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Abstract 
Observations by spacecraft imaging systems of 
scattered light in the innermost comae of comets 
indicate an inhomogeneous dust emission from the 
surface [1-5]. Models show that these can be due to 
inhomogeneous outgassing (caused by the 
distribution of the volatiles and/or by the topography) 
[6,7]. We have been studying how the dust 
distribution responds to gas temperature at the 
surface, the density of the background gas, the 
composition and the influence of the thermal 
accommodation coefficient which influences the drag 
coefficient. A short summary of the results is 
presented. 

1. Method 
1.1 Gas flow field 

One of the problems in simulating the near nucleus 
coma is that the gas is too far from a local thermal 
equilibrium to use Navier-Stokes equations, but there 
are still too many collisions to use a free molecular 
flow approximation. In this work, the gas flow field 
is calculated using DSMC (Direct Simulation Monte 
Carlo).This is the most common method to simulate 
gas flows at comets ([8-10]). We used the DS2V 
code written by G. Bird [11] 

1.2 Dust flow field  

The dust is calculated assuming free molecular 
aerodynamics (e.g. [12]) and ignoring the effect of 
the dust on the gas flow. 

Free molecular aerodynamics can be used if the 
distribution function of the molecules hitting a dust 
particle is not significantly changed by the ones 
leaving the surface [13]. Assuming spherical dust 
grains of a size smaller than the mean free path of the 
gas, this condition is fulfilled. (The shortest mean 
free path in our test case is ≈ 0.5 m .) The drag 

coefficient depends then on the relative velocity, the 
temperature ratio of the dust grain to the gas and the 
thermal accommodation coefficient which specifies 
how the gas is reflected on the dust surface.  

1.3 Uncertainty Quantification 

The polynomial chaos system (PC) is an uncertainty 
quantification method ([14-16]). We treat the varying 
parameters as random variables which are uniformly 
distributed in the given interval. We study the impact 
of each of these parameters alone, holding the other 
parameters at constant values.  

The idea of the PC is to approximate the flow field 
dependence on the varying parameter with 
orthogonal polynomials. For a uniformly distributed 
variable, the optimal choices are Legendre 
polynomials. Weaver [17] showed that a 3rd order PC 
is sufficiently accurate.  

𝑌 = 𝑎0𝜑0(𝑥) + 𝑎1𝜑1(𝑥) + 𝑎2𝜑2(𝑥) (1) 

𝑎𝑛 = 〈𝑌𝜑𝑛〉
〈𝜑𝑛2〉

    (2) 

The integrals can be solved by Gaussian quadrature. 
If this approximation holds for Y, then Yφ2 is of 
order 4 in x and the integral <Yφ2> can be 
approximated by evaluating Y at only 3 points [18]. 
Therefore, this method can be used for 
computationally expensive simulations as DSMC.  

2. Test Case 
The simulated situation is a simple test case: The 
nucleus is represented by a sphere with a given radius. 
At one side, there is a ring (opening angle of 5°-10°) 
with a higher gas flux (called “active region”). The 
rest of the surface also outgases (“background”) at a 
constant rate. 
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The initial temperature of the gas is 200 K or varies 
between 150K - 250K; The density in the active 
region is always 1016 #/m3, the background density is 
25.5 1016 #/m3 or varies between (1 – 50)1016 #/m3. 
The composition of the gas is H2O or a mixture of 
H2O and CO2 with varying fractions. Finally the 
thermal accommodation coefficient of the dust is 
assumed to be 1 or varies between 0 and 1.  

3. Summary and Conclusions 
Although this study was made for only one geometry, 
the results allow us to estimate which parameters 
have a significant influence on an observable dust 
distribution. 

This will help on the one hand to decide for which 
dust and gas parameters additional knowledge is 
needed and on the other hand it may simplify finding 
boundary conditions for models which match 
observations.  
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