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Motivation Objectives
e Planetary missions require an entry, descent, 4 - . A
. Utilize a data-driven frequency response approach
and landing (EDL) system to successfully . .
deliver a payload to the surface. to model unsteady aerodynamics (lift and moment)
from experimental forced oscillation tests at NASA
* Dynamic instabilities tend to grow. Either the Langley’s 12ft Low Speed Wind Tunnel
vehicle (i) reaches a stable limit cycle, or (ii) the
oscillations can grow to where a stabilizing The chosen test article is a 60-degree spherical cone angle with a hemispherical
device may not be safe to deploy. backshell, inspired by past and current missions such as Mars Microprobe and
Characterizing unsteady wake dynamics under oscillatory input Varda’'s Winnebago series
. . . . - /
is an important part of aero-databasing, and the modeling and
W simulation of entry vehicle trajectories Technical Approach

NASA LaRC’s 121t LLow Speed Wind Tunnel Forced Oscillation

. _ _ _ _ | Mean Angle of Pitching Reduced
(1) Jou.kowskl s transform: Conformal mapping from a smple geometrllc shape o (1) = 29+ Agsin(wt o . Attack, @p  amplitude, A,  frequency, k
(circle) into a complex one (e.g., cambered airfoil, blunt bodies). The solution of 0° 10° 0.01-0.21
velocity potential remains accurate.
- —— TDT Measured (Unsteady)  --- Static Predicted(Quasi-steady)
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(2) Kutta Condition : Bounded circulation is conserved between the wake and on the .
body. Flow leaves the trailing edge smoothly. Lift is proportional to flow circulation. Frequency Response Analysis

An approximated transfer function from forced oscillation measurements addresses
unsteady aerodynamic analysis from a dynamical systems perspective

(3) Unsteady aerodynamic models: Theodorsen provides a frequency-dependent
solution for the unsteady lift and pitch moment resulting from oscillations. Builds on the

steady-lift concepts derived from Joukowski and Kutta condition and extends them to Motion Input C,, Transfer Function Cr. ) Aerodynamic outpx;
- - . Cy(k)
unsteady flow via potential flow theory. Input: U(t) = Asin(wt) U®=4sin@)|  (ouasisteady (Experimental Y(6)=C,
Proposed semi-empirical model : Unsteady Term Transfer /. lift) co . (Unsteady lft)
. A : . [ Y(n)eiwidr
— — function \/ Clk) = ==
C, b | 5 1 a accounts I [ U@yeiotdi
CL — 5 [UOOCZ — baa] + CL a+bl=-——a|— CL(k) > for wake —
2V.E « 2 Uy ffoct System
. ~ = N N — errects G( ) Inertial Force
Added Mass Effects Quasi-Steady Term ‘ f Estimation L pgded vac
Crb| 1 oo (1 L\ 1\ [ 1 Q@ Output: Y (t) = A’sin(wt + ¢) * The transfer function is a reduced frequency
C, = L Usb S—ala- b gta’jal+ Crbla+ 5] |& T b 27 YU Cp (k) U7\ » dependent complex number: w0
- - - | N L
N -~ J \ . / L . _ Uus
Added Mass Effects Quasi-steady Term , C(k) =F (k) + lG(k) CL (k) - CL (k)
QS
C,, = Lift-curve slope, U, = Free-stream velocity | « = Angle of attack | b = Vehicle span | a = 1G(s)] = A * C(k) contains information on the gain/deficiency and
K Normalized position of the axis of rotation from the center of the body | C; (k) = Transfer function/ 2G(s) = ¢ phase 1ag resulting from dynamic motion:
Results
( Derived Transfer Functions N\ Lift and Pitch Moment Time-series Reconstruction
—o—  Wind Tunnel —— Analytical . . .
' ' | Initially proposed semi-empirical model Regressed semi-empirical model
—2.
: ——  Wind Tunnel ---- Semi-Empirical —— Wind Tunnel ---- Semi-Empirical ---- Semi-Empirical: Regressed
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