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1 Introduction

The physics of the outflow above the surface of comets
is somewhat complex. Ice sublimating into vacuum
forms a non-equilibrium boundary layer, the “Knud-
sen layer” (Kn-layer), with a scale height of∼20 mean
free paths. If the production rate is low, the Kn-layer
becomes infinitely thick and the velocity distribution
function (VDF) remains strongly non-Maxwellian.
The state-of-the-art method to study gas flows inside
non-equilibrium regions is Direct Simulation Monte
Carlo (DSMC). We have already studied a case with
comet 9P/Tempel 1 where the Deep Impact observa-
tions were used to define the shape of the nucleus and
the outflow was modelled in an attempt to fit the ob-
servations of water emissions at 2.66 µm [1]. Here
we report on some preparatory models of the out-
flow from the Rosetta target, comet 67P/Churyumov-
Gerasimenko (C-G).
Our aims are to (1) determine the gas flow-field in the
innermost coma, (2) determine the surface outgassing
properties from analysis of the flow-field, (3) deter-
mine initial velocity, bulk composition, and surface
fluxes, (4) investigate dust distribution and accelera-
tion by gas drag, (5) studying the scattering properties
of the dust and (6) compare with observations over a
range of heliocentric distances.

2 Boundary Conditions

The calculations have been performed using the nu-
cleus shape model of [2]. Surface temperatures have
been defined using a simple 1-D thermal model (in-
cluding insolation, thermal emission, sublimation and
conduction) computed for each facet of the shape
model allowing a consistent and known description of

Figure 1: The gas velocity in the x-y plane of the 3D
model of outflow from C-G at 2 AU. The sun is in the
+x direction and a half Maxwellian VDF was used on
the comet surface. The axes are given in metres.

the gas flux and its initial temperature. The DSMC
program used is PDSC++ [3] which is a 3-D imple-
mentation based on work by Wu and co-workers. The
typical cell dimension is 3.8 m on the night side and
2.8 m for the day side (comparable to the Rosetta cam-
era resolution from 150 km). The unstructured grid is
made up of tetrahedron cells allowing a better descrip-
tion of the surface when compared to a Cartesian grid.
The simulation domain extends out to 10 km from the
centre of the nucleus. A half-Maxwellian or a cosine
VDF at the surface can be used to initialize the gas out-
flow. Dust particles are assumed to be spherical and at
rest on the surface of the nucleus.
The procedure is then (1) calculation of a steady state

EPSC Abstracts
Vol. 9, EPSC2014-109, 2014
European Planetary Science Congress 2014
c© Author(s) 2014

EPSC
European Planetary Science Congress



solution for the gas field, (2) dust particle tracking in
the gas field to get a dust particle distribution function,
(3) scattering of the sun light on the dust particles and
(4) line of sight integration of the dust brightness to
create artificial images.

3 Gas Simulations
Figure 1 shows the velocity of the outflow from C-G
simulated at a heliocentric distance of 2 AU with a gas
production rate of 69.9 kg s−1. An inhomogeneous
case is shown here providing an equivalent active
fraction of ∼ 7% [2]. Although different species
have been simulated the results here are for water
vapour and use standard values for the collision model.

4 Dust Tracking
To calculate the dust distribution in the coma we as-
sume test particles in the gas field without any back
coupling. The motion of the dust is driven by the
drag force resulting from the gas flow. We assume a
quadratic drag force with a velocity and temperature-
dependent drag coefficient. We also take into account
the gravitational force of the nucleus on the dust which
will e.g. determine the maximal liftable size of the
dust. Using the irregular grid from the gas simulation
makes the tracking of the particles slightly more chal-
lenging but preserves the advantage of having a bet-
ter description of the nucleus surface and thus of the
physics involved.

5 Scattering
For the scattering of light by the dust we are using
Mishchenko’s [4] implementation of the T-matrix ap-
proach which can calculate (amongst others) the scat-
tering phase function of spheroids, finite cylinders and
Chebyshev particles of even order.
A key issue with Rosetta is that it will not be able to
view the near-nucleus dust in the forward scattering
geometry. This is a major limitation as forward scat-
tering provides knowledge of the particle size. How-
ever, the back-scattering geometry is not without use
(Figure 2). The figure shows an increase in the slope
in the back scattering regime (150◦ < α < 180◦) for
decreasing values of x which could help constrain our
parameter space even with observations restricted to
back-scattering geometry.

Figure 2: The scattering phase function for refractive
index n = 1.69+0.03i and three different values of the
size parameter x = 2πa

λ with a being the dust grain ra-
dius and λ the wavelength. The phase functions were
averaged over a size range of ±10% of the respective
x.

6 Conclusions
Our DSMC code has been used to study a variety of
simple models of the gas outflow from comet C-G. The
code uses an unstructured grid and can provide global
values for gas density, velocity and temperature out to
10 km from the nucleus at resolutions better than 10 m.
Predictions for the flow velocity at 2 AU under simpli-
fied boundary conditions have been presented. We are
also in the process of combining the gas field solutions
with our dust drag and scattering calculations to pro-
duce artificial images. The importance of observations
in backscattering geometries has been illustrated.

Acknowledgements
This work has been supported in part by the Swiss Na-
tional Science Foundation.

References
[1] Finklenburg, S. et al. (2014), Icarus.

[2] Lowry, S. et al. (2012) A&A, 548, A12.
doi:10.1051/0004-6361/201220116.

[3] Su, C.-C. (2013) Parallel Direct Simulation Monte Carlo
(DSMC) Methods for Modeling Rarefied Gas Dynamics.
PhD thesis. National Chiao Tung University, Taiwan.

[4] Mishchenko, M. I. et al. (1996), T-matrix computations
of light scattering by nonspherical particles: A review, J.
Quant. Spectrosc. Radiat. Transfer, 55, 535-575.


