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Numerical Simulation of Hypervelocity-Induced
Electromagnetic Effect

LI Jian-qiao, SONG Wei-dong
(State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Hypervelocity impact generated plasma (HVIGP) was investigated through both
theoretical analysis and numerical simulation. The 2-D axially symmetric model was established
based on the smoothed particle hydrodynamic method, to numerically simulate the impacts of
different velocities and verified by comparing to the debris clouds and expansion velocity. The
SPH particle temperatures at different hypervelocity were calculated by the Thomas-Fermi model
and considering the plasma parameters as the vaporized parts. In addition, the relationships
between the electron density of the thermal non-equilibrium plasma, the electron temperature,
the macro-temperature, and the internal energy were given based on statistical physics and
chemical reaction dynamics to calculate the parameters of HVIGP. Total charges of HVIGP at
different times were simulated. The simulated results are compared with the calculated results by
the empirical formula, indicating that the method used to calculate HVIGP in this paper is
correct.

Key words: hypervelocity impact generated plasma; smoothed particle hydrodynamic; thermal

non-equilibrium ionization; debris cloud

LR A 8 32 X R R AR AR AT Wl BE 2 )t RS LA BER [ A 7 AT TR Y
KM 0 20 05 A ) e R A M BB s T BEAE | SE R AR (AT 5 L BT A SR A AR By A

B 2014 -03-23

EEWMA: BXRAAREEETIIWHE(91016013,11221202)
TEER N AN (1987, B, 44 . E-mail : 10902067 @bit. edu. cn.
BISEE . KDL AI75—), B 4, ¥ . E-mail : swdgh@bit. edu. cn.



148 dbom BT R % % i

o534 &

gERE. M AR AIZR Y £ X Whipple By 7 5f 938 #% B
SHGEATIRESE AL LY 12 4Bk, M N
0% Z5 B FH] K 4.5 km/s I, BHLIG FL RN
0.35 cm. T A1 M JE 5 H %™ 481 T Whipple B 47
45 A R e Rl A IR s 7 o e B O R L A9 B A G
SRV RS OC R, N S e (Ll w2k
2R AT T Whipple By 475 8 5 3 Al 4 52 56
IR, 1 o AN [i) )l 98 38 P8 0l 98 A 8 L 45 1 Tl
Je W 2 AN [) st 220 80 B R B R L AL RS R R AR
SIS DL, SO SR R R I A2 FE AR Y L
SRR, AR T BR 28 1 45 10 T I B2 L s Bk &
BTG K M EE S, BRIk Z Ah, a0 A AR ER B
LKL P AR 1 3 8 ) R AT T RO B AL 5T L 45
T Y R SRR LAE S X T R IR A 0 B At A
NHEAT T AL 0 F 5% B DM S0 XoF e 6 e J22 A i
A7 48 v Tl 4 (S PLAE 5T, ST T M N R W
SPH 4488, % F LSDYNA f SPH I fig #t 17
DF EAFFE. X2 9256 | B G R0 8 (e AR DA 5 0 2 4T
Xof 1 R v A AR B 1 2 R R AT R T AR R
G R 7 A ) L S TR T P A A R G I G AR
A H B REST R AT ST gy . EBE & A
TR BT T — RIS RS AR R T —
S G A R ) B T AR S O A AR R X
G 4 5 2 1) A B R LR AR S B0 A B s ) 43 A7 i
2P0 H AR B 5 B R R A AR X U B R R — i 2
A LA B RE B 38 S0 TR L T ) X Al 45 B T iR S
PEAT 3 — BEAH IR Y A9 48 31 %5 43 A il 43 2 o) 7 A 4
BRI B o A B L. Crawford 2551 % # 5
G F 7 A A B R AT T S U I 5 O A il
bR RO A B HL AT L BT AR B e R A AR R
A S L G R R S R T ) AR Ak A5 3
T A A R A e R R 2 ) S
AR A, AR X I I AT 105 25U
HE SEEG B 5T L (R e A 2 i ) B B 5T L X
TRUE AU T AR A HE . Li 557 8 v o il 48
AR AR B R B AL AT T ORESE . R A Saha
J5 RRTT T R R R R A R s R S A
SH T IOT AR T A ) R — A A R S
— I 2 A 45 S T R R R AN R 5 R, 5 S0 A5 B G 2
BT A, (RS BTIEAT BB 5 2 DA R 42 BOH (i A
PGS TR G AR 2T B3, 7 R e Al A P A
5 AT SR Bk = 5 250 B 4 AR 9

AR S b A ST AR T A AR B TR B AR, IR

ARG B AT 95 () SPH FEJ7 b, i 1 40U =
AR L BE R R S A SR R TR Y
Z3 (8] 3 A, IF HLGETH A B0 RE 1 7 A 09 8 L R L 5 SOk
SRR U /NS W0 e AN R R T35 o i 2 B R S
HE Y (AT CPE 5 X LA [] ilf 488 38 2R L SPH KL 5 /Y
ik JBE A0 PR U E L R B R S S A AT A 4 R T A
TUARER Saha 77 2 155 = B lE 13 7 28 55 3 TR 2
B b E .

1 Z4H3IFR SPH 2 &Mt B

SPH J5 ¥ LU 22 PR Rl i 1] RIS , 22 Rk A b 1~ 22
(] R 4 B 2858, N 51 A AR R, Ao T
KL R 3 2 I B4 Bl A A it 4 fioh 7 9 PR AIE T 5 0

P B RE R STE.

y
w; =<
W/
;
)
R// O
7
/

B )R IR

Fig.1 Schematic of the contact force
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Fig. 2 Comparison of axial expansion velocity
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Fig. 4 Comparison between the results of simulations and that of the
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