, Po, Ric, Ry, n 1LZ1Z
AV ZE 57~ & O FERfE, E28E T R O R KIETEIE, FEZ O, EERERONAE,
BB CTH D, T 2T P id— Rt v E—F v A~ v F U 7 IETR
FA[BE 2R BB E ) TPl T & [e.g., Pierazzo+, 2008], Ri. IEME 2 KIKDHLED
1~144 ERREIC R D Z E N> T D [e.g., Senshu et al., 2002]. i > THEEE
B n 20D 2N TENR, HOEREEZEZ D2EREL 2T HEERD
BErHET 22 LN TED. HRERERE n TFRICHEEREFHFEICE ST
K& B, Pierazzo et al. (1997) TR SN RRANIL LTV 5. HaWY
B ORI E ERANTR D 13D 7l & LT Nakazawa et al. (2002)73
HD. FTMER B L— 2 D OBEEEMRE O S m 607 < L b IR
DREBRBIZTIEI n < 4 TholobWH Z N> Tubleg., Melosh,
1989].

FRROTFT—=FEFZEREGZERVHEIIHLTELATLLDTHD. &
FRPITEA TR - BlHIZ L > TEWZERRERZEFFO/NRIR DS EEFE A
INTHEY, >20 %Etx 5/ V7 BRFELZFORKEZHMEIN TV Deg,
Consolmagno et al. 2008]. FERIHIZZEMIN & 5 & B BEE NIEEERDPRELS 2D
Z R BTV S[e.g., Melosh, 1989, Wiinnemann et al. 2006, 2008]. EMRIIZ
FEREREPIEINCBAT D7 DICFELIADEER = R L X — D 0RO X A LA
TNAPRLS D 2L, BROZER AR TZOICNET RV F =~ D3R
B RALAZERENFRKERTHA S, & T ANZEROAF ENEETERERRICS
R 5 S i E AR L 72 I AT, /NRIK ECOEREMRE O I
DNWTHET D2 Z LT TE ot

2. iSALE shock physics code % IV /- B & 225+ 5&

ZOXES RN EZT T, Fx ITBUEE R = — FTH D iSALE
shock physics code [e.g., Amsden et al., 1980; Ivanov et al., 1997; Collins et al., 2004,
Wiinnemann et al. 2006]% VN CTZERR O A Nl B ERER I 5 2 5 8% E
EHNZFEM T 2 A 2 B AA L 7=, iSALE (ZITHERR/NZER O LR 2 W 2 5 e~a
compaction model [Wiinnemann et al. 2006]23 £ S LTIV, FEAYH D ZE[7 )3 f#
BRI 2 5B AT 2 2 LN TE 5.
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2-1. ZYMREE SEITFZE L D -

B iSALE (2 X DR HE M 02 UM E G4 5 72 S ek o
Nakazawa et al. (2002) & O G R 2 FE i L7=. A NICEREHFEZ RS,
Nakazawa et al.|Z &8 CTHAL, BERIN DL ZEA % L Z 18 D Tillotson EOS
[Tillotson, 1962], %= ANEOS [Thompson and Lawson, 1972] DR HEE 5 X%
MAWTEEAE L7, BHREERIT R A EEE 2 AW, Ea OFsEMER e L
TOXEEFZRIT DO OMETT L & Ivanov et al. (1997)I2 K » TIRES -
A —=TFT NE AW ASALE TIEE X A LA AT v 7 CREEM T 2 80 5 B
DENVE D ORAICNIZFAE L, REFBRXDOOHEINDENAR & AbE T
RDZALAT v T TOWEDOBIKEZFTE L TS, 2O L ZOISNPMET
TNAPOEIE SN DBERISN 2B A T2 S8 ITIIWEN SRR E LTHS 2 &
IZ &> THUERH R R THE OEELZ RBLL TWD. ¥ A —TF T VIEEER
MEE L, BIRISNZ T T &0 ) BADORERE % i 51 72 5T REL
L7t DO THD. X 1IZHEF RO R L ~T. R bHll> T 75 E O
B0 4013 Nakazawa et al. (2002)DFEBFERZ LS HHE L TWDH LI HITRZ 5.
7¢%3 Nakazawa et al. (2002) CIIE 22 MO E T (F D 6l > 724 £ Tl 90 ) J7 1]
DIEN A ZME LTS, AEIOFHE TIX 90 B J7 a1 FIFEEEAZE O 5 RREf 3T
SEAEHBE O R SIZR > TWAH 20, BTV A o 72, [FFFIZ iSALE
DOFFEAEFIL 1 GPa & Flal D b7 O FHHLEICO W CIIE R E 28 KRG L
TLEHHLWI & B Ao 72, Hugoniot LR % 0] 5 8T ) Tl XA
D BIBVERI S DR ATE 2 FF 272, iISALE ISR SN TV D flE 725 - &
A—VETNANTHEOEHR LRI LENRVORFRTHL EEZELBND. <1
GPa OEBEEDOFILOFMIZIZEEDH V TH DD, T OFEFRIT>1 GPa DEETE )
BT D OB E A R D D LW ) SR BID 7= 912 iISALE %
WD ZEDZEMEEHRT DD ENZDHTESD.

2-2. ZERRH D B OE R RIERE
UTFICEHBEREEZE LD, SENEEHEOT- O EEE RO L EW .
FHAEEEAE & U C TR R 2 B L72(GSALE-2D & FEIEAL5). FHRfEIk
& LT 1000 X 1200 &/ /L(SEZEFERETIL 100 X 120 km)Z fEfr L7z, HZER
I, BERRIKIZE BITHABABETTETND EIREL, 1A B AED ANEOS
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Figure 1. The results of the validity test of the iSALE shock physics code. The
distribution of peak pressure obtained by the iSALE (three lines) and the previous
experimental study (black dots) are plotted.

BABRHDE D% AW IR AR L ~D5E % f0E U P AR R O X5 FRih |
AT ST O T X ICEOMEE 025 m/s® 25 2 7. WIHIEEE 12 @E2e Kk, 12
IRKE HIT—FRIZ2T3K TH D & Lz, BEREKIERE THD EREL,
TOFEZE U TEZ 10 km & U7c. HZEHEIXE ) & [F Uln &2 5-30 km/s T
AL T, L7 ZERRERIT 0 %(ZER7e L) & 20 %D i@ Y TiHE L.

FHRASIBBRLF (W E OBIRIZ E - CEHRME FMZBET 28 & 0
DRI )% 50 HEFEA L, Z O L E ) OB Fiék L=, Bk %2 V5
LT, EMEOYINLEICK LT, BB LR KERENEZFHARD Z LR
TE 5. EIENOYMNE, PIHEEZHWTH LERIEL B HEHBE L%
F B EORERERDD ZELAETHD.
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AETEHELNE/BRICOVWTRLT L. ROBZRITKREICHED.
2ITZERH Y, 72 LOZNEIOERNITERE 10 km O KK 10 km/s THEZE L
FBROMERREORT v T ay NaRd. HRECEHROKRTNERDZ L
WD, BFEITE D OIXZER e LEER)TIX, & 2800 O B8R N5 L8
s B AT EE, ERECIRICERE T2 03, BB 0 AR TIXERECR O BRI A7 3 i
IHRNWZ ETH D, K3 TN BT R B R RETERE S5 A6 2 s (X 2 1R
L7210 km/s DFFEAFEERD BAERK). FEATHFE THAE ST 5 O & [FIRR, 20%F2
EOERTH> ThbRREEESME2RESLSEMLSEDL LI THD
[Wiinnemann et al., 2006, 2008].
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Figure 2. Snapshots of simulations. The color scale indicates the pressure at the time

shown in each panel. The left and right column show the results without and with target
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porosity, respectively. If target has no porosity, a shock wave with the shape of

!'IOO

spherical-shell is clearly observed 6.0 s after the impact.
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Figure 3. The distribution of the peak pressure of each tracer particle as a function of
their initial position. The left and right column show the results without and with target

porosity, respectively.

4,51Z%EB 7 L, ZEH 20% IR O%E O MiFERm Bl o T 15 R X
DAJ7 M DYV KT D B KEBRE 040 2. 2280 bl - 7o 91 B
BEZ B RARCPR TR L EE X fihe LT 5. B ARCERRE ORRET
TR REEENZEAERNET, Wb AELEEEZRITE WAL END
D, ETE-E T T 7 TH-D & E5E R TIRIREEZE M0 D O FRBEI
L ClRRERENERCHEL TWD 2 ERNbnd. ZOMBILFEREE
QR TRTZENTEHILZERLTEY, ENNREREZEDHATHLHEA
fERZ BN RIET it T2 2 & CEBEREER 2 RODHZENTED,

6 (A EIDFR ) B AT DI BTSSR L5 2 B R E RO n &
R AT RE RIS 1-10 GPa OfEKZ ()T fit L Tn &R Z & &2iE
B LTHL. KEIAIL Pierazzo et al. (199N K D0 A5 Aa D EOS & -
SHELRE B BT Pierazzo et al. (1997)12 Lk V2R SN TR Z TR, Z OB
RUTEEE kT 2 MR 725 RS R 2 £ & oo TR FE 5 2 B 29
DL L TRLELDTHD. BxDFHENLDLND Z LI, (1) EROFIE
(IO RS n 2 KIEIZHEIN S 2 2 &, (2) MBRIEHEEIEER n 1 X228 FE
OEENINZA - THEMT D Z &, (3) ~20%FEE DZER T o > T b A BB EE n
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Figure 4. The peak pressure as a function of the distance from the impact point in the

case of no target porosity. The peak pressures were extract along each direction shown

in the figure as an angle measured from the target surface.
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Figure 5. The same as Figure 4 except for target porosity. The results with target

porosity were plotted.
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Figure 6. The calculated decay exponent as a function of impact velocity. The results

from Pierazzo et al. (1997) were also shown.
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(ZEEA TR KRR & 72 > TV D, ZOFJFICHOWTIRETERT 5.
X 7 \Z& %R A 2 D ERYE ORE &OE SR ERIF A2 R T .
FEEIT>20 GPa D KR, A PIIFHR P OIREEN Y U ¥ 2 &8 2 72185
FTOEEEHEE LR THD. AL AED Y Y X AL Simon equation % F
TaHE L, /J&xmf%txémﬁ%&%bt% TOBEEEBA LR
[Wiinnemann et al. 2008]. .EP@E+% BRGE 252 LTS8 O EER
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Figure 7. The cumulative target mass with the peak pressure larger than 20 GPa (left)

and the total melted mass in the target as a function of impact velocity.
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(1997) D #EBER A& 8722 3505 )7 D<30 GPa OEEEE O £ T4 2 & 1-30 GPa
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TN, EREDO =RV — 3Bl =R O 2L E 2212 K - THiE S 2 #gH]
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FRE 6 ICETDHANH D Z LN bhoT-. HEREE TH 20%FRE D22 %
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R n OBFECRAZIRET D22 L2 HIEEL TV D,

B

iSALE O BR%E T 5 Gareth Collins, Kai Wiinnemann, Boris Ivanov, H. Jay Melosh,
Dirk Elbeshausen D4 FIZEH B L £ 7.
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