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Overview — Geometry from literature
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Overview — Aerothermal environment
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Overview — Material response
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Overview — Coupling aerothermal environment and material response
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Overview — Coupling aerothermal environment and material response
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Overview — Coupling aerothermal environment and material response
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Overview — Coupling aerothermal environment and material response
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Aerothermal environment computed from DPLR*

DPLR assumptions

Laminar boundary layer

Non-blowing & smooth wall

Chemical and thermal non-equilibrium
Radiative equilibrium

Super-catalytic wall

Mars atmosphere: yco, = 0.97, yn2 = 0.03
12 reactions & 8 species [12]

BLAYER calculates the boundary layer edges using a curvature-based method

Surface pressure p,,, heat transfer coefficient Cy and enthalpy h, at the
boundary layer edges are used as inputs in the material response code: PATO

* DPLR = Data Parallel Line Relaxation [6] 9



Computational domain of the material response
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PATO” is used for the material response model

Mass and momentum conservation

1/1_- 1=
€g \U p

* PATO = Porous material Analysis Toolbox based on OpenFOAM [3]
Open Source Release: hitp://pato.ac



PATO” is used for the material response model

Mass and momentum conservation
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* PATO = Porous material Analysis Toolbox based on OpenFOAM [3]
Open Source Release: hitp://pato.ac



PATO” is used for the material response model

Mass and momentum conservation
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Klinkenberg correction [2,11]

* PATO = Porous material Analysis Toolbox based on OpenFOAM [3]
Open Source Release: hitp://pato.ac



PATO” is used for the material response model

Mass and momentum conservation
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Total pyrolysis-gas production rate [3]

* PATO = Porous material Analysis Toolbox based on OpenFOAM [3]
Open Source Release: hitp://pato.ac



PATO is used for the material response model

Mass and momentum conservation
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PATO is used for the material response model

Energy conservation
Np

Np
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PATO is used for the material response model

Energy conservation
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PATO is used for the material response model

Energy conservation
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PATO is used for the material response model

Energy conservation
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PATO is used for the material response model

Energy conservation
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PATO is used for the material response model

Energy conservation
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cp [kJ/kg/K]

PATO is used for the material response model

Energy conservation

Np Np
Z[(Eipicp,i) atT] —0,. (E. axT) = 2[ h; 0:(€;p;) ] — at(egpghg — Egpg) +0,. (Egpghgvg)
i=1 =1

Isotropic TACOT properties

~
T

500 1000 1500 2000 2500 3000
T(K)



cp [kJ/kg/K]

PATO is used for the material response model

Energy conservation
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cp [kJ/kg/K]

PATO is used for the material response model

Energy conservation
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PATO is used for the material response model

Boundary Conditions

Surface mass balance [7]

mass transfer flux advection flux environment
TCH (Zkw — Zke) T(rn pg +Mca ) Zicw
| control volume I
e o it 4
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D C(s) +CO; ~»2:CO

pyrolysis gas (pg) flux char ablation (ca) flux ~ porous material

Enthalpy at the wall  h,,
Char ablation rate Meq



PATO is used for the material response model

Boundary Conditions

Surface mass balance [7] Surface energy balance [8,9]
mass transfer flux advection flux environment heating influx cooling outflux environment
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Temporal and spatial interpolations

Temporal interpolation Spatial interpolation

p (kPa)

Environment

\s.
A
h (MJ/kg)

/ s,

Gap filler
Porous material

A |
a/ 10 recz.sgoot;[m)‘ L 0.0016
55 60 65 70 75 80 85 90 95
t(s)
11 discrete times Separate mesh regions are numerically connected by
(50s to 100s of MSL entry) the Arbitrary Mesh Interface (AMI) utility using local

linear interpolation Galerkin projection [10] implemented in OpenFOAM
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Post-test
arcjet coupons [5]

“Fencing” effect at tile interfaces

.:r .
Pre Test Sample 85W/cm? 033atm  175W/cm? 0.28atm 270 W/cm?, 0.27 atm
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Post-test
arcjet coupons [5]

MSL heatshield
front surface
at the nose

“Fencing” effect at tile interfaces

Pre Test Sample 85W/cm?, 0.33 atm 175 W/cm?, 0.28 atm 270 W/cm?, 0.27 atm

Environment Gap filler Porous material

recession (m)

0.0000 0.0008 | | 0.0016
| |

29



Temperature from PATO
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Recession from PATO
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Velocity inside the porous material
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Velocity inside the porous material
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Tiled configuration changes the flow inside the material

Monolithic configuration Tiled configuration
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1D and 3D material response comparison — nose

Nose
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1D and 3D material response comparison — shoulder
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Hypersonic environment
(DPLR)

 Laminar
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« 8 species & 12 reactions

Conclusion
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Conclusion
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Hypersonic environment |  Soft coupling
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Conclusion
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Hypersonic environment

(DPLR)

Laminar

Super-catalytic wall
Non-blowing

8 species & 12 reactions

Future work
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Linearin time
Conservative in space by
local Galerkin projection

Future work includes
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Future work

massively parallel computing

e MMOD & micro-scale for material response  Internal VGlOCity
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