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Modeling the Big Plunge
DAVINCI Eniry, Descent, and Landing
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~ DAVINCI and Venus - | :

Deep Atmosphere Venus Investigation of Noble.gases, Chemistry
and Imaging (DAVINCI)

First in-situ probe since Soviet missions (last in 1980°s) and
Pioneer Venus (last in 1970’s)

New understanding of atmosphere, surface, and evolutionary P bistingush between
ﬁath of Venus as a possibly once-habitable planet and analog to models ofVenus5 origin | *0 K™
ot terrestrial exo-planets =4

at high altitudes '
' Analyze new clues to 55 km

Venus's mysterious past| |

Measure atmosphere
below clouds’ 35km

* Yield 60 Gbits (compressed) data about atmosphere and near ) A
vestigate intriqui
surface ® gate NG |30k
Explore |
“ atmosph)((e‘r)eosﬁum: ! 20km
Planet 4billion 3 billion 2 billion 1 billion Today
Formation years ago years ago years ago years ago Understand surface 10 km

geology and composition

é Discover new insights into 0k
what makes a planet habitable | KM

N R 2

Earth

Credit: Garvin 2022
(Planetary Science Journal)

Venus

‘ ‘ l Volcanism

Present Day

Billions of years ago?
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DAVINCI Video

YouTube video (NASA Goddard): https://www.youtube.com/watch?v=rdt7Pu


https://www.youtube.com/watch?v=rdt7PugWe90

- Outline | : | | 3

* Modeling and simulation overview
* Model-by-model update

« Sample results

e SumMmary



. . g : P to Optimi [=];
~ Modeling and Simulation via POST2 G e s
(POST2) [x]

CRIS = Carrier-Relay-Imaging Spacecraft
PFS = Probe Flight System '

ATIEE 20 Aerodynamics

Flight Software

Orbital
Determination/

Navigation 5 Sensors
(CRIS and PFS) '

Credit: NASA

Terrain Model

Multi-Body
Science Dynamics

Instrumentation Telecommunications
Model



- Aerodynamics: Entry Body ”

Geometric Parameter DAVINCI
Sphere-Cone Angle 45 deg
Aeroshell Diameter (D) 2 54 m* T Cred,t: From J‘ustln Sh?fner (NASA LaRC)
—— August 2023 Ref. Trajectory
Xcg/ D 0.24* 140 - Transitional - MAP .
Hypersonic - LAURA
i * 130 - B Supersonic - FUN3D .
RadIUSnose/D 0.25 /\ Additional Runs Version > 1.0
* Approximate (some internal iterations occurring) = 1201 MAP = Multiphysics Algorithm with Particles |
Credit: NASA, Units in inches 2 110t LAURA = LSngI_ey AerOthe_rmOdV”a_m'cs |
© pwind Relaxation Algorithm
CONFIGURATION, (ARGE FPROBE 5 100 | FUN3D = Fully Unstructured Navier-Stokes 3D |
8us WEeECE (3) i
RET STRUCTURE 90
AEROSHELL MARIN PRRACHUTE
—\ ” RFET covER 80 -
X5 ) HINGE FITTING
56.0 0/ ‘ 70 I
' = 422017
- / RF WINDOW 60 \ \ ‘ ‘ ‘
~t- ( A 7 12000 10000 8000 6000 4000 2000 0
, | 113 oo, Velocity (m/s)
/4.0R ANALYEER
‘ 1/ ) #CcESS PORT
L~ Umy FRTER/VENT

PIOT CHUTE & MoRTHR

L—eac—-l /4,3 =
\

Credit: Smithsonian

LUG FITTING

Pioneer Venus (PV) Large Probe 7




~ Aerodynamics: Descent Sphere/Zephyr

Aerodynamic Surfaces

e Drag plates: Passive descent
time control _

* Spin vanes: Passive roll rate
control

* Drag skirt: Forces flow
separation

ressure Vesse

Negative

Enlarged Drag Plate (counter- I
5 clockwise) [ (clockwise) [ ]
218

Angular
Size

Enlarged Spin Vane

Credit: From Giovanny Guecha (NASA LaRC)




Atmosphere

« DAVINCI Council of
Atmosphere (CoA): scientists
and engineers working Venus
projects

» Use current best estlmates for
Venus atmosphere

* Engineering models listed in a
Design Reference Atmosphere

 Base pressure, temperature,
and density from Venus
International Reference
Atmosphere (VIRA) within
Venus Global Reference
Atmosphere (Venus GRAM)

« Winds from re-analysis of past
probe, balloon, cloud tracking

e Sulfuric acid concentration from
past observations

« Scintillation of S-Band signals
from past mission data,
atmospheric composition

R TR N

Engineering Team
Venus Literature and Data

-—-

-

Information
for Design, °

Analysis, \
DAVINCI Science Team
Informs

Test, etc

Source
Materials

.d .; . i L
L - i‘

Scsentlﬁc Commumty

Exchanges -
<
bg i ‘ Council of Atmospheres DRA




”Afmosphere' ; : AMPR = Altitude @
« DAVINCI Council of il

Atmosphere (CoA): scientists . 100}
and engineers working Venus
projects

» Use current best estlmates for
Venus atmosphere

* Engineering models listed in a
Design Reference Atmosphere 0

100 200 300 400 500 600 700 800
 Base pressure, temperature, 150 ¢ Temperature (K)
and density from Venus
International Reference
Atmosphere (VIRA) within
Venus Global Reference
Atmosphere (Venus GRAM) <

« Winds from re-analysis of past
probe, balloon, cloud tracking

e Sulfuric acid concentration from
past observations

« Scintillation of S-Band signals
from past mission data,
atmospheric composition
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Atmosphere : : | ; | : | @/

« DAVINCI Council of
Atmosphere (CoA): scientists . Meridional Winds
and engineers working Venus
projects

» Use current best estlmates for
Venus atmosphere

* Engineering models listed in a
Design Reference Atmosphere

 Base pressure, temperature,
and density from Venus
International Reference
Atmosphere (VIRA) within

60

40

Altitude (km)

Venus Global Reference S °  PVlarge
Atmosphere (Venus GRAM) e B;Ym
« Winds from re-analysis of past — JEeaE
probe, balloon, cloud tracking it .
« Sulfuric acid concentration from = B

past observations 20 10 0 10 20 30 40

« Scintillation of S-Band signals
from past mission data,
atmospheric composition

Wind (m/s)

il



Atmosphere : i S
 DAVINCI Council of _ e — uamoktiax
Atmosphere (CoA): scientists | = sty
and engineers working Venus (£ =- Sulfuric Acid
projects | : Concentration
» Use current best estimates for ¢ ”] Sytitice
Venus atmosphere %
* Engineering models listed in a 7 T -
Design Reference Atmosphere oyl
» Base pressure, temperature,
and density from Venus 681 MODE #1(>0.6)
International Reference 64 MODE #2 2, MODE #1
Atmosphere (VIRA) within 6o UPPER CLOUD (TOTAD
Venus Global Reference feceer....___ MODE #3
Atmosphere (Venus GRAM) £ ) wopie oo
w524 ecanzrand
 Winds from re-analysis of past R T Il
probe, balloon, cloud tracking MU DerDef= o E 4
- Sulfuric acid concentration from the Cloud Particle o
past observations by Altitude “- S =
« Scintillation of S-Band signals 36| LOWERMAZE .~
from past mission data, 12 e %
atmospheric composition N =
0 0.1 1.0 10 100 1000 10,000
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~ |Initial Conditions - - | ;

Target point A,
“Design state”, Xya

Reference-
delivery error, Xag

The reference
I error vector,

X
Delivery State point B, s "% I i
Ty
The delivery

error vector,
C

The onboard flight
software vector point C,
“Navigated State”, X,

Sk

Not to scale



- Pointing angle calculation :

* Requires four separate states:
 Truth Probe (blue)
» Reference Probe (red)
» Truth Orbiter (blue).
» Reference Orbiter (red)

* Purple is connecting truth states

« Solid orange is connecting
reference states

* Dotted oranc};e IS the nav state
ointing vector originating from N
he truth state

 To capture true ,oojntin angle
error, EDL simulations have to
model all of these states

 This is used to ensure that the
vehicles can talk to each other
during the EDL phase

o All four sets of states are
correlated!

Pointing Angle Error

Not to scale ‘i



- Telecommunications and Relay .

* Probe does not need to survive | ,
: | Measure Received
impact/touchdown "l Signalto-Noise  |"

« Essential to relay in-situ
measurements and images
during 1-hour descent

* More important science data
taken closer to the surface

Signal-to-
Noise
Threshold,
Met

(imaging of the last 3-5 km Yot Al

altitude when not distorted by ! |

CIOUdS) Inc;eass ':'ra nsmit Signal-’:]o-NEisI(ij below |

ymbol Rate Threshold, No

» Adaptive data rate (ADR) system

that updates uplink rate based Yes

on link quality — modeling Iin

simulation important to optimize Decrease Transmit

science return Symbol Rate

15



6

- Telecommunications and Relay

 Probe does not need to survive
impact/touchdown

* Essential to relay in-situ 500 |
measurements and images
during 1-hour descent

* More important science data
taken closer to the surface
(imaging of the last 3-5 km
altitude when not distorted by
CIOUdS) —izu ~10 0 | 10 20 30 40 50 60

o Adaptive data rate (ADR) SyStem Time since Atmospheric Interface [min]
that updates uplink rate based
on link quality — modeling in
simulation important to optimize
science return

___Touchdown

()]
=
o

__Initial Conditions
___Main Parachute Deploy

_.-Atmospheric Entyy Interface
__Jettison Main Parachute

ADR Data Rate [kbps]
3 8
o o

o
]

16



- Science Instrumentation Data ; | | | @/

« DAVINCI has several instruments collecting data during EDL; the type and size
of the data changes with different phase/time of flight

» Part of EDL modeling and simulation is processing the sequence of EDL events,
tracking generated data, and understanding if science requirements are met

26-VENUS-08 VenDI Field of View Time History
—— 99%-tile Landing EIIipse]

—23.81

—24.0 1

—24.2 1

Detic Latitude [deg]

—24.4 1

—24.6

1.0 1.5 2.0 2.5
Longitude [deg]

17



~ Software-in-the-loop Simulation: eFSW vs. pFSW ' ' @/

Instrumentation Scope of pFSW
Model
[Venbl ., —
/
s |
- = * Generated Data Packets Transmission Data Packet Size
- TransmlttEd Data PaCketS VenDI = Venus Descent |mager
VMS = Venus Mass Spectrometer
- - - VTLS = Venus Tunable Laser Spectrometer
’ Currently, emulated ﬂlght software (GFSVV) is a function of; VASI = Venus Atmospheric Structure Investigation
» Sequences ES = Entry Systems

DS=D Sph
» Zephyr Technical Allocation Requirement (ZTAR) escent Sphere

« Data Prioritization
Other models interacting with the FSW include the adaptive data rate (ADR) model
Cross-check data generated, queued, and transmitted with the prototype flight software (pFSW)
Final plan is to implement pFSW 18



- Sample Results - ; :

» Track critical requirements and provide statistical information about off-nominal behavior

Requirement Metric (ZJZ-VENUS-
MRD-062 VMS Noble Gas Measurements <110km uplinked >= 1 1%-tile 92.6%
MRD-047 and MRD-044 VMS High Altitude Scan >55km AMPR uplinked >= 1 1%-tile o
MRD-020 and MRD-061 Start of VMS low-altitude scans AMPR > 30 km 1%-tile e
MRD-048 VTLS high altitude scans >55km AMPR uplinked  >= 1 1%-tile
MRD-049 VTLS low altitude scans <35km AMPR uplinked ~ >= 5 1%-tile Sl
MRD-049 VILS low altitude scans <15km AMPR uplinked __ >= 3 1%-tile aSe
MRD-034 VenDI BB images >20km AGL uplinked >= 2 1%-tile
VIRD-033 VenDT BB images Z0-IT0Km AGL uplinked >= 6 I%-tiTe
MRD-028 VenDI BB images 10-5km AGL uplinked >= 7 1%-tile
MRD-029 VenDI BB images 5-1.5km AGL uplinked >= 6 1%-tile
MRD-031 VenDI BB images <1.5km AGL uplinked >= 3 1%-tile
MRD-083 VenDI NB+BB pairs 23-18km AGL uplinked >= 2 1%-tile
MRD-084 VenDI NB+BB pairs 11-6km AGL uplinked >= 2 1%-tile
MRD-085 VenDI NB+BB pairs 6-3km AGL uplinked >= 2 1%-tile
MRD-146 Total transmitted data during descent > 154 Mbits 1%-tile
TAR 2.3.3.1.1 Total transmitted data during descent < 2200 Mbits  99%-tile

179

MRD-355 Uplink rate at touchdown >= 36 kbps 1%-tile



~ Sample Results - - | ;

» Track critical requirements and provide statistical information about off-nominal behavior

» Typical EDL metrics, like landing location within requirement (e.g. 99%-tile confidence ellipse)

_________________ Target 99%-tile Ellipse
o I I S et ol ) Mok, Ellipse Major Axis (km) = 207.12
1 =TTl Ellipse Minor Axis (km) = 88.76
7 Target 99%-tile Ellipse
s Ellipse Major Axis (km) = 209.76
ol Ellipse Minor Axis (km) = 118.19
/, \\
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-25.0 S L’
\\\\ ,,/
\\\ ”/,
—— 26-VENUS-02 e PPt
— 26-VENUS-08|  TTe=al__ ===
=255 | ——- Requirement |  TTTTmmmm———mm—-sTTT
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Longitude (deg) 20




~ Forward Work : | | ; | : | @

e Schedule

« Descent Sphere Preliminary Design ReV|ew (PDR) is in early 2027
« Entry Systems PDR is in early 2028

* Project is also considering a 1-year accelerated timeline for launch from the
current baseline of Dec. 2031

* Modeling updates

» Expect updates to descent aerodynamics with updated wind tunnel tests
(summer 2026 and beyond) and updated computational fluid dynamics (CFD)
« Parachute design is being finalized, procurement with vendors

o Modeling will leverage past higher-fidelity models from Mars Science Laboratory, Mars
2020, and Dragonfly (Titan) — “Multi-body” model

o Properties for aerodynamics, lines properties will need to be updated for Venus

* Incorporation of the prototype flight software (in-the-loop for all analysis or
limited in scope for testing emulated flight software)

2l



- Summary : : : ; | : | @/

* DAVINCI is approaching PDR for its various subsystems

* Modeling and simulation of the EDL phase critical for minimum science
return from the mission |

« Updated models for aerodynamics, atmosphere, science

instrumentation, data link, and emulated flight software has improved
understanding of the current EDL design

* Modeling and simulation development continues based on forthcoming
updates of critical aerodynamic and parachute models

o2
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* DAVINCI is a Discovery-class project chosen by the NASA Science
Mission Directorate

* Modeling and simulation of the entry, descent, and landing phase of
flight is possible due to contributions of team members from NASA

Langley, NASA Goddard, Lockheed Martin, NASA Ames,
KinetX/Intuitive Machines, APL, and Dscosys

i)



~ Questions 3

Credit: NASA
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