PROBABALISTIC RISK ANALYSIS AND THERMAL MARGIN PROCESS FOR AN INFLATABLE AEROSHELL

Steven A. Tobin, Andrew J. Brune, and Angela L. Bowes

NASA Langley Research Center
Low-Earth-Orbit Flight Test of an Inflatable Decelerator (LOFTID}

. . - AhbStraICt | ) o Monte Carlo #2 End-to-End Monte Carlo Results:
tmospheric entry vehicle thermal protection systems are . . .
>P Y ermal Proteetion 5y . oo Reentry Vehicle (RV) Thermal Model Aeroshell Risk and Thermal Margin Assessment
margined due to the uncertainties that exist in entry aeroheating Quter Fabric2 —
. . 2 JE— 180 1 | [ I I 1 | [ |
environments and the thermal response of the materials and irsulato- 1 RADIATION TO
fruct Traditi | hes tvpicall in TPS and 3 INPUTS: e 160 - The Aeroshell is 96% _
Fer vory Ithe Inaght it the sk of over temperature Auing e || Dtk sdesutacetenting sy ) § s
B Irsulato- 3 parameters due to wake tlow HEATING HEATING - isk of Failure = 4% .
flight. A probabilistic margin process can be used to apply thermal g —— convective heating i )
: : : * Fixed FTPS/IS interface temperature
margin to an aeroshell based on a rigorously calculated risk of S boundary condition >
failure. This probabilistic margin process allows engineers to 7FIPS/IS Interfare —- —T §mo_ |
k ) f d h ” d ] ] d'f’ ] Furwfrdli'[uiui..;l Skin OUTPUTS: SHOCK LAVER “SHCCH LAYER g a0l A"OWfble |
make Informed aeroshell design, entry-trajectory moditications, 2 Topd mteror . Dispersions of aft-Side toroid skin CONVECTIVE | CONVECTIVE _ k= 395°C
and risk trades while preventing excessive margin from being I temperature vs. time profiles HEATING FoREBODY RERTING 50 - (96.0%Lile) ]
. . . exible Thermal Protection . . Y . . EARH
applied. This methodology can also be applied to other TPS system (FTPs) Layup over Maximum aft Sld;?;o'ddfk"!b ~ 3-DRV Thermal Model in Thermal Desktop p——
. . . . « v g temperature probabilit Istribution - - - 40 - E ted 1 %tile n
applications, hot structures, and other engineering disciplines. Inflatable Structure (IS) P P Y with External Heating Drivers 405°C
450 - . o 350 - 20 - |
- 97.7%tile: 422°C *Fliecht All ble: [
LOFTID Aeroshell Structure o B e : N o
300 -

Nominal Max: 350°C 2000 225 250 275 300 326 350 375 400 426 450 475 500
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Conclusions

The presented probabilistic thermal margin process informs
mitigations needed to satisfy LOFTID’s aeroshell reliability standard.
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reliability standard, several mitigation options are recommended,
including a combination of adjustments to the entry trajectory and
reduction of conservative assumptions in the thermal models.

INPUTS: a Dispersion 30

 Forebody and aft-Side o
aeroheating indicators
(function of density,
velocity, and angle of

attack)

OUTPUTS:

* Dispersions of entry
aeroheating and surface
pressure profiles

350 - Nominal Max: 324°C

300 |- 25

250 :— e g
- 20 Standard deviation convergence

indicates statistical accuracy
using 2000 samples

— 58 uncertainties in the

200 —
trajectory model -

. 15
150 |-
— 3 uncertainties in the -

forebody and aftbody

aerothermal indicators

- 10 F
100 |~ -

Nominal
Dispersion

FTPSI/IS Interface Temperature, degC

(€)
I

Total Heat Flux at Nose/Flank Junction

13 uncertainties in the
thermal model

Maximum Interface Temperature Standard Deviation, deg

o
T 1 1

O_||||||||||||||||||||||||| T T
0 S0 100 150 200 250 500 1000 1500 200C

Time from Atmospheric Interface, sec Number of Samples

,,.,WA.,”..J;I;. N R
0 50 100 150 200 250

Time from Atmospheric Interface, sec




