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Abst rac t .  

In this paper I consider the growth of dust aggregates in the presolar cloud, taking into account their 
compressibility and possible compaction under the effect of higher velocity collisions. I t  is assumed that 
the aggregates could grow initially as fractals of low density and reach the masses of chondrule precursors 
before they begin to  disrupt each other. When the kinetic energy of impacts approaches the strength 
of the material but is sill less than it, collisions might cause compaction of the aggregates instead of 
destruction. The more compact aggregates experience a smaller number of collisions, and tend to avoid 
both further increase of mass and catastrophic destruction. This scenario can provide a population of 
dust aggregates with a relatively narrow size range and could be a good candidate for the chondrule 
precursors. 

In t roduc t ion .  

Models of chondrule formation in the accretional shock associated with formation of the solar nebula, 
pose a question: is it possible that precursor grains as big as 1 mm in size ( w  1 to a few g in 
mass) could have been formed before entering the solar nebula? Detailed treatment of the coagulation of 
interstellar dust particles in protostellar clouds undertaken by Weidenschilling and Ruzmaikina [I] have 
shown that the number of collisions between dust aggregates is sensitive to  the dependency of aggregate 
density, and hence cross section, on its mass. The aggregates with the density of solid grains grew to the 
radius cm and mass < for lo7  yrs of the precollapse history of the presolar cloud, and then 
experienced few if any collisions. However, reasonably strong fractal aggregates could reach much larger 
size and become as or more massive than chondrule precursors. In fact, the strength of the aggregate, 
not a number of collisions, determines its maximal mass. 

In this paper I consider the growth of dust aggregates, taking into account their compressibility and 
possible compaction under the effect of higher velocity collisions. (A possibility of the compaction of 
small aggregates under the energetic collisions has been demonstrated by the numerical simulations by 
Dominik and Tielence [2]). 

It is assumed that a presolar cloud (a molecular cloud core, which we approximate here as a singular 
isothermal sphere with mass 1 Mg, temperature 10 K, and a radius about 1017 cm) is turbulent. The 
turbulence is described by the Kolmogorov spectrum. 

The relative motions of dust particles induced by the turbulence promotes particle collisions which could 
cause both coalescence and disruption of grains. 

The Mode l  of D u s t  Aggrega te  Growth .  

Assuming that particles are equal in radius and in mass, and each particle collision results in coagulation, 

where nd is the number density of dust grains in the cloud. Taking nd md = qp,, where q is the mass 
fraction of dust, and considering grains to be homogeneous spheres with density pd and hence mass 
md = pd r i  and a d  = 27rri, this equation can be written in the form 

In the static cloud, pa is independent of t ,  if one neglects dust settling and changes in gas parameters 
during the process of coagulation. 

Relative velocities of the grains are dependent on the ratio of time-scales of particle response t ,  = 
mygr pgr / (pa , ) ,  vortex turnover time in the inner length scale t i ,  and turnover time in the main 
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length scale t o  Over a significant range of grain sizes t o  > t e  > t i ,  and we have Ke1 2 ( 5 )  V,, where 

V, is the turbulent velocity. Substituting Vrel into equation (1) and integrating yields 
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where the subscript do refers to  initial values of the parameters. 

This equation shows that the dynamics of growth of a dust aggregate depends only on one parameter 
related to the properties of the aggregate, pd rd, and its evolution depends on the mass fraction of dust 
in the cloud and on gas parameters. 

The radius and mass of an aggregate depends also on the relationship between aggregate density and 
grain size for fluffy aggregates. The radius to  which the aggregate might grow in a given interval of time 
is proportional to  p i ' ,  and its mass md cc p i 2  if other parameters are the same. 

If the aggregate has a constant density, then rd cc t2 for large t .  For fractal aggregates with dimen- 
sions D = 2.5,2.3, and 2.11, we have density pd cc r:-3 - T ~ O . ~ ,  r i 0 . 7 ,  and r i0 .89 ; and pd r d  
r0.5 0 3 , rd. , and r;,l1. Grains with initial radii cm reach 1 mm radius in 5 10.  l o 6  yrs for the fractals 
with D 5 0.54, and 1 cm for D 5 2.43. If the initial radius of grains is cm and cm, they reach 
l m m  and 1 cm radius in 8.0, 2.7, and 0.7. lo6 yrs, respectively. Their densities are then 3 .  lo-', 2 .  
and 3 . loF4 g ~ m - ~ .  The typical mass of mm-size aggregates is smaller than the mass of a chondrule. 
However, the mass of cm-size aggregates is comparable to or exceeds that of chondrules. 

The average relative velocities between two aggregates of equal size can be expressed in terms of their 
masses as 

D - 2  

(4) 

This velocity is - lo4  cm s-' for fractals with mg, - and D = 2.75, and mg, - and D = 2.5; 
Vre1 w 5 x lo3 and 3 x lo3  cm s-' for fractals with mg, - g, and D = 2.25 and 2.11. The 
corresponding kinetic energies, between l o 7  to  a few times lo8  erg g-' are the same order of magnitude 
as the specific energy of the fragmentation threshold for a 1 cm target composed of rocky materials [3]. 
Therefore if the effective strength of fluffy aggregates is of the same order of magnitude, then these fractal 
aggregates or, at  least those with D < 2.5, can reach chondrule masses before their disruption due to  
mutual collisions becomes important. 

However, the danger of collisional destruction of the aggregates may be less than just estimated for the 
following reason. Before a catastrophic disruption occurs, previous collisions will have caused plastic 
deformation and compaction of the aggregates. It may happen that an aggregate is compressed by the 
collisions and decreased in radius enough, for it to avoid further collisions with aggregates of comparable 
size, and thereby avoid destruction. This possibility suggests the following scenario for the formation 
of chondrule precursors: The aggregates could grow initially as fractals of low density and reach the 
masses of chondrule precursors before they begin to disrupt each other. When the kinetic energy of 
impacts approaches the strength of the material but is sill less than it ,  collisions might cause compaction 
of the aggregates instead of destruction. The more compact aggregates experience a smaller number 
of collisions, and tend to avoid both further increases of mass and catastrophic destruction. It follows 
from Weidenschilling and Ruzmaikina [I] that solid grains with radius > 1C-3 cm experienced fey,  
if any, collisions for l o 7  yrs, even for q four times larger than is assumed here. Such a scenario for 
accumulation seems can produce a population of dust aggregates with a relatively narrow size range 
typical for chondrule. The size-range is determined by the strength of the aggregates. 
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