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Scope of the section &&rﬁesa

Focal point for the architecture design, analysis and technical assessment of space
transportation vehicles for suborbital, orbital and exploration applications, including upper
stages, (re)-entry, expendable, and reusable vehicles

Overall feasibility and viability assessments, as well as quick design iterations with the
support of the necessary TEC competences

Coordination of the specialised support and R&D initiatives with other D/TEC Sections in the
frame of the relevant Competence Domains

Engineering support, research, development and testing activities related to flight
vehicles, flight physics, aerodynamics, thermodynamics and fluid dynamics engineering
and the architecture design and analysis of suborbital, (re-)entry, space transportation, and
exploration vehicles
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Activities

Flight Vehicle Engineering

Upper stages, Re-usability,
Micro-launchers,
Hypersonic flight

Aerodynamics

Shape optimisation, Loads
Design, Computational
methods, High Speed
Atmospheric Flight

Thermodynamics

Heat Transfer,
Computational Fluid
Dynamics and Mechanics
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Decelerators

Parachute and parafoil,
Inflatable Devices, Drogue
Chutes

Technology Test Beds

Wind Tunnel Testing,
Plasma Tunnels, Drop
Tests, Avionics Test Beds

Fluid Dynamics
Lattice Boltzmann
Methods, Cryogenic
Sloshing, Flows in Micro-
gravity

3

{cesa

Design for Demise
Heat transfer and heat
rejection,

Ablation materials, Heat
Shields, Thermal Blankets

Post Flight Analysis

Tool-set for Post Flight
Analysis, Exploitation of Flight
Data

Contamination

Acoustics and Particle
Contamination, Plume
Contamination
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Hypersonic projects and technologies in Europe

OUTLINE

1.
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Entry and Re-entry: exploration and exploitation
Access-to-Space: Airbreathing and/or Rocket Mode
High-Speed Cruisers

Flight-Experiment: Technology Demonstrator
Hypersonic Technologies RTD

Facilities and Measurement Techniques
Hypersonic Fundamentals
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Space Rider Programme TD?JS?WA/%';‘@ L5 & @ &\\m csa

_A
4 DASSAULT .
iviavion de|m05

G oa IS : INCAS elecnor group
» o develop an affordable and sustainable reusable European space transportation
system:

« to enable routine access to and return from space
+ to provide a standardized platform for Payloads
for multiple space application in a multitude of Orbits
» Tofocus on the demonstration of a recurring service

Main Mission Scenario:
>  Free Flyer: Microgravity Lab
» In Orbit Demonstration:
. Exploration (e.g. robotics)
. Earth observation (e.g. instrumentation);
. Others (e.g. Earth science, telecommunication).
> Surveillance applications (e.g. earth monitoring, satellite inspection)
» Phase-B1 completed in December 2017
»  Activities for Phase-B2/C started on January 2018: System PDR in Q4 2018
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Entry and Re-entry: exploration and exploitation
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;% Decelerator technology

_2 (Vorticity/Fluid Gravity

S Engineering, UK)

Q. Flexible TPS and inflatable /

S deployable aero-decelerators. Testing

€ in plasma wind tunnel @ DLR-K

S

|~

'.,% Next-generation Mars entry vehicles, Mars

S Penetrators, Mars Sample Return....

S Modelling of large-diameter deployable entry vehicles.
& Construction of a 2.5m diameter functional demonstrator
."f model with (low-speed) wind-tunnel deployment tests
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Foldable -Flare for Stabilizing and Control
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Air Launchable Microsatellite 1
with aerobraking reentry 7.
capability MISTRAL

S, MAIN RESULTS ACCOMPLISHED <<
2 IFIEEP?%E1? . February 2018
Deployable 20-30kg-class satelllte in LEO Qualification of the Engineering Model including mechanisms and TPS

» Orbital module (50 W power)

't aca

MINI-IRENE FLIGHT EXPERIMENT \ &

on

: _ April 2018
Umb_rella-llke !’(_egntry system: 15 Kg ESA’ Critical Design Review (CDR) successful completed
« Mission capabilities:
»  Microgravity experiments/ISS June 2018
» Independent LEO experiments Thermal Qualification of the Flexible TPS at SCIROCCO Plasma Wind
»  Aerodynamic controlled deorbit Tunnel successfully accomplished

exploration and exploitat

& December 2018
f Shock & Vibration, Thermal-Vacuum Qualification (Space
Qualification Lab) and ESA’ Acceptance Review (AR)

NEXT STEPS AND MILESTONES

Summer 2019
- Launch of the Demonstrator scheduled in 2019 with a
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SR inemsy  Demise: destructive re-entry

London
AN

on

> EQM Qualified w.r.t. mechanical environment at
the CIRA Space Qualification laboratories.
» CDR successfully concluded.

§ Simulation and experlments for heating rates FLPP-3 Demise Observation Capsule DOC
-‘g during demise (Imperial, Oxford & FGE, UK) Objective:

'é_ Modelling using FGE in-house codes - heating rates > Development of an Observation Capsule,
o to faceted sr_\apes. Heat flux me_asurements being collecting specific data relevant to upper stage
g undertaken in Oxford Low Density Tunnel. break-up and demise, and observing the
S critical phenomena

S Status:

!

S

S

Q

!

Entry and Re-entry
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Hypersonic projects and technologies in Europe

OUTLINE
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. Access-to-Space: Airbreathing and/or Rocket Mode
. High-Speed Cruisers
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. Flight-Experiment: Technology Demonstrator
. Hypersonic Technologies RTD
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SABRE - SKYLON S0 f -G

Hot heat exchanger test rig completed, testing to SABRE™ core test demonstrator in PDR review. Test
commence soon. Inflow a|r at up to Mach 5 enthalpy facility ready end of 2019. Testing commences in 2020

=
:'.-r

Access to Space

SABRE Core

M\ | Programme
®

>)
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Access to Space by Airbreathing Propulsion &&i ceSa

=
Skylon vehicle aerodynamics SPARTAN intake testing
(Oxford & Reaction Engines LTD, UK) (Oxford, UK and UQ, Aus)
Aerodynamic coefficients measured using free- 3 stage to orbit concept - scramjet powered
flight optical measurement technique in Oxford 2nd stage. Developed novel high response

High Density Tunnel mass capture/back pressure device for
: testing intake performance in Oxford High
Density Tunnel

Access to Space

-*'
- »"‘
¢
01
/ Angle of Attack (degrees)
1 I I I
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Hypersonic projects and technologies in Europe

OUTLINE
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. Access-to-Space: Airbreathing and/or Rocket Mode
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. Flight-Experiment: Technology Demonstrator

. Hypersonic Technologies RTD

. Facilities and Measurement Techniques

. Hypersonic Fundamentals

NOU L WN

ESA UNCLASSIFIED - For Official Use

Entry and Re-entry: exploration and exploitation

,_

"—,_
=
32

l=

Jeroen Van den Eynde et al. | 31/05/2019 | Slide 15

— 0l b 2= ™ LW = T Il D D R B3Il T EEEE i ¥

European Space Agency



——W MINPR(?MI'OR(‘

High-Speed Cruisers

HEXAFLY-INTernational Project s
co-funded by European Commission, ESA, =esa

Russian Federation and Australia

Project goals:

a

a

Q

manufacturing, assembling and flight testing an
unpowered hypersonic glider with  high
aerodynamic efficiency.

To increase TRL of a number of breakthrough
technologies suitable for future high speed civil
transportation systems.

To integrate breakthrough technologies with
standard aeronautical technologies.

ESA UNCLASSIFIED - For Official Use
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Mission objective:

O to perform a high-speed flight experiment with a

target flight Mach number of 7 to 8 and altitude
range between 27 and 33 km.

. VS-43 Launch Vehicle lifts off;
. Fairing release (about 80 km);

. Payload release (90km);
. Cruise phase to the experiment window

M

A

>

A WN -

(Stabilization by CGS);
. ESM separation from the EFTV (55 km);
. Experimental window; gliding phase.

»
10,
%
[e) ¥, ]

40km

TM, TC, Radar 600km

Jeroen Van den Eynde et al. | 31/05/2019 | Slide 16

= Em S - I] European Space Agency



High-Speed Cruisers
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HORIZON 2020 STRATOFLY

Stratospheric Flying Opportunities for High-Speed Propulsion

STRATOFLY main objectives
* To refine the design and the concept of
operations of a Mach 8 reference vehicle. \C STRATOFLYDeputyCoordinator %‘
N "_

;
92
Q

Pﬁggﬁgun STRATOFLY® oordinator?l
Expertise:RAircraft@nd®BystemsDesign,Aifel
CyclefostlEstimation,BafetyPAssessment

x
SN\ Expertise:NoiseEmission @r

a Fol Expertise:®Plasma@ssisted?Zcombustion

Expertise:BHigh-speed®ropulsion

* To build up on the heritage of the past EU N SstemsncloiselEmisiog
projects to reach the ambitious goal of s B 1| bl :
TRL 6 by 2035 for the vehicle concept. A R

+ STRATOFLY hypersonic vehicle will fly at “ SR ““ ket
M8 above 30 km of altitude, performing i

. .. Expertise:EPlasmal@ssisted? orcil Sy Rl e
an antipodal civil passenger transport “ combustortperimentsins <SSl

PollutantBEmissions

L.

Expertise:BHuman@actors,Business

miSSion. TUHH PlanZand@raffic@anagement
* The crucial technologies of STRATOFLY o -
vehicle may represent a step forward to Fe—— o

4 Supersonic
Climate

'ombustion asma Assiste
reach the goal of future reusable space Cimri e
transportation systems. @ @
Sa;ety PAX

Business
Case
Operational

Capabilities

High-Speed Aircraft & _—
Tech P

Design Space logy Design Sp . ~ <
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Hypersonic projects and technologies in Europe

OUTLINE

1.
. Access-to-Space: Airbreathing and/or Rocket Mode
. High-Speed Cruisers

. Flight-Experiment: Technology Demonstrator

. Hypersonic Technologies RTD

. Facilities and Measurement Techniques
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ReFEx - 4#7 CALLISTO: Cooperative Action #
.~

DLR
R ilitv Fliaht Experiment Leading to Launcher Innovation
eusability Flight pe € in Stage Toss-back Operations écnes

A

5

S 60 I

v . | memanoeire [ %// A reusable demonstrator for reusable vertical take-off and
§ : \ //)l(/ vertical landing first stages

qEI, =% T -  Cooperation between DLR, CNES and JAXA

Q 5w L) V \ + 7 flights planned with the same vehicle starting from 2021
Q : / L ) + Demonstrate key technologies requwed for an operational
e f/ l T [—Rere VTVL RLV \

r— —SHEFEX |

o 10 i — SHEFEX Il

= / Space Shuttle

§ - w

&

o 2 « e s © =  DLRENTRAIN System Study
investigation of different launchers

T with reusable first stage

(+F] 100 o e i &,é’ . .

E 20 . & e . e K & DLR

€ s 00 n B0

S Main goals AN 0 TREEN N R OE M

W + Technology demonstrator fora ¥ || 3 H

= winged reusable first stage il

g LAUNCH PLANNED Q4 2021

WESA UNCLASSIFIED - For Official Use Jeroen Van den Eynde et al. | 31/05/2019 | Slide 19

— Il bz 4 W = " Il D == 011 T =2 g2 mm Ivl European Space Agency



ape . \\\\\\\
Reusability for Launch Vehicles e 44#7|

Flight testing of innovative RLV-return mode “in-air-capturing” in AKIRA and FALCon projects

®  Running 2017 - 2019, Mid-Term Review finished in November 2018 FALCOn
» Systematic investigation of RLV return modes & flight demonstration
of “in-air-capturing” at lab-scale (H2020: FALCon!)
= Test of reusable cryogenic tank insulations in integrated object with
HM and external TPS-concepts
» Advanced RLV-structure concepts, “thin-ply”-CFRP-material S ) e
Increasing lifetime & # cycles of rocket thrust chambers by TMF-tests |

HORIZON 2020

Technology Demonstrator

body with

t

ht Experimen

19
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Transpiration Cooling ',:-/;'I§ ‘ fohcion e il 1
L 2\ s \&& | Ox

University of Stuttgart

« 5 year programme, focussed on development of fundamental
understanding and design methodology

Multi-institutional, cross sectorial & spans research from material

development, heat transfer and simulations

2 3N L3 )] ™ W [ feany :
1T AL e U

e 3
I~
&<
“
Y
m 60
'2 _ 50
> A : \ g
§ ) r‘ d g 40
8 e S
o Imperial ZrBr2 “designed” porous structure £,
oy 1
g
§ -
Py Oxidation protection testing, IRS PWK4 o " . _—
§ Mixing testing on a flat plate, Oxford HDT
: ‘ E - g g — /> . UV J.’Z;::O‘O25 N: 3DV 3/ 0V - Z:
IRS PWK4 N led ) led | : :;L Z'
—_— trans coole He trans coole R NP — e i ) "
Air, 3 kPa, ~6 MW/m? Mg 7030 mgle  JEoapul  Pncodled A 7s 100 125 150 17s 200 0
Axial distance from injector / mm
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Next Generation Ceramic Composites For
Combustion Harsh Environments And Space

CCHARMERSE

Leleuna
- -

WVHONI
A0 A LIS,

HORIZON 2020

i. SUB-SCALE COMPLETE NOZZLE

Univ Naples
Hybrid Rocket Engine
NOZZLE INSERT

-
: )(\ \\//’/ T HYBRID ROCKET

N/ [ / [Gme<ios

\\ )~ |pressure < 15bar
\/

CHAMBER INSERT o HYBRID ROCKET THROAT DIAMETER : 10mm

=
( ({f’ ‘\; N fime < 10s MAXxiMUM DIAMETER: 50mm
\ X S pressure < 15bar

SO
LR\%es )
\ \

Hypersonic Technologies RTD

NS
SPECIMENS ) SUB-SCALE COMPLETE NOZZLE
INNER DIAMETER : 10mm WITH EXTERNAL FLOW INTERACTION
OUTER DIAMETER : 20mm VMK
7N Mox <3 GeoMETRY: TBD
a) ( SO THROAT DIAMETER : TBD
7) N pressure = 50bar | & ;rer DIAMETER : 50mm
(U oSN MTM
(=t )\ [ime <20s
b) (7 5 \( § ‘k/} pressure variable LARGE NOZZLE INSERT
\{ / N\ %" |[0-80] [60-10] bar BARIA
L s St i ~ GeoMmeTRY: TBD
time < 5s THROAT DIAMETER : 20-30mm
INNER DIAMETER : 15mm GeomeTry: TBD pressure ~50bar
Size : 15mm OUTER DIAMETER : 68mm INNER DIAMETER : 12/20mm
THICKNESS : 5Smm -
[ | [ | Cr
L —— In Hybrid Rocket In nozzle throat In Hybrid Rocket, TRL l National Research Council of Italy
Hybrid Rocket plume combustion chamber of Hybrid Rocket, VMK Facility, 5/ 6 istec Institute of Science and Technology for Ceramics
Solid Rocket MTM Solid Rocket BARIA Ea o i e
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Facilities and Measurement Techniques

NWTF 2

Diamond based heat flux gauge (Oxford, UK)

Fast response (10 ups), high temperature rise and
UV pulsed laser based calibration. Extremely robust
to survive partlcle |mpact in shock / expansion
tunnels.

' and Impulse
response (right)

T6 Stalker tunnel operational (Oxford, UK)
Free-piston commissioned to 60 MPa and compression ratio

of 60. Currently operating in expansion tube mode (10
km/s) & shock tube mode

National Wind Tunnel Facilities - UK

Heat flux gauge (left)

&\\\u\\ N

\\x_

R‘l

Optical Diagnostics (Machester, UK)
development in

Several techniques in
lowdown tunnel (HSST)

University of
Manchester [

BOS

Light Field PSP x

y (mm)

A
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European Shock-Tube for High Enthalpy Research (ESTHER) \\ \\\w esa

(Re-)Entry of Planetary Probes

+ Radiative heating dominates

*  Non-equilibrium thermo-chemistry

» Large uncertainty margins for TPS design

Second stage
(10-0.1 mbar, @ 80 mm)

| First stage

Driver : (0.1-0.5 bar, @ 100 mm)

(60-600+ bar, 2 200 mm) |
|

ESTHER: Two-Stage combustion-driven (He/H,/O, mixture)
to reproduce thermo-chemical physics relevant to

Earth entry (N,/O,), Mars & Venus entries (CO,/N,), Titan (CH,/N,): 5 to 15 km/s; ;
Gas Giants: Uranus, Neptune & Saturn (H,/He): 11 to 18 km/s Status ESTHER |nauguraﬂ0n on 24 July 19

Facilities and Measurement Techniaues

Qualification & Operational Tests afterwards.
MANCHESTER ) - @
R Gwe ==V ¢, e R o)
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@GNRI;U{QIEIDTEG Hypersonic Air Flow with State-to- \\\\\\\‘k
State Vibrational Kinetics on GPU’s \ esa

DEPARTMENT OF MECHANICS . . o - .
MATHEMATICS & MANAGEMENT o, > Stat'e—to—state (StS) vibrational kinetics of air |mplemented ina
00 O " I Navier-Stokes 2D CFD code, adapted to run on Multi Graphical
? : Processing Units (GPU) using MPI-CUDA
5000 - !
! Y YR
% oo b ! ] > ¢ ¢
"é' < l
S SR o pp,,
1 _O‘ N :m rature 9
= wb | Ty -
t ! d - Frozen
1000 b : e — Park 7
§ | ‘ sis 6
m - o - 1 1 3
o -0.15 4
‘s 1 ‘ Frozen 3
: 10-l -t 2 = | | === Park X
(»] 3 3 | i StS | 2
o 10 F 4 sk ‘ 1
v 10° 5 y :
s 107+ ; £ |
7 g 6 ! . Experimental
: 1 0_9 | = l‘ stand-off distance
g |
]O—II g 4k |L
10-13 | ‘l
10_,5 | .~ - - 2F ! Simulation of Nonaka test (Nonaka et al.,
dashed: actual distribution | : JTHT 14 (2), 2000) and comparison among
10" | solid: Boltzmann distribution_ ___ 0 P et Wit o it I fremay PRt A B MInEles reulis
0 30 20 50 20.14 -0.13 '0")‘;'/1{0'” 0.1 -0.09
v
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Hypersonic BL transition Reentry Gas/Surface \\K CSd

UOXF, VKT, DLR, UNBW... Interaction phenomena duplicated
Measurements of mixed instability waves (1%, 2" and in P|asma W| nd Tu nne| faCIIIty

cross-flow) investigating effect of wall to total
temperature ‘m b

1600

N

Temperature and
emissivity evaluated

Hypersonic Fundamentals

1800 +
»,

1600 |

1400
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FAR 2019 Conference — Monopoli, Italy \s CSdad

//

International Conference on Flight Vehicles, \\\\\u\
Aerothermodynamics and Re-entry Missions & Engineering K esa

= International Conference on
Flight vehicles, Aerothermodynamics and

Re-entry missions and engineering (FAR) FAR 2019

30 September - 3 October 2019, Monopoli, Italy

= September 30th - October 3rd, 2019

Home Calendar of Events Scientific Content ~ Registration Venue ~ Committees Contact

= Qutcome of the successful series of
Symposia on Aerothermodynamics for
Space Vehicles, the Workshops on Thermal
Protection Systems and other international
events organised by ESA in the last few
years in the field of (Re)-entry and new
Vehicles design and engineering.

- . B
AbStraCt SU meSSIOn al ready ClOSEd . The International Conference on Flight vehicles, Aerothermodynamics and Re-entry Missions and Engineering (FAR) is the natural outcome of the successful series of
Symposia on Aerothermodynamics for Space Vehicles, the Workshops on Thermal Protection Systems and other international events organised by ESA in the last few

years in the field of (Re)-entry and new Vehicles design and engineering.

= httpS//atpl eve ntsalrco m/QUleEVe nt\NebSIt In answer to the growing request of innovation and competitiveness dictated by the new space arena, the FAR conference aims at providing Space Agencies, Industry,
: O izations, Ul iti d R rch Instituts ith a f f il in th f flight vehicle design, thermod: ics, th | protection, (re-)ent
ePOI’tanaI’ZOlg/WebSIte m:g:r;;:air;sme::\;irgsilnlzzriarng pr;z:::szs nstitutes with a forum of excellence in the area of flight vehicle design, aerothermodynamics, thermal protection, (re-)entry
R — ———
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It is our great pleasure to invite you to the “2nd International
Conference on High-Speed Vehicle Science and Technology™
(HiSST) being held at Bruges, Belgium from the 20th till the 24th of
April 2020.

HiSST 2020 Conference — Bruges, Belgium

= 2" |nternational Conference on
High-Speed Vehicle Science and Technology

The HiSST community promotes open discussion between
research institutions, academia and industry from around the
globe on research and devel of enabling technologies from
supersonic to high-speed vehicles.

/

= 20-24 April 2020

Presentations at the Conference, paper reports and interactive discussions

2ND INTERNATIONAL  ivingtoniren s i o
EONFERENCE flight dynamics, operations, materials and structures.
. . . . ON HIGH.SPEED Conference topics cover High-Speed Missions and Vehicles, Propulsion
= Conference topics cover High-Speed Missions and VEHICLE SCIENCE é:i'::;:’:;:::r:;::m?;:::.;::;z’:::ct?::“:,::2';’:;“’
Vehicles, Propulsion Systems and Components, AND TECHNOLOGY e ey, T

The conference will bring together leading specialists from research
companies from all over the world, including invited experts for providing
general lectures. Early registration will be possible from Sunday the

19th of April. Technical visits are planned the day after the conference

on the 24th of April 2020.

Thermal, Energy and Management Systems,
Guidance & Control Systems, Materials and
Structures, High-Speed Aerodynamics and
Aerothermodynamics, Testing & Evaluation,
Operation and Environment, Hypersonic
Fundamentals and History

20-24
A H l Key dates:
prl 10 May 2019 Call forabstract
2019 Abstract deadline
2 o 20 15 November 2019 Notification of acceptance
of abstracts
1 December 2019- 15 February 2020 Early bird registration

BI‘U g eS 15 March 2020 Full paper submission deadline
:
Belgium

Preliminary programme and social events:

= Abstract submission deadline: el I =
30 September 2019 J‘ frieeny o Jey
CEAS = =

. . . . Proedd ot el [l | Mgl

= https://atpi.eventsair.com/QuickEventWebsitePortal/ tviedspeskers [l inedspeiers Wl vanoman

- Paper Sessions - Paper Sessions Institute Visit

c@ e s a «Gala Dinner « Farewell Social
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ES'S I_ight Vehicles & Aerothermodynamics
Engineering section, activities and an overview
of hypersonic projects and technologies

G
. Dr. Jeroen Van den Eynde
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