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= VERITAS Aerobraking CONOPS e

’ o, Somdor » Aerobraking used to gradually lower
e o Apoeie orbit period
ase 1

(166 days) « Solar panels produce drag while skimming

4. Science upper Venusian atmosphere

5. AB Phase 1 e Orbit Start: 120 hr; Orbit End: 1.5 hr
(12?383;23) | 46 hrorbi o AV-savings: ~3 km/s

» Broken into two phases
| 6. Science « Science Phase 1 conducted at higher
| Phase 2 period; Phase 2 conducted at lower period

» Burns conducted at apoapsis control
aerobraking corridor

* Corridor: Heat flux

« Sensed atmosphere from previous drag
pass used to update burns

Pericythe
raised/lowered in
atmosphere to

control AB
corridor

1. Interplanetary
Arrival

2. Venus Orbit Insertion

4
10 hr orbit



low Does VERITAS Compare To

National Aeronautics
and Space Administration

Kisting Venus Missions?

Note: Not shown

here is EnVision
2031 launch (TBD)
16-month AB Duration
220 -540 km AB Orbit End

| Magellan (MGS) Venus Express (VEX) | VERITAS

AB Years
# AB Phases
AB Orbit Start

AB Orbit End

AB AV-savings
# of AB Passes
AB Duration

Corridor Control

1993
1

170 x 8,500
(3.2 hr)

250 x 700
(1.5 hr)

1200
730
70 days

Dynamic Pressure

2014
1

127 x 66,000
(24 hr)

250 x 66,000 (24 hr)

N/A
25
25 days

Dynamic Pressure

2033 (TBD)
2

131 x40,000
(120 hr)

219 x 400
(1.6 hr)

3000
2635

300 days
Heat Rate


Presenter Notes
Presentation Notes
https://nssdc.gsfc.nasa.gov/nmc/spacecraft/display.action?id=ENVISION


How Does VERITAS Compare To
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Existing Venus Missions?

» Two previous aerobraking " |
missions at Venus: Magellan wz" g-wo -
(MGN) and Venus Express < | £
(VEX) 2N

e At minimum, VERITAS captures > ) £
range of data measured by both % 200 P 200 400
missions Days Since Start of Aerobraking Days Since Start of Aerobraklng
 Data improvements 58 — U 20

e VEX
e VERITAS

0 200 400 600 0 200 400
Days of Aerobraking Days Since Start of Aer@braklng

N
o

= Multiple passes over terminator (LST)

= Longer AB campaign -> more drag
pass opportunities

" |ncreased orbit period reduction
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Presenter Notes
Presentation Notes
Add a line at 6 hr and 18hr to indicate the terminator
Add arrow to show start of Phase 1 and Phase 2 in Top Right subplot
LST: Local Solar Time
Days Since Start of Aerobraking change on bottom left subplot
Chose better color choice for plots


VERITAS Engineering Science

~ Investigation (ESI)

» From Discovery Announcement of Opportunity

“Discovery Program investigations involving aerobraking or EDL into

the atmosphere of a Solar System objects shall include an
Engineering Science Investigation, to be funded outside of the AO
Cost Cap, to obtain diagnostic and technical data about vehicle

performance and entry environments.”

Note: Engineering Science Investigation is now known as Entry Systems Investigation
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» Adds no burden to the spacecraft or mission

» Uses existing sensors and measurements to obtain diagnostic and
technical data that will
 Verify models - aerodynamic, aerothermal, thermal, atmosphere
« Perform science - evaluate atmosphere variability at the terminator

- Benefit existing mission - using atmosphere density measured each drag
pass to build an offline atmosphere model that can potentially aid in
maneuver burn size selection

- Benefit future missions - advance autonomous aerobraking capabilities,
more efficient corridors



VERITAS ESI Sensors T

> IMU (20 Hz)
* Density can be derived from IMU accelerometer measurement
* Quality of density data depends on aerodynamic model

* Similar to MAVEN, an aerodynamic model will be developed for flight at Venus and
validated during aerobraking

» Temperature Sensors (1 Hz)
* Thermal modeling will predict hot spots on solar arrays and recommend placement
* Monitor and predict thermal load during aerobraking
* Flight data will be used to validate thermal model

MAVEN: Mars Atmosphere and Volatile EvolutioN 9
Note: VERITAS orbiter is derived from MAVEN orbiter; no new sensors are developed for ESI
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VERITAS ESI Benefits

» Thermal Modeling, especially at Venus, can enable efficient aerobraking by

* Eliminating the need for surrogate corridors (heat rate, density) and use actual
vehicle response to inform corridor - fly a temperature corridor based on solar array
thermal limits (accounts for eclipses and shadowing, or lack of, prior to drag pass)

* Allowing efficient maneuver burn sizes (save propulsion or reduce uncertainty on
estimates) and more efficient overall aerobraking mission

» Atmosphere Modeling
* Reduces atmosphere uncertainty

* Improves global models
* Improves science understanding of the atmosphere effect near the terminator

10
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VERITAS aerobraking will provide increased opportunities to
measure and understand the Venusian Upper Atmosphere

>_Re|:s\l(12rr€15e Mission Design and Aerobraking Working Group Development
in

» Continue Aerobraking Simulation Development and Analysis
» Aerodatabase + Aerothermal Model
« Atmosphere Model updates (Venus Climate Database; VenusGRAM)
* Monte Carlo Performance Assessment

11


Presenter Notes
Presentation Notes
Add a concluding remark  





Aerobraking Flight Mechanics

National Aeronautics
and Space Administration

Simulation Modeling

° H |gh_level ﬂ_OW Mass Properties
dlagram ShOWIng Aerodynamics Flight Software
model inputs

* Many inputs are

still work-in- Engineering
Atmosphere Science
progress Instrumentation

POST2
Aerothermal VERITAS Mission Design
Aerobraking

13



VERITAS Aerobraking Glide Slope iz

Phase 1

Phase 2
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» Starting comparison between aerobraking simulations; still work-to-go
» Glide Slope: Phase 1 shorter aerobraking duration than Phase 2 "



VERITAS Aerobraking Corridor e ST
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» Corridor bounds (solid line) vary with orbit energy and sun flux angle
» Periapsis heat flux (+) for each drag pass stay below corridor bounds .
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VERITAS ESI Potential Science B

» Sample: Understanding Polar Vortex g
at Mars T R

* Plot of density profiles over the Mars ""'1'-5-’.?66'~..
North Pole (90°) mapped to 100 km dea ' A “
altitude for Odyssey aerobraking * / '

» Density is truncated at 100 kg/km3 to Ci s o\ 4
enhance variability. ©E

* The transition from red to blue near 80° ], 2
latitude characterizes the location of the
Mars Polar Vortex. 1

* The information, used to anticipate 0
Odyssey periapsis conditions and

mission planning,

% periapsis e §



How Does VERITAS Compare To

National Aeronautics
and Space Administration

Existing Venus Missions?

» Two previous aerobraking 2.
missions at Venus: Magellan
(MGN) and Venus Express (VEX)

* Anticipate similar orbit-to-orbit
density variation

* Model higher variability near the
terminator that was observed in
Pioneer Venus Orbiter and Magellan

Density Orbit-To-Orbit Variation

missions - MGN
 Future work to assess Aerobraking ‘ \\;EélTAs

performance with latest Venus

atmosphere models 0 200 400 600
Orbit Number

*VERITAS density values come from simulated VenusGRAM data

17
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What does last bullet mean?


How Does VERITAS Compare To

National Aeronautics
and Space Administration

Existing Venus Missions?

» Two previous aerobraking 0.8 - MGN
missions at Venus: Magellan | VERITAS

(MGN) and Venus Express (VEX)

 Each AB drag pass stays within a
similar corridor

= Note: MGN [1] and VEX [2] uses dynamic
pressure to define corridor

= \/ERITAS uses Heat Flux
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Periapsis Dynamic Pressure, Pa

0 200 400 600
Days Since Start of Aerobraking

*VERITAS density values come from simulated VenusGRAM data
[1] Carpenter, A. S., “The Magellan Aerobraking Experiment: Attitude Control Simulation and Preliminary Flight Results”, AIAA 1993-3830-CP

[2] Merritt, D.R., “Venus Express: Aerobraking and Post-Aerobraking Science Operations” 18
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