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Introduction:  Europa, one of the icy moons of Ju-

piter, is considered to be one of the prime candidates 

for the search for life beyond Earth [1].  The Europa 

Clipper mission is designed precisely to explore this 

moon through a series of flybys in order to collect val-

uable data that may lead to the discovery of life that 

originated completely separately from Earth [2].  If the 

spacecraft were to crash into Europa, would the heat of 

impact be enough to destroy any remaining Earth-

based life, or would the search for life on Europa be 

forever marred by the potential forward contamination 

from Earth?   

Overview:  The goal of this work is to model the 

impact of the Europa Clipper into Europa.  Of key 

interest are the temperatures experienced by the space-

craft materials after impact and whether they are of 

sufficient temperature to ensure that any remaining 

Earth-based life would be destroyed.  For this initial 

analysis, impact calculations were performed with the 

shock physics package, CTH, which is an Eulerian 

shock hydrocode used extensively for hypervelocity 

impacts [3].   

Temperatures in CTH:  Temperatures in hydro-

code calculations can be computed based on the ther-

modynamics of the system.  In CTH, the thermodynam-

ic response of a material is described with an equation 

of state (EOS), which related the thermodynamic vari-

ables to each other.  Temperature rise can occur from 

both reversible work (e.g. elastic deformation) and 

irreversible work (e.g. shock, inelastic deformation).  

Which of these parts dominates temperature rise de-

pends on the type of loading.  Simple 1D simulations 

can demonstrate which type of work may be dominant 

for the Europa Clipper impact over short timescales. 

Previous work has sought to validate CTH tempera-

tures using novel temperature data from shaped-charge 

jets and explosively formed projectiles.  Computational 

simulations of these experiments using CTH demon-

strated that the temperatures and predicted shapes 

compared well to experiment, which provides confi-

dence that CTH is able to calculate temperatures that 

are within reasonable bounds of experimental observa-

tions [4-5].  

The planetary community has used CTH extensive-

ly for high velocity impacts, and some critiques of 

CTH temperatures have been made.  Of particular con-

cern is the predicted temperatures in geologic models 

that use the ANEOS formulation near phase changes in 

the material [e.g. 6].  In this work, some of these con-

cerns are avoided because the study uses the SESAME 

EOS, which are known to be more consistent than 

ANEOS.  Additionally, more data exists in the shock 

regime for metals (aluminum), compared to geological 

materials that are otherwise commonly used in the 

community. 

Methods:  This study employed a three-tier strate-

gy to simulating the impact of Europa Clipper.  First, 

1D simulations permitted a simplified study of material 

interactions.  Second, 2D plane-strain analyses enabled 

the creation of a simplified version of the system and 

allowed for significant resolution to explore tempera-

ture effects on a more realistic representation.  Finally, 

full 3D simulations permitted the exploration of the full 

dimensionality of the problem.   

For simplicity, the spacecraft was assumed to be 

composed completely of aluminum, and the solar pan-

els were assumed to be in their stowed configuration.  

A CTH model of the Europa Clipper impacted a semi-

infinite slab to represent Europa, which was modeled 

with the five-phase SESAME EOS for ice [7] with 

75% porosity.  Porosity was implemented with a P-

Alpha model, which enhances the standard equation of 

state with an additional state variable, alpha that de-

scribes pressure-driven collapse of porosity.  The im-

pact speed was 4 km/s at both a vertical (90°) impact 

angle and at 15° from the horizontal (3D simulations). 

Results: 

1D Simulations: 1D simulations allow for the ex-

ploration of the effects of EOS models, strength mod-

els, and target porosity on temperature during impact.  

In this study, a 1 cm long aluminum bar impacted the 

target at 4 km/s, and the initial temperature was 232 K 

(-40°C).  Simulations indicated that impacts into ice 

resulted in only minor temperature rise in the alumi-

num impactor.  Furthermore, temperatures in the alu-

minum decreased with increasing ice porosity, and 

75% porosity resulted in an overall <10 K increase in 

the temperature of aluminum.  Although an impact into 

low porosity ice did not significantly raise the tempera-

ture of a single piece of aluminum, subsequent impacts 

by additional aluminum pieces did increase the metal 

temperature significantly.  A spacecraft composed of 

various components would be expected to follow a 

similar pattern. 

2D Simulations: The Europa Clipper spacecraft is 

meters in size but is composed of components that are 

often only a few millimeters thick, which makes full 

scale simulations computationally challenging. 2D 
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plane-strain simulations enable the modeling of repre-

sentative cross sections of the spacecraft with reasona-

ble resolution (sub-mm cell sizes) while yielding af-

fordable calculations and good predictions of relevant 

temperatures. Two representative geometries were used 

in this study: one for the cross section of the vault and 

one for the cross section of the propulsion unit.  After 

800 µs, most of the mass of the propulsion unit had a 

temperatures of 565-978 K.  The maximum aluminum 

temperature recorded was 2135 K in aluminum that 

impacted other aluminum pieces (as was predicted 

from 1D simulations).  After 775 µs, most of the mass 

of the vault had a temperature between 344-1041 K, 

with a small amount of material reaching a maximum 

of 2237 K.  Low temperatures in this simulation come 

from the last material to impact and material along the 

edges of the vault.  It is likely that these temperatures 

would increase significantly if the simulation were run 

out longer. 

 
Fig. 1 – A single impact of aluminum into ice (1D) only 

produces a small temperature rise, but subsequent im-

pacts raise the temperature of the plates significantly.   

 

 
Fig. 2 – 2D simulation of the Vault after 320 µs. 

 

3D Simulations: Full 3D simulations using the di-

rect CAD model would be prohibitively expensive.  

Instead, this study used a simplified 3D model with the 

geometry of key parts of the spacecraft in half-

symmetry.  In the 90° impact test, the majority of the 

aluminum in the model was at ~750 K after 750 µs.  

Lower temperature regions were again found along the 

edges of the spacecraft, which were not shocked from 

multiple aluminum-piece impacts.  The 15° impact test 

did not reach a fully impacted state of the simplified 

Clipper spacecraft.  The simulation could not be run to 

a fully impacted state, even though it ran to 900 µs.  At 

this time, most of the aluminum was between 300-500 

K.  Running the simulation longer would lead to in-

creased temperatures, but overall temperatures are ex-

pected to be less than in the 90° case.  

Conclusion: The 1D, 2D, and 3D simulations in 

this study indicate that substantial temperature increase 

is expected in all parts of the spacecraft during an im-

pact, but the main driver for temperature increase is 

from self-impact of different pieces of the spacecraft.  

The high porosity expected at Europa actually results 

in lower temperatures of spacecraft metals after impact 

when compared to solid, non-porous ice.  From 2D and 

3D simulations, peak temperatures in the spacecraft 

metals reached from ~500 K to over 2000 K, with most 

material around 450-1050 K.  Low angle impacts (with 

respect to the horizontal) resulted in lower spacecraft 

temperatures.  However, these temperatures are above 

many of the dry-heat and wet-heat sterilization temper-

atures cited for planetary protection [8].  However, the 

CTH studies here only model the temperatures of the 

materials upon impact; subsequent cooling of the mate-

rial is not modeled.  More detailed final conditions and 

cooling timeframes should be determined using a heat 

flux code. 
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