
AN IMPROVED THERMAL MODEL FOR COMETARY NUCLEI. Paul R. Weissman, 
Jet Propulsion Laboratory, Pasadena, CA 91109, and Hugh H. Kieffer, U.S. 
Geological Survey, Flagstaff, AZ 86001. 

Weissman and Kieffer (1981) developed a new thermal model for cometary 
nuclei which included such previously unmodeled effects as diurnal and lati- 
tudinal variations, rotation period and pole orientation, surface heat flow, 
and coma feedback mechanisms from multiply scattered radiation and thermal 
emission. That model used a simple coma opacity calculation which assumed a 
single dust particle size in the coma and a constant outflow velocity. This 
led to an inaccurate estimate of the true coma opacity for a given dust pro- 
duction rate. That deficiency has now been corrected by incorporating the 
coma model of Divine (1982) which uses a modified Sekanina-Miller dust parti- 
cle size distribution and a Finson-Probstein gas outflow dynamics model. The 
improved model has been applied to the case of the 1986 apparition of Halley's 
Comet, also incorporating a revised radius and albedo for the Halley nucleus 
based on the recovery by Jewitt et al. (1982) and the estimate of Belton and 
Butcher (1982). 

As expected, the opacity of the Halley coma is reduced from that of the 
earlier model. The opacity is now 0.06 at 1.0 AU and 0.30 at perihelion, 
0.587 AU. This results in a reduction in the coma feedback mechanism from 
multiply scattered radiation and thermal emission, and brings the model into 
better agreement with the results of Hellmich (1981). The coma feedback 
mechanism results in an enhanced gas production at 1.0 AU by a factor of 1.2 
over that for a bare ice nucleus with no dust coma, and an enhancement factor 
of 2.0 at perihelion. Predicted gas production at 0.9 AU, the expected heli- 
ocentric encounter distance for the Giotto mission, is 3.1 x molecules 
per second. This agrees well with the estimate by Newburn and Reinhard (1982) 
of 3.9 x loz9 molecules/sec for the Halley gas production rate at 0.9 AU 
during the 1910 apparition. 

The multiply scattered and thermal radiation from the dust coma raises 
the nightside temperatures on the nucleus while the coma opacity has rela- 
tively little effect on maximum dayside temperatures. This results because 
maximum temperatures are buffered by the energy going to sublimation of come- 
tary ices. At 1.0 AU the maximum dayside temperature is 204 K and the minimum 
nightside temperature is 181 K. At perihelion the maximum temperature in- 
creases to only 213 K, while the minimum is 203 K due to increased energy 
input from the cometary dust coma. For comparison, a bare Ice nucleus with 
no dust coma would have almost identical maximum temperatures but minimum 
nightside temperatures on the equator of 150 - 160 K. The poles of the bare 
ice nucleus are even colder. 

Input parameters for the improved Halley model are: nucleus radius, 
2.2 km; surface albedo, 0.13; thermal inertia, 0.003 cal cm-2 s-lI2 K - ~ ;  ro- 
tation period, 10.32 hrs; rotation pole obliquity, 20°; dust-to-gas ratio, 
0.5; dust density 0.8 g ~m'-~. This work was supported by the NASA Planetary 
Geophysics and Geochemistry Program. 
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