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This computation is based on the work of Bertaux and Kockarts (1983), noted below as BK83.
The goal is to get consistent values of the escape velocities for H and H2 at the different altitudes
that are the top of the different models.
Escape velocities are first computed at the exobase, located at z = 1525 km altitude (r = 4100 km).
The thermal and density profiles used are the same as the one used for the simulations, based on
an engineering model developed for the TandEM study (Coustenis et al., 2009).
Between the exobase and z = 1300 km, the thermosphere is considered isothermal, at the temper-
ature Tc = 145 K.
Do not hesitate to do the computations again, to confirm all numbers given below.

1 Jeans escape velocities at the exobase

Table 1: List of the input parameters

Input parameter Notation Value
Exobase rc 4100 km
(i.e.) zc 1525 km
Thermospheric temperature Tc 145 K
Density at exobase nc 2.3×107 cm−3

The exobase, considered as a critical level for the escape at the top of the atmosphere, is computed
at rc = 4100 km in BK83. This altitude is obtained for a thermospheric temperature of 186 K,
and since the model we use indicates a different thermospheric temperature, we may consider a
possible variation of this value (or find other references).
At this critical level, the escape velocity for a given constituent of molecular mass mi is
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where kB is the Boltzman constant, and Ei
c = rc/Hi

c. The scale heights are Hi(z) = H(z)µ(z)/mi,
where µ(z) is the mean molecular mass of the atmosphere which mainly depends on the abundance
of CH4 at the altitude z (also given in the engineering model), and
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with g0 = 1.35 m s−2 and r0 = 2575 km.
This gives Hc = 87.2 km, HH

c = 2264 km and HH2

c = 1132 km.
The escape velocities are then wH

c = 2.01 × 104 cm s−1 and wH2

c = 3.83 × 103 cm s−1.

2 Velocities at altitudes below the exobase, down to 1300 km

To compute the escape velocities at altitudes below the exobase, we consider that H and H2 diffuse
through the isothermal background atmosphere. At altitudes well above homopause, molecular
diffusion dominates. In the absence of chemical production and loss in the region between a given
level (z > 1300 km), and the exobase, the continuity equation gives:
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with ni the density of the constituent i.
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Following the model developed in BK83 (Section 3), the following equation may be derived from
their Eq. 12:
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The molecular diffusion coefficients Di
c are taken from the expressions present in the model. The

only reference I have is Dominique Toublanc’s PhD, of which I don’t have a copy. . . This may need
to be checked. To compute these values, the total density at the exobase is needed, and is taken
from the engineering model (see Table 1).
Values obtained are: DH

c = 1.16 × 1012 cm2 s−1 and DH2

c = 4.76 × 1012 cm2 s−1.
Using these values and Eqs. 3 and 4, the escape velocities may be computed at different altitudes,
given in Table 2.

Table 2: List of the escape velocities computed at different altitudes

Altitude (km) wH (cm s−1) wH2 (cm s−1)
1500. 1.92×104 3.71×103

1450. 1.67×104 3.39×103

1432. 1.57×104 3.26×103

1400. 1.36×104 2.98×103

1350. 1.00×104 2.45×103

1300. 6.75×103 1.86×103

References

Bertaux, J.-L., and G. Kockarts (1983), Distribution of molecular hydrogen in the atmosphere of
Titan, J. Geophys. Res., 88 (A11), 8716–8720.

Coustenis, A., et al. (2009), TandEM: Titan and Enceladus Mission, Exp. Astron., 23, 893–946,
doi:10.1007/s10686-008-9103-z.

2


