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NASA-5-66-11003

ENTRY INTO EARTH ATMOSPHERE




=ntry Heating 101

- Radiation Equilibriun
- Surface Temperature

Rate to the Surface = H
+ Heat Conducted to the

- Tile Material with RCG Coati
0.85, Conductio out 1 Pe
- Catalytic Ef '
1 Metal Surfac
Transfer to th
 Tile RCG Cox

11/15/2011 NESC CCDEV Aerodynamic TIM



Apollo Heat Shield Design

WINDWARD TORUS

Relative wind —

5.08 cm
(2.01n)
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APOllo Boundary Layer Transition

-1 Apollo Experience
- Flight Data Agreed
- Operational Flights V
© Based on Ablator Recess:

- Maximum H e Iraje
to Turbulent
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dace Shuttle Thermal Protection

1 Efficient, Reusable
7 Laminar Boundary-L

1 Windward Surface She
Maintain Laminar Flow

. Trajectory Desi
Conditio :

- All Parties A

- Design Based

Heating Ra

Aerod:

nic ¢

11/15/2011 NESC CCDEV Aerodynamic TIM

system Design Goals



Design Philosophy

» Critical Design Revie

. Polar Orbit - Wes
1 Mission 3b, 25k 1bs Pe
- 104 Degree Inclination,

- Trajectory 14414.14C
1 Design for the . Orbit Mi
1 Fly STS-1 as C

1 Gradually Ir
Orbiter ; 1t

: . ; Qi
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Systems Approach to Entry Design
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Heat Rate and Heat Load
Comparison With Apollo

A APOLLO LUNAR RETURN _
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INTEGRATED HEAT LOAD
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Qrbiter Heating Design Approach

REPRESENTATIVE FLOW MODELS

WIND TUNNEL
CALIBRATION OF
HEATING MODELS

FUSELAGE LOWER CENTERLINE

CALIBRATION
FACTOR

DATA FAIRING
HEATING
RATE
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surrace

- “Design” BLT Approach
Roughness Elements from
Hemisphere/Cone Data
1 Assumed that Single Rot

Boundary Layer.
Resulted in Very Smooth
Requirements - Tile to Tile €

- Contrasted With
-+ Mach 8 Norn |
Apollo Trans:
Reynolds Num

k

= JSC Conducted
- Random Tile
o Resul In Relz
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15-1 Preflight Assessments

S —

7 Included Uncerta:
Dispersions,

- +3 Sigma Boundary-L:

- NASA “Lost Tile” Analys
- Ames Resea: g

1 Johnson
. Concluded

to Prevent
Tile.
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515-3 Surface Temperature Data

} TIME OF TRANSITION —§783

SURFACE
TEMPERATURE

0 200 400 600 800 1000 1200 1400 1600
ENTRY TIME (SEC)

Note: Heating Rate
is Proportional to
Temp. Raised to the
4th Power

o 200 400 600 800 1000 1200 1400 1600
ENTRY TIME (SEC)

(e) x = 0.9L.
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515-1 Compared to Design

STS-1 FLIGHT DATA
(RADIATION EQUILIBRIUM)

. ; PREDICTIONS CALIBRATED
+30 TRANSIT1ON 5 TO ORBITER FLOW FIELD
; Y SIMULATIONS AND FINITE
NOMINAL TRANSITION " SURFACE CATALYSIS

STATE-OF-THE-ART
PREFLIGHT ASSESSMENT

RANGE OF FINITE
SURFACE CATALYSIS
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=] Boundary Layer Transition

Edge of door -
' N\
Nose Gear Door Gouge

12in X1in X1 in

L]

Displaced Gap Filler

Protruding About 0.4 In

direction of impact From Ref. 17, by Dr. McGinley, et Al.
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-400

-200

11/15/2011
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Return

-1 & BLT Wedge Tool Comparison

- <+ Protruding gap filler

® Cavity
B Thermocouples and

transition times w75

|

500

X-236,in

1000
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{1155)

(1150/1185) —
NO DATA BEFORE 1050 SEC . (1200)
(XXXX) TRANSITION TIME SEC — =1 -
+ THERMOCOUPLE LOCATIONS A" < 1050 10 1150)

o,

“Nominal’”
transition
on wing

STS-1 Transition Map by Harthun,
Blumer, & Miller, N84-10150

Asymmetric
turbulence

Image
provided

by Tom
Horvath *Mobile Aerospace Reconnaissance system (MARS) ground
optical system operated by Celestial Computing
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I PS Tile Acreage Margin
Windward Surface Str '
Recorded for Each Flight

STS-73, Early BLT D
About 105F of Margin

STS-99, 28, 32, 48, 94, 102,
About 125F of Margin

STS-27, Severe [ oe During
707 Tile Damage S reater

About 130F

One Missing
Tin Coating
Aluminum W

OFT Flights
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L ES Viargin Comments

Considerable Margin I

System |
Operational Trajectories
Design

Design Used Conservative B
Models

Tile RCG Coatin
Design Assur

Convective (
Locations - N

Note: Protrud
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soundary-Layer Transition DTO

Motivated by the Two Pro
Designed to Obtain BLT De
Flown 5 Times With 3 L
(0.25 in), 8.9 mm (0.35 in),
Data Agreed Well With

Data Showed the Temperat
Conservative otill Under

| STS-131 Post Flight Imagery
3“ "WFO .>

Flow Directi oﬂ

8.9
Protub
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Protuberance Location

™MEOBS

RINSTIA7T-022-2():
VOBO=19101 1 oqn?

soundary Layer ransition Flight Experiment

CFD prediction

003

Turbulent Wedge

Turbulent flow from
unknown origin

Radiometrically Calibrated

Temperature Image
Frame averaging applied

Turbulent flow from
wing protuberance

STS-119
Mach ~ 8.5
Mar 28, 2009
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>pace Shuttle Program Issues
Viotivated Development of Analysis
sape b|||ty

1 STS-1 Hypersonic F ‘

1 LAURA CFD Code by L

- Orbiter On Orbit Plume

o Direct Simulat: nte Carlc
Flows - DAC C 7 LeBe

1 Launch Ve
+ Chimera
- OVERFLO

1 TPS Dam 1ge

o

"‘:
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essons Learned

[

Minimize Conservatist
Test and Analyze the

Take Advantage of Int
Appropriate

Design for La eak Hes

Geometry, Tra ace Ro
Use Reasona
Wind Tunnel

Tile Designs R
Installations
Develo ‘-\
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_EGACY

etV hich is Left to Future Generations”

Thirty Years of Experience wi hi

Hypersonic Data - National As
Orbiter Flight Test (OFT) Data
Boundary Layer Transition DTO
HYTHIRM
Orbiter Vehicle Surface Geometry Scans
Incredible Improveme lysis Capal:
Motivated by Space Shu |
10 Orders of Magr

Transonic Ascen

Computational Flu
LAURA, OVERFL

Direct Simulation Ma
DAC Code for Re

Personnel with 30+
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Sept 27, 2011 Aeronautics Research
Mission Directorate

HYTHIRVI SLIDES FOR FRED MARTIN
ANA2019 SPACE CONFERENCE - SHUTTLE
EGACY SESSION
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- - ’ -
Heating up Discovery’s heat shield
Discovery will plunge back through Earth’s atmosphere
with a built-in “speed bump” on one of its thermal
tiles. The quarter-inch protuberance will increase
temperatures to simulate conditions NASA's next-
generation Orion space capsules will encounter : A o
during atmospheric re-entries. A~ . \ . = - .

Success Criteria:
| | To obtain spatially
:,' o st : 0N : T‘esolved infrargd
increace oy heating TR imagery that will
P o awsuimed Wl N provide a
quantified surface
temperature map
of the Shuttle

during hypersonic
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merging Thermal Assessment Capability

Comparison to
Modeling Tools

Baldwin-Lomax {simulation)

D
A

Fully-turbulent from nosetip

2-D processed

data

Operations, .
Data Collection Ground to flid

: . extrapolation
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lution is a Necessity

Relative size STS-134 June 1, 2011, Mach 6.2
~ 4 in per pixel from 32 nm (NIR)

HTV-2

X-37

——
T
—

Carbon-Carbon
leading edge
panels

The Urbiter is a LARGE target!



