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Sagan and Dermott [l] discussed an analytical model of tidal dissipation in the proposed ocean 
on Titan. A numerical hydrodynamic differential equation (HDE) model of a methane ocean on 
Titan has been used to check the analytical results. It shows dissipations about six times greater 
than the analytic model. This reinforces the argument that the ocean must be deep or non-existent. 

The analytical model presented by Goldreich and Soter [2] was used in [I] to show that oceans 
less than 400m deep would have dissipated enough energy over the age of the Solar System to have 
cicularized Titan's orbit. This was a conservative estimate in that velocities were thought to be 
underestimated by at least a factor of two and the initial orbital eccentricity was barely constrained. 

I adapted the earth ocean model described by Zahel[3] for Titan. This is a full, non-linear HDE 
model with coriolis terms, bottom friction, and eddy viscosity. I used a 2" grid and the second 
order spherical harmonic disturbing potential with both the radial and libration tides, assuming 
synchronous rotation. I neglected tidal loading and the ocean self-attraction and I assumed a 
spherical solid Titan. This latter assumption implies that there has been no hydrostatic relaxation 
in the solid body but is necessary for proper comparison to [I]. 

The table shows the period-averaged bottom friction dissipation calculated by the numeric 
model and compares it with that calculated using the formulas in [I] and [2]. Parameters are 
taken from [I] with the exception of the coefficient of skin friction which is taken as 0.003 after [3]. 
As can be seen the dissipation from the numeric model is approximately six times larger than the 
analytic model, but does approximately follow the ~ e ~ t h - ~  relationship derived by [I]. To one 
and a half significant figures the relationship would be Dissipation = 1.5 x 1018(w. rn3) /~ep thp3 .  
For the same conditions as given in [I], a six times greater dissipation would imply a 6'13 or 1.8 
times deeper ocean giving a minimum depth of about 700m. 

The numerical HDE model shows a markedly higher dissipation than the analytic model which 
uses only radial tides. This is due to the addition of coriolis terms and the libration tide which 
accounts for approximately half of the total dissipation, according to a libration only numeric run. 
The figures show the displacements and velocities for a full 400m depth ocean numeric run. 

Increased ocean dissipation argues even more strongly that an ocean must be deep or non- 
existent. However, there are many other factors whlch must be considered to obtain an overall 
picture of Titan's tides. It is likely that the solid Titan is hydrostatically relaxed, and this will 
probably change the dissipation. Also, there is still the question of exactly what partial land cov- 
erage would do to the dissipation. The HDE model will be used to investigate these issues. Then 
there is the interior dissipation, which may be more important than previously thought. Tides on 
Titan is still an active area of research. 

ACKNOWLEDGMENT. 
This work was supported by NASA's Graduate Student Researchers Program. 

REFERENCES. 

[l] Sagan, C. and Dermott, S.F. (1982) Nature, 300, 731-733. 

[2] Goldreich, P. and Soter, S. (1966) Icarus, 5,  375-389. 

[3] Zahel, W. (1978). In Tidal Friction and the Earth's Rotation, eds. P. Brosche and J. 
Siindermann, pp. 98-124. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



NUMERICAL TITAN TIDES: Sears W.D. 

TABLE. 
Tidal energy dissipation for a methane ocean on Titan. 

Ocean Depth Numeric Model Analytic Model 
(4 Dissipation (W) Dissipation (W) 
100 1.7 x 1012 2.4 x lo1' 
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