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In the vicinity of a comet nucleus the gas and dust flows are strongly coupled. Dust 
particles are dragged by gas and reach the terminal velocity of up to several hundreds of 
meters per second. The initial gas flow is subsonic due to the drag of dust, but the flow 
soon becomes supersonic. Therefore models of the dusty gas flow must be able to give 
transonic solutions. 

We have developed a hydrodynamic model of dusty gas flows in comet comae which 
assumes single-fluid, inviscid, perfect gas. Two sets of hydrodynamic equations for gas 
and dust, which involve the gas drag force, heat exchange between gas and dust, and 
photodissociation energy for HZ0 gas, are solved with the Gear method. Calculations 
have been done with one or two dust particle sizes, 1 micron to Icm with the density of 1 
or 0.5 g Heating and cooling of dust due to solar radiation and infrared emission 
were included. The nucleus size of 3.36 km radius with the density of 1 g cm-3 and the 
dust-to-gas mass ratio x = 1 were adopted. 

Figure 1 shows the gas and dust velocities. The dust reaches its terminal velocity 
at about 100 km, or 30 radii from the nucleus, in good agreement with calculations by 
earlier authors (cf. 1, 2). The gas temperature is shown in Figure 2. The dust heats 
up the gas immediately after leaving the nucleus, up to about 80 K higher compared 
with dust-free gas. This increase of the gas temperature may d e c t  the gas chemistry 
in the coma. It is also found that smaller and lighter dust particles heat up the gas 
more efficiently. High gas pressure caused by the gas drag and heating from dust may 
be responsible for the non-radial motion of dust particles near the nucleus. The gravity 
between the nucleus and the dust has been also taken into account but the results show 
that the gravity of Halley-class nuclei has very little effect on particles smaller than about 
1 cm. Fragmentation of dust particles into smaller sizes has been also incorporated into 
the model by giving a lifetime. Figure 3 shows the velocities of dust particles when half 
the particles split into half the original mass. The lighter particles travel faster. Figure 
4 shows the dust densitits of 100 p and 10 p in the case that the larger particles split 
into the smaller ones with a lifetime of lo4 s. At about 100 km from the nucleus, most 
of the 100 p has decayed into the 10 p. The total dust density decreases as r - l .  

In situ observations of Comet PJHalley by Vega and Giotto show a size distribution 
of dust particles ranging from to lom2 cm (3). Models with a realistic dust-size 
distribution and a finite lifetime against fragmentation need to be developed to explain 
the observed dust distributions. 
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Fig. 1. Gas and dust velocities as a 
function of cometocentric distance. The 
solid line represents the gas, the broken 
line the dust, and the dotted line the gas 
velocity when there is no dust. 

Fig. 2. Gas temperature as a function 
of cometocentric distance. The solid line 
represents the gas temperatuse with dust 
particles of radius 1 p and the bulk den- 
sity 1 g ~ m - ~ ,  the broken line with dust 
p&ticGs of the same radius but halt 
the bulk density, and the broken line with 
dots the gas temperature with no dust. 
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Fig. 3. Dust velocities as a function of 
cometocentric distance, The model ass- 
sumes that half the 1 p size dust particles 
split into two at  the sonic point, a few 
hunched meters from the nucleus. The 
solid line repesents the 1 p size, the dot- 
ted line the half mass and the broken line 
the 1 p size when there is no splitting. 

Fig. 4. Dust densities as a function 
of cometocentric distance. The solid line 
represents the 10 p size particle, the b r e  
ken line the 100 p size dust, and the bro- 
ken line with dotsthe total densitys X I  = 
x 2  = 0.5. 
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