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DrEAM Instrumentation Suite

Dragonfly Sensors for Thermal Reconstruction (DragSTR) ‘

- (NASA) In-depth thermocouples to back out the
aerothermal environment and understand the
Thermal Protection System (TPS) material response

Dragonfly Atmospheric Flight Transducers (DrAFT)

- (NASA) Hypersonic pressure transducers on the
forebody for atmospheric and aerodynamic
reconstruction

Forebody

COmbined Sensor System for Titan Atmosphere (COSSTA)

- (DLR) Radiometers, total heat flux sensors, and
pressure transducers on the backshell to quantify
radiative heating from CN and vehicle dynamics

Data Acquisition System (DAS)

- (DLR) Two boxes (1) Digital Processing Unit and (2)
Multiplexing Signal Conditioner which collect DrEAM
instrumentation data for transmission back to Earth

@ DrAFT (P) @ DragSTR (T)

@ COSSTA Heat Flux and Pressure (C)

© COSSTA Radiometer (R)
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DrEAM Sensor Layout

NASA and ESA entered Titan once before as part of the Cassini/Huygens mission.
The uncertainty in radiative heating and CH, abundance was a significant entry risk.
DrEAM will represent the first Titan EDL data to be measured.

Forebody - PICA Backshell — SLA561V

©DrAFT (P) @ DragSTR(T) @ COSSTA Radiometer (R)
® COSSTA Heat Flux and Pressure (C)
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DrEAM Thermocouple Depths

Sensor T2-3
1750

* All Thermocouples (TCs) are Type K to ZH Assessing TC depth
minimize need for Cold Junction L — o
Compensation (CJC) channels s [T
2 Qe
* We have finalized and documented the
DragSTR heatshield thermocouple depths
- Both margined and best estimated ,,
environments were used in the analysis k== = sTime[s]zoo
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DragSTR Flight Hardware Selectior

Compare as installed TC depths to planned

Review X-Ray for TC bead and wire installation

Check for significant discoloration/ freckles or
cavities in the TC plug PICA-D

Calculate and select uniform PICA-D densities
Flight TC1 Science TC

Flight TC2
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COSSTA Do No Harm Testing (r. milter IF

/Step 1.

Receive 5
COSSTA
sensors
from DLR
and perform
functional

hecks
\c

)

-~

5 COSSTA
sensors to
LM for
installation in
12"x12” SLA

test panels

Step 2. Ship

~

~~

-

Step 4.
Machine
test panels
and
assemble
6” dia. flat
face arc jet

Pre-Test

-

Post-Test
Step 6. -
Perform

post-test r 4

inspections |
and ;
functional '\
checks

? models

o

-

Step 3. Receive 7 test panels (5 with COSSTA sensors, 2 blank) from LM and perform DNH environmental testing

Step 5. Perform arc jet testing\

Shock Testing

Test Article

——

Vibration Testing

Y\ 208
Test Articles in

TVAC Chamber [\
e =\

Arc Jet Testing

Flow
Direction
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COSSTA Flight Hardware

Aerothermal sensor C3

- Total heat flux sensor Broadband Radiometer

- Total radiative heat
flux sensor

- Pressure sensor

- Narrow-band
radiometers (2x)

4

COSSTA pressure sensor calibration
completed.

® DragSTR (T) * COSSTA heat flux calibration at DLR

Aerothermal sensor C2

- Pressure sensor
_ L?::rOWband . g@stTT(/E) and final assembly January
_ Aerothermal (C) & . .
radiometers (2X) Broadband DLR dellvered fllght
Radiometer (R) COSSTA sensors to NASA

C1 delivered. Not Ames in March
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COSSTA Flight Sensors Delivered

* The four flight COSSTA sensors delivered to Ames in March.

* The sensors underwent a successful receiving inspection at Ames and followed by angular
characterization (view angle dependence of the sensing element), as well as the absolute calibration

for the radiant intensity using the quartz lamp bank and laser-driven light source.

Angular characterization of the COSSTA
sensors using the Laser Driven Light Source.

OFEAM
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DrAFT Do No Harm Testing

* Re-purposed leftover MEDLI2 MEADS stagnation coupons Surface temperature around

- Test coupons were built by LMS containing flight-like internal
hardware (3.5” dia. flat-face PICA-D geometry)

- Total of five Type K TCs

* 4 test models with pressure port hole

- PICA component of original test coupon was removed with
CNC machining operation and replaced with PICA-D

* 2 "blank models” with no pressure

- Serve as a control for comparison of PICA response and TC

temperatures
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4442

we Sl Test successful — post test hole size within requirements

2500 °C in both cases

Video
port hole IR Camera
Pressure
port test
coupon

(Qpw = 300 W/cm2, py., ~ 31 kPa, 49 sec exposure)




DrAFT Testing and Flight Lot

The Dragonfly Atmospheric Flight Transducers (DrAFT) * DrAFT thermal vacuum testing completed
were tested for conducted emissions at NASA - Pressure sensors were tested both warmer

Langley’s EMC Test Facility Dec. 16 — 17, 2024. and colder than for previous missions (MEDLI,

MEDLI2) to meet Dragonfly temperature limits.
SN:211 Temp:-55 Test:d1le

- All 6 sensors passed, with no exceedances above

Dragonfly defined limits. 12, SN:196 Temp:25 Test:d1a 12
10} - ° 10}
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sure [kPa] Pressure [kPa]

First time automating entry
pressure profile simulation
with flight sensors

Flight and spare DrAFT sensors

Setting up for TVAC test P}
P along with TC read outs i
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Before We Talk About 2026...where dic

* We started talking about a New Frontiers proposal to Titan with APL in 2016.

* ESI discussions started at this time. It went through a few name iterations based on MEDLI:

D E D L I , T E D I_ I ESI Goals ESI Priority Measurement details Instrument/Sensor Heritage

(based on call)

¢ Th iS ta b I e WaS i n Cl U d ed i n th e ea rly Aerothermal Environment and TPS (forebody)
SU b m iSSion S (nOW aI mOSt 1 O yea rS Old ) Aerothermal Environment High Near-surface thermocouples as a function TISP PICA plugs MSL

of time at 5 locations

In-depth thermocouples as a function of

TPS Response High . R
time at 5 locations

TISP PICA plugs MSL

* There have been variations over time,
but compared to where we started, we
are now on the verge of delivering flight

Aerothermal Environment and TPS (afterbody)

B ) Total heat flux sensors as a function of . .
Aerothermal Environment High . X COMARS heat flux senors Schiaparelli
time at 3 locations.

Near-surface thermocouple as a function

Aerothermal Environment High K . TISP SLA plug MSL
of time at 1 location
hardware for nearly all the elements we e s sireion s o
. . erothermal Environmen ig time at 1 location plug
Orl g | nal |y pla n n ed . Radiati L Broadband radiometer heat flux as a COMARS broadband radiative heat Schi i
adiation ow function of time. flux sensor chiapareti
- DOWﬂ One tOtal h eat ﬂ UX a nd p reSSU re Atmosphere, Aerodynamics, and Flight Dynamics
. IMU, utilizing 3 axes )
Iocat|on on the baCkShe” Atmospheric Density, Vedi Measuring pressure at 4 points on the accelerometer, Pressure MIAI\C/léNJu_:;AS:A'\;LéL
Dynamic Pressure edium forebody and 3 on the afterbody Transducers forebody (TEADS) and COMARé' Schia;)arellg
1 H fterbody (COMARS ’
- Up increased pressure range with FMI afterbody (COMARS)
Vehicle Attitude, Measuring surface pressure, density and IMU: Juno, GRAIL,

. . Medium . . IMU, pressure transducers (TEADS)
@Q % 2 M Aerodynamic Coefficients wind speeds at 4 forebody locations MAVEN. TEADS: MSL.
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2026: FROM DESIGN TO DELIVERY

Flight Hardware Delivery Year — Integration at Lockheed Begins

Hardware Acceptance Reviews (HAR) for DragSTR, DrAFT and COSSTA
completed. DAS HAR to be held in the next months

Delivery of flight sensors to Lockheed Martin early July

Mid July, accept DLR DAS and then deliver to Lockheed at the end of
September.

Support sensor and DAS integration into the aeroshell.

Get ready for LAUNCH!!

OrEA M
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Level 1 Science Requirements science Return

Aeroheating
Environment

Forebody & aftbody aeroheating
prediction

Flow Transition

Boundary-layer transition across
the heat shield

Thermal Soak

Evaluates thermal soak effects on
TPS from entry to heat shield
jettison

TPS Surface Coatings

Assesses NuSil coating influence
on material response

Methane
Concentration

Estimate methane concentration
during Titan entry

Heat Flux
Measurement

Measure aftbody heat flux during
entry.

Flow Separation

Identify flow separation on aftbody

OFEAM
O DRAGONFLY ENTRY AEROSCIENCES MEASUREMENTS

OC® 00000

Pl Assessment L1

Has been demonstrated

Unique application /
established sensors

Analysis development required./

established sensors

Atmospheric Density

Estimate atmospheric density

Coefficients

Aerodynamic Force

Calculate aerodynamic force
coefficients

Angle of Attack

Determine angle of attack

Angle of Sideslip

Determine sideslip angle

Do No Harm to

Do no harm to Dragonfly mission

Dragonfly and minimal impact to ConOps
DrEA!VI _I?ata Acquire data from all sensors.
Acquisition

Dynamic Stability
Wake Pressure
Coupling

Correlate aeroshell dynamics with
wake pressure oscillations

© 000000 | =2




How to Infer Methane Abundance...j

occultation T78I, multi-band fits

800
1.24-2.01 um range

Radiative heating is sensitive to the amount of CH,

1.24-2.9 pm range

600

We need the atmospheric composition to reconstruct DrEAM data

400

altitude (km)

DrEAM measurement range is for altitudes ~500 to 180 km

* The CH, uncertainty bound for upper altitudes is ~0.9 to 2.2%. R .
« DrEAM will make narrowband radiative heating measurements of e e
CN Violet & CN Red at three backshell locations. CataaiNINS Solar coutatona: G GO and swidence
for C2H6 absorption” Icarus 248 (2015)
“ | ®cossTA2 AcossTA3 .
. P H . o 35
Can we determine a non-dimensional 2 R ‘ Challenge: To evaluate
ratio from COSSTA data that % - * N quantity independent of
. - L 2 . . .
correlates with CH, abundance? > 20 RO PO calibration or model choice
A . .
§15 G G after 7 years of cruise to Titan
510 A & mitigate deposition on the
©s sensor filters during entry.

o

1 1.2 1.4 1.6 1.8 2 2.2

~cEAM |
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Science Objectives: Understand Vehicle Orientation

 Super/Transonic instability of entry capsules is driven, in 250 +/- 10 Pa needed
part, by hysteresis between the fore- & aftbody pressure for dynamics

distribution. v ¥ v % v
200 1

v

* DrEAM pressure data will be used to inform new models for
vehicle dynamic stability.

0 P

>---@—
‘

A | o
A

D=

* Aftbody pressure sensor must be sufficiently accurate
to resolve fluctuations due to angle of attack
oscillations.

A

p, Pa

100

Challenge: To correlate dynamic Pressure oscillation magnitude due to

Stability using relatively low resolution vehicle dynamics beyond Kaulite limits
sampled and noisy wake pressures at ol e P

one backshell point against the s
dynamics of the aeroshell evaluated Kulite estimated accuracy (£54 Pa)

from the DrAFT pressure transducers (L AT citmated nocnrnpy BT | | |
and the IMU accelerometers. " ’ Y ngleot Attark Oscillation. © » ¥

Representative oscillatory backshell pressures
for COSSTA 2 at drogue deploy from CFD
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’ Wake up; E-250 min ﬁ?(_

}r’“m‘“gx;‘j::ﬁ;jjf;';‘;fjm'” DrEAM EDL Instrumentation for Dragonfly ===

/JMZT;:ZZ:2:::&050_?:;; e COSSTA sensors:

 Beyond EDL science, characterize
Q,__methane abundance in upper
~ atmosphere

Entry Interface (1270 km); E=0

\ 7
N\
S

Reconfigure EDL
thermal loop;
2.5 km; E+106 min Lander Pose

2.3 km; E+108 min

90 min Descent
under drogue

Despin
2.3 km; E+109 min

_—

142 km;

Transition to Powered Flight
Release + 1's

FMI sensors: LS f%!,

« Capture pressure data from entry interface through e TS 1.200; Evt1a mins 20 mis
drogue deployment _ -

« Coupling of wake flow and dynamic (in)stability . 28

Kulite sensors:

* Pressure data rogue

R ey Dragonfly is a DrEAM drop test for dynamic
stability of passive entry vehicles — currently a key
risk mitigation area for Dragonfly and MSR-EES




Science Objectives: COSSTA

* Infer the abundance of methane in Titan’s upper atmosphere by analyzing measurements made of CN Red and
CN violet by narrowband radiometers in different flow regimes on the aftbody. (narrowband radiometers)

* Determine if/when flow attachment occurs on the backshell by examining any discontinuities in aftbody surface
pressure measurements. (multiple COSSTA pressure transducers)

occultation T78l, multi-band fits

800
1.24-2.01 um range '

1.54-2.90 um range
1.24-2.9 um range

600

4 )
Provide critical data for DrEAM

reconstruction: Freestream CH,
\and backshell flowfield topology y

Maltagliati et al “Titan’s atmosphere as observed
by Cassini/VIMS solar occultations: CH4, CO and
evidence for C,Hg absorption” Icarus 248 (2015)

400

altitude (km)

200

k ' ] 1
5 GCMS
0.0 0.5 1.0 1:5 2.0 25
Methane mixing ratio (percentage)
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DrEAM Radiometer Environments

Sensor Locations Window and Filter Transmissivities

1

3 1 T T T

L—

—— Window Trans.
——LP Filter
—— HP Filter

C3(z ?44 m)
0.8 r
| C2 (z =2.0767 m)
0.6 -
C1 (z = 1.3648 m)
15F 04
g Total heat 0.2
N qlL Nar.rowband_ flux sensor Pressure
radiometer filters port
15 T
051 —»— Convective
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g
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Simulated radiative heating at
£
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sensor surface location

0 L L L L L L L
200 400 600 800 1000 1200 1400 1600 1800 2000
Wavelength, nm 12

o
% —-

Unmargined Radiative Flux (W/cmz)
(=]
=)}

1=€=Total Angle 40 deg, Window Trans.
=& Total Angle 40 deg, Window Trans. and LP Filter
| |~ Total Angle 40 deg, Window Trans. and HP Filter

04
0.2
0 1 1 1
180 200 220 240 260 280
time (s)

Simulated irradiance at
sensing element 20



DragSTR Science Objectives:

Improving Aerothermal Models

* Infer the forebody aerothermal environment
across the acreage of the heatshield
through inverse analysis.

(near surface TCs for heat pulse)

* Assess the heatshield material response
performance in a non-oxidizing
environment. (near & in-depth TCs for
heat pulse)

* Assess flight impact of NuSil. (near surface
TC2 & TC3)

Improve Titan aerothermal and non-
oxidizing material response models

OFEAM
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DrEAM Thermocouple Depths

Temperature [°C]

Sensor T2-3
— x=0.075 in  T1, T2, T3 are our aerothermal environment
x=0.100 in .
1500 H —— x=0.150in ) reconstruction TCs
Ll—=——=-x=0.200in
1250 -~ 12607 * T4, T5 are focused on transition to turbulence, and we
- o have accepted the risk that the nearest to surface TC
— % might over-temp
750
500 Forebody TC Plug # Depth (inches)
250 T1 0.15 0.24
. T2 0.15 0.24
0 50 100 150T. ; ]200 250 300 350 T3 0.15 0.24
T4 0.075 0.24
Based on the plot above 0.15" may over-
temp, but a TC deeper than 0.2” will survive 13 0.075 0.15
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DrEAM Thermocouple Depths

Sensor T4 Rates

* T1, T2, T3 are our aerothermal environment
reconstruction TCs

* T4, T5 are focused on transition to turbulence, and we

3 have accepted the risk that the nearest to surface TC
S might over-temp
= _10 x =0.075 in
x =0.100 in
-20 x =0.150 in Forebody TC Plug # Depth (inches)
0 e T1 0.15 0.24
0 200 250 300 12 0.15 0.24
Time
. T3 0.15 0.24
T4 & TS5 TCs have a near surface T4 0.075 0.24
depth of 0.075” to better capture a
transition to turbulence 15 0.075 0.15
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Run 2: High Condition Surface Response
(grw = 300 Wicm?, pg.., = 31 kPa, 49 sec exposure)
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Science Objectives: COSSTA / DragS -

* Infer the aftbody aerothermal environment through the data fusion of three different measurement

types: 1) near-surface and in-depth TPS temperature, 2) total heat flux and 3) radiative heat flux.
(radiometers, total heat flux)

* Quantitatively assess the contribution of CN Violet and CN Red bands to the aftbody radiative heating.
(narrowband radiometers)

—1Inverse HF from TCs O COMARS2 HFS
X Axi LAURA/HARA A AoA DPLR/NEQAIR

Improve Titan entry backshell E ,

2 1.5

=

(T |

e

©

T 05

= &

|2 0

50 70 90 110 130 150
Time, s
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