Z Deep Atnmsphere Venus Investigation
> 7 of Noble gases,Chemistry, and Imaging

e ” A
e s

'Descent Modeling for
DAVINCI

Matthew Andreini
Analytical Mechanics Associates
, and
Soumyo Dutta, N. Giovanny Guecha-Ahumada, Ashley Korzun, and R. Anthony Williams
' - NASA Langley Research Center

I A R
SR RN

Jet Propulsion Laboratory
California Institute of Technology

/ Ames Research Center



Presenter
Presentation Notes
1: Welcome
2: “You saw last two talks about X and Y, now I want to hone in on EDL FM”
3: Joke about num of Matt’s



Models for Simulation

o CRIS = Carrier-Relay-Imaging Spacecraft
PFS = Probe Flight System
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Presenter
Presentation Notes
1: As you’ve heard from my colleagues …
2: Here are all the models that go into the end to end entry and descent simulation (have the video play during this segment, highlight that this is from separation from CRIS). We model this using the Program to Optimize Simulated Trajectories 2 or POST 2.
3: I’m going to focus on these 4 – specify that I’m going to talk about the Venus Descent Imager, or VenDI for short





Overview

Nominal Descent Timeline

~ « DAVINCI to launch 2029 explore -
Venus via 2 flybys and a probe
descent in 2031

- Began development with Pioneer
Venus modeling

 Using Entry vehicle heritage
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Presentation Notes
Engineering challenges:
  - Subsonic in 2.5 min
  - pass through cloud layer which are made of sulfuric acid and the parachute must survive it
  - thick atmosphere which requires us to cut the parachute to descend to the surface before lose contact with the relay
  - call out anything people mention before
  - Comment on the impact


Atmosphere

. Major'ity of the uncertainty for - o Nt
Imaging zone due to
atmospheric uncertainties

« Must image over Alpha
Tesserae region and have
overlapping images to meet
scient requirements

Percentage contribution to footprint
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Presentation Notes
Highlight that this is for the imaging zone


Couﬁ_c::il' of AtmoSphere assembled-

« Design Reference Atmosphere produced
* Venus-specific wind and atmosphere models

AtmoSphere
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Presenter
Presentation Notes
Mention that the council of atmosphere is made of up engineers and scientists, including Dr. Ralph Lorenz who is here to present, and then that they have produced the DRA to design towards.
On left image, talk to it more – highlight the different models and explain the acronyms. Get a version from Sai of the models next to each other on the legend and then put a circle over them in animations




This is from the DRA
https://nasa-ext.box.com/s/d9oo806flqt1ka6svar29akubbp4up3p 


Aerodynamics 1 - Entry Phase

~ . Started with Mars Microprobe and Pioneer Venus s N
heritage |
* Both 45 deg sphere cones |

« Different backshell \
* Different entry trajectories o

* New Aerodatabase built for DAVINCI =
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Presentation Notes
Mention that we wanted a higher fidelity analysis, so we built a new ADB for DAVINCI


MMP aeroshell image from nmp.jpl.nasa.gov (yes, I got it from Wikipedia which sites it here which I can’t access because of internet / VPN)

Can I get a plot of the density/velocity with thicker lines? It looks a little hard to see :/

We’ve built a new DV specific ADB. This will allow us to better model the aerodynamics we can expect to see in the DV mission

Change to 
PV heritage leads to davinci (same shape)
MMP model (ADB is next best thing)

define adb



“DAVINCI Aerodynamics 2 - Descent Phase

* Descent Aerodynamics .

* Using VISAx model developed from Pioneer Venus
wind tunnel tests

» Descent aerodynamics built from wind tunnel tests

Vertical Spin Tunnel Test, June 2023

UTTR Drop Test, Oct 2023

12ft test, Mar 2024


Presenter
Presentation Notes
Follow up the same approach as entry 
1: we started with VISAx model which was developed from the results of PV wind tunnel tests
2: Wanted to improve fidelity of analysis
3: Entry ADB was largely built from CFD results and some testing
4: Zephyr has very complex geometry – spin vanes (which can be placed at an incidence angle), drag plates (which can have varying angular size), and the drag skirt along with the high Reynolds number for this trajectory (see: that graph) made it hard to characterize the performance with CFD, so we have approached this from experimental results. Giovanny here at LaRC has been testing up a storm, heres’ the videos.
4.5: Also add QR code for the Instagram reel



What/how was VISAx developed? And for who? 

From paper, looks like from PV Sounder with edits to account for drag ring and difference in drag plates

What’s does VISAx stand for?
Go get videos for VST – check time!

Som interprets this as VISAx developed concurrently with PV
“Initial Zephyr adb is based on proposal from 2010s, which was developed in part from PV WT tests. DAVINCI is going to update theirs …”

Takeaways from testing chart:
Parachute and Free fall conditions
Subsonic: M < 0.35
Very high Reynolds numbers for descent sphere

-> don’t stall on this, it’s Giovanny’s talk to give!


Telecoms 1 - Science Goals

cul
e v e

i {I-DAV'INCI m'ust transmit all required science 'data beforé impact -

* Close to surface
 "Deep Atmosphere” area of interest -
« More uncertainties in trajectory

* The adaptive data rate determines how much data can be transmitted

» Descent Sequence describes what measurements will be taken and
when

* Technical Allocations Requirement (TAR) document defines how
much data these measurements will require



Presenter
Presentation Notes
+1 on the transmit transition – no landing requirement implies must transmit all required science data before impact
Refer to the talks more – “You heard Colby Goodloe talk about the adaptive data rate and how it will be used to determine how much data can be transmitted

Idea for ‘we have X/Y/Z’ -> we have these documents that are describing the data rate available to the Zephyr, the timing that Zephyr will take measurements, and how much data these measurements are going to require. As much as we would like to transmit all of the data that we collect, the atmosphere of Venus combined with the science instruments mean we aren’t able to transmit all of this data. We also want to retransmit data of high importance in order to ensure that we can received that data. [Next slide] In order to do that, we’ve defined a data prioritization algorithm

Spell out DAVINCI
Don’t need to put names in text



Data Prioritization 2 — Results

* + Data Prioritization model described to prioritize data transmitted
* Model different operating modes
» Can predict the data obtained and track key science metrics

ted Data (Mbits)

Nominal DB loss, nominal trajectory
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Presentation Notes
Data Prio model:
  Data generated in sequence
  Put in queues
  Data retransmitted to ensure redundancy
  Retransmitted data lower priority
  Retransmitted data wants to be at different time to mitigate data loss when during unforeseen blackouts

Main difference between two trajectories – similar MinSci, much less ExtraSci.
Less MinSci due to shorter trajectory 

1 version data by instrument
1 version data by queue
(not by category)
MaxDB is minimum science trajectory
NomDB is more expected trajectory
always have only 1 figure on the right at a time

Instruments are the acronyms – sort that out – just cut entirely
Maybe just talk about the VenDI modes and cut the others
Define VenDI where its first used 


Data Prioritization 2 — Resulis

* « Data Prioritization model described to priorifize data transmitted  —

* Model different operating modes
» Can predict the data obtained and track key science metrics
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Presentation Notes
Data Prio model:
  Data generated in sequence
  Put in queues
  Data retransmitted to ensure redundancy
  Retransmitted data lower priority
  Retransmitted data wants to be at different time to mitigate data loss when during unforeseen blackouts

Main difference between two trajectories – similar MinSci, much less ExtraSci.
Less MinSci due to shorter trajectory 

1 version data by instrument
1 version data by queue
(not by category)
MaxDB is minimum science trajectory
NomDB is more expected trajectory
always have only 1 figure on the right at a time

Instruments are the acronyms – sort that out – just cut entirely
Maybe just talk about the VenDI modes and cut the others
Define VenDI where its first used 


Data Prioritization 2 — Resulis

~ « Data Prioritization model described to prioritize data transmitted  —
* Model different operating modes

» Can predict the data obtained and track key science metrics
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Data Prio model:
  Data generated in sequence
  Put in queues
  Data retransmitted to ensure redundancy
  Retransmitted data lower priority
  Retransmitted data wants to be at different time to mitigate data loss when during unforeseen blackouts

Main difference between two trajectories – similar MinSci, much less ExtraSci.
Less MinSci due to shorter trajectory 

1 version data by instrument
1 version data by queue
(not by category)
MaxDB is minimum science trajectory
NomDB is more expected trajectory
always have only 1 figure on the right at a time

Instruments are the acronyms – sort that out – just cut entirely
Maybe just talk about the VenDI modes and cut the others
Define VenDI where its first used 


Data Prioritization 2 — Resulis

* .« Data Prioritization model described to prioritize data transmitted ~~ —

* Model different operating modes
» Can predict the data obtained and track key science metrics
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Data Prio model:
  Data generated in sequence
  Put in queues
  Data retransmitted to ensure redundancy
  Retransmitted data lower priority
  Retransmitted data wants to be at different time to mitigate data loss when during unforeseen blackouts

Main difference between two trajectories – similar MinSci, much less ExtraSci.
Less MinSci due to shorter trajectory 

1 version data by instrument
1 version data by queue
(not by category)
MaxDB is minimum science trajectory
NomDB is more expected trajectory
always have only 1 figure on the right at a time

Instruments are the acronyms – sort that out – just cut entirely
Maybe just talk about the VenDI modes and cut the others
Define VenDI where its first used 


Science Instrumentation - VenDI

* "« Track when VenDI takes images
 Model what and where VenDI will be able to seel


Presenter
Presentation Notes

Talk to the requirement – overlapping images to construct the surface terrain of Venus

Note: Target = Science Requirement


Science Instrumentation - VenDI

~ « Track when VenDI takes images
 Model what and where VenDI will be able to seel

— Target Ellipse

= 99%-tile Touchdown Ellipse



Presenter
Presentation Notes
Talk to the requirement – overlapping images to construct the surface terrain of Venus
Mention that you’ll see more about terrain integration in Rafael Lugo’s talk

Note: Target = Science Requirement


“DAVINCI Conclusion

» Updates to atmosphere modeling
« CoA and DRA
e Improved wind model

» Updates to aerodynamics
* Entry ADB implemented

» Data prioritization model defined
 Track instruments
 Track data received
« Compare with science metrics

* VenDI| modeling

* Images taken
* What VenDI will see

* Future work
« Atmosphere updates
« Zephyr ADB in development
 ADR model update

e

LaRC team at UTTR from left to right: Jamie Shiflet,
N Giovanny Guecha-Ahumada, Matthew Andreini
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Presentation Notes
Talk to the picture!!


DAVINCI Backup



Visual check

e Noblé Gas Retransmit | -
* VenDI extra images mode
* VTLS Samples
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NG retransmit x2 – this is why VMS has more data transmitted than generated

Around T=1800s, there’s a bowl in the VTLS and VASI data, this is because the higher priority VMS NG retransmission is taking priority over the lower priority VASI/VTLS retransmission. Some data is still being transmitted, that is the high priority transmission of these data sets. 

Note: trim the Data Prio to fit the VenDI image visualization


Atmosphere

~ + Mass and Density uncertainties lead to dispersion in descent sequence

* Due to the open-loop control of the descent sequence, this must be
accounted for
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Presenter
Presentation Notes
This is from the DRA
https://nasa-ext.box.com/s/d9oo806flqt1ka6svar29akubbp4up3p 

Maybe I can cut the Zonal Wind picture? 

At certain time, up to 3km altitude difference!
At certain altitude, up to 200 second difference!


This whole thing is backwards – the conclusion needs to be “here’s the models we are using” more than “here’s the problems”
I think, really, it’s just move the council of atmospheres assembled to the ‘end’ of this slide – they built this design reference atmosphere and here’s the uncertainties we’re able to capture


DAVINCI ADR
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