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A new generation of theoretical cometary models has been 
stimulated by the space missions to the comet P/Halley. The problems 
of principal interest are focused on the processes in cometary nucleus 
and inner coma, incorporating dust mantle formation on the nuclei 
surface and nonstationary ("short-time") phenomena, which may be 
responsible for gas-dust jets. The approach to simulate numerically 
the processes of heat and mass transfer in both condensed and gas 
phases, as well as gas-dust inner coma expansion into space has been 
earlier developed and evaluated in (1),(2), and (3) and the improved 
version of this model is discussed in the paper presented. 

For the condensed (solid) phase the quasi-three dimensional 
nonstationary equation is used taking into account: multi-component 
composition of the matter; dusty component inclusions, which are 
described either as separate macroparticles (at the beginning of the 
mantle formation) or as a porous dust layer; heat and mass transfer in 
the porous channel; full energy balance at the surface; and plausible 
thermodynamic phase transitions in subliming gas. 

For the gas phase an approach based on the classical geterogeneous 
mechanics and direct Monte-Carlo simulation algorithms were utilized. 
The latter is especially efficient to study non-equilibrium kinetic 
processes including photochemistry and energy exchange. The well- 
known case of the non-equilibrium structure under consideration is a 
thin Knudsen layer adjoining the surface of the nuclei. Here the 
molecular collisions result in maxwellization of the velocity distribution 
function and a dramatic change of the  gas-dust f low 
macrocharacteristics. 

On the boundary of separation of the condensed and gas phases the 
parameters involved were estimated from the model of heat transfer. 
The values of these parameters on the outer boundary of the Knudsen 
layer determine the general character of the gas flow. Analytical 
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correlations of the parameters for the process of stationary sublimation 
have been found earlier. The proposed kinetic approach enabled the 
simulation of the process of nonstationary sublimation of the multi- 
component gas-dust mixture. The Knudsen layer in this case has more 
complex structure: each component accomplishes the state of 
equilibrium at its own distance from the nuclei surface and the region 
of transitional flow (where one temperature and one velocity 
approximation is not valid) increases as compared to the one- 
component model. The velocity, temperature and abundance of dust 
particles influence the flow structure as well. 

A considerable part of the nuclei surface is thought to be covered by 
a porous dust mantle, which is in accordance with the experimental 
findings. Hence, two different sublimation regimes for gas component 
outflow can be assumed: either the quasy-stationary outflow through 
microporous channels or the nonstationary outflow from (nearly) pure 
ice plots and cracks. Whatever the process, it is essentially non- 
equilibrium in character. The distribution function of molecules moving 
at the free molecular regime through a porous channel is far from the 
Boltzmann equilibrium. The kinetic numerical model based on the 
direct Monte-Carlo simulation was also suggested and implemented for 
the quantitative analysis of heat and mass transfer which brought on 
thermal stresses and crack formations at the surface of the nucleus. 
This pattern of nonstationary gas outflow is considered to resemble the 
process of sublimation through the cracks. These features are assumed 
to contribute to the complex phenomena observed in the gas-dust jets. 
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