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Introduction

-www.qb50.eu-
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Introduction
-QB50-

Study of the lower thermosphere

C In-situ
3 month duration mission
*  Network of 40 double CubeSats
10 triple CubeSats for in-orbit demonstration
*  End-of-life analysis, debris
Formation flight
Micro-propulsion system

Payload Bay

Micro-g experiment

Data

] Acquisition Solar Sall

System

uonis Flight demonstrator: QARMAN

] AeroSDS

« TPS

Instrumentation
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1-2m +1w +10min

380 : 170 120 61 ~50 h [km
‘deployment : : 4pdragincrease @ max. heatflux

Iow power mode

Detumbllng 2 AEFOSDS -

. Phase 0 : Phase 1 : Phase 2 : Phase 3 :+ end of life

(battery charge, system check) (measurement start) (de-orbiting) (measurement & communication start)

Disintegration of the vehicle
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2d 1w 1-2m +1w +10min

120 61 ~50 h [km

380 O @mg inch '
:  4pdragincrease @ max. heatflux

?deployment : : @ low power mode

Commissioning Detumbling AeroSpDS

‘ Phase 1 ‘ Phase 2 : Phase 3  end of life

" (measurement start) ' (de-orbiting) * (measurement & communication start)

: Phase 0
(battery charge, system check)

Time:+1-60 days
Altitude: 320-120 km
Recharging batteries with
the solar panels

Time: +1-30 days
Time: +1-10 h Altitude: 320-160 km
; . Beginning of the de-orbitatin
Altitude: 320 km ginning & Time: +2 months
Launcher separation and CubeSats deployments Altitude: 120 km
Re-entry interface

Launch: ) ) )
Time: +10 min past re-entry interface
January 2016 Altitude: 64 km
Maximal peak heating

Time: +12 min past re-entry interface
Altitude: 50 km
Disintegration of the vehicle
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QARMAN Platform

-Preliminary design-

AeroSDS .
(stability system)

Payloads

Solar cells

Reinforce hinge
design

Avionics

Power system and TPS and '

batteries instrumentation I

! Collaboration within the QARMAN team ! @QF'Q.CBEE’?;ACE
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QARMAN Platform

-Preliminary design-

) Reference: QARMAN proposal for QB50 call

Heat Shield TPS
Front surface 360 20 0.63 25 /
Side-Panels 217 20 n/a 0
Functional Unit
Structure (2U) | 468 20 n/a Payload Bay
OBC 161 10 0.17 10
Data
EPS + Batteries 248 10 0.33 25 Acquisition
Solar Panels 336 5 n/a System
Communication 263 10 0.46 10 Avionics
Payloads
Acquisition PCB 240 20 0.25 25 . l
Sensors 469 20 0.25 25
AeroSDS 300 20 0.5 25 I
Total 3062 2.59 @ AIRBUS
g T
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QARMAN Platform

-Preliminary design-

Reference: QARMAN proposal for QB50 call

Heat Shield / TPS
Front surface 360 20 0.63 25
Side-Panels 217 20 n/a 0
Functional Unit
Payload Ba
Structure (2U) 468 20 n/a y y
OBC 161 10 0.17 10
Data
EPS + Batteries 248 10 0.33 25 Acquisition
Solar Panels 336 5 n/a System
Communication 263 10 0.46 10 Avionics
Payloads
3062 2.59 @ AIRBUS
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QARMAN Platform

-Payloads-

Reference: QARMAN proposal for QB50 call

TPS Ablation Recession 22 gecessmn 0,004
ensor
TPS Efficiency Tg.m perature 8xTC 0,031 1.67 14 3 16.8
istribution

TPS & 2 x Pressure
Environment Pressure Sensor 0.060 8.33 10 3 3.0
Stability Pressure 4 strnessgﬁ"e 0,060 840 10 2 302.4
Rarified Flow Low Pressure / | 1x Vacuum 0011 756 10 1 151.2
Conditions Vacuum Sensor ! 756 2 151.2
fheaf Force, 2520 2 907.2

aminar to
. Skin Friction | 2 Xﬁ rzsmn 0.120 10

urbulence upe 16.67 3 3.0
Transition
Off-Stagnation 16.8 2 211.68
Temperature Temperature 10x TC 0,021 14

Altion A 0
Aerothermodyna Speci 1x
mic Environment pecies Spectrometer
Total 0.391 6250 338
~
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Spectrometer Payload

-What is emission spectrometry?-

125

Energy Level Diagram
4 ' N
3 T a5 N2* First negative
5 + Emission — ! ‘
Fy a ] O
Absorption Z
n=1 o 0
| | °
A schematic /
representation of the ‘ } /“Lh‘ M L
orbital energy levels. P A . R S S N I .nllutAJ W
354 503.202 652 I404 Wavelength (hm) 801 606 950,808 1000
Each photonic emission has a specific energy i
(i.e. a specific wavelength) k.,
— WATeE
:&2?’“2(
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Spectrometer Payload

-What is emission spectrometry?-

Energy Level Diagram

4
3 T 9.96

Molecular systems and atomic lines give info on:
Rovibronic temperatures, species concentration,
n energy level population, equilibrium/non-equilibrium
energy level population...

N

N.* First negative

A schematic

representation of the ‘ j DM
orbital energy levels. _ Lo i LI

' ' | 0 0 '
652 404 . 801,606 950 808 110001

Each photonic emission has a specific energy
(i.e. a specific wavelength)
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Spectrometer Payload

-Flight heritage-
—l FIRE - Flight Investigation of the Reentry Environment

Heat shields e—SZsucd

\\_-:--T"' S — NP 2 s e
< ~ )
. - \*\\7.{/_«4; r i - ,.:‘i
— ~jRNEEs e
el ...“_;mn —
@ Calorimeters<=——" :

Cauchon, D. L., Radiative Heating Results from
the FIRE Il Flight Experiment at a Re-entry
Velocity of 11.4 Kilometers per Second, TM X-
1402, NASA, 1967.

e Data Period Altitude / km | Velocity / km/s
|  Fire | ‘ ,
"’"F»-l 1 80.01 < 70.00 11.63-11.53
' \t ‘@ ' ® .  Fire Il ‘ . |
1 R 1 83.75-69.80 | 11.37-11.30 '
Front Side Rear [ | | |
Cauchon, D. L., Radiative Heating Results from the , 2 , 54.34 - 53.23 | 10.61-10.51 . I
FIRE 1l Flight Experiment at a Re-entry Velocity of _ _
11.4 Kilometers per Second, TM X-1402, NASA, 1967. . S | 41.80-40.75 | 8.20 7'74@ AIRBUS
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Spectrometer Payload

-Flight heritage-

Bow Shock UV & UV Diagnostics Experiment

SPECTROMETER

ACS

NAVIGATOR
CONTROL
TELEMETRY
‘ A POWER
— — 0 — B AN RADAR TRAN!
/- BONDED SANDWICH N
e — gmpmc COMPOSITE
FIBER OPTICS

Erdman, et al, Measurement of Ultraviolet
Radiation from a 5-km/s Bow Shock,
Journal of Thermo-physics and Heat

Transfer, Vol. 8, No. 3, 1994

@ AIRBUS

DEFENCE & SPACE

- Sint-Genesius-Rode, March 12t 2014 -

N
C;/ &Mz
-

CENTRALE 4@

f
o ARMAN INSTITYTE
0 " YYMARS



Spectrometer Payload

-Flight heritage-

Mission Year Entry Altitude  Spectral Spectral
speed range range resolution
[km.s?] [km] [nm] [nm]
FIRE | 1964 11.5 70-89 300-600 4 Coupled ablation/
radiation
FIRE Il 1965 11.5 40-83 300-600 4 Coupled ablation/
radiation
BSUV | 1990 3.5 38-70 200-400 1 UV diagnostic
BSUV Il (UVDE) 1991 5.1 62-110 200-400 1 UV diagnostic
Ground observations
(Stardust, ATV 1 and 5006 . , 5005000 0190 I:)Global.
> r = A= observation
Hayabusa) . g
2010 >12
EXPERT 2013? 5 ? 200-850 1.5 Build a database l
QARMAN 2015 7.6-7.8 50-120 200-1100 0.8-1.5 I
@ AIRBUS

DEFENCE & SPACE

N
C—/ AT ET
1 -

CENTRALE 4@

- Sint-Genesius-Rode, March 12t 2014 - 4-

won KARMAN INSTITYTE
SOl 51 28 HYNAMESE




Spectrometer Payload

-Design methodology-

Simulation of the line of sight of a spectrometer
computing the chemical
and thermodynamic Simulation of the Quantification of Definition
properties of the | __J| stagnationline | J radiating species 3| of the spectrometer
stagnation line, spectra in function of payload and optical
between the shock and (SPECAIR) altitude path
the stagnation point
T )
Validation of the tools Test and
and subsystems used qualification
\ of the spectrometer
Simulation of payload in the
cross-stagnation Plasmatron tests Plasmatron
. —>| (TPS performance and
line spectra .
(SPECAIR) characteristics) Spectrometer .
Calibration/performance
definition I
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Spectrometer Payload

-Design methodology-

Simulation of the line of sight of a spectrometer

computing the chemical
and thermodynamic Simulation of the Quantification of
properties of the EEEN stagnation line N radiating species
stagnation line, spectra in function of
between the shock and (SPECAIR) altitude
the stagnation point

i
~_@AIRBUS
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Temperature [K]

Velocity [in km/s]

Spectrometer Payload

-Prediction-

Yelocity
= = = Heal flux

5500
5000
4500
o] 4000
3500
3000
2500
2000

20

Trajectory

Translational temperature
— = =Y¥ibrational temperature

1500
1000
500

Mole fraction

15

Length after the shock [mm]

Thermal and Chemical
properties of the
stagnation line

15
Length after the shock [mm]

0 S 10

Mole fraction

T

2000
1888.89
177778
1666.67
1555.56
1444 .44
133333
122222
111111
1000

T
107 O,
o
10@ {\\ l
0 5 10 15

Length after the shock [mm]

Steps leading to the calculus of Line-of-sight’s radiations at a given altitude P AIRBUS
C:/‘?"MZ(
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Spectrometer Payload

-Prediction-

10° ; : \ \ T 10
10* - i 10o
=
— w .
‘\13 10° N 1020
(\IE E
s =
E 0 d -40
c ' £ 1
2 ==
= -
2 @
9 10'9 c 10-60
P 2
£
10" F 10'30
10° L | | L L 10-100 1 1 1 1 1
0 200 4°°W | 6°°h. 800 1000 1200 ] 200 400 600 800 1000 1200
avelength in [nm .
gth in [nm Wavelength in [nm]

Emission spectra calculated at 60km(left) and 120km(right) with SPECAIR i
considering radiation transport through “Thick” plasma
between 150 and 1150 nm I

—@ AIRBUS

- DEFENCE & SPACE

C/@?ﬂu;’(
CENTRALE "'.
o - Sint-Genesius-Rode, March 12t 2014 - . @



Spectrometer Payload

-Prediction-

G0

T 1
Total radiative flux per steradian
Maximal radiative flux per steradian seen per the spectrometer

S0k

)

' 4n |

P

Intensity in [kW.m"J.s

20

=
T

100 110 120

Altitude in [km] .
Emitted intensity from the stagnation line perceived by the virtual spectrometer I

between 20 and 2000 nm along the trajectory considering fine plasma approximation -
(without any filter, top curve; with 50 mm thick sapphire window, down curve) e

(.:1:'“,“[ -—;‘“'Q’(
G - Sint-Genesius-Rode, March 12t 2014 - 3



TPS:

300

CN

400

Spectrometer Payload

-Prediction-
0]
Na H (Q) Q)
+ss{ N2* First negative N
— [ ]
0
0
: N2 Second positive
D::SJ_|
2 N First positive
j % Memel
s00 600 700 a00 300 1000 1100 g ‘

Wavelength (om)_*

Wavelength [nm

‘@ AIRBUS
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Spectrometer Payload

-Prediction-
N N (0]
TPS: CN Na  H © ©
“ J Ll
=> Richness of atomic lines and molecular
systems, thus ensuring a valuable scientific return
=
Hsj N2 Second positive
/“q{m [ 1 N>+ Meinel l
300 400 500 600 700 800 900 1000 1100 MWMM I

Wavelength [nm WARBYS

& 8%
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Spectrometer Payload

-Selection methodology-

5 + 0] NONON N N 0)
Shock: N,

Spectral resolution [FWHM, nm

[
]
1

[
o
T

—_
(uu]
T

—_
(=]
T

-
NN
T

—_
(g
T

—_
o
T

300 400 500 600 700 800 900 1000 1100
Wavelength [nm

- Sint-Genesius-Rode, March 12t 2014 -
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- 689
457.5¢
152¢
{45¢
4259

-gg

Names

Qwave

STS - VIS
STS - NIR

Qmini
C11009MA

C11010MA

Qstick ¢

C10988MA

C11708MA
__@ARBUS
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Spectrometer Payload

-Selection methodology-

Shock: N,* O NONO NNN O
TPS: CN Na H (€ (€ Masse Names
vel Il"-‘.'gl - Qwave
g 16l . - STS - VIS
S STS-VIS STS_N - STS-NIR
= - 457% - Qmini
g hE T Qstick
5 1| F 1°29 - C11009MA
o
S Qmini L liss - C11010MA
(a¢]
o 06}
] 1259 - Qstick
M 04
2 L g - C10988MA '
y =™ : - C11708MA I
J00 400 500 BUU J00 200 Qo 1000 1100
Wavelength [nm @ AIRBUS
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Spectrometer Payload

-Selection methodology-

Available volume:
100x50x50 mm?3

@ AIRBUS
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Spectrometer Payload

-Selection methodology-

Miniature Spectrometer
rcOcean

Q@ Ortics
e
N —————
STS-VIS Qmini Qstick
Dimensions: Dimensions: Dimensions:
40x42x24 cm3 62x42x14.8 cm? 85.7x22x10 cm3
Weight: Weight: Weight:
68 g 57.5g 25¢
Wavelength range: Wavelength range: Wavelength range:
350-800 nm 360-740 nm 360-740 nm §
Spectral resolution: Spectral resolution: Spectral resolution: I

0.8 nm
1.5 nm 1.2 “T___@@!ﬁ&?im

& iZu;u
o - Sint-Genesius-Rode, March 12t 2014 - <« @




Spectrometer Payload

-Selection methadology-

Miniature Spectrometer -

roOcean
'Qg Optics

www.oceanoptics.com

ESE:
=
£
X

STS-VIS
Dimensions:
40x42x24 cm3
Weight:

68 g Suitable for the selected spectral range/resolution
Wavelength range:

350-800 nm Suitable for the form factor/mass requirement )
Spectral resolution:

i
1.5 nm B_rfand selected for EXPERT (RESPECT payload) m_'fsgénlansus

DEFENCE & SPACE
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Spectrometer Payload

-Measurement in an ablation environment-

Simulation of the line of sight of a spectrometer

computing the chemical
and thermodynamic Simulation of the Quantification of
properties of the EEEN stagnation line N radiating species
stagnation line, spectra in function of
between the shock and (SPECAIR) altitude
the stagnation point
A
Validation of the tools
and subsystems used
\ 4

Simulation of
cross-stagnation Plasmatron tests

—>| (TPS performance and

line spectra
P characteristics)

(SPECAIR)

i
~_@AIRBUS
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Spectrometer Payload

-Measurement in an ablation environment-

Simulation of the line of sight of a spectrometer

computing the chemical
and thermodynamic Simulation of the Quantification of
properties of the EEEN stagnation line N radiating species
stagnation line, spectra in function of
between the shock and (SPECAIR) altitude
the stagnation point
A
Validation of the tools
and subsystems used
¥ How to take measurements despite:

Simulation of
cross-stagnation Plasmatron tests

—>| (TPS performance and
characteristics)

High temperature
Recessing surface
Pollution by ablation’s particles

line spectra
(SPECAIR)

i
~_@ARRBUS

DEFENCE & SPACE

-
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Spectrometer Payload

-Measurement in an ablation environment-

State of the art on optical path for radiation measurement on
ablative TPS:

» Simple to integrate
» Mass effective

» Locally lower the heat flux with pressure oscillations in the
cavity, in our case the difference is minor.

But:
» Window pollution! l
@ARBUS
g viT
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Spectrometer Payload

-Measurement in an ablation environment-

ton

the

Preci, et Al., Development of a Combined Sensor System for Atmospheric
Entry Missions, 7th European Symposium on Aerothermodynamics for Space
Vehicles

» Window pollution!

.
@ AIRBUS
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N
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Spectrometer Payload

-Measurement in an ablation environment-

Adaptative optical path to the shape change of the ablative
TPS

> Clean window at each measurement

» Easy calibration of the setup due to precise optical path
state knowledge

» No complex pressure oscillation in front of the window
interface

But:
» Optical path sizing dependent on the TPS and
measurement points l
» Complexity of the design, so more time demanding to I
CeqICE @ARBUS
g viT
cenTRALE @
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Spectrometer Payload

-Measurement in an ablation environment-

State of the art on optical path for radiation measurement on
ablative TPS:

» Simple to integrate
» Mass effective

» Locally lower the heat flux with pressure oscillations in the
cavity, in our case the difference is minor.

But:
» Window pollution l
@ARBUS
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Spectrometer Payload

-Measurement in an ablation environment-

State of the art on optical path for radiation measurement on
ablative TPS:

» Simple to integrate
» Mass effective

» Locally lower the heat flux with pressure oscillations in the
cavity, in our case the difference is minor.

But:
» Window pollution l
reduced b I
@ARBUS
@5?'512(
CLNT:ALt_ "o
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Spectrometer Payload

-Breadboard testing-

» How to test on VKI’s Mini torch (15kW) before final validation on VKI’s Plasmatron (1.2 MW).

Sample support with water cooling Sample instrumentation and the coupling I

system and probing access PO system RS

e~ &%,
CENTRALE | @
Ob - Sint-Genesius-Rode, March 12t 2014 - | ;‘.5; @




Spectrometer Payload

-Breadboard testing-

Sapphire

window Adaptor’s Coupling

fiber

Sample instrumentation and the coupling
system

@ AIRBUS

DEFENCE & SPACE
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Spectrometer Payload

-Breadboard testing-

» Testing in mini-torch for debugging and final tests in plasmatron

Y SN VYV V.V VY

Testl:
Test2:
Test3:
Test4:
Test5:
Test7:
Test8:

Minitorch Test campaign Effectiveness time (ET)

d=6mm;D=6mm;h=0mm LP ET=130s

d=4mm;D=4mm;h=0mm
d=2mm;D=2mm;h=0mm
d=4mm;D=20mm;h=10mm
d=2mm;D=20mm;h=10mm
d=4mm;D=20mm;h=5mm
d=4mm;D=10mm;h=10mm

ET=325s

ET=383s

ET=525s (No Extinction)

ET=405s (No Extinction)

ET=496s (No Extinction)

ET=440s (No Extinction)
A
I

~_@ArBUS
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Spectrometer Payload

-Breadboard testing-

» Testing in mini-torch for debugging and final tests in plasmatron

» Test9: Conical
» Test10: Conical with Eccoband 285 coating

» Testll: With Kapton tape coating

Heat load Test11 (368 MJ/m?)

Test campaign Effectiveness time (ET)
Based on: d=4mm;D=20mm;h=10mm
At HIGH HEATFLUX (1.5MW/m? at 100mbar)

ET=170s
ET=190s
ET=185s
ET=245s

>>> Heat load QARMAN (450 kJ/m?)

- Sint-Genesius-Rode, March 12t 2014 -
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Spectrometer Payload

-Breadboard testing-

‘ » Temperatures within the cavities (Survivability test)

60

em=TCinside the cavity ®™====TC after the window

50

40

30

20

10

X Nominal test row
0
16:22:24 16:23:14 16:24:04 16:24:54

X Additional tests !

~_ @ARBUS

DEFENCE & SPACE

"
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Spectrometer Payload

-Integration methodology-

Dimensions:
81.2x40x32.8
mm?3

jOARBYS

:&5?'“2(
CENTRALE "o
- Sint-Genesius-Rode, March 12t 2014 - | ‘-<.5-' @

Integrated view of the Imbedded Nano-size Emission Spectrometer
within the QARMAN’s platform




-Integration methodology-

Spectrometer Payload

Imensions

D
81.2x40x32.8

Plasma Source

m&ﬁﬁﬁ&ﬁa
[LeLa e e oot
RS
e

ST sires
SRrBRnIay
Fasisath

R R R R ey ae ey

CRERRaRas

@ AIRBUS

N
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EM2C

DAS

50%

itter > Photometer

Beam Spl

l 50%

ISSIoNn

Em

Spectrometer

Spectrometer

ISSIoN

Integrated view of the Imbedded Nano-size Em

within the QARMAN’s platform
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Spectrometer Payload

-Breadboard testing-

Counts in [1000s]

| | |
0 20 40 60 80 100 120 140 160 180
Time in [s]

Imbedded spectrometer result

15
=
Test conditions: % 10 .
5
HeatFlux: 1+MW/m? ‘B
B sr .
[«B]
Pressure: 100 mbar o
Quartz tube %a 30 40 50 30 00 20 140 60 180 i
inner diameter: 300 mm Time in [s]
T SN, e HOARBUS
C/ @?'M;’(
centraLe @
- Sint-Genesius-Rode, March 12t 2014 - <

won KARMAN INSTITYTE
SO 51 st TYNAMSE



Spectrometer Payload

Test conditions:

HeatFlux: 1+MW/m?
HeatlLoad: 170MJ/m?2
Pressure: 100 mbar
Quartz tube

inner diameter: 300 mm

-Breadboard testing-

Counts in [1000s]

| | |
0 20 40 60 80 100 120 140 160 180
Time in [s]

Imbedded spectrometer result

Solid angle in [sr]

1 Ph".‘—— 1 1 1 1 1 1
0 20 40 60 30 100 120 140 160 130
Time in [s] I‘
Solid angle of view of the
spectrometer @ AIRBUS
—— —— [ = = DEFENCE & SPACE

& %

EM2C
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Spectrometer Payload

-Measurement chain-

 Tests done with HR4000 spectrometer

Capability to select: Int. time, start pixel and interval

GND
—  Si4564DY
Power Input (5V) g : 8
' i Gate Signal ~—— 2 7
+ 3 6 To Spectrometer
= o =
= 47k |
GND
Figure 53 Si4564DY circuit for Load Switching

Thanks to Eray Akyol and Deniz Aksulu l
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Spectrometer Payload

-Measurement chain-

: Photodiode Circuitry for Spectrometer Triggering

Deuterium

1.8000
1.6000
 1.4000
1.2000
1.0000
0.8000 N
0.6000 R
0.4000 VCC
0.2000 i
0.0000 o

0.0 20 30 40 50 65 80 95 115 135 16.0 20.0 23.0 27.0 31.0 34.0 36.0 425
>‘l——< Out
1L

2,
3
Halogen
Photodiode —
3.5000

(v)

Output Voltage

Distance from Source(mm)

o0 \ =
% 5 5000 GND  GND
£ 2.0000
o
-~
£ 15000
g 4
g 10000 Thanks to Eray Akyol and Deniz Aksulu '
0.5000 I
0.0000
40 50 65 80 95 115 135 160 200 230 27.0 310 340 360 425 @IE\Flglggg .
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Conclusion

* Proposed design for the imbedded emission spectrometer
» Full scale test (before end of June 2014)

e Based on the preliminary investigations (decoupled approach)the
spectrometer payload will provide important flight data

» Conduct the analysis over the full trajectory and
classifying the observed phenomenon by wavelength
categories (by the end of March)

» Conduct a sensitivity analysis to predict the range of
scientific return (in the coming months)
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Future work

e Additional decoupled study
» Use of pyrolisis gas injection into the stagnation line
(In the coming months thanks to Alessandro Turchi)

» Comparing different models for both stagnation line code
and radiation code (In the coming months)

e Coupled study (2015)

* Validating the measurement technique at VKI’s and ECP’s
plasma torches (Partially done)
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for your attention
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Test conditions:

HeatFlux: 1+MW/m?
HeatLoad: 170MJ/m?2
Pressure: 100 mbar
Quartz tube

inner diameter: 300 mm

Countsin [1000s]

0 20 40 60 §0 100 120 140 1é[l 180
Time in [s]
Imbedded spectrometer result
@ AIRBUS
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Breadboard testing

Countsin [1000s]

|
0 20 40 60 §0 100 120 140 160 180
Time in [s]

Imbedded spectrometer result
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End of Test
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Spectrometer Payload

-Breadboard testing-

Test 1: Safety test

Test conditions:

Power: 50% (7.5 kW)
Mass flow: Air at 0.6 g/s
Pressure: 10 mbar
Quartz tube

inner diameter: 30 mm

B i
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Spectrometer Payload

-Breadboard testing-

Test 1: Safety test

2800 i T T T T T T T T I_
. 2400 _
2200 _
“A. - 2000 -
¥ £ Test conditions:
3 1so0f i
L, Power: 50% (7.5 kW)
-~ 1600 _
=
2 1400 L - Mass flow: Air at 0.6 g/s
O
1200
g Pressure: 10 mbar
1000
300 Quartz tube
- inner diameter: 30 mm
— 500 BJ
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Wavelength in [nm]

Effect of window pollution over 80 seconds = y—
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Expected recesion rate of the TP3 surface
< Firstmeasurement
< QOther measurements

—
o
T
T

Recession of the TPS surface [mm
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| I Expected recesion rate of the TPS surface | |

(a) at injection (t = 0.5s) (b) end of test (t = 100s) (c) detail of (a)

MR u u
! hot/cold [

gas front §

hot / cold gas

ablator | f front change
| surface o

nl | ] ] | ]

Calculus of the TPS recession by means of an high speed camera
Credit: Bernd Helber
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Expected recesion rate of the TP3 surface
< Firstmeasurement
< QOther measurements
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Recession of the TPS surface [mm
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12

Expected recesion rate of the TP3 surface
¢ Firstmeasurement
O Other measurements

—_
o
I

urface [mm

-\\ .
Future update of the design with a new
EADS Astrium’s light ablator

ASTERM or AQ 61 which have higher performances
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Translation aux noeuds
mm
0,00014
I 0,000126
0,000112
9,768e-005
g,38e-005
5,99e-005
B 5.59e-005
g 4,19e-005
2,79e-005

I 1,4e-005 -
O g, o

. "L-,v..\ss.'.
S

Critére de vVon Mises
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N_m2
4,68e+005
4,21e+005
3,75e+005
3,268e+005
2,81e+005
2,34e+005
1,87e+005
1,41e+005
9,38e+004
4,7e+004
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QARMAN Platform

-Heat flux profile-

Monte Carlo simulation
taking in account the different uncertainties

* Atmospheric parameters
e Aerodynamic coefficients

* |nitial conditions

A scattering of £10% on the nominal value.

Trajectory code and heat flux (Detra, Kemp and Riddell
approximation) implementation validated with the
literature

Reference: A. Schettino, et al., “Aerodynamic and Aerothermodynamic Data
Base of Expert Capsule”

S % AN I Iy . N -
".’\ e, N } . N

=)—
Oﬂ - Sint-Genesius-Rode, March 6t 2013 - S




Spectrometer Payload

-Design methodology-

8 T T T T T

Yelocity (inmis)
= = = Heat flux (in MWIm2)

]
a

) £
= z Maximal heat flux point conditions:
v
= =
= = Altitude: 61.251km
= ; Velocity: 6421.4 m/s
8 é Free stream pressure: 19.7184 Pa
) = Free stream temperature: 239.3856 K
- O

5 I

Altitude (in km)

=
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heat flux (in kW/m )
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QARMAN Platform

-Heat flux profile-

| |
0.2 04 0.6 0.8

Normalized time
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QARMAN Platform

-Thermal Protection System sizing-

Reference: Bailet, G., Sakraker, I.,
Scholz, T., Muylaert, J. (2012).
Qubesat for Aerothermodynamic
Research and Measurement on
AblatioN. 9th International Planetary
Probe Workshop. Toulouse.

Cork P50 (Amorim)
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QARMAN Platform

-Thermal Protection System sizing-

0.06 —

0.041

0.02-

(inm)

Future update of the design with a new
EADS Astrium’s light ablator
ASTERM or AQ 61 which have higher performances

Reference: Bailet, G., Sakraker, I.,
Scholz, T., Muylaert, J. (2012).
Qubesat for Aerothermodynamic
Research and Measurement on l

AblatioN. 9th International Planetary p i
Cork P50 (Amorim) l
\

Probe Workshop. Toulouse.
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