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EXPERT Aerothermodynamic Flight Instrumentation and
Integration
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F.Cipollini, F. Ratti, L. Walpot
J. Gavira, M. Caporicci

ESAESTEC

TEC-MPA/2772/IJM IPPWS5 Bordeaux 25-29 June 2007



N

-
S
N

= @SA ==usz=snnnm=a==zon EXPERT: EUROPEAN EXPERIMENTAL
REENTRY TESTBED

Dyg

Objectives of EXPERT

 Get flight data on critical ATD and TPS phenomena to improve
the tools for re-entry vehicle design.

 In flight research on:
-  Transition , catalysis
-  Real gas effects on SWBLI
- Shock layer chemistry
- Skin friction and base flows

 Focus on wind tunnel to flight extrapolation and scaling.

« Special attention to flight instrumentation development,
qualification and integration into TPS.

TEC-MPA/2772/IJM IPPWS5 Bordeaux 25-29 June 2007
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EXPERT configuration overview

| Ceramic Flaps
C-SiC Nose PM1000 metallic

gdge

-_—

Flat Panel

Bottom Panel

TEC-MPA/2772/JM
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Volan in Volna launcher
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Hypersonic Wind tunnel
coverage EXPERT
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EXPERT is a test-bed for
“In flight ATD research “

..........

R
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General Configuration

mass budget:

437 kg (5km/sec flight)

Nose
TPS

Lateral TPS
Bottom TPS

System equipment &

Adapter scientific P/Ls

Parachute
assembly

power budget:

currently about 750 Wh are

allocated to payload overall
(for 30 min. active mission)

TEC-MPA/2772/JM
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Scientific Payloads
Payload 1 - FADS Flush Air Data System

Payload 2 - PYREX Nose Heating Experiment

[~

Payload 3 - Catalicity Experiment

Payload 4 - Natural Transition Experiment T
Payload 5 - Roughness Induced Transition Experiment
Payload 6 - SWBLI onto EXPERT Open Flaps
Payload 7 - SWBLI ahead of EXPERT Open Flaps
Payload 8 - IR Thermography

Payload 11 - Junction Experiment

Payload 10 - Re-entry Spectrometry (RESPECT)

Payload 12 - Base Pressure and Heat Flux Sensors

Payload 13 - Skin Friction Sensors
Payload 15 - Sharp Hot Structures
Payload 16 - Actively Cooled Sample

YV V. V V VYV VYV V VYV V V V V VY

Payload 18 - Intermetallic Matrix Composite Tile

TEC-MPA/2772/JM IPPWS5 Bordeaux 25-29 June 2007



£ —
=
..-l“‘ f

=
i

/=

CSA ==n==rmnnm=a=zno EXPERT: EUROPEAN EXPERIMENTAL
REENTRY TESTBED

RAFLEX FADS

Two Thermocouples

One Pressure Sensor

EXPERT Nose
FADS

T iH ST FADS - 1.0301

Housing

TEC-MPA/2772/JM
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PYREX Nose heating Experiment

Scientific Goals:

Temperature and heat flux measurement
inside nose cone

System consists of:
© 6 PYREX Sensors (SH 1-6)

— Validation of numerical models / © Mounting on cold structure
codes © Fiber Optics and holding Brackets
© Sensor Unit (SU)
© Interface to OBDH
PYREX:

Measurement in six locations

Prelim Positions of PYREX

TEC-MPA/2772/JM IPPWS5 Bordeaux 25-29 June 2007
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lens

saphire window: thickness 3 mm, diameter 14 mm
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RESPECT
Emission

= - 1,E+03
; —simulation Shuttle at 77km altitude N
L - PWK2: Cu water-cooled N 0 N
3 expenmental condltlons | ofl T+ 1,E+02=
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i ! total pressure 8 hPa i
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insulation

(not shown)

TEC-MPA/2772/JM
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Nose cone interface

C/C SiC
hat profile

colander

(interface to
PM1000 TPS)

flexible thin
metallic
brackets

IPPWS5 Bordeaux 25-29 June 2007
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CFD compared to OEX flight data
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for M=18 STS-5 @ Centerline

0.8

0.6

STS-5 Flight Data (C742)
STS-5 Flight Data (RCG)
DPLR (RCG)

BLIMPK (RCG w/C742)

uuuuu

Referenci

Ratio.based

Heating Rate Ratio

0.2

0.4

0.6
Orbiter x/L

a) Heating rate ratio for Orbiter centerline

TEC-MPA/2772/JM
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Shock Interaction Region

0.50 v o
\ A STS-5 Flight Data (C742)
\ ™ STS-5 Flight Data (RCG)
. DPLR (RCQG)
0.40 LS S [T BLIMPK (RCG w/C742) |
NOTE: Heating Riate Ratio based on
Reference Heatirig Rate
A
2 RN
5 s 8
c 0.30 N o7
2 \ Rt i f 3
© ~ ] r
o 4= i3 K .
1 " n
[=2 “~, ! ) [T "
= 0.20 Sl 1§‘ £
= 0. ] « >
S \ e ; ' . §
g g WU S
1 T 1|
0.10
0.00 L
0.00 0.05 0.10
Orbiter x/L

b) Magnification

0.20
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T, K]

2000 -

1500

1000

\ — PC, M 13.9, Alt 34.6 km

EXPERT: EUROPEAN EXPERIMENTAL
REENTRY TESTBED

Temperature jump at nose
C-SiC/PM1000 junction

EXPERT 4.4.b
V_=5 km/s, 6_=-7.4°, 340 kg

— =— — NC,M 13.9, Alt 34.6 km

\ —_———— FC, M 13.9, Alt 34.6 km
\ ——————— PC,M 16, Alt 60.6 km
N\ —_——— FC, M 16, Alt 60.6 km

IPPWS5 Bordeaux 25-29 June 2007
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Temperature jump at nose
C-SiC/PM1000 junction with effect of heatsink

Q _
Tw rad-eq =12000

1E+06 ——— Tw heatsink 7
-1 1500
| ¢D|
c | =
|
{ =
500000 14000
-1 500

||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII |||I|||_

0O 02 04 06 08 1 12 14 16 18 2 22
Z
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j’? Standard Stem

OC?O]
Q
‘o

Two Material<

Sample
C/SiC o
PM1000 L]
1450 \I
3 S TN
Spotweldi P TS
potwelding w\{\%\
qualification TR
Plasmatron ]

test time [s]
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Catalysis with PHLUX and imbedded
Thermocouples
: EXPERT
0N
i PHLUX
i [ ® : / (Position of
PL #16)

923,8

View from H1-2
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e~ Roughness
Sketch of Mechanical Interface Roug h ness
induced
I transition
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Roughness induced Transition VKI-H3

1000- T T T T T T

L L) ’ LI £]
X _ <[a st -
B, Reda's Fit olm S2 o
\ a=574 Olm Knur 4
! n=-1.3 [A k=0.1mm |
oA k=02mm
LA k=0.31mm 1
o oo k=4mm
BT 2lo k=0.72mm 1
R — g — 2 @ k=098mm
Corr =@ sl
g 6T Ballistics |
L range data
E.
o
® 100p PANT Correlation ]
g a=215 d
n=-0.7 -
@ Turbulent ~ Re=25X1 07/m
Transitional } -
© Laminar
. k=0.200mm
~
10 1 i [ SR T R I | :\1111\‘
1 10 100
kI
0T
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Roughness Induced Transition

Tests in VKI-Longshot

y N
| .
. !l - I ‘ |
l.. 1 j ' g |
AN W ) e |
Ty g R~ Al
¥, | s
Y ol | -
f L) } %% : \
I\ P 2
: P
[ v,
¥ - 1
¥
i
ie

Black paint

 FLIR SC3000 Thermocam for one corner, thin film sensors
» High speed Schlieren movies to verify boundary layer condition

TEC-MPA/2772/JM IPPWS5 Bordeaux 25-29 June 2007
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Roughness Induced Transition

40
EXPERT 4.4.b with Roughness Elements VKI q, [W/m?]
) ) 471917 60
M=8.0, Laminar computation 440805 a0
] 409693 —
Boundary conditions: Radiative equilibrium z 378581 » 100 O
Nose:NC 347469 g
PM1000: FC 316357 = 420
X 285245 |
254133 140
Y 223021
191909 160

60797
29685 -
98573 50 100

150 200 250 300

67460.9 X [pixel]
36348.9
5236.9

y [pixel]

50 100 150 200 250 300
X [pixel]
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y [m] _ T,KI q,[W/m’]

0.6 EXPERT 4.4.b leading edge ] /

055 M=8.0 — yLew2 -_yo — 300000
- —— T, Lev2 .
05F GLevs - ]
- — — — - T, Levt —{ 1500 |

0'45; — — — - QlLevi | — 250000
0.4 i |
= <= —{ 1400 |
0.35F S — |

- 1™ ————{ 200000
0.3 - _
- ~ — 1300 |
0.25F S i .

- 1T —— 150000
0.2 u —1 1200 n
0.15H Laminarj TurbulentBL -

0.1 ~ 1100 ~{ 100000
0.05 : -
| | | | L ' | l_

1

% 0.5 1 000 15
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Unsteady 2-D heat transfer simulations: Oscillating

Wave
qtu rb q lam g rad

¥ 0

TC4 TC3 TC2 TC1
L

=
=4

oljeqipe
adibatic wall
4+—>
~

X

A

v

— >

d

v

&
¥

Trmi00(t=0) = 800 K t=25mm  X(TC1) =50 mm
Tir = 300 K L=10cm  X(TC2)=40 mm
Qiam = 100,000 W/m2 | =4 cm x(TC3) = 30 mm
iy = 300,000 W/m2 8 =1 cm X(TC4) =20 mm
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Unsteady 2-D heat transfer simulations: Oscillating Wave

qlam C]rad qturb

=
=4

oljeqipe
adibatic wall
4+—>
~

X

TC4 TC3 TC2 TC1

A
v

A
v

Trmi00(t=0) = 800 K t=25mm  X(TC1) =50 mm
Tir = 300 K L=10cm  X(TC2)=40 mm
Qiam = 100,000 W/m2 | =4 cm x(TC3) = 30 mm
iy = 300,000 W/m2 8 =1 cm X(TC4) =20 mm
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h

Unsteady 2-D heat transfer simulations: Oscillating
Wave

T vs. t for =1 Hz

850
840 x=0.02
830 — X =().03
= x=0.04
<. 820
- x=0.05
810 —— AT turb
800 —— AT lam
790
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Temperature C/SiC provided by DLR
Flaps radiative equilibrium
- /
~/ | PC Yy = Yo = 7y iS Splined on PM1000
Lo\ T, = linear decreasing from 1450 K to 1350 K
\\\ v = exponential decreasing from 4.0% to 1.0%
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Shear-layer transition

V_=5.0 km/s, 6_=-7.4°, m=360 kg | Temperature C/SiC provided by DLR

M.=13.9, AoA=3°, Windwardflap f o, _, _ is splined on PM1000
' / // T, = linear decreasing from 1450 K to 1350 K

vy = exponential decreasing from 4.0% to 1.0%

Flaps radiative equilibrium

1000000
900000
800000
700000
600000
500000
400000
300000
200000
100000

A

Laminar Turbulent
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G

Flap
SWBLI

IR Camera
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Stiffening Flange

Stiffening

Flap
SWBLI

Hinge Support I/F

inge Support I/F
Flap Support I/F

TEC-MPA/2772/JM
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E-Box 2 BRX-Box 2
Flap Pressure
SWBLI Transducer Sealing and
Fixation for
Flexible Pressure Tubes

Pressure Tubes

Inconel . :
Pressure Tubes : = . = RUAG
‘ : IR-Camera

« Qualificationtest:

» Pressure sensor, Heat Flux sensor,
Pyrometer, PCBs and DC/DC Converters:

= Thermal, Vacuum, Electrical, Aero Thermal,Structural
» Aero Thermal tests at HEG DLR and SCIROCCO CIRA

TEC-MPA/2772/JM IPPWS Bordeaux 25-29 June 2007
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Summary

« EXPERT IS A FULLY FUNDED “in flight research project “
PROVIDING ATD AND TPS DATA TO REDUCE UNCERTAITIES IN
DESIGN PROCESS.

« UNCERTAITIES ASSOCIATED WITH VALIDATION OF PHYSICAL
MODELLING INCLUDING WINDTUNNEL TO FLIGHT
EXTRAPOLATION AND SCALING.

« UNCERTAITIES ASSOCIATED WITH FLIGHT INSTRUMENTATION
INTEGRATION.

« 5 KM/SEC SUBORBITAL FLIGHT SCHEDULED FOR AUTUMN 2009.

TEC-MPA/2772/IJM IPPWS5 Bordeaux 25-29 June 2007
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Future plans

« PROCEED WITH HYPERSONIC INFLIGHT RESEARCH ACTIVITIES
TO AUGMENT TECHNOLOGY BASE AND REDUCE UNCERTAITIES
IN DESIGN PROCESS ASSOCIATED WITH :

- CRITICAL ATD and TPS DATA BASE SUCH AS ABLATION
RADIATION COUPLING, TRANSITION, TURBULENCE, WAKE
CLOSURE...

- FLIGHT MEASUREMENT TECHNIQUES QUALIFICATION NOT
POSSIBLE IN GROUND BASED FACILITIES

-  NEW STRATEGIES SUCH AS AEROBRAKING OR AEROASSIST

- NEW CONCEPTS SUCH AS INFLATABLE SYSTEMS,
BALLUTES,

 How?

TEC-MPA/2772/IJM IPPWS5 Bordeaux 25-29 June 2007
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Re-entry inflight research
on ATD on ATD and TPS

using multiple capsules

TEC-MPA/2772/JM

IPPW5 Bordeaux 25-29 June 2007
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Ablation

USER's GUIDE °

A% Maximum payload area.
RIIN.

(for some launches) LV
accessories location

!
| /
" ‘* " P/L separatio...
. explosive charg
- P/L area
upper boundary
J 5 e
» {\/- . Boundary of possible
! » /
i
!
/
!

T

Stage 2
fuel tank bottom

P/L area
lower boundary

TEC-MPA/2772/JM

Qoxn MW/M?]
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In-flight research

Volna trajectory:
V,=6.86 km/s, §,=-7.0°

Conical shapes
nose radius 0.15 m
cone angle 10°
length 0.40 m

Co=045

Time [s]

150

IPPWS5 Bordeaux 25-29 June 2007
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Boosted Radiation Flight

3-rd stage

Basic characteristics

Mass of fuelled booster Pb -
963 kg;

Type of fuel — solid;
Number of motors — 1;
Motor thrust -3700 kgf;

RV Specific thrust impulse of
motor in vacuum — 275 s;
Time of operation — 60 s.

booster

TEC-MPA/2772/JM IPPWS5 Bordeaux 25-29 June 2007
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Flight phases

S
=
@

ied
v

3-rd stage
with Booster
booster separation

RV separation
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Booster separation
T=378s
H =382 km
L=1262 km
V = 5733 km

T1-111 stages
separation
T=250s
H=211km
L =576 km
V =5797 km

I-11 stages separation
T=99s
H =47 km
L=64km
V=2316 km

TEC-MPA/2772/JM

3-rd stage PS cutoff
T=391s
H =396 km
L=1329 km
V = 5697 km

1-st stage body
passive motion
L1 =592 km

39

EXPERT: EUROPEAN EXPERIMENTAL
REENTRY TESTBED

Radiation In-flight research

Booster spinning
T=380s
H =384 km
L=1272km
V= 5730 km

Booster motor ignition
T=1023s
H =303 km
L = 4585 km
V = 5854 km

Booster motor cutoff,
RV separation
T=1083s
H= 155 km
L = 5000 km
V= 10813 km

2-nd and 3-rd stage bodies
passive motion
Lit = 4863 km
Lt = 5522 km

IPPWS Bordeaux 25-29 June 2007
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Summary of entry flights with
usable aeroheating data

Flight Entry Date Geometry Destination I & ¥ Utility Recent
(km's) (des) (deg) Analvsis?

Biz-Toe Sep. 9, 19539 Truncated Sphere Earth 6.3 4 09 Low No
MA-2  Feb. 21, 196] Truncated Sphere Earth 55 13 hed. No
MA-3 Nov. 29,1981 Truncated Sphere Earth 74 -1 hied. Mo
MA-T  May 24, 1962 Truncated Sphere Earth 74 -1 hed. No
MA-Z et 2, 1962 Truncated Sphere Earth 74 -1 hled. Mo
Fue-1 Apr 14, 1964 Truncated Sphere Earth 11.5 -15 Low No
GT-2 Jan. 12 1965 Truncated Sphere Earth 74 18 -3 hled. Mo
GT-3  Mar 23 1965 Truncated Sphere Earth 74 10 -1 Med. Mo

IE—I[ May 22, 1965 Truncated Sphere Earth 113 0 -15 High Tes
GI-4 Jun 03, 1965 Truncated Sphere  Earth 74 12 -1 Med. No

AS-201  Feb. 26, 1966 Truncated Sphere Earth 77 20 -9 High Ne
AS-202 Aug 25,1966 Truncated Sphere Earth 8.3 18 -3.5 Hizh Tes
Apollo4 NWov. 92,1967 Truncated Sphere Earth 107 25 -7 High No
Apollod  Apr. 4, 1968 Truncated Sphere Earth o6 25 -6 High Mo
Feentiw F Apr 22 1568  Slender Cone Earth 0 =20 Hizh Mo
Vikimg I Tul 20,1976 70° Sphere Cone Mars 11 -17 hled. Ne
Vikmg Il Sep. 3, 1976 707 Sphere Cone Mars 11 -17 hled. Mo

Galileo  Dec. 7, 1995 457 Sphere Cone Tupiter i Low Tes

Pathfinder Tul 4, 1597 707 Sphere Cone Mars 0 -14 hled. Tez

MIEEA  Oct 221997 Flait-Based Sphere Earth 0 -2.5 Low IV

ARD  Qect 12,1998 Truncated Sphere Earth 21 -2.6 High Tes
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