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Abstract

We report the current achievements in the develop-
ment of the model of aspherical dust grain dynamics
[1, 2] in the cometary atmosphere of 67P/Churyumov-
Gerasimenko (67P/C-G). The present model is aimed
to predict the dynamics of dust grains and to support
the scientific objectives of GIADA in-situ experiment
[3] on board of ESA ROSETTA spacecraft. Here, we
study the motion of aspherical grains under the influ-
ence of three forces: aerodynamic, gravitational and
torque. We discuss the distinctions in the dynamics
of the aspherical dust in comparison with the spheri-
cal dust grains, considered in the currently used 3D+t
spherical dust models [4, 5].

1. Introduction
Among the payload instruments on ROSETTA probe it
is the space-based dust instrument GIADA(Grain Im-
pact Analyzer and Dust Accumulator) [3]. On its way
to the comet 67P/C-G, GIADA will measure individ-
ual dust grain mass, number density and velocity in
the immediate vicinity of a cometary nucleus. The
instrument will perform direct measurements of mo-
mentum and optical cross section for each in situ de-
tected grain. Then, GIADA will derive the mass of
each detected grain and since the cometary grains are
not spheres only an averaged value of their cross sec-
tion vs. a fixed mass will be defined. By measuring
the mass of many grains over a sampled optical cross
section, GIADA will provide data of the optical cross
section distribution vs. dust mass. Therefore the data
output of the instrument has a key role for calibration
of all coma dynamical models used to interpret all dust
data collected during the ROSETTA mission.

A review on the currently used dust models shows
that all adopt the assumption of sphericity of the

grains. For example, the state-of-the-art model [4]
includes all physics complexity of dust dynamics,
but with the constraints of the spherical approxima-
tion. It is a multi-component, three-dimensional, time-
dependent Dust Monte-Carlo (DMC) [5] code which
considers the full mass range of ejectable grains mov-
ing under influence of aerodynamic, gravitational and
solar forces.

Here, we study the motion of axially symmetric
prolate and oblate ellipsoids under the influence of
aerodynamic and gravitational forces and torque. The
present work is the next in the series [1, 2] intended to
understand the real behavior of the dust grains in the
cometary atmosphere and is aimed to study the differ-
ences between the spherical and aspherical models of
dust in the coma of 67P/C-G.

2. The Model
We assume that dust grains are homogeneous, isother-
mal polygonal convex bodies (close to ellipsoid of rev-
olution with different aspect ratios of axes). The mo-
tion of dust grains is governed by the nucleus gravity,
the aerodynamic force and the torque. We assume that
dust stream does not affect the gas flow. The gas dis-
tribution (density, velocity, temperature) in the coma
is taken from the Euler solution for spherical expan-
sion. In the case of cometray atmospheres, even for
the most active comets, the minimal mean free path
of the molecules is order of meters. We study dust
grains with sizes much less than one meter and there-
fore we may consider the flow over the grains as free
molecular. Hence, we estimate the aerodynamic force
from expressions for free molecular interaction. Grav-
itational field is also assumed spherical. The motion
of the dust grains is described by Euler kinematic and
dynamic equations for rigid body. On the comet sur-
face we postulate the distribution function of ejection
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velocity and the distribution function of initial orienta-
tion of the grains. From the same origin on the surface
we trace a number of grain trajectories with different
initial conditions. Then we derive an average trajec-
tory with mean parameters and the dispersion around
it. We evaluate the goodness of spherical grain approx-
imation through the deviation of the spherical grain
trajectory from the averaged trajectory.

3. The Results
We have studied various distribution functions of ini-
tial orientation of aspherical rotating grains. Our re-
sults show that the dynamics of aspherical grains is
very sensitive to the initial parameters (orientation and
ejection velocity). Fig. 1 shows higher velocity for
the aspherical grain (its averaged trajectory) in com-
parison with the spherical dust motion for two differ-
ent gas production rates. Therefore we have density
distribution lower than the one for the spherical grain.
We see that the velocity along the trajectory of identi-
Comparison in the velocity distribution of aspherical and spherical 

grains with the same characteristic cross section and mass  
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Figure 1: Velocity distribution of aspherical (stars)
and spherical (circles) grains subject to aerodynamic
and gravitational forces (the same characteristic cross
section and mass).

cal aspherical grains could change significantly owing
to both asphericity and torque (about 40%). Our re-
sults show that the region of the high variation of the
dynamical dust parameters is about ten kilometers out-
ward from the nucleus surface for grain sizes(less or)
equal of a micron. For example, the range of the circu-
lar frequency( angular velocity divided by 2π) before
settling down of such small rotating grains varies from
1 to 10 Hz (Fig. 2).

Aspherical dust model:rotation

F.F. First et al.: Dynamics of aspherical dust in cometary atmosphere

Table 2. Parameters of computed cases.

case Qg[s−1] a[m] a/b θ0[deg.] L∞[m] t∞[s] v∞[m/s] ν∞[Hz] L90[m] t90[s] ryz[m] trotstart[s]
#a08s1 1027 10−6 2.0 45.0 34 860 700 52 7 7 870 170 4.99e-03 200

Fig. 8. Trajectories of dust grains.

Fig. 9. Dispersion for different r.

Fig. 10. Velocity of dust grains.

3.2. Dispersion of the dust trajectories

Aspherical grains ejected from the same point but with different
initial orientation have different trajectories (see Fig. 8). These
trajectories form a diverging fan. This fan we will characterize
by the mathematical expectation and the root-mean-square devi-
ation (dispersion) in the given radial distances:

x̄ = ... (22)

δ̄x = ... (23)

The mathematical expectation corresponds to the average
trajectory which for spherical grains coincides with a grain’s
trajectory. In the present case of spherical expansion spherical
grains move straight radially. In the case of spherical grains, if
particle leaves the surface it never return back. Fig.9 shows the
dispersion of aspherical grains for different radial distances r....
TO ADD: 1) TEXT about absence of return back trj. 2) discuss
influence of the distribution function of initial orientations. 3)
Influence of gas production 4) Influence of gravity.

3.3. Dispersion of the dust velocity

TO ADD the text about the dust velocity and that it is not possi-
ble to characterize dust motion by ONE velocity vector. bla-bla-
bla ... see Fig. 10. Variation of the terminal velocity.

3.4. Influence of rotation

Is it possible to substitute aspherical grain by spherical approxi-
mation? What is slow and fast rotation.

4. Conclusion

Comparison of aspherical (ellipsoidal) and spherical approxima-
tions of dust grains shows that ...:

1. Dispersion of trajectories is ....
2. Dispersion of velocity is ....

Text with bla-bla-bla
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Figure 2: The circular frequency (i.e. rotation per sec-
ond) and velocity of a prolate-ellipsoidal aspherical
grain with size of one micron. The initial orientation
of the grain is 45◦. The gas production rate is 1027.

4. Future Work
Our 3D+t aspherical dust model is under implemen-
tation of more realistic distribution of gas and gravity
and is going to be prepared of studying more realistic
shapes of dust grains. We are investigating settling of
rotating grains of bigger sizes.
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