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LDSD Project Overview (1/2)

Charged by NASA's Office of the Chief
Technologist to advance the state of
the art for Mars EDL

3 new EDL technologies under
development o
33.5-meter Supersonic Ring Sail Parachute
33.5 m diameter Ring Sail Parachute
Robotic Class SIAD (6 m torus)
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Exploration Class SIAD (8 m isotensoid) |

Supersonic Flight Dynamics Test
(SFDT) Vehicle will provide the
experimental platform for testing these

new technolog|es Supersonic Inflatable Aerodynamic
Stratospheric tests using helium Decelerator (SIAD)

carrier balloons are planned for the
summers of 2014 and 2015 at the
PMRF on Kauai, Hawaii
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6-meter SIAD-R 8-meter SIAD-E
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LDSD Project Overview (2/2)

Proposed Flight Profile for High Altitude LDSD Tests using the SFDT Vehicle
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SFDT Vehicle Bounding Mission Timelines

WCH Mission Timeline (8AM Launch)

Elapsed

Definitions for Bounding Thermal Analysis Mission -

Sec

Phase

Worst Case Cold (WCC): Worst Case Hot (WCH): Pre-Lift Checkout, Power ON 2:15:00
- longest ascent: 3.75 hr — shortest ascent: 2.75 hr Pre-Lift Checkout, Power OFF 5:00:00 2700
— shortest float: 2.25 hr — longest float: 3.25 hr T T 5.01:00 2760
~ 6:30 AMtaunch — 8:00 AMlaunch » GI‘OUIIId Post-Lift Checkout Power ON 6:00:00 6300
- cold boundary conditions — hot boundary conditions Operations Post-Lift Checkout Power OFF 6:30:00 8100
— Sky Temperature — Sky Temperature Balloon Inflation 6:31:00 8160
— Ground Temperature — Ground Temperature = ot e () 7:30:00 11700
— Ambient Air Temperature — Ambient Air Temperature [ — — 8:00:00 13500
— Internal/External Convection — Internal/External Convection Float Start 10:45:00 23400
~ Solar/albedo — Solar/abedo Pre-Release Power ON 1 10:46:00 23460
— CBE power — PBE power Power Down and Hold 1 11:31:00 26160
- CBE mass - CBE mass Float  Pre-Release Power ON 2 12:01:00 27960
Power Down and Hold 2 12:46:00 30660
Pre-Release Power ON 3 13:16:00 32460
Release 14:01:00 35160
Powered Spin Up Motor Burn 14:01:00 35160
Flight Main Motor Burn 14:01:01 35162
Spin Down Motor Burn 14:02:13 35233
SIAD Deployment 14:02:52 35272
Test PDD Deployment 14:04:29 35369
SSRS Deployment 14:04:43 35383
Recovery Splashdown 14:51:35 38195
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SFDT Thermal Environments (1/3)

I Environment Energy Exchange |

] Vehicle External Energy Inputs

Ascent/Float Configuration Powered Flight/Test Configuration
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Altitude and Direct Solar Flux vs. Time

SFDT Thermal Environments (2/3)
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SFDT Thermal Environments (3/3)

| Vehicle External Energy Inputs |

During Powered Flight & Test Phases

Heat Flux (W/m?2) or Heat Load (W)

7

—Top Deck Heat Flux (W/m~2)
—Nozzle Heat Input (W)

-Motor Heat Input (W)
—Aerothermal Heat Flux (W/m#2)
—SIAD Heat Input (W)

0 100 200 300 400 500

Elapsed Time Post Balloon Separation, sec
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SFDT Thermal Analysis

View from Sun

Longitude, Latitude, and Altitude
Trajectory Positions

Thermal Desktop® Model of SFDT Vehicle
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Thermal Analysis of the Electronics Pallet (1/4)

Telemetry Video

| Electronics Pallet | Xmitter \ / Xmitter
i |

Avionics Pallet Orientation in
Ascent, Float, and Powered Flight

\ Buoyancy driven flow from pallet
Pallet overhangs

‘-\ composite structure to
1 provide maximum
surface area exposure
for heat rejection

I\:. Data GLNMAC

Encoder

Insulation Blanket

Batteries
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Thermal Analysis of the Electronics Pallet (2/4)

Pallet Components Temperature Requirements

Pallet Power Dissipation W

300

250

]
o
[=]

150

100

50

2:00

3.00

Temperature Requirements, C
Electrical Pallet Power Dissipation Profiles SFDT Hardware Allowable Flight
Thermal Submodel Name Operational Nonoperational
min max min max
Hot Case: PBE Wallops On-Pallet Components
Cold Case: CBE m ATTSW -39 51 30 51
CBNDXPNDR 25 61 -47 75
COLDJNCTN _40 130 40 130
CONDCIRC 25 65 25 65
CONDCIRC 14 51 -44 75
CRD1 -39 65 47 75
CRD2 -39 65 -47 75
EPSU -25 65 -25 80
FIRINGA 25 65 25 65
r\ L FIRINGB -25 65 25 65
s FTSC 14 51 24 61
GPSRCVR 20 55 25 65
—Hot Case LEDEX -40 60 -40 60
PWRREG 20 65 25 80
Cold Case RMFT 14 51 44 75
SERSRVR1/SERSRVR2 25 60 -25 65
SERSW 25 55 25 65
TRIAX -40 90 -40 90
5:00 5:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 1500 16:00 TTCENCODR ~40 89 ~40 85
_ TTCRECORD 20 65 _40 65
Time of Day VIDCOMBNR 5 60 5 60
XMRTVID 40 85 40 85
XMTRTM -40 85 -40 85
AlAA-2013-3348 12
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Thermal Analysis of the Electronics Pallet (3/4)

WCH Results

Temperature, C

75 i
70 1

65 |

w £ F 19, wn
w o w o L

w
o

251

20

0

5000

10000 15000 20000 25000 30000 35000

Time, sec

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

w ‘apniiy

—a— Altitude
—ume ATTSW. 4

==+ CBNDXPNDR.6
s COLDINCTN.S
—— CONDCIRC.7

—— CRD1.2

— CRD2.6
EPSU.7

—— FIRINGA.
FIRINGB.
FTSC.2

—— GPSRCVR.3

LEDEX.5
—— PWRREG.
-wm RMFT.4

SERSRVR1.2
—— SERSRVR2.2

----- SERSW.1
-------- TRIAX.2

—— TTCENCODR.6
—— TTCRECORD.1
---- VIDCOMBNR.5

— XMTRTM.

— XMTRVID.3

4
4

7

1

AIAA-2013-3348

13



GAIAA

Thermal Analysis of the Electronics Pallet (4/4)

WCH Results During and After Powered Flight Phase

Temperature, C
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Contour Plot at Time of Peak
Temperature for the Data Encoder
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Thermal Analysis of the Core Structure Assembly (1/4)

Heat Shield

Cork TPS

Composite Facesheet
Rohacel®

Composite Facesheet

Top Deck
Alumina Mat
Composite Facesheet

Rohacell® Composite Facesheet
Composite Facesheet Rohacell®
Composite Facesheet

| Shoulder Fairing Assembly (SFA)

SIAD Keviar
— Cf)"k PS Composite Facesheet
Fiberglass Rohacelk®
Composite Facesheet
50 nodes 50 nodes
e ) Alumina Mat, Cork, or SIAD

Composite Facesheet Appropriate nodal fidelity is critical through
Rohacell® thickness of low thermal diffusivity material

Composite Facesheet
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Thermal Analysis of the Core Structure Assembly (2/4)

WCH Results

Temperature, C
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Thermal Analysis of the Core Structure Assembly (3/4)

WCH Results

Temperature, C
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Underneath Insulation

Top Deck Exterior Composite Facesheet
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Thermal Analysis of the Core Structure Assembly (4/4)

WCH Results
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Ti Bracket

Thin web section
(steel)
Motor Mount Ring %

(steel)

Adapter Ring
(aluminum)

High Temperature
Insulation —Hi €
exterior due to
glint restrictions.
Low ¢ interior to

\ minimize radiation
to pallet

IR emissivity, £

Conductors from Motor
Casing to Inner Mount Ring

Conductors from Adapter
i Ring to CSA Ribs
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Temperature, C
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Thermal Analysis of the Main Motor Mount (2/2)

WCH Results
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Conclusions

Thermal design of the primarily composite SFDT vehicle has
been extremely challenging due to multiple complex and highly
transient heat loads that must be passively mitigated.

A passive thermal design approach was analytically verified for
the Electronics Pallet Assembly, the Core Structure Assembly,
and the Main Motor Mount; all components are currently
predicted to meet their allowable flight temperature limits.

AIAA-2013-3348
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Thermal Analysis of the Electronics Pallet (WCC)

WCC\casel. sav
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