Chondrule and Planetesimal Formation
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Basic Equations for Dust Particles:
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Basic Equations for Gas
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Chemical Reactions - 32 species, 167 reactions
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Chondrule Forming Shock Waves: Peak Temperature
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Fig. 1. (A) Eccentricity versus semimajor axis for a
100-km-diameter planetesimal started at 4.2 AU.
Dashed lines mark the centers of major commen-
surability resonances, which overlap at eccentric-
ites above 0.2 to 0.3 (27). (B) Semimajor axis
(solid line) and eccentricity (dotted line) versus
time for the planetesimal in (A). Migration from 4.2
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Fig. 2. (A) Eccentricity versus semimajor axis for a
100-km-diameter planetesimal started outside
the 2:1 resonance. Jupiter is assumed to have its
present eccentricity of 0.048. The planetesimal
becomes trapped in the resonance until its eccen-
tricity exceeds 0.3, then it escapes and is damped
by drag. (B) Semimajor axis (solid line) and eccen-
tricity (dotted line) versus time for the planetesimal
in (A). There is 3 X 10° years of slow orbital decay
before encountering the resonance. Eccentricity
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Figure 5.5: Trajectories of dust grains in the flow around the planetesimal with R = 1000 km,
Pg,0 = 107% g cm ™3, Vg0 = 10 km s7! and ¢ = 1 mm. The background gas is calculated with
Hs dissociation and the trajectories are calculated with melting and evaporation. Dashed line
represents a trajectory of a dust particle whose peak temperature does not reach Tyejt.
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Figure 5.22: Trajectories of dust grains with ag = Ilmm (red), 0.1 mm (green), 0.01 mm (blue).
The background gas is calculated with pg o = 1078 g cm ™3 and Vg0 = 10 km s~ with Hy dissoci-
ation.
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The Grand Tack Scenario (Morbidelli ef al. 2012)
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Fic. 5.—Instantaneous (perturbed) particle velocity v, in the x-z plane with a
gray-scale image of azimuthal velocities (white is positive) for a growing mode
with K, =5, |K;| =1, 7, = .044, and p,/p, = 0.2. Gas velocities are very
similar because of strong coupling. The density is very nearly in phase with the
azimuthal speed, so the vertical flow is channeled to high-density regions. The
ratio of azimuthal to vertical velocity amplitudes is |v,|/|w,| =~ 0.66. The radial-
to-vertical ratio, |u,|/|w,| ~ K. /K, = 0.2, follows from near incompressibility.
This mode has a growth rate s/Q ~ 2.9 x10~* and a phase speed wg/k =
—0.42]AU]|.
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Fic. 6.—Perturbed relative motion of solids and gas, Av, for the same mode
as Fig. 5. The gray-scale image shows density perturbations (white is posi-
tive). The radial relative motion dominates the azimuthal, |Av|/|Au| = 0.15,
and vertical, |Aw|/|Au| ~ 0.11, speeds. Density perturbations correlate with
relative motion.
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Equations of motion
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