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Ablation and Thermal Response Program
for Spacecraft Heatshield Analysis

Thermal Protection Materials and Systems Branch

Abstract

AIAA 98-0273

Y.-K. Chen’" and Frank S. Milos’

NASA Ames Research Center
Moffett Field, CA 94035-1000

P = pressure, N/m?
qc = conductive heat flux, W/m*

An implicit ablation and thermal response program is qz = radiative heat flux, W/m*
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102514/6 20163385

surface and decompose 317 216 Waskiagion. DC .

46th ATAA Thermophysics Conference

and numerical procedu
Solutions are comparec
Aerotherm  Charring
Ablation Program, an
experiments show that
stable and solves a muc
with the older code.
applications for therm
heatshields for planetar
Microprobe (Deep Spar
2001, using advance
developed at NASA As
and discussed.

025141620

£

Check for
Updates

Overview of the CHarring Ablator Response (CHAR) Code

Adam J. Amar,* A. Brandon Oliver,” Benjamin S. Kirk,* and Giovanni Salazar*
NASA Lyndon B. Johnson Space Center
2101 NASA Parkway, Houston, TX, 77058

Justin Droba*
NASA Lyndon B. Johnson Space Center, Houston, TX, 77058
JSC Engineering, Technology, and Science (JETS): Jacobs Technology and HXS, LLC

An overview of the capabilities of the CHarring Ablator Response (CHAR) code is presented. CHAR is a
one-, two-, and thi Galerkin finite-cl
tion solver with both direct and inverse modes. Additionally, CHAR includes a
solver for determination of internal stresses induced temperature
I models, discret
boundary ¢
nterfaces, and example simulations are included.
development efforts is presented.

chniques, and nu-
mochem-
inally, a discussion of ongoing

« FIAT, 1997

« CHAR, Icarus, and many more

The “original” material response model

Implicit numerics makes CMA model
much more robust

Three-dimensional, unstructured
Parallel computing architecture

ATAA 2017-0667
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55th ATAA Aerospace Sciences Meeting
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Development of a three-dimensional, unstructured
material response design tool
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Analytical Mechanic Associates, Inc

SA Ames Research Center, Moffett Field, CA

cation and validation of a new material response model is presented.
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Material response models have been very effective for TPS design for 50+ years




Characteristics of a High-fidelity Model

Calibrated fundamental experiments inform physics-based models
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Micro-scale simulations provide material Macro-scale simulations enable analysis
statistics and effective properties of complex, fully-featured systems




Mission-specific TPS Material Optimization

Missions are becoming less risk-

tolerant over time

» Billions of dollars and human lives at stake

« Tighter mass and performance
requirements

» High-fidelity models can reduce uncertainty
and support more efficient margin policies

Material
micro-structure
(micro-CT)

Woven TPS and additive
manufacturing technologies lend o Virtual material

themselves to optimization properties generation
Vg

TPS Material
Design

Material response Optimization
(PATO) and UQ




TPS'FaiIure’andReIiabiIity Mbdeling |

Schematic of Mars Sample Return
Earth Entry Vehicle (MSR-EEV)

Carbon-Carbon
Structure

Carbon foam energy absorber

for off- inal

- Orbiting Sample (OS)
Mars soil sample

Planetary Protection: 1 in 106
reliability requirement for MSR

Multi-element campaign demands
higher reliability for each element in

the operational sequence
: "‘

MMOD Damage

How do defects, damage, and features in TPS become failures?




Engineerihg Science Data Return

Avcoat heatshield is instrumented with thermocouples, pressure
ports, and radiometers to enable aerothermal environment
reconstruction and TPS performance assessment

Aerothermal environment reconstructions are no more accurate
than the material response model
. Inverse algorithms employ material response model to reconstruct
surface environments from in-depth thermocouple data

Sufficiently accurate reconstruction requires better models than
presently exist. Higher fidelity models should include

1. In-depth condensation models for carbon and water

2.  Kinetic gas-surface interaction models with multiple condensed species
(silica and carbon)

More accurate high temperature material properties

Effects of surface coatings such as paint, pore sealer, and tape
Multi-dimensional modeling of thermal interference effects
Uncertainty quantification on final environment reconstruction

I L

Realizable mission impacts
 Mass margin reduction
* Increased downrange
« Higher entry velocities
« Greater range of entry flight path angles
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Apollo post-flight density profile. Increased
density near surface indicates presence of
condensed carbon (NASA TN D-5969)
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Avcoat arcjet specimen showing carbon
and silica at the surface (Courtesy of
Alunni and Gokgen, AIAA 2016-3534)




Engineering'Science and Data Return

* The MSL heatshield, including the MEDLI plugs, were coated with a silicone-based
coating called NuSil CV-1144-0 (RTV Silicone Protective Oxygen Overcoat).

* The MEDLI2 plugs will also be coated with NuSil, impeding MEDLI2’s ability to achieve
its Level 1 requirement for aeroheating reconstruction.

* NuSil fundamentally changes the surface material properties of the PICA material and
therefore the material thermal response.

A validated high-fidelity PICA-N response model can enable MEDLI2 to meet its
requirement, while also increasing our understanding of original MEDLI data

PICA-NuSil System Flight Reconstruction
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