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     Introduction: Chondrules represent one of the best probes of 
the physical conditions and processes acting in the solar nebula.  
Chondrule formation models are judged by their ability to match 
experimental constraints on chondrule formation, especially their 
thermal histories.  The model most consistent with chondrule 
thermal histories appears to be passage through shock waves in 
the solar nebula, though the sources of shocks are not well con-
strained.  Gravitational instabilities in the solar nebula can pro-
duce large-scale (1-D) shocks of the right speeds [1].  Bow 
shocks driven in advance of eccentric planetesimals are another 
promising mechanism, especially given the high probability of 
such events [2-4].  Planetesimals at 3 AU on eccentric orbits will 
drive shocks with speeds of 5-10 km s−1, depending on their ec-
centricity.  However, the radiation field in models [5-7] is calcu-
lated only in 1-D, assuming very large-scale shocks.  Planetesi-
mal bow shocks are parabolic and small in scale.  Cooling rates 
in bow shocks have been estimated to be ~ 104 K hr-1 [4], which 
are too rapid to match chondrule thermal histories.  Cooling rates 
can be reduced by factors of 2–10, though, by H2 recombinations 
[6,7].  Investigations of chondrule heating in planetesimal bow 
shocks have not yet included 2-D radiative transfer or the ener-
getics of H2 recombination.  Here we present a preliminary inves-
tigation to include these effects in bow shock models. 
     Results:  We use the shock code of [6,7] to carry out our cal-
culations of chondrule thermal histories in simulated bow shocks.  
Instead of a 1-D radiation field, we assume the chondrules of in-
terest are surrounded by a cloud of chondrules at the same tem-
perature, so that effectively the radiation field they see is J = 
B(Tbkgrnd)exp(−τ ) + B(Tch)[1 − exp(−τ )], where τ is the fre-
quency-averaged (Rosseland mean) optical depth from the center 
of the cloud of chondrules to its edge.  The cloud is assumed to 
be ~ 2 times the radius of the planetesimal.  Several simulations 
were run with shock speeds ranging from 8 - 10 km s-1, gas den-
sity 10-9 g cm-3, and chondrule densities ranging from 0.004 – 
0.075 times the gas density.  τ varied as the size of the cloud was 
varied.  We found that H2 dissociation/ recombination does re-
duce the cooling rates, but by small factors ≈ 2, near 1800 K.   
     Discussion:  Our analysis makes clear that cooling rates of 
chondrules in planetesimal bow shocks may be buffered by H2 
recombination and reduced by factors of ≈ 2, at least at the cen-
ters of the shocked cloud of chondrules, but rates < 102 K hr−1, 
befitting porphyritic chondrules, require much more optical depth 
(τ >> 1) than standard parameters predict.  However, a combina-
tion of large planetesimal, high chondrule concentrations, and 
high gas densities may yet result in such cooling rates, when de-
tailed radiative transfer and line cooling by H2O molecules are 
included in a fully 2-D model.  
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