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Background Asa

A The Mars Entry, Descent, and Landing Instrumentation 2 MEDLI2 on the
(MEDLI2) sensor suite on the Mars 2020 aeroshell Mars 2020 Aeroshell
measured temperature, pressure, and heat flux during jm';‘.e;*j;s — n //////
atmospheric entry. Pressure | 2~

o Transducer

A The focus of this talk is the MEDLI2 radiometer on the
backshell at the MTBO09 location (leeside)

I Consists of a sapphire window above a Schmidt-Boelter
gauge with a high emissivity coating
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I Measures radiation through a view factor

A Radiometer was located next to a total heat flux sensor _ | |
at the MTBO0S8 location MEDLI2 Ralometer MEDLI2 Tot eat Flux Sensor
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I Consists of a Schmidt-Boelter gauge with a high emissivity
coating

I Calibration corrects for pristine coating absorption
I Measures total heat flux
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MEDLI2 Flight Data Compared to Predictions

Total Heat Flux Sensor Radiometer
A Excellent agreement between the total heat | A Since measured and predicted heating at MTB08 exhibited excellent
flux sensor flight measurements and the agreement, assume predictions at MTB09 are reasonable.
model predictions T at peak heating, the i Measured/Predicted ratio approx. linearly decreases through the entry heat pulse
difference is within 12% and then flattens out i consistent with blockage due to ablation product deposits

i Atthe end of the heat pulse, Measured/Predicted = 0.50 (= 50% signal loss).
i Motivates additional characterization
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A For full flight heat flux sensor results see: Miller, R.A, et al., AIAA SciTech 2022-0551.
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Figure Credit: Miller, R.A., et al., AIAA SciTech 2022-0551



Pre-Flight Arc Jet Testing AsA

A Miniature Arc Jet (MARC) Testing (November 2017) Ablation Product Coated Windows Post-mARC Testing
I Radiometer windows embedded in PICA and SLA-561V samples . 6\
I Pre- and post-test window transmission measured to quantify the S . -
attenuation due to the deposits Rl with Copper Sl withCopper Sug

Window 3

I XPS analysis performed to quantify the elemental composition of

the deposits TN /N
I For full results see Miller, R. A., et al., AIAA AVIATION 2018-3590 . | ’
A PTF162 Backshell Qualification Testing (September 2019) wh:Cé:;ng'g w“hﬁfg’%“ug it Eappetaly
i Radiometers embedded in backshell SLA-561V panels mage Greit il R ot a. AVAA AVIATION 2015.95956

I Applied heat flux and pressure were close to the flight
measurements, but heat load was more than double the flight heat
load

I Post-test calibration, blackbody, laser tests performed to quantify
the attenuation due to the deposits

I Post-test window transmission measured to quantify the attenuation
due to the deposits

I XPS analysis performed to quantify the elemental composition of
the deposits

T For full results see Miller, R. A., et al., AIAA SciTech 2022-0551

Post-PTF162 Testing

Ablation Product
Deposits
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Image Credit: Miller, R.A., et al., AIAA SciTech 2022-0551
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Post-Flight Arc Jet Testing

PTF166 Post-Flight Backshell Instrumentation R - =

Testing (October 2021) PICA/NuSil L |
: _ Conditioning Plate
Test articles:

_ and Leading Edge
A 4 backshell (SLA-561V) panels with embedded
MEDLI2 instrumentation

i 1radiometer and 2-3 window holders per panel

i 3 panels had white thermal control paint to mimic
the flight configuration

i 1 panel did not have paint
Test objectives:
1. Select test conditions to approx. flight conditions
i Heat flux: 4.9 W/cm? (CW) 3 5 e o |
i Pressure: 320 Pa o e R TG Window Holder
i Duration: 33 sec P = Compression Spring =
2. Measure the time-varying ablation product 4 y 2nd Retaining Ring %<5
deposition on the radiometer window.

I Use a laser outside the PTF chamber to illuminate . g ¥
the radiometer in each panel. s N Nirdow

3. Include PICA ablation products (best effort)
I Use PICA/NuSIl conditioning plate and close-out

Backshell SLA-561V
Panel (-502)
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frame leading edge in a best effort to mimic the : :
flight configuration which used PICA as the TFAWS 20221 September 6t-9t, 2022 5
forebody TPS.



Laser Setup on Top of the PTF

A The radiometer installed in each
panel was excited with an
external cavity quantum cascade
laser (center wavelength 4.3 € nj

I The 4.3 ¢ mwavelength was
chosen since it has been shown
to be one of the major
contributors to radiative heating
for Mars entry

A Enabled measurement of the
time dependance of the ablation
product deposition on the
radiometer window

A The laser was mounted on top of
the PTF test chamber and
directed through a sapphire
window using a protected
aluminum mirror
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