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Context: A Long Time Ago..

Asteroids and Comets born Collisons Dust is Distributed

Leftovers from planetary formation Asteroids and Comets collide, Model of IDP distribution in the
accreting mass over time to form altering their mass, orbits, and Solar System [4]
asteroids composition

IDP = Interplanetary Dust Particles



Context

Types of IDP’s | micrometeorites

Chondrites: Silicates, Metals, Carbonaceous

Hydrous Anhydrous
* More compact  Porous
» Larger density  Lessdense
» 4 of asteroids in the main belt * Majority of asteroids

Table 1: Types of IDP’s [5], [6]



Context

« Cartesian coordinate system

;?____ from an “outside” observer
 The impact parameter

d Impact ( I)

parameter

changes the impact angle

Model from Flynn 1989 [1]



Objectives

Study the effects of changing physical parameters by
modeling atmospheric entry of impactors

Constrain the temperature profiles necessary for the chemical
survival of impactors
e Understand the role IDP’s played in delivering prebiotic
~, molecules to the early Earth
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Why IDP's ?

5,200 tons

of interplanetary dust falls on Earth each year

< [O tons

of significantly sized meteorites reaches Earth’s surface




Methodology / Timeline

Simple atmospheric L] Include mass ablation
descent model

Generated 1D model Temperature model and
Energy Balance

Modified code to 2D B Solving the heat
equation in 1D




MethOdOlOQYI Calculating Temperature

Assumptions :

 |sothermal and homogeneous atmosphere E =005 Muv?
* Energy raising the temperature is negligible I — 0eST d1
compared to the energy radiating away by

thermal emission [1] Q = mC(T —Tj)




Results (2D)
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Figure 1- Trajectories for different radius, time ran : 8000s
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Figure 2- Time vs Velocity (r=10 um, I=1000 km)



ReSU ltS (ID Temperature)

1D Temperature Profiles, varying radius
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Figure 3- Time vs Temperature for varying radii



Results

Temperature Profiles for r= 0.5 mm Varying Density
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Figure 4- Time vs Temperature for varying densities (r= 0.5 mm)
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Results @b Temperature)

2D Temperature Profiles, varying Impact Parameter
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Figure 5- Time vs Temperature for varying densities (r=50 um)



Conclusion

Chondritic IDP’s of lower densities burn up faster, yet to a lower maximum
temperature than the higher densities. ~4000 K (r= 0.5mm, v0=30 km/s) and
~6000 K (r= 0.5mm,v0=30km/s)

Smaller radius & lower density = lower temperature peak - better chance at 'l*
H—C—H
i |
survival I
Impact parameter = larger impact angle (¢) = less “aggressive” descent
NH.
From our calculations, a lower velocity yields less mass ablation, potentially N
. . !
deliver larger amounts of material. N/\N/)

Which type of IDP is effectively carrying prebiotic molecules?

Chemical abundance studies and collaborative work with other fields is needed



Future Work

Run more Run the code with combinations of
O] % parameter spaces and analyze these
COde results

. . ; oU & U
= Solve in 1D spherical coordinates
O?2 Heat Equatlon% SRl e e = =K PR

O3 Paper!
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