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背景

放出物の速度度や質量量の定量量的な研究の惑星科学的な重要性

衝突放出物
衝突によって掘削され表⾯面から⾶飛び出した物質
衝突点近傍のものほど早い速度度で⾶飛び出す

➢クレーター周辺の堆積物分布
➢テクタイト（天然のガラス）の起源？
➢⽕火星衛星Phobosへの⽕火星物質の輸送



背景
衝突速度度近傍から放出される⾮非常
に速い速度度の放出メカニズム
はわかっていない
・実験で⾼高速な放出物の放出過程を調べる

・数値シミュレーションを⽤用いた計算

詳しくは明⽇日の衝突研究会で！

数値シミュレーションを⽤用いた研究

・解像度度の違いで放出物の最⼤大速度度が変化
Jhonson  et  al.,  2013     

・⽕火星から⾶飛び出すSNC隕⽯石の質量量はCPPRの違いに依らない
計算で⽤用いられた解像度度は20−100CPPR Artemieva   and   Ivanov, 2004     

⾼高速放出物の速度度・質量量の解像度度依存性を調べる

⚪�放出速度度 ×放出質量量



シミュレーション条件

弾丸： ポリカーボネイト球直径4.8  mm
標的： ポリカーボネイト板(5  cm  × 5  cm  × 2  cm)
衝突速度度： 4.18  km/s  @千葉葉⼯工業⼤大学
衝突⾓角度度： 90  度度(垂直衝突)
CPPR： 25,  50,  100,  200,  400



インプットパラメーター

⾼高解像度度の計算
asteroid.inp

400CPPRの例



インプットパラメーター
asteroid.inp
トレーサー粒粒⼦子の書き出し



強度度モデルはHydroを選択
material.inp

インプットパラメーター



Sugita  &  Schultz,  2003b

Polycar.tilloを作成

ポリカのTillotsonパラメーター
pressures. (3) Radiation temperature decays more rapidly at
higher ambient pressures. (4) Radiation intensity is higher
at higher ambient pressures. (5) Radiation power increases
in the first few to twenty microseconds but subsequently
decreases. (6) The intensities of molecular band emission
and blackbody continuum are comparable in all the ob-
served spectra. (7) The estimated blackbody radiation
temperatures are roughly comparable to molecular radiation
temperatures.
[4] The goal of this study is to derive a well-defined

physical model for the observed interaction process between
impact-induced vapor clouds and the ambient atmosphere
on the basis of the observational constraints obtained by
Paper 1. In section 2, we describe alternative physical
models of impact vapor clouds. The model calculations
indicate, however, that the models based on pure gas-phase
dynamics are not consistent with the observational con-
straints obtained by Paper 1. It turns out that the constraints
are satisfied well by the fifth model based on ablation of
high-speed impact fragments within a vapor cloud. This
model is described in section 3. The summary of the model
comparison is given in section 4, followed by geologic
implications of the results in section 5.

2. Rejected Models: Pure Gas-Phase Models

[5] In this section we describe the four physical models of
impact vapor clouds and show that they have serious
inconsistencies with the observational constraints. The first
radiation-source model is an expanding impact vapor cloud
resulting from the initial shock heating during the compres-
sion stage of an impact. In this model, only shock heating at
peak pressure due to vertical shock loading is considered.
The second model considers additional heating mechanisms
such as jetting and shear heating. The rest of the process
after the initial heating is the same as the first model. The
third and fourth models assess alternative reheating mech-
anisms of an impact vapor cloud by its interaction with an
ambient atmosphere. In the third model, shock heating due
just to the collision between the expanding impact vapor
cloud and the atmosphere is considered as the reheating
mechanism. In the fourth model, the effect of thermal
conduction is considered.

2.1. Shock-Induced Impact Vapor

[6] During the initial compression stage of a hyperveloc-
ity impact, the intense shock raises the temperature of both
projectile and target to high levels. This shock heating,
however, takes place in a condensed phase, whereas ob-
served molecular emission is from a gas phase. Shock-
heated material needs to be decompressed and evaporate
before generating gas-phase light emissions. Consequently,
we need to know the thermodynamic path (e.g., pressure
and temperature) during both compression and decompres-
sion stages. The path in the initial compression stage can be
calculated with Hugoniot shock data [e.g., Marsh, 1980]
using Rankine-Hugoniot relations. The compression path,
however, requires more information about the equation of
state for relevant materials. The Tillotson equation of state
of polycarbonate is constructed from data available in the
literature. Adopted values of parameters and their sources
are listed in Table 1.

[7] Figure 1 illustrates shock heating and subsequent
decompression of polycarbonate. If peak pressure of an
impact is controlled by the vertical component of impact
velocity [e.g., Gault and Wedekind, 1978; Chapman and
McKinnon, 1986; Schultz, 1996; Dahl and Schultz, 2001],
shock heating by 6 km/s impact at 30! (measured from the
horizontal) is equivalent to that by a 3 km/s vertical impact.
The internal energy at peak pressure is about 1 MJ/kg (point
A in Figure 1), which is considerably larger than the internal
energy Eiv necessary for incipient vaporization. The internal
energy, however, quickly decreases during the decompres-
sion stage owing to adiabatic expansion. By the time density
recovers to its initial value, the internal energy has de-
creased to a lower value than incipient vaporization level.
Thus vaporization should not occur. Because this is an
idealized 1-dimensional shock calculation, there may be

Table 1. Parameters for Tillotson Equation of State for Poly-
carbonatea

Parameter Value

ro,b kg/m3 1194
ac 0.5
bc 1.0
A,d GPa 9.2
B,d GPa 6.9
Eo,

e MJ/kg 2
af 5
bf 5
Eiv,

g MJ/kg 0.28
Ecv,

g MJ/kg 1.3
aThe notations of the Tillotson parameters are the same as Ahrens and

O’Keefe [1977] and Melosh [1989].
bThe density at standard temperature and pressure (STP) is taken from

Marsh [1980].
cThe parameter a is taken to be 0.5 so as to make the thermal pressure at

high specific energies approach that of an electronic gas [O’Keefe and
Ahrens, 1976]. The constant b is chosen so as to make (a + b) be equal to
Grüneisen parameter of polyethylene at STP [Meyers, 1994].

dThe shock Hugoniot relation of velocitiesversus = Co + sVp determines
A and B, where Vs, Vp, Co, and s are shock wave velocity, particle velocity,
bulk sound velocity at STP, and a dimensionless constant, respectively
[O’Keefe and Ahrens, 1976; Melosh, 1989]. Shock Hugoniot data for
polycarbonate were taken from Marsh [1980].

eThe parameter Eo is chosen so as to make the Tillotson equation of state
satisfy the E-P-r relation required by Rankine-Hugoniot relation [e.g.,
Meyers, 1994].

fThe parameters a and b are chosen so as to make the Tillotson equation
of state approach an ideal-gas equation of state at low densities and high
specific internal energies.

gInternal energies for incipient vaporization Eiv and complete vapor-
ization Ecv are determined on the basis of data on both thermal
decomposition and vaporization of polycarbonate. Tillotson equation of
state assumes that a vapor phase exists only when density is lower than the
STP density [e.g., Ahrens and O’Keefe, 1977; Melosh, 1989]. The
temperature for incipient thermal decomposition is about 250!C [Kovar-
skaya, 1962; Davis and Golden, 1970]. Since heat capacity of
polycarbonate is 1.2 kJ/K/kg [Schnell, 1964], necessary internal energy
Eiv to reach the thermal decomposition condition is estimated to be 0.28
MJ/kg. Date on the latent heat due to depolymerization of polycarbonate is
not available to our knowledge, but the activation energy for thermal
decomposition of polycarbonate in a closed system is given by Davis and
Golden [1970]. Since the activation energy (0.65 MJ/kg) gives an upper
estimate for the latent heat for the decomposition, we use this value as the
latent heat for thermal decomposition of polycarbonate in this study. When
the heat of vaporization (!0.4 MJ/kg) of typical hydrocarbon such as
olefins [Lide, 2001] is taken as the enthalpy change due to the phase change
from solid to vapor, the total latent heat of for vaporization of polycarbonate
is estimated to be 1.05 MJ/kg. Adding this value to the incipient
vaporization energy Eiv gives the internal energy Ecv for complete
vaporization for polycarbonate (1.3 MJ/kg).

6 - 2 SUGITA AND SCHULTZ: VAPOR CLOUDS AND AMBIENT ATMOSPHERE, 2

インプットパラメーター

iSALE/share/eos
フォルダに⼊入れる



iSALEを使った計算
標的表⾯面から放出される粒粒⼦子を抽出

z

r

放出物のカーテン形状を⾒見見るために標的表⾯面２グリッド分のトレーサー粒粒⼦子を抽出

イジェクタカーテンの形状

トレーサーの初期位置
⾚赤で囲った部分を抽出

400CPPR



iSALEを使った計算
⾶飛び出した粒粒⼦子の積算質量量

400CPPR

1.  標的表⾯面から⾶飛び出したトレーサー粒粒⼦子の速度度を計算
2.  そのトレーサー粒粒⼦子を軸回転させたときの領領域の質量量を計算
3.  ある速度度より速い放出物の総質量量をビンにつめていく
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• 計算解像度度が⾼高いほど衝突点
から離離れた遠⽅方の⾼高速粒粒⼦子を
表現できる

• 解像度度をあげていけば実験
結果をより良良く再現できる
かもしれない

計算解像度度がパラメータ：25,   50,  100,  200,  400  CPPR
(CPPR  :  Cell  Per  Projectile  Radius)

イジェクタの端

iSALEを使った計算



0 100 400

3

4

5

6

200 500

2

1
300

実験から決められた
最⼤大速度度

イジェクタ粒粒⼦子の最⼤大速度度，

計算解像度度が⾼高いほど積算質量量
は多くなる
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衝突速度度

iSALEを使った計算



まとめ

iSALE  shock  physics  codeを⽤用いて
⾼高速放出物の速度度や質量量を計算

・計算解像度度が⾼高いほど実験結果をよく再現できる.
―  イジェクタカーテンの形状、最⼤大放出速度度

・低解像度度から⾼高解像度度で計算
― CPPRをパラメータ（20−400）


