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Mars Sample Retum MiSSion Mars Ascent Vehicle

Video Link: https://mars.nasa.gov/msr/multimedia/videos/?v=523
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Mars Ascent Vehicle
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Obj eCtive S Mars Ascent Vehicle

> Develop Mars Ascent Vehicle’s (MAV) aerodynamic database
(“Aerodatabases”) for flight trajectory analysis — POST?2 and
DSENDS Monte Carlo runs

» Data obtained from computational tools and wind tunnel
experimentation to predict static and dynamic aecrodynamic forces and
moments for main engine off cases.

ol ,.Mifﬁ:’f%{“ o
Image courtesy of NASA
Launch to Mars: Planned launch in 2028

> Compare and validate CFD results with 14” Trisonic wind tunnel i‘m Boa)rd s g Pl g Ssiinlogd
andacr

data to quantify uncertainties on a representative vehicle Mars Arrival: 2030

Landing Site: Near the Perseverance
rover's landing site in Jezero Crater
Launch from Mars: Early 2030s

» Special focus in the continuum flow regime: Supersonic, transonic
and subsonic
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Mars Ascent \ehicle

» Objectives
» Mission Operation

» Aerodatabase Architecture

Image courtesy of NASA

» Static Aerodynamic Data Analysis and Comparison
» Uncertainty Modeling

» Conclusion




Reference Trajectory
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Mars Ascent Vehicle

*+Zac

Aerodynamic coordinate system

Static aerodynamics in the current aerodatabase

Flight regime Range covered Input parameters Data source
Free Molecular Kn =~ 10,000; 0° < a < 30° Kn, o, MSR_MAV DSMC
Transitional 0.01 < Kn < 1000; 0% < a < 30° Kn,a,p MSR_MAV DSMC
_ _Mypersonic_ _ _ S<M<10:Kn<00l _ _ _ Mofp _ _ _ _ FUNSD _ _ _
I Supersonic 1.96 < M <499;0° <a < 20° M, a, FUN3D + 14" Trisonic WT |
Transonic/Subsonic 03 <M< 1050 <a<20° M, a, FUN3D + 14" Trisonic WT |

Mach number
()]

4
3 u

2 L

Continuum I [ Continuum / FM Transition
1F
|
0 . . .
10® 10° 10 10° 102 10” 10°

Knudsen Number

Solid Rocket Motor 1 (SRM1) burnout phase of the trajectory
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Aerodatabase Architecture

Start:

MAV_aero subroutine

Inputs: alpha, beta,
Mach, density, cg,
ddref, idisp, uncrts,
recsflag, rcsjet

Computes tr.mand Knudsen

]

Call L. Call -, Call
MAV_composite_aero MAV_decompose MAV_dyn_aero
-— -
Interpolating
[ Bridging

| = =

_ DATA )
Freem_MAV —
continuum MAV mav_dispersion_v2 >

MAV_transition

on off
Call
mav_rcs_interacti
on_v2 » ‘

6 nominal/
dispersed

static

coffs, 2
dynamic
coffs
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Data S Ources Mars Ascent \Vehicle

FUN3D —Fully Unstructured Navier Stokes 3D ! SATERTEETEETY
* Finite volume node-centered discretization. T '
* Spalart-Allmaras (SA) turbulence model.
* Second order accuracy.
* Gradient-based values use least square/Green-Gauss techniques.
» Sketch-to-Solution process.
* Solution-error-based mesh adaptation technique.
* CFD data (FUN3D) uses all surfaces except for the vehicle base plane.

Ok mav39_toc boindary ok
. A& s [y

whleb/itar_mav/UDAC/GLosd ) a0/ Fiow/hall_dom,

=
g | i
A { -\
e M 4 b

TUsers;

14 “ Trisonic Wind Tunnel at NASA Marshall Space Flight Center [?!

* 14x14 inch blowdown tunnel from pressure storage to vacuum/atmospheric
exhaust.

 Interchangeable test sections for subsonic/transonic (M=0.2 — 2.5) and supersonic
conditions (2.55 — 5.00).

* Controllable diffuser for speed variability. Remote compressor station for air
supply.

 Test article made of Inconel alloy 718. Model 1s 0.0577 scaled.

* WT data has base pressure correction applied to estimate ‘forebody’ surface.

[1] Anderson, W. K., Biedron, R. T., Carlson, J.-R., Derlagé, J. M., Druyor, C.T., Jr., Gnoffo, P. A.,, Hammond, D. P., Jacobson, K. E., [2] Simon, E., “The George C. Marshall Space Flight Center's 14 by 14-inch Trisonic 3
Jones, W. T., Kleb, B., Lee-Rausch, E. M., Nastac, G. C., Nielsen, E. J., Park, M. A., Rumsey, C. L., Thomas, J. L., Thompson, Wind Tunnel Technical Handbook,” NASA TM X-64624, Nov. 1971

K. B., Walden, A. C., Wang, L., Wood, S. L.,, and Wood, W. A., “FUN3D Manual: 14.0.2,” NASATM 2023-0004211, Nov.

2023
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Test Matrix
Methodology | M o4 1)
CFD 0.8, 1.05, 1.96, 2.99, and 4.96 | -8° to 20° 0° - 180°
Wind Tunnel | 0.8, 1.05, 1.96, 2.99, and 4.96 | -1.6° to 18° | 0° - 180°

Tested configurations

Configuration ID Description

C1 Smooth with no aft ramp (Baseline)

C2 Smooth with aft ramp

C3 Protuberance with no aft ramp C1 2
C4 Protuberance with aft ramp
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Static Aero Data Analysis s At Vi

Wind tunnel data: Effects of geometry variations on lift and drag - /.\7 / .\7
. : A
coefficients at Mach = 2.99 L \\ /Y
O cleanw/oramp O O cleanw/oramp v ' / v i /
O clean w/ramp 4 O cleanw/ramp o : £ /
1T A protub w/o ramp O 1+| 4 protub w/o ramp o i J ~—7
Avd protub w/ramp v protub w/ramp g s e ek ks ks s 1
08}
09t Z
06 g
O 08¢ 74
04} -
" B - = = Observation: Protuberance
02} A b4
& 5w m & o effects are greater than
. " 06 o9 g 8 8 ramp effects on drag
" (consistent supersonically)
_02 Il 1 Il Il ) 05 1 1 1 1 J
5 0 5 10 15 20 5 0 5 10 15 20
Angle of Attack (deg) Angle of Attack (deg)
CL = —Casima + Cycos a Cp = Cacosa + Cysina
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Static Aero Data Analysis s At Vi

Wind tunnel data: Effects of roll angle ¢ on rolling moment ’\ LS / '/ ; /~/
i Mach = 0.8 oo 107 Mach =1.96 // //
20 r
Phi =180
Bl —£—Phi =90
16 | ﬁiﬂ:i?f’ 16 | |—Aphi = 270
—A— Phi = 45 . )
| iz 13s 12l * Rolling moment increases
between Mach 0.8 and Mach
8 = 1.96
O . .
" 2l * Rolling moment increases
rapidly for a > 8 deg, for
0f & specific orientations ¢
. 4l * Identification of favorable
roll orientation and
B — e establishment of uncertainty
4 2 0 2 4 6 8§ 10 12 14 16 18 20 -4 -2 0 2 - 6 8§ 10 12 14 16 18 20 ..
Angle of Attack (deg) Angle of Attack (deg) 1S 1mp0rtant

11



National Aeronautics and Space Administration
Langley Research Center

Static Aero Data Analysis/Comparison Ve

P I e e e e e e

_ i S ~ e S o e
Effects of geometry variations ; ‘ i ,.\7 / .\7 ; L] > fo] / /;7
and roll angle on pitch moment A \\ Vo Ao LT [
coefficient | / / / / | /7 / / / /
0.25 L O A SO ;
Observation: Two 02} WT data | WT vs CFD
trim points. 015} only 14 o
Significant effects 01l - "“
1 I °
of varying . e ~ 05+ .:‘ ! . :s .
geometry on trim = . < i't“ TR R
angle S . 2 o g8 oo ' %o
0.05 [ g ) oS80 ¢ e
0.05 5 ' ° . d
S $ (] i
01+t ": .’ =
-0.15 [ | Cleanwio Ramp [J Phi=0° @ ®
Clean w/ Ramp s % kS
02 | | Protubw/o Ramp O Phi=90 e
tub w/ | A\ Phi=180° ° S e % 2
_025 1 1 1 1 1 1 1 J e ‘\) ‘U‘
-2 0 2 4 6 8 10 12 20 X o o
Angle of Attack (deg) Angle of attack " o Misch
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Static Aero Data Comparison s At vt

FUN3D vs Wind Tunnel S5 /ﬁ/ f/
.. //,’N// /N// /\/ / /\/,I
¢ o / /w/ // / : /ll //
8 [} /o ) !
0.7 < 9 ® 8 ' €] 0 o 2 ' . ° // // //\ // I’I I/
'O.: Y o, ; 8 8 o VARSI AR S
< 09 °32., Y30, . z 159
. 0.. L ° l ' ' e =]
.~” 0.5 4 \: 14 . .' 8
T 044 5 ] o e
£ “O.o,.". £ 054 ..l t ¢ it ® FUN3D
= 0.3 - o o kS| ' . o PY
T . S 0 ‘o e > - ‘s W1
0.1 5 ““.... .'
Voo Yoo
e, -
Q(I\’y _,,.‘/’()/ ™ ‘:;‘ o
> - 3 <
=P o % Angle of attack b o ac
Angle of attack ',9 b Mach B W .
Axial Force coefficient Normal force coefficient

Observation: High supersonic data tend to match closer to CFD
due to the dominance of forebody pressure in the flowfield
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Benefit: Decoupling
of the uncertainties
CNpisp = [Cn(a, B) + UE, ] 1+ UEL) for 6 static aero

CADisp — CA(a’ 6)(1 + Ué\'/{q)

Step1:Disperse Trim Angle
Adder applied at final cg

+30
D

CYD:sp = [CY (ahB) + Ugy] (1 + Ué}{) Nominal \

Az

Az
CmDi.-m cg = |:Cm(a?:B)IMR1’ “ FCN(Q’ ,B) - FCA(a’ﬁ) *+ Uéy)]] (1 T+ Ué{n)

Adders and multipliers disperse intercepts and local slope separately

Step2: Disperses Slope

Multiplier applied at final cg
-30 Mult.

\

Cm

Dispersed Trim
Angle

Nom+Adder

+30 Mult.

Az LA
CnDi::p|Cg - [Cn(aa )IMRI’ + TCY(Q, ﬁ,'l_ TyCA(a, ,H) + Ué":l (1 + U.CA{,) (l.m
A Az
Civiap ey = - Cn (e B) — —Cy (2, B) + U4

> Adders, U# result in trim angle shifts

refine uncertainties
> Multipliers: UX result in curve slopes

a

— €y @ im FANGE

(unchanged)

» Use data comparison to quantify and » Uncertainties cover a range of

Mach number, roll angle to
capture protuberance effects, and
some alpha functionality

14
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1+Ug)

Az Az
Cﬂll)x.-:lv |cg = [Cm ((1, B)IMRI’ s Ti C;\'(u» ﬂ) '7{ CA(Q‘ 6) + Ugm

Pitch moment coellicient. Cy, .

(e T

Adder uncertainty, U; , 1s obtained from 3¢ at trim points where ¢ = v

These are used to disperse local points of the linear slopes

Multiplier uncertainty, Ug , 1s obtained by matching slopes of linear
fitted functions

16
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T T T
—— Ensemble WT

0.2 —F— Ensemble CFD | ] 0.2 e .
."" .\.
i \\

£ 015 - & 015 F S .
~ 0 | . 0.1 |
§= | =

€ ! i < .
= 0.05 : = 0.05
= ! =
— i o .
o s - : o
= -0.05 i 1 = -0.05 1

b 1 < A

é 0.1 i 1 = 01 L~ —Q—\\“l =

= ' ! c -1 —O— WT ¢ = 90

= For0 < a < 8° ! Fora = 8° S| —— WT ¢ =135
o 015 T ; . o 015 WT 6 — 180
£ 0" U =0.03 : Ug =0.05 = % —8—CFD §=0
-7 Ul —12% LU =10% 8 -

- = b : c, —8— CFD ¢ = 90
-0.25 = : h -0.25 i CFD ¢ = 135
; e e s Dispersion limits
'0.3 I i i I ! i I i 1 I '0.3 1 I I I I ] 1 I
-2 0 2 4 6 8 10 12 14 16 18 20 -2 0 2 4 6 8 10 12 14 16 18 20
o o

Aerodatabase Input: Monte Carlo simulations for all adders and multipliers (values
ranging from -1 to 1)

17
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MAVs derived static aerodynamic 36 uncertainties

Mach CA CY CN C.' 1 Cm g Cn g
UA UM" UA Uﬂ-f UA UJH' UA Uﬂf UA Uﬂ-f UA Uﬂ-f
0.8 N/A+12% 0.04+7% 0.10+x7% 0.01 = N/A 0.15 % 25% 0.15 + 3%
1.0S NAx12% 004+£7% 0.10+x5% 0.01 £ N/A  0.20 = 25% 0.20 + 3%
1.96 N/Ax7% 003+7% 0.05+5% 0.0l =N/A 0.15% 5% 0.05 + 3%
299 N/A+£5% 003+7% 0.05+5% 0.0l =N/A 0.05+ 12% 0.05 + 3%
0.03 £12%, 8°
496 N/A+3% 0.03+7% 0.05+5% 0.01+NA ST @S 0.03 + 3%
0.05 £10%, a > 8°
» +/- 3s uncertainties shown with blue
dashed lines, based on current (and
consistent with Mars flight heritage) +/-
10% for supersonic C, [3-4]
» Wind tunnel analysis yield higher fidelity
uncertainties.
[3] Schoenenberger, M., Dyakonov, A., Buning, P., Scallion, B., and Van Norman, J., “Aerodynamic challenges for the Mars  [4] Edquist, K. T., Desai, P. N., and Schoenenberger, M., “Aerodynamics for Mars Phoenix Entry Capsule,” 18

Science Laboratory Entry Descent and Landing,” AIAA Paper 2009-3914, Jun. 2009. https://doi.org/10.2514/6.2009-3914. Journal of Spacecraft and Rockets, Vol. 48, No. 5, 2011, pp. 713-726. https://doi.org/10.2514/1.46219.
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VV VYV

A\

Demonstrated an overview of MAV’s aerodatabase development

Observed the effects of vehicle geometry and roll angle on forces and moments
Provided data comparison between CFD and WT datasets.

Derived refined adders/multipliers revised based on FUN3D and 14” Trisonic
WT data

Uncertainties are expanded as function of roll angle to capture protuberance
effects

Uncertainties also captured Mach effects and angle of attack effects for unique
cases (pitch moment at M=5)
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» Compare current uncertainty modeling with other methodologies 1!

1. Identify possible contributions to the uncertainty model for aerodynamic coefficients
2. Develop individual contributions to the uncertainty model for the aerodynamic coefficients using statistical approaches

3. Combine additive and root sum square (RSS) methods to develop aerodynamic uncertainties k=3
M.F =2
The proposed model: k = confidence level

U,Cl' = AeZm + Acfg + Ad) + AGS + M. F \/(kO-CFD)Z‘I‘(kO-WT)

uCi — AeZm +Acfg +A¢ + AGS + M. F \/(ko-grid)z+(kade)2+(kafs)2+'(k0cal)2+(k0-mb)2+(k0-blkg)2+(ko-rep)2

M.F = Margin Factor

[5] Bibb, K., Walker, E., Brauckmann, G., and Robinson, P., “Development of the Orion Crew Module Static Aerodynamic 20
Database, Part II: Subsonic/Supersonic,” AIAA Paper 2011-3507, Jun. 2011



