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Context: Planetary Entry
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Hyperthermal O-Atom
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From: Murray et al., JPCC 119 (2015) [5]



2
;; 800
g
< o 0
1S z
‘F\“~\\\\\\\\ 150
800
From: .
Murrayet
al., JPCC 2
119 (2015)
[5] 0 °

/

1600

Z= 28 (CO+)

800
1400

1200
400

1800
1400

7/14/16  Surfage Te’"Perat 1000
ure / K




®/Experimental results from Murray-Minton[5]
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®/Experimental results from Murray-Minton[5]
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@ DSMC setup
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@/ DSMC Setup - Beam

Velocity of the particles from

the beam
V 1F I
t 93% O(°P) ! 100% Ar
<E>= 481 kJ mol"! :' ': <E>= 747 kJ mol”
| wr
- =
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; 7% 0,(°%;) .
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based on the experiment. , _ , . , ‘ , ‘
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E,/tez?f S\éorUé:(;e decided based on the Translational Energy / k) mol?
* V.V, and V, is then calculated from From: Murray et al., JPCC 119 (2015) [5]

geometry.
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@ DSMC Setup - Beam

Reflected particle data collection
* Information of all the particles leaving the dome is not recorded.

* An angle resolution is specified and the information of the particles leaving
inside the solid angle is only recorded

* Count, Energy distribution (EDF) and Time-Of-Flight (TOF) of each species is
recorded at specified angles - 0 and ¢

©+ Angle resolution
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@ Modeling Considerations

* The composition of the beam is similar to that of the experiment
93% O, 7%0, by volume.

* Once the surface is saturated, all the atoms are scattered impulsively
without getting adsorbed.

* All the experimental results are collected at steady state. Steady state is
attained when

1. The surface gets saturated
2. Rate of adsorption = Rate of desorption + Rate of product formation
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@/ Surface reactions

Eley- Rideal (ER) mechanism — A(s) + B -> AB + (s)

@) \Q

@ (b) I

Fo

©

An atom adsorbs onto the surface. Another atom passes by which interacts with the one on the surface.

A molecule is formed which desorbs.

From: UCL Center for Cosmic Chemistry and Physics

Langmuir-Hinshelwood (LH) mechanism — A(s) + B(s) -> AB + 2(s)
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-
@ ()

Fo

©

Two atoms adsorb onto the surface. They diffuse across the surface and interact when they are close.

A molecule is formed which desorbs.
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@ Existing models

Park (1976) [1]

* First air-carbon ablation model

Zhluktov-Abe (ZA) (1999) [2]

* Finite-rate model with 7 forward and reverse rates that are thermodynamically
constrained for each process.

Alba (2015) [3]

* Modified ZA model: same reactions, 3 rates are different
* Based on high-speed flow experiments, measured CN radiation emission

Poovathingal-Schwartzentruber-Murray-Minton (PSMM) (2016) [4]

* Based on Murray-Minton’s hyperthermal O/O, beam experiments [5]
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@ Modeled Reactions

Reaction Type Z-A/Alba PSMM This work

1f A+ (s) = Ag Adsorption X X X
1b Os — O+ (s) Desorption X X X
of 20, — Oz +2(s) LH X

2b Oz +2(s) — 205 Dissociative Ads X

3f Oy + (s) = O+ O, Dissociative Ads X

3b O+ Og — O + (5) ER X

4f CO+ Os — CO2 + (9) ER X

4b COy9+ s — CO+ O Dissociative Ads X

5t Os +Cy — CO + (s) LH X X
5b CO+s— 0, +Cy Dissociative Ads X

6f O+ 04+ Cy — COs + () ER X X

6b CO2+ (s) - O+ Os + Cy Dissociative Ads X

Tt 205 + Cp — CO2 + 2(s) LH X X
b CO2+2(s) — 205 + Cy Dissociative Ads X

8 O+Cy+(s)—=CO+(s) ER X

9 0+4+0,+Cy— CO+ 0Oy ER X
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@ Modeled Reactions

Reaction Type Z-A/Alba PSMM This work

1f A+ (s) = As Adsorption X X X
1b Os = O + (s) Desorption X X X
2f 205 — Oz + 2(s) LH X

2b Oz +2(s) — 205 Dissociative Ads X

3f Oy + (s) = O+ O Dissociative Ads X

3b O+ Og — Oy + () ER X

Af CO+ Os— COz + (s) ER X

4b COy9+ s — CO+ O Dissociative Ads X

5f Os + Cp — CO + (s) LH X X
5b CO+s— 0, +Cy Dissociative Ads X

6f O+ 04+ Cy — COs + () ER X X

6b CO3+ (s) - O+ Os + Cy Dissociative Ads X

7f 205 + Cp — CO2 + 2(s) LH X X
b CO2+42(s) = 205 +C,  Dissociative Ads X

8 O+ Cyp+(s)— CO+(s) ER X

9 O0+0,+C,— CO+ 0O ER X
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@/ Finite-rate chemistry
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®/Transformation of rates into DSMC probabilities |

* Gas-surface reactions:

» Adsorption: O+ (s) =0
_F-l, T
Pa.ds — S(')(Arsites — Ar()_q) S\
P
* Eley-Rideal: O+ Cy+(s)— CO + (s)
No Fy 1
Per = 2kER (39 a
P Un

Adapted from: Molchanova et al., RGD29 (2014) [6]
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@Transformation of rates into DSMC probabilities |

* Gas-surface reactions:

» Adsorption: O+ (s) =0
F
Pads — SO(st'tes — NOS)S_N
P
* Eley-Rideal: O+ Cy+(s)— CO + (s)
No. Fn 1
Pepr = 2kgr (?S? al
P Un

Adapted from: Molchanova et al., RGD29 (2014) [6]
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®/Transformation of rates into DSMC probabilities |

e Surface reactions:

« Desorption: Os — O+ (s) Vies = K jes
log(Rn)
Tdes — —
Vdes
* LH CO formation: O, + C — CO + (s) viH = krLaNo.

* LH CO, formation: 20, + C}, — COy + 2(s)
NO (NOS — 1) FN

3

v = kLu

Adapted from: Molchanova et al., RGD29 (2014) [6]
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®/Transformation of rates into DSMC probabilities |

e Surface reactions:

* Desorption: Os — O + (s) Vies = Kdes
log(Rn)
Tdes — —
Vdes
* LH CO formation: O, + C} — CO + (s) viH = krLaNo.

* LH CO, formation: 20, + C}, — COs + 2(s)
f\ro_q (f\f().q — 1) FN
2 Sp
log(Rn)

VLH

v = kLu

TLH = —

Adapted from: Molchanova et al., RGD29 (2014) [6]
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Surface Coverage
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Experiments vs Alba

Flux (Arb units)
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Experiments vs Alba
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@ PSMM vs This work vs experiments

o Murray exp CO
o Murray exp CO2
r = Murray exp O
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This work vs experiments
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@ This work vs experiments
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@/ Conclusions

* Multiple oxygen-carbon oxidation models investigated [1-4].

* Murray-Minton’s experimental results on vitreous carbon [5] used as baseline
e ZA and Alba perform poorly when compared with experimental results

« PSMM and This work are able to fit the experimental data with finite-rates
derived from different reactions

 PSMM and This work have similar features (O TOF at all temperatures) and
differences (CO-CO, TOF) TR

* Next:
* Improve the model (energy barrier, CLL)
* Look at oxidation of FiberForm
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