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Introduction:  Thermal-physical modeling of 
cometary nuclei is a basic tool to simulate 
cometary activity. Numerous approaches 
have been published (for a review, see [1]) 
but the feedback of the surface erosion caused 
by ice sublimation to the thermal state is 
commonly neglected. However, near perihe-
lion the characteristic velocity of erosion can 
be considerably higher than that of heat diffu-
sion. 
 
Therefore, a novel thermal conduction code 
has been developed to study the effect of 
moving boundaries on the thermal state of icy 
bodies. The code that solves the so called 
Stefan problem has been applied to cometary 
nuclei. It takes the strong surface erosion 
caused by ice sublimation near perihelion into 
account. A substantial constraint is the con-
servation of energy at each time step.  
 
To figure out the consequences of erosion at 
the surface for the thermal behavior of comets 
we start with the investigation of a spherical 
nucleus consisting of pure water ice. In a sec-
ond step a mixture of water ice, dust and CO-
ice has been simulated. Rotation, orbital mo-
tion, and porosity of the nucleus have been 
taken into account. 
 
Figure 1 shows the temperature profile near 
the surface of a nucleus composed of water 
ice at perihelion for an orbit of a Jupiter fam-
ily comet. Considering erosion a substantially 
less amount of heat penetrates into the nu-
cleus compared to the case where the surface 
erosion has been neglected.  
 

 
 
Figure 1: Temperature profiles at perihelion of a 
Jupiter family comet for a nucleus of pure 
crystalline water ice assuming a Hertz factor of 
0.01. Surface erosion leads to a substantial 
reduction of heat that penetrates into the nucleus.  
 
 
In the more complex multi-component system 
the subliming CO-ice front below the surface 
is also going down due to sublimation losses. 
Its depth shows an oscillating behavior with 
time. The effect of basic parameters as ther-
mal conductivity and porosity on the results 
has been investigated. 
 
Consequences of the reduced penetration of 
heat derived from this model approach, e.g. 
for the near surface structure of comets and 
for sample return missions, are discussed.  
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