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MOTIVATION HIAD ANALYSIS AND DESIGN FLUID-STRUCTURE INTERACTION
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« UQ can help improve the accuracy of physical models. + High-fidelity FSI modeling can be computationally

expensive
- Monte Carlo infeasible
- Need an efficient but accurate UQ approach
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* Previous work by the authors performed UQ of the flowfield over a rigid

>

0.49

|___IEEE JEE

Hypersonic Inflatable Aerodynamic Decelerator (HIAD) in preparation for o . . feter S BPRTOACT
. 03 arameter escription assification Uncertain ef.
th e ﬂ ul d -structure UQ p resen ted h ere. 5% NSTRF Y1 Wall Pressure/Shear Stress Contributions
0.10 Vint Freestream Velocity (m/s) Normal 0.5% CoV
0 5 X (m) ) ) - 'y ! CED id P int Freestream Density (mV/s) Uniform +30% Brune et al,
i i ) o I g“ A C0,-CO, Binary Collision Integral Epistemic +30%
O B \] ECTIVES Hypersonlc flow modellng Structural modeling (NASA) [ FUNBD ] [NASTRAN] Structural BoundaryCond?t/ion = =
-_, Year 2014 Po Inflation Pressure Normal 2% CoV
.. . . . . FEA arid Elastic Modulus (Tensile Stiffness)
« Apply an efficient and accurate UQ approach to the analysis of high-fidelity | ! . Techmora ok cotemc [50%,+20%
fluid-structure interaction (FSI) modeling over a deformable HIAD B o e oo
. . . ] ] . S e i = ' l ZEE = Torus Orthotropic Laminate (Longitudinal) Epistemic +25% HIAD
e Quantify the uncertainty in the HIAD deflection, aerodynamic heating, wall Material Thermal Response ou Material Thermal Response i o OmmicpoLanme (aroers) e 0% nab
pressure, an d shear stress Year 2016 (future work) [ 20 mil Nextel 440 BF-20| | Year 2016 (future work) %gg Olsslin j I'cl)'echnora Cords Epistemic £20% Sttersutcéiizs
—h = vk 3-K Keviar Straps Epistemic +20% archive
: . L . : mil Fyroge o Vak -K Kevlar Straps istemic +20%
» Identify significant uncertain parameters that contribute to the output ~ Insulators e it (i) N,
un Certal nt Flexible TPS mOdeIing [ DDT ] ShearLlT\/Iodqus (TorsionaIpStiffness) i )
y i (AIAA 2001'2510) Gt Torus Orthotropic Laminate (In-plane) Epistemic +25%
R -1 [Loosely-coupled iterative process | & feommmimi s

POLYNOMIAL CHAOS EXPANSIONS (PCE) WITH BASELINE REFERENCE CASE |
SPARSE APPROXIMATION 0T : ; Walll Pressture

. . . ] Baseline Entry State : 10° —
« PCE is a surrogate modeling technique based on a spectral representation -

HIAD DEFLECTION UNCERTAINTY

or 95% Confidence Interval
for Deflected Angle:

T2
T3
T4

100  Vi=5,800m/s S : : s | T i 2.08, 3.44] d
of the uncertainty. A random function is decomposed into separable } *;:13415;“ o o s go‘s_— :A M| [2.08, 3.44] deg.
deterministic and stochastic components. EN[ FA=blkgm _ - —— & 1
- — — — Py Ballistic: L/ID=0 g 102k ! | Flowfield o .. = i
o' (%,E) =D (W)  N=-pr1-P) N L Lo Cosanpewin amrormady
- nip! < w0k o et . Wall Skin Friction 3 0.01-0.02 errors for each torus _
I=0 - Peak Deceleration — i‘I:.L%,ﬁ : : oo _ _ o deflection location (T1-T8) | Initial (as-designed)
« For a PCE of order p comprised of n uncertain parameters, N, deterministic b e L T ® 5 ® ; © £ o2 T 95% Cl Lower Bound
mOdeI eV8.|UatIOnS are reqU|red E ?:ZiélozeKA kg/m? i 0 wooﬁgrati;?om 200000 200090 g 0a E E | _ 95% CI Upper Bound
S 2000 T R— 005 w1 Sammes %0 20— e s 200
« An approach to improve efficiency is to seek an approximate solution to Velocity (m/s) ! Deflection S| =mmE Contributions to Deflection Uncertainty at Selected Locations . 50% contribution o the deflection
the underdetermined linear system  via L,-minimization, commonly . Consider ballistic entry to Mars with .| convergence E Unc(eTn::S denote torus in order from rigid nose cap to shoulder) uncertainty outlined in red
referred to as Basis Pursuit Denoising, to obtain the PCE coefficients. a HIAD entry architecture Parameter |- T2 T3 T 75 T6 7 ™8« Main contributors to the deflection
| | | = | I '200005' = E : ;ggzz iz:z;z ?;Zo 753;;? 822_650:) 825410? 816 370;? 817_120;? ?g)(::ertamty are the tensile stiffnesses
min e, subject to | <5 e Foax heating usjectory 2| L m im e e e ” Tecmoracor
.. : : : : T g‘:l?;(fs-demgned) Deflection angle: surface flowfield ULI'_I' 11:80/: 1i.1f;> 7:00/2 5:3CV(0) 3.3% 2.3% 1.6% 1.4% - 4-Kradial straps
 Convergence of the coefficients can be measured with increasing sample * Consider a 10m deformable HIAD, | cyclez2 2.47 deg. converged at the Ea 93%  79%  50%  42%  43%  40%  43%  46% | e+ Torus, 4K straps, and inflation
size for improved efficiency. scaled from 6m NFAC test article B — g;gl g; two FSl PR T T T T pressure T(fo) become more important

HIAD SURFACE RESPONSE UNCERTAINTY CONCLUSIONS RELEVANT PUBLICATIONS

6000 — | 1 . . . . . . . .
_ | | I G Reterence | 2 Baseiins Retoronce * An efficient uncertainty quantification approach was applied to the analysis of fluid- + West IV, T. K. and Hosder, S., “Uncertainty Quantification of Hypersonic Reentry Flows
L e 959 er Limit , —*—— 95% Cl Upper Limit I I . ] ) . "
5000 - N—— - i o Clppert ol . structure interaction over a deformable HIAD aeroshell geometry using Sparse Sampling and Stochastic Expansions,” Journal of Spacecraft and Rockets,
_ . s T ! < ! « Approximately half of the 16 uncertain flowfield and structural modeling parameters Vol. 52, No. 1, 2015, pp. 120-133.
e ®or | ————— ! S oL ! contribute to the uncertainty in the deflection, aerodynamic heating, wall shear stress, _ , ,
= . | £ : PR | and wall pressure « Brune, A. J., West IV, T. K., Hosder, S. and Edquist, K. T., “Uncertainty Analysis of Mars
g F N~ g | I s | o . . o . Entry Flows over a Hypersonic Inflatable Aerodynamic Decelerator,” Journal of Spacecraft
& . £ ! e a0 — Deflection: tensile stiffnesses of cords, straps, and torus structure; inflation
S 2000 }- I+ 95% CI Lower Limit = : = i and Rockets, Vol. 52, No. 3, 2015.
=0 D E ! S ressure
L T mmreewe S L = | P . “ . . .

0ol | t — 20 . : - HIAD surface conditions: freestream density, shape deformation (deflection), and « Brune, A. J., Hosder, S., and Edquist, K. T., “Uncertainty Analysis of Fluid-Structure
: ! Deformable Region t _  Deformable Region i ' : Detormable Region :El CO,-CO, binary collision interaction Interaction of a Deformable Hypersolnic Inflatable Aerodynamic Decelera.tor,” AlIAA Paper
U x1(oo) B S ')(1?9) w0 20 O 50 o 750 200 . Future work includes coupled fluid-TPS response analyses of HIADs for Mars entry, which Ero Icr)]e E)re_sentced fat: AIAAGIInternatlé’)na;lI Sgajel P;%ri(;s and Hypersonic Systems and

In in " T : : - : echnologies Conference, Glasgow, Scotland, Ju :
Contributions to Wall Heat Flux Uncertainty Contributions to Wall Pressure Uncertainty utilizes the results obtained from flowfield uncertainty anaIySIS J J y
;Jar;‘;‘inrgilnr Flank 1 (T1) Flank 2 (T5) Shoulder (T12) FL,Ja':‘;‘:nr;i‘L”r Flank 1 (T1) Flank 2 (T5) Flank 3 (T7)  Flank 4 (T9) Shoulder (T12) REFERENCES A CKNOWL EDGMENTS
Pin 92.7% 93.6% 91.4% . 87.7% 87.9% 87.6% 88.0% 7.1% _ _ - ... _ ———————————————————————
5 4.5% 4.7% 4.9% 5 10.7% 10.8% 10.8% 10.6% 92.9% « Dwyer-Cianciolo, A. M. et al. “Entry, Descent, and Landing Systems Analysis Study: Phase _ _
co-co; L% 105 2 Var 16% 1.3% 16% 1.4% 0.2% 2 Report on Exploration Feed-Forward Systems,* Tech. rep., NASA/TM-217055, Feb. 2011. ‘ :[l-hI.S.WOI‘k vvtas SKIRB(%%X?.S%L a NASA Space Technology Research Fellowship under
. | | — -+ Freestream density is the main contributor to wall heat flux,  Swanson, G. et al.,, “Structural Strap Tension Measurements of a 6-meter Hypersonic raining grant no. '
Contributions to Wall Shear Stress Uncertainty ~ shear, and pressure uncertainties Inflatable Aerodynamic Decelerator under Static and Dynamic Loading, AIAA 2013-1287," « The authors would like to thank the HIAD Structures working group at NASA Langley
URCEran Cioy 1 (r1) ik 2 (T5) Shoulder (T12) « CO,-CO,collision interaction important in the wall heat flux and March 2013. Research Center for providing necessary data to make this work possible, and Mike
Pin 62.4% 61.9% 6L.6% shear uncertainties — affects transport properties « Samareh, J. A., “Discrete Data Transfer Technique for Fluid-Structure Interaction, AIAA Lir!dell and Robert B?edron for providing guidance and technical support for the coupled
;:oz-coz 3:;2" 323621" 3le;§° « HIAD deformation is particularly significant in the wall pressure 2007-4309,” June 2007. fluid-structure modeling process.

Vi 0.9% 1.6% 1.1% uncertainty — due to structural uncertainties



http://standards.mst.edu/download_logo.html

	Slide Number 1

