
POST SHOCK HEAT INDUCED BY HIGH VELOCITY IMPACT ON POROUS ICY BODIESE. 
H. Sasai1, M. Yasui1, M. Arakawa1, and K. Shirai1. 1Graduate School of Science, Kobe University (1-1, 
Rokkodai-cho, Nada-ku, Kobe, 6578501, Japan, 199s408s@stu.kobe-u.ac.jp). 
 

Introduction: Recent spacecraft explorations 
and ground-based astronomical observations have 
revealed that cometary nuclei have high porosity 
more than 45 % [1]. When a small body collides on 
such a porous body at a high velocity, the kinetic 
energy of the impactor would strongly dissipate 
together with the rapid attenuation of shock 
pressure [2]. The dissipated energy would  
deposite as post-shock heat around the crater. The 
post-shock heat is one of the most important heat 
sources on porous icy bodies. The post shock 
heating may form a temporal water pond below the 
impact crater. It may also promote degassing of 
volatiles which is stored underground. Volatiles 
trapped among H2O ice aggregates would 
evaporate and be stored underground with the 
increase of the temperature by the post-shock 
heating. The surface might be broken and the gas 
might be released from the subsurface when the 
trapped gas pressure exceeded the mechanical 
strength of the subsurface. Moreover, volatiles 
trapped in amorphous H2O-ice would be released 
from it when it was crystallized by the post-shock 
heating.  

Numerical simulations related to the post-
shock heating have been conducted for the impact 
crater on icy planetesimals [3]. In this study, we 
also numerically investigated the post shock 
heating around the crater of porous icy targets but 
this study was based on the results of our in-situ 
observations of the post-shock heating on porous 
icy targets. Then, we applied the results for a comet 
nucleus in order to estimate the post shock heating 
and discussed the degassing area of volatiles.  

Methods: 
Impact experiments.  We conducted impact 

experiments by using a two-stage light gas gun at 
Kobe Univ. installed in a cold room at 258K. The 
aluminum sphere with the diameter of 2 mm was 
used as a projectile. The impact velocity (vi) was 
4.2 km/s for 40% and 60% targets and 3.0–5.8 km/s 
for 50% targets. The temperatures inside the target 
were measured directly by 2-4 thermocouples 
embedded in the target at different distances from 
the impact point. We measured the crater 
dimensions on the cross section of the target 
recovered after the shot.  

Numerical calculation. The post shock heat 
was numerically determined by using the thermal 
conduction model applied for the lab. experiments. 

The post-shock heat was assumed to be embedded 
into a thin water layer formed on the pit wall and 
then it diffused into the target interior with time. 
Then, it is necessary to determine the initial 
temperature (Tmelt) and the initial thickness (Δlmelt) 
of water layer to estimate the initially deposited 
post shock heat. Thus, the temperature changes 
inside the target caused by the post-shock heating 
were calculated, and we looked for appropriate 
Tmelt and Δlmelt values suitable for the in-situ 
observations of post-shock temperatures. As a 
result, we can determine the energy partition 
coefficient g of the post-shock heat to the impactor 
kinetic energy for porous icy targets with different 
porosities. The heat conductivity depending on the 
target porosity was taken from the literature [4] and 
the heat conductivity of water layer was 2.2 [W/m 
K]. 

 Based on the g determined empirically, the 
post shock temperatures were calculated for the 
area around the impact crater with the radius 𝑅pm 
of 10, 100, 1000 m, on a comet nucleus with 
porosity of 40, 50 and 60%. Various initial 
temperatures Tini were assumed to be from 30 to 90 
K, and the initial water layer temperature was 
assumed to be 273K. The layer was assumed to 
have the total post shock heat distributed in the 
target. 

Results:  
Impact experiments.  All craters had a 

spherical or ellipsoidal pit. To describe crater 
dimensions quantitatively, we measured the 
maximum pit radius (Rpm) and crater depth (d) 
(defined as shown in Fig.1). Then, we applied the 
results to the crater size scaling law to extrapolate 
the results to the craters on comets. The crater size 
scaling law in the strength regime was 
conventionally used for porous cohesive material, 
so we used that for our porous ice. The crater size 
scaling laws in the strength regime are described as 
follows [5], pRpm = H1pY-µ/2, pd = H2pY-µ/2 where 
pRpm, pd and pY are nondimensional parameters. 

Fig.1: Schematic illustration of the crater morphology. 
The star symbol represents the center of the pit. 
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They are described as follows:  
pRpm = 𝑅(𝜌 𝑚⁄ )!/# , pd = 𝑑(𝜌 𝑚⁄ )!/#  and pY 
=𝑌 𝜌𝑣$%⁄  where R is the crater radius, d is the 
crater depth, 𝜌 is the target density, and m is the 
projectile mass. We measured the target 
compressive strength 𝑌 in this study (628 KPa for 
40% targets, 99.1 KPa for 50%, and 22.4 KPa for 
60%). The 𝜇	and	𝐻 are the constants depending 
on the material physical properties. Then, we  
obtained as pRpm = 0.41pY

-0.20 and pd = 1.2pY
-0.16.  

Fig.2 shows the temperature changes inside the 
target with the porosity of 60%. Temperatures were 
measured at different distances from the center of 
the pit (Fig.1), L. DTmax is the temperature 
difference between the maximum temperature and 
the initial temperature, and it decreases with the 
increase of L. All the data of DTmax for the targets 
with different porosities are shown in Fig.3 
(represented by circles), and the relationship 
between the DTmax and normalized distance L/Rpm 
are described; the porosity dependence of DTmax is 
well scaled by normalized L.  

Numerical Calculation. Three lines in Fig.3 
shows DTmax calculated for the targets with 
different porosities, which are the best fit results 
suitable for the experimental results. These results 
were obtained at the Tmelt of 273 K and the scaled 
initial thickness Δlmelt/Rpm of 0.11. Using the 
obtained values of Tmelt and Δlmelt, we calculated the 

total heat energy distributed into the target and then 

the energy partition coefficient g  was obtained to 
be 8%, 33% and 63% for the targets with the 
porosity of 40%, 50% and 60%, respectively. 

Discussions: It is interesting to estimate the 
thermally affected zone around the crater by post 
shock heating; especially degassing zone of 
volatiles on comet nuclei would be quite 
interesting. The comet surface might be broken 
when the volatile gas pressure associated with the 
increased temperature was beyond the surface 
strength; the DTmax would cause the maximum gas 
pressure. Furthermore, the volatile gas pressures 
such as N2, CO, CO2, and NH3 at the triple point 
temperature, Ttp, are 10-500 kPa, and they could be 
higher than the surface strength of comet nuclei. 
Therefore, the surface break might occur at least at 
Tmax > Ttp. So, we compared Tmax at each distance 
with Ttp. Moreover, the volatile release occurs due 
to crystallization of amorphous H2O ice, and the 
crystallization time 𝑡& is described as follows in 
[6]: 𝑡& = 𝐴exp(𝐸/𝑘𝑇), where T is the temperature 
of ice, 𝑘 is Boltzmann's constant, and 𝐴 and 𝐸 
are constants; 𝐴=9.54 X 10-14 s, 𝐸/𝑘=5370 K, and 
we set Tmax for T. To simplify this estimation, the 
crystallization was assumed to occur when thalf 
(half-value width of post shock temperature, 
shown in Fig.1) > tc. Fig.4 shows the estimated 
degassing area for Rpm=1000 m and Tini =30K. The 
crystallization area is so small that the amorphous 
ice might be maintained on the surface of comet 
nuclei even if it has experienced many impact 
events. Moreover, the crystallization area is 
smaller than the surface break area for N2 and CO. 
Thus, the crater wall might be broken and blown 
out to refresh the crater wall.  
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Fig.3: DTmax vs. normalized distance. Circles 
represents experimental data and lines represents 
calculation results. 

Fig.2: Examples of the temperature change with the time. 
The target porosity is 60% and the impact vi is 4.2 km/s. 
The color indicates the thermocouple positions, L. Ver 
tical and horizontal arrows indicate DTmax and thalf of the 
data of L=13.7 mm shown in green plot, respectively.  
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Fig.4: Degassing area. Upper 4 rows show the blowout 
area and the bottom row shows the crystallization area.  
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