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ABSTRACT. We developed a 1-D hydrodynamic model of dusty gas flow with dust fragmentation in 
a cometary atmosphere and performed calculations for a dust-size distribution with radii a = 10~4 — 
10 cm and densities variable with dust size. A comparison was made with Giotto observations of 
dust jet intensities within 100 km of the nucleus of Comet Halley. We found that dust fragmentation 
cannot be solely responsible for the flattening of the dust intensity near the nucleus with respect 
to the \/R law. We conclude that a combination of geometric effects and grain fragmentation may 
explain the observed intensity profiles. 

1. Introduct ion 

Dust intensity profiles obtained by the Halley Multicolour Camera (HMC) show a sharp deviation 
from the expected 1/.R dependence (R is the cometocentric distance). Thomas et al. (1988), 
Huebner et al. (1988), and Reitsema et al. (1989) have successfully used geometric effects to 
explain the deviation. However, Szego et al. (1988) found the deviation seen in profiles using Vega 
images to be too large to be explained by source geometry effects alone and suggested dust particle 
fragmentation as an alternative. From Giotto's PIA and DIDSY data, McDonnell et al. (1987) 
found some evidence for possible fragmentation or evaporation of grains. Vaisberg et al. (1987) 
obtained several pieces of evidence for an evolution (including splitting) of the grains during their 
motion in the cometary coma. 

2. Mode l ing 

We solve the hydrodynamic equations for a dusty gas flow in a comet coma. The fragmentation 
of dust particles into the next smaller size is incorporated in the model by adding source and sink 
terms in the continuity equations for the dust. The lifetime r; of dust particle with radius a; (ai is 
the minimum size) is given by 

Ti = Tmax[\og(ai/amax)]
a, (1) 

where rmax is the lifetime of the particle of the maximum size amax. The lifetime of the smallest 
particles is assumed infinite. The size distribution at the nucleus surface is given by 

Pi = Pmax(o.i I'amaxy, (2) 

where p,- is the spatial mass density of the particles of radius Oj and pmax is the density of the 
particles of the maximum radius o-rnax 

that can be entrained by the gas. The bulk density of dust 
particles is a function of dust size (Lamy et al., 1987): 
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Pbulk = 2.2 - 1.4a/(a0 + a) g c m - 3 , a0 = 1(T4 cm. (3) 

We perform calculations with dust particles of radius 1 0 - 4 cm to 10 cm with a continuous 
distribution approximated by 26 discrete particle sizes seperated by a logarithmic scale, so that a 
particle always fragments into about four particles of the next smaller size. We define the mass 
density by p, velocity by v, pressure by P, ratio of specific heats by 7, number density by n, 
temperature by T. The subscripts g and d refer to gas and dust, respectively. 

The hydrodynamic equations for the single-fluid, inviscid, perfect gas are as follows. 

hiR{Rip'Vt)=i>" (4) 

dVg dPg ^~, 
P»V'!R+!R=-T,FM (5) 

t 

7=I(,,« «> + 7=1* « = «*" "I)*". ' . (6) 

where Fga,i is the momentum transfer rate from the gas to the dust of size a,-, given by 

Fgd,i = ^CDtiTTa?pg{vg - vdii)
2ndii. (7) 

Here Co,i is the modified free molecular drag coefficient defined as follows (cf. Probstein, 1968): 

2 V ? \TA , 2s? + 1 __,, , 4s4 + 4s? - 1 _ g, - gJ[f 

^•' = — V T , + lF7Te + 2,3 -/(•«). s' = y n f ^ > w 
where fc is the Boltzmann constant and mg is the molecular mass of the gas. Qphoto is the rate of 
heating of the gas due to the photodissociation of water and Qad,i is the energy tranfer rate from 
the gas to the dust. At distances R « 104 km, pg for H2O is negligible, so that we set pg = 0 in 
the application in the next section. 

For the dust, the following hydrodynamic equations are solved for each dust particle of size a,. 

1 ** / D2 I P*,i , Pd,i+i ,„> 

Pd,iVd,i-Tjr ~ Pd,i9comtt(R) = Fgd,i, (10) 

JIT-I 

Pd,iVd,iCD,i . J = Qjd.i + Qrad.i, (11) 

where gComet(R) is the gravitational acceleration by the comet nucleus and Qrad,i is the rate of the 
radiation energy due to solar heating and IR cooling. 

We assume for the nucleus of Comet Halley that the effective radius R„ = 4.0 km, the density 
pn = 0.5 g cm" 3 , and the dust-to-gas mass ratio x = 1-0- The reason that the nucleus density 
is lower than the average dust density is that the material in the cometary nucleus may be more 
porous than dust particles and contains hollow space. 

3. Appl icat ion: D u s t Je t s near the Nuc leus of Comet Hal ley 

We apply the dust fragmentation model to the problems of the dust intensity profiles near the 
nucleus of Comet Halley. Because cometary dust is optically thin, the observed dust intensity, 
which is proportional to the dust column density, should change like l/R. However, intensity 
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profiles of jet-like features analyzed in the HMC images from the Giotto spacecraft (Thomas et al., 
1988; Huebner et al., 1988) show strong flattening relative to a \/R profile near the nucleus. 

Thomas and Keller (1990) have explained the dust intensity profile using a dust fragmentation 
calculation. They showed that on the average, fragmentation of a particle into 2.7 particles can 
explain the 30% increase of I • R (where I is the scattered light intensity) beyond 9 km from the 
source. 

The dust intensity profiles in Figure 1 obtained by Huebner et al. (1988) show a steep rise 
of I • R within 50 -100 km from the source. They have shown that a wide range of dust profiles 
can be modeled using different source geometries and obtained qualitative agreement with HMC 
profiles without invoking other mechanisms. Although their model fit the data very well, it assumes 
a constant velocity for the dust particles. Dust particles are accelerated by gas-drag force from rest 
to the terminal velocity of several 100 km s _ 1 to 1.0 km s _ 1 , depending on their size. Figure 2 
shows an I • R profile obtained from a hydrodynamic calculation with the dust size distribution 
given by equation (10) with /? = 1.0 in the case of no fragmentation. The figure shows a rapid 
decrease of I • R, which is just the opposite of the observed profiles. Therefore, models for the 
observed dust in tensity profile must account for the dust acceleration. 
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F ig . 1 - I • R profiles for dust obtained by the 
Giotto spacecraft. If the intensity / ~ 1/R, 
then / • R should be constant. From Huebner 
et al. (1988). 
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Fig . 2 - A calculated / • R profile for dust when 
there is no dust fragmentation. I • Ris not con
stant because of acceleration. 

We performed the hydrodynamic calculations to see if we can explain the observed dust profiles 
by dust fragmentation (Figure 3). The parameters for the model are a = 0, /? = 1.0, Tmax=lO sec. 
The model seems to fit the observation fairly well. The lifetime for the dust particles used for 
the fit, however, is much too short for particles to survive. Figure 4 shows the dust density for 
several sizes as a function of cometocentric distance. We see that all particles fragment into the 
smallest ones within 50 km, which is contradiction to observations because larger particles have 
been detected at much larger distances. 

The fragmentation calculation by Thomas and Keller (1990) gives the lower limit to fragmen
tation since their profile does not include the region closer than ~ 9 km to the nucleus. We conclude 
that fragmentation alone cannot be responsible for the deviation of the dust intensity profile from 
lkm to ~ 50 km near the nucleus observed by the Giotto spacecraft. The combination of the 
geometric effect (Huebner et al., 1988) and dust fragmentation described here may explain the 
deviation. 
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•'d Observation 
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Fig. 3 - Model I • R profile for dust compared Fig . 4 - Dust space density obtained for the 
with the observation, the solid line in Figure 1. model in Figure 3. 
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