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Introductlon EntryTechnoIogles 4

) Proposed Whlte Papers on Thermal Protectlon Svstem (TPS) Materials -

_Thermal Protection System IVIateriaIs for Titan an'cl Mars Missions
Multlple missions need a PICA heatshield.

- Herltage PICA is no longer available .

- P1CA D (d@mestlc) belng deveIoped as a replacement, wh|Ie addressmg long term sustalnablllty

L

Thermal Protectlon System Materlals for Outer Planet Missions -, . s :

- Challenging missions to Ice Giants need capable TPS material; Carbon Phenolic unavallable

- Sustained support.and development recently culminated in TRL'6 for HEEET ;

- HEEET will enable ice glants missions; sustalnablllty (of knowledge and materials) a key part of
HEEET’s development : -

Entry Systems and TPS technologies are mission critical for in situ Science and sample return missions.

- Background

Titan Low Dense Atmosphere provides sufficient Deceleration - . .
(0.14 g....,) Need Suitable Thermal protection System - NASA missions are unique, TPS are unique

- - Technologies not sustained without-market

- New TPS development needs t|me and

" investment *

Mars 1/3 8earth Less Dense Some Atmospheric Deceleration . (e.g. HEEET 10’s SM and nearly a decade)
Need Suitable Thermal Protection :

Enceladus, Europa, Ceres, Low Tenuous Absence of Atmospheric Deceleration
Ganymede, Callisto (0.02-0.15g.,4+) Entry Heating is not a concern

Outer Planets 0.85-1.14g..  Dense Atmosphere provides Deceleration Need White Papers Directly R9|eVant to

(Neptune, Uranus) Entry Heating is a challenge Future Missions



. Entry at Titan: Dragonfly .

Aeroshell constructed of three TPS materials

7

Forebody heatshield made of PICA-D
*  ESA probe Huygens used AQ60 as the forebody TPS

e ¥ _ - Analysis and Processes are mature, lean on

: "‘w“‘* : i . MSL/M2020/Orion experience

o : : 1.44” Tiled PICA-D & RTV Gap Filler

Wake-up avionics, begin telemetry transmission, E-25 min

Dragonfly carries instru e dr|II extract and analyze 0 ven bt retion sy, 20 min

' Turn to entry, switch to tone transmission, E-15 min
. samples (at varlous Iocatlons) at Titan ®

("’ Cruise stage separation, E-10 min
i : ' , * Entry interface, h = 1270 km, V= 7.3 km/s, y=-49.7°, E-0 min
Mission features tradltlonal Atmospheric Entry and Descent €\ Posk decelerstion, =209 ku; V= 4.4 ki, dooel = 112 g, 4 min

* 250 second Heat Pulse peaking at 250 W/cm? @ Drogue parachute deployment, h = 134 km, M= 1.5, E+6min
. Capsule spends.a long time (80+ min) under the drogue ), Descent under drogue parachute

° Hentage TPS mate rials-suitable Main parachute deployed by drogue parachute, 4 = 4 km, E+88 min
Heatshield separation

All three TPS materials are likely to be available for the next 1 &, H s deploymen
decade and more (Mars Sample Return, Dragonfly)’ ' M-

Radar and lidar active

1 Lander release, h=1.2 km E+105 min
Powered flight
> 2 = 5 Landing, A= 0 km

1
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Aerocapture for Ocean World and Outer Planet Missionis

. Proposed White Paber on Aerocapture

A Neptune Orbiter Concept using Drag
Modulated Aerocapture (DMA) and the

Aerocapture for Solar Systern Exploratlon . T ,
Y t deli load f bi t = ; S Adaptable, Deployable Entry and Placement
G erocap ure aelivers more pay oad mass O orol . . : Technology (ADEPT)

. - Aerocapture decreases the trip time from launch (at.Earth) to orbit (at destination)

- Missions to ice giants benefit the most from using Aerocapture »
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Aerocapture Systems Analysis for a Titan Mission




 Takeaways for Ocean Worlds Exploration
~» . Entry Archite'cture and 'fhermal P‘rot'ectijon Syst_er_n i_sd key engineering co'mpon‘ent'of any science mission

. .Entry Technologies (e.g. aerocapture) are being proposed/developed that enable flagship miSsions to Ocean Worl'ds
LI Thermal Protection System Materials (e.g. PICA D, HEEET) are belng deveIoped to enable future missions W|th a strong empha5|s on '
sustalnablllty (of knowledge ma}erlals testlng faC|I|t|es) :

* Plans underway to author several white papers in support of the Decadal Survey _
. Aerocapture for soIar system exploratlon -
. TPS Materials for Titan and \ETS |\/|ISSIOnS _
« TPS Materlals for Outer Planets Missions - e .

We seek your input into these white papers, and your support for advocacy !

Please contact \ _ : or-hete *ov with comments/suggestions or opportunities of collaboration


mailto:suman.muppidi@nasa.gov
mailto:helen.hwang@nasa.gov




Enabler Heatshleld for Extreme Entry Enwronment(HEEET)

Development )i HEEE“I' to TRL 6 is complete Ready for I\/I|55|on InfUS|on

: Lori Glaze, Eugene Tu, Jim Reuter at the
’ e _HEEET Project Closeout (May 17, 2019) d

But don’t just take our word for it:
' “The Independent Review Board CORCuUTrs T...] that the overall objective of achlev1ng TRL 6 has been completed



- éné_bler‘: PICA-D (Domestic Rayon) as a Replacement for Heritage PICA

. .—l_-.. o

Near net shape Single piece PICA
preform heatshield (< 1.25m max
diameter)

: .
q Rayon or Lyocell Conversion
to carbon

t

Sustainability -
concern _ = / FiberForm® billet Tiled PICA heat shield (>
: preform 1.25m max diameter)

Exutmg future NASA missions need PICA (MSR SRL, I\/ISR EEV and Dragonfly) and NASA TPS sustalnablllty effort will have a
dlrect benefit for these missions - '

PICA has become a workhorse TPS for NASA and sustalnment is essentlal ;
. With support from NASA SMD- PSD, NASA ARC/ FMI are working together addressmg materlal sustalnablllty

» ’ e
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~° .. Enabler: Drag Modulated Aerocapture for Ice-Giants -
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