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ABSTRACT
The paper addresses the ESA in flight Aerothermodynamic (ATD) research programme referred to as
EXPERT: the European EXPerimental Re-entry Testbed.
The objective of this in-flight research programme is to design and instrument generic configurations,
for in-flight measurements of critical ATD phenomena using state-of-the-art instrumentation.
Hypersonic flight data are required for improved understanding of the following critical ATD
phenomena :
- Transition,
- Catalicity and oxidation,
- Real gas effects on shock wave boundary layer interactions,
- Microaerothermodynamics,
- Blackout.

Special attention is given to the design of the flight measurement sensors themselves, their integration
into the TPS as well as to the measurement of the free stream parameters during re-entry using an Air
Data System.

In addition to the procurement of “good enough” hypersonic data, the EXPERT programme includes
also windtunnel testing and numerical simulations to complete the above listed critical ATD validation
process including windtunnel to flight extrapolation activities. The present paper will report on:
selection of reference mission profiles offered by Volna launcher, geometrical design optimisation of
the configuration and elaborate on the embarked payloads for the provision of the hypersonic data
associated with the above listed critical ATD phenomena.

Muylaert, J.; Walpot, L.; Ottens, H.; Cipollini, F. (2007) Aerothermodynamic Reentry Flight Experiments Expert. In Flight Experiments for
Hypersonic Vehicle Development (pp. 13-1 — 13-34). Educational Notes RTO-EN-AVT-130, Paper 13. Neuilly-sur-Seine, France: RTO.
Available from: http://www.rto.nato.int/abstracts.asp.
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RATIONALE FOR IN FLIGHT RESEARCH

The aerodynamic knowhow needed to design and safely fly future hypersonic space vehicles is
generally obtained by ground-based experimental simulation, computational predictions and ground-
to-flight extrapolation methodologies. However, unless these tools have been validated by
comparisons to relevant flight data, they may lack the confidence needed to ensure optimal
engineering margins. The best approach for improving confidence in ATD design tools, both for the
computational and for the ground-based experimental design tools, is to validate those tools and
design approaches against flight experiments. Even though such a strategy or approach appears
desirable, it is often encumbered with serious deficiencies such as poor measurement accuracy and
resolution, flow contamination, poor free stream charaterization, limited single point isolated
measurements in addition to the costs and risks associated with achieving a successful flight.
Moreover, there have been no recent results from hypersonic flight programs such as X-vehicles in
Europe or in the U. S., whereas, there have been a significant number of computational and
experimental tools developed. Consequently, there is a scarcity of hypersonic flight data that can serve
as a benchmark for validating computational tools and design approaches, particularly for some of the
more challenging hypersonic problems.

The EXPERT flight test programme focuses on generic configurations designed in such a way as to
enhance the ATD phenomena of interest enabling measurements to be made with improved accuracy
and spatial resolution.

It is stressed here that EXPERT is not a demonstrator for space transportation system or subsystem vehicle design and
qualification but rather a testbed provider of hypersonic data for use in an ATD design tool validation process', see

1. FULL SCALE 1 FLIGHT:
e.g. - SHUTTLE, BOURANE, APOLLO, SHENZHOU, ARIANE S, HUYGENS
- HOPE, HERMES, OSP
- HERCULES, SOCRATES

2. EXPERIMENTAL DEMONSTRATOR VEHICLES :
e.g. - X23, X24, X38, AS201, AS202, APOLLO 4,6 ARD,
- BOR4 for TPS ; BORS5 for GNC;
- OREX, HYFLEX for TPS ; ALFEX for GNC
- MAIA, PHOENIX 1 and 2 for GNC
- FLPP IXV ( PRE-X— USV)

3. IN FLIGHT RESEARCH VEHICLES
e.g. - SHARP B1, B2 FLIGHTS, HYSHOT, X43,
- IRDT, PAET, RAMC, FIRE
- MIRKA, EXPRESS, SHEFEX, SFYFE
- EXPERT

Figure 1.
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Figure 1 In-flight experimentation strategy.

The ATD tools consist of numerical as well as experimental, i.e. ground based facility-tools. The aim is
to perform extensive pre- and post-flight analysis in the european hypersonic facilities such as S4, LTB,
F4, HEG, Longshot, TH2 and to study flight extrapolation strategies on TPS gas/surface interaction in
plasma facilities such as L3K, PWK, SIMOUN and SCIROCCO in combination with the use of the VKI
plasmatron.

EXPERT will provide the improved ATD means for the upcoming ESA Launcher and Reentry
programs.

Below, the objectives and the design approaches are outlined compatibly with the constraints in mass,
volume and trajectories imposed by the VOLNA launcher.
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LESSONS LEARNED FROM THE PAST FLIGHT EXPERIMENTS

Below you will find some major lessons learned from flight test programs and a list of major critical
phenomena where modeling needs to be improved as experienced in past and ongoing space vehicle

design activities.

Figure 2 addresses the major lessons learned from the Orbiter space shuttle first flight.

Pitching moment anomaly : an addition of 8 degrees body flap action was required to trim the vehicle at
hypersonic speed corresponding to the maxiumum allowable body flap range.
Note that elevon action could have largely compensated fo this additional pitching moment.
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Ref.: G. Laruelle/T. Bonnefond/P. Sacher, Flight Testing for Hypersonic Speed An European view, AGARD CP 600, C31-1, 1997 (Paris

Figure 2 Shuttle pitching moment anomaly.

Figure 3 shows the conservative approach, which was taken for the design of the TPS by assuming
transition to take place around Mach 15 as opposed to Mach 10 in flight.

13-4
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Temperature and Heatflux
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Figure 3 Shuttle heat flux overdimensioning.

Figure 4 and Figure 5 show some of the ARD post-flight rebuilding results.

The need for improved instrumentation integration as well as the knowledge of the free stream using
air data system was stressed. In general the agreement with flight was satisfactory.

It must be stressed that the primary objective of the ARD was to demonstrate mastering of complete
vehicle design approaches including all aspects of flight: launch, separation, de-orbit, re-entry
parachute system and recovery.

It is typical class 1 vehicle and therefore not designed to get data useful for code validation.
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Figure 4 ARD pressure rebuilding activities.

RTO-EN-AVT-130 13-5



Aerothermodynamic Reentry Flight Experiments Expert oReANTZATION

Flight Temperature Measurement
Front shield : thermocouples dysfunctioning
at about 700-800°C

Heating Rate Extraction
Inverse Method

Real Gas Effects on Tore Peak heating
Amplification Factor

% Same trends on: CFD
Wind Tunnels
Flight data

% Real Gas effects observed above mach 10

Courtesy EADS

Figure S Post-flight analysis of real gas effects on ARD.

Figure 6 and Figure 7 address the issues around flap heating and flap efficiency. Data for improved
modeling of shear layer transition are urgently needed.

heat flux distribution a
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Figure 6 X-38 heat flux distribution at Mach 6.

Unsteady pressure and heat flux data in windtunnel and flight conditions are required to validate new
approaches such a s DNS, LES, DES or new advanced RANS techniques.
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heat flux distribution on y= 032m
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Figure 7 X-38 flap heating at Mach 6.

Figure 8 shows the contribution of compressibility, real gas, viscous interaction effects on pitching
moment and a comparison with experiments in the Mach 6 CF4 LARC facility and in the ONERA hot
shot F4. Mach number independence principle for this blunt configuration does clearly not hold
anymore.

The data obtained in F4 and LARC CF4 Mach 6 are to be used for in situ facility code validation as
they do not represent flight. Flight extrapolation needs to be done using CFD.
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Figure 8 X-38 pitching moment build up.
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Figure 9 Langmuir probe/RAM C flight test.

Figure 9, Figure 10 and Figure 11 summarize some of the RAM C flight rebuilding activities.

Dunn and Kang model seems to fit better with the electron density number measurements than Park.
Complementary data measuring vibrational levels, species concentrations are required to complete the
database.

RAMC-II 71 km Mach 25.9

10" electron number density at x=1.234m
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Figure 10 RAM C flight rebuilding with PARK model.
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RAMC-I1 71 km Mach 25.9

10" electron number density at x=1.234m
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Figure 11 RAM C flight rebuilding with Dunn-Kang model.

Finally, Figure 12 and Figure 13 describe some major chemical processes for catalysis on silica
surfaces.
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Figure 12 Chemical Processes in Heterogenous Catalysis on Surface

Different recombination mechanisms occur depending on the wall temperature. Data in ground based
facilities, plasmatron (VKI), but also in laboratories such as in the solar furnace (Odeillo) as well as in
flight would greatly advance catalysis modeling and is urgently needed.
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Figure 13 Yo Recombination coefficient modeling.
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GEOMETRY OPTIMIZATION, TRAJECTORIES AND LAYOUT

EXPERT is an innovative low cost hypersonic flight program that, thanks to the flexibility of the
Volna launcher, allows flying different trajectories corresponding to entry velocities varying from

5000 to 7000 m/s 2.

A geometric optimisation and layout was performed taking into account the following constraints:

e Ballistic re-entries with vehicle mass and volume compatible with VOLNA 3™ stage

e Limitation of stagnation heat flux so as to avoid contamination of onboard flight measurements
possibly caused by active oxidation of the C-SiC nose.

e Laminar attached flow over most portion of the flight to study:
- different level of catalysis ( gas surface interactions );

- roughness induced transition;

- separated flow- shear layer induced transition in front of deflected flaps.

(a) Model 1.1: REVolution, axisymimet- (b) Model 2.1: Kheops, pyramid based
ric model model

(¢) EXPERT Model 3.1: Optimized (d) EXPERT Model 4.1: cone based model
Kheops

(e) EXPERT Model 4.2: open flaps

Figure 14 Overview history EXPERT Model

RTO-EN-AVT-130
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The optimised version of the EXPERT configuration, (in Figure 14 the entire evolution of the
configuration is shown) is named KHEOPS; it is a blunt cone / flap — shape —configuration with a
length of 1.60 m and a diameter of 1.23 m. The contour features an elliptic nose (local radius is 0.55
m) and a clothoide so as to keep the junction between nose and conical parts second order continue.
The 12.5-degree conical leading edges feature axisymmetric flows enabling two-dimensional
sensitivity computations. Two opposite flaps, at present fixed at 20 degrees, will be open (scoop) to
study 3D micro-aerodynamic effects on corners, base flow recirculation and non convex reradiating
wall effects. Two other opposite flaps may be closed to host sensitive instrumentation such as an IR
camera and /or PYREX. Figure 15 shows the VOLNA launcher with the VOLAN vehicle as a payload
used for in flight micro gravity experiments. EXPERT requires an RCS (Reaction and Control) system
in order to keep the flight angle of attack as close as possible to the zero trimmed incidence. The
feasibility study proposed a RCS system made of 6 N thrusters, active up to 80 km altitude.

Below this altitude only roll control is assumed and longitudinal stability should assure that incidence
variations are below 0.5 degrees.

Figure 15 Volna Launcher.
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AEROTHERMODYNAMIC ENVIRONMENT
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Figure 18 KHEOPS revision 4.2; Perspective view.

EXPERT vehicles will have a mass varying from 250 to 400. The geometry is shown in Figure 16,
Figure 17 and Figure 18.

Figure 19 and Figure 20 show the heat flux distribution assuming non-catalytic and fully catalytic
radiative equilibrium wall boundary condition. The influence of wall catalysis is large; partial catalytic
wall assumption need to be assumed for the design and layout of the TPS. Figure 8 addresses the
inﬂue;nce of mass on stagnation heating. A partial catalytic wall has been assumed for the DLR C-SiC
nose °.

It demonstrates that clean non-contaminated flight environment for detailed flight measurements is
possible up to a re-entry speed of 6 km/s. The curve, describing the boundary of passive to active

RTO-EN-AVT-130 13-13
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oxidation will be confirmed again with new detailed plasma facility tests. Figure 8 includes also the
theoretical and experimental analysis of Hilfer* and recent DLR C-SiC experimental data on the
boundary of passive/active oxidation obtained in the DLR L3K facility”.

EXPERT will have a C-SiC nose, PM 1000 conical panels for its leading edges, PM1000 flat parts and

C-SiC flaps. Its base will consist of FEI or y-Ti alloy panels.
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1.32E+06

T

1.19E+06
1.06E+06
9.36E+05
B.08E+05
6.80E+05
5.52E+05
4.24E+05
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1.68E+05
4.00E+04

Figure 19 Non-catalytic heat flux distribution on peak heating of trajectory for 6 km/sec trajectory.
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Figure 20 Catalytic heat flux distribution on peak heating of trajectory for 6 km/sec trajectory.
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WIND TUNNEL COVERAGE
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Figure 21 Influence of mass on C-SiC active/passive oxidation boundaries.

In order to study scaling and flight extrapolation, different trajectories are planned to be flown. A
unique opportunity is offered here as Mach, Reynolds and binary scaling from flight can be partly
duplicated in the newest European and Russian high enthalpy facilities. Figure 22 exhibits three
possible EXPERT trajectories in terms of Mach / Reynolds combined with the performance envelops
of the major European hypersonic wind tunnels: F4 and S4 from ONERA; HEG and H2K from DLR;
TH2 from RWTH; LONGSHOT from VKI, HTFD from TU Delft and the AT303 from ITAM
(Russia). Figure 22 shows the corresponding binary scaling versus speed diagram. Note that the 5 and
the 6-km/sec EXPERT trajectories “fly “ through calibrated nozzles of F4 and HEG. Comparison of
wind tunnel data with flight at these crossing points will greatly advance our understanding of high
enthalpy wind tunnel nozzle free stream uncertainties on flight extrapolation and scaling. Indeed
influence of free stream pollution, coupling of vibration and dissociation, flow establishment time,
influence of electrons, thermo chemical state of free stream, etc..., in present days hypersonic facilities
are not fully understood.
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Figure 22 EXPERT trajectories Wind Tunnel Coverage.
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THE SCIENTIFIC PAYLOAD

EXPERT Payloads

Payload 12

Favioads Payload 11 Blackout
Payload 8 Payload 5 Refioctometer
Open Flaps gng'éfer;ction

Payload 7

urface
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Interaction Emission

Catalysis ressure, heat
lux, force
measurements

Payload 6

Closed Flaps
IR apparatus

Payload 9

Pitot static and
Langmuir probes Payload 14

Payload 1 Payload 4 Payload 10 TUD Passenger

Payload 2 .
Flush Air Roughness Base flow Payload 13

Data
C-SiC Nose Induced
Heating System Transition UHTC struts

PYREX

Figure 23 Overview on EXPERT Payloads.

The EXPERT vehicle (as shown in Figure 23) will carry state-of-the-art instrumentation for in-flight
measurement of the critical aerothermodynamic phenomena: transition, catalysis, real gas effects on
shock interaction, as well as blackout. Special attention will be paid to the design of measurement
sensors, as well as to the measurement of the free-stream parameters during reentry (i.e. the design of
ADS)

Figure 24 Payload 1.
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Payload I + II : Free-stream tracking + Nose Heating Measurement

The nose of the vehicle, featuring high geometrical accuracy and a low surface catalicity, is designed
to be an integration platform for both Flush Air Data System and heat flux sensors.

Lessons learned from past flight programmes have shown the importance of correct assessment of the
free stream conditions for improved interpretation of onboard measurements.

A pressure-based Air Data System (ADS) (Figure 24) mounted on EXPERT’s nose will provide free
stream dynamic pressure, angle of attack and sideslip angle. Raflex gages are planned to be used as
ADS sensors featuring combined pressure and heat flux measurements. These heat flux measurements
will be compared with those obtained from Payload II, i.e. PYREX measurements.

The goal of the latter payload (PYREX) is to determine the temperature history and corresponding heat
fluxes at six locations on the nose (Figure 25). Technology readiness is assured by the fact that
EXPERT will take advantage of instrumentation originally developed for the X38 experimental
vehicle to measure temperatures in the nose region.(Figure 26 and Figure 27 show the PYREX
temperature system fully qualified and installed in the nose of the X-38 vehicle.)

Figure 25 Payload II.

_ : e 5
§ & A T e M

Figure 26 C-SiC Nose (courtesy IRS). Figure 27 Nose Instrumentation (courtesy IRS).

13-18 RTO-EN-AVT-130



OTAN

Aerothermodynamic Reentry Flight Experiments Expert

Payload III : Catalysis measurements

The assessment of the catalytic gas-surface interaction is a major concern when designing a thermal
protection system. The degree of catalicity of a material affects the heating of the surface and thus the
design of the protection needed. Understanding this phenomenon calls for very complex modelling at
the molecular level, which can only be partly validated in ground-based plasmatron facilities. A series
of temperature gages, each covered with coatings with different degrees of catalicity, are foreseen

to be flown on two diametrically opposite

leading edges of EXPERT to study the phenomenon. Figure 28 shows two sets of coated inserts
mounted on the leading edges.

Figure 28 Payload III.

Figure 29 and Figure 30 demonstrate the expected overshoot in wall temperature (above the full
catalytic wall assumption) when the atoms in the nonequilibrium boundary layer recombine at the fully
catalytic inserts.
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Figure 29 Full Catalytic patches simulation.
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Figure 30 Numerical simulation grid and results.

This computation leads to the conclusion that enough resolution is available to perform good flight
measurements.

From an experimental point of view two main issues have to be addressed, namely the selection of
catalytic materials for the inserts and the design of measurement procedures leading to accurate heat
flux values.

After a preliminary selection of sample candidate materials and coatings, which will happen in Ground
testing facilities, the experiment will be evaluated via CFD analysis.

Traditional sensors as well as non-conventional devices are foreseen to be part of Payload III.

In addition to classical thermocouples, pyrometrical temperature measurements will be performed on
both the so-called catalicity layout (line of patches featuring different levels of catalicity perpendicular
to the airflow) and the so-called relaxation layout (line of patches featuring the same level of catalicity
along the airflow). From the computed heat fluxes the dissociation degree of the airflow and the
relaxation effects will be estimated.

Since the gas-surface interaction is driven by material catalytic characteristics and chemical processes
in the flowfield, a spectroscopic diagnostic tool will be included in Payload III.

The chemical composition of a narrow volume located at a short distance from the surface will be
assessed via comparison between the experimental and already available spectra of O, N, O,, N, and
NO. Since a spectroscopic analysis is more accurate than the usual temperature evaluation, more
information could be collected and used for heterogeneous catalysis models validation.
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Figure 31 Payload IV.

Payload I'V: Roughness-induced transition

Laminar to turbulent boundary-layer transition is considered one of the most critical
aerothermodynamic phenomena due to the associated local temperature peaks and drag increase;
unfortunately it is not yet fully understood from a physical point of view and hypersonic transition
prediction based on ground test extrapolation-to-flight is not reliable. In fact, chemistry effects are
difficult to simulate in ground facilities and cold hypersonic facilities are affected by external
disturbances (wind tunnel related), which constitute dominant sources of perturbations for transition
triggering.

Thus, only flight experiments with well-characterised disturbances (triggering transition where
required) may provide essential information to be coupled with ground facilities data and numerical
simulation results. Roughness-inducing boundary-layer transition elements will be mounted on the
leading edges of EXPERT in diametrically opposite locations. Their position, size and number will be
chosen such that transition occurs in the lower altitude, higher Reynold number part of the flight. Heat
flux sensors will detect transition.

Figure 32 show the roughness heights inducing transition for several Mach numbers along trajectory.
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Figure 32 Roughness height along EXPERT geometry.

The remaining edges will be kept smooth in order to have a reference clean condition to be compared
against the induced transition behaviour.
Figure 31 shows a typical roughness element layout, whereas Figure 33 addresses typical roughness

induced transition correlations, which need to be validated via new flight data.
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Figure 33 Experimental activities on Roughness induced transition (courtesy VKI).

At this point, the importance of analysing smooth surfaces has to be remarked: in fact, the experiment
will be successful only if no transition is triggered by surface discontinuities before the roughness
elements are reached. That is why Payload IV addresses both surface discontinuities triggered
transition and roughness element induced transition via CFD + stability analysis, wind tunnel test
campaigns and flight tests.
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Figure 34 Payload V.

Payload V : Shock interactions around open flaps
Boundary-layer separation effects in front of a deflected flap (Figure 35) affect not only the

Figure 35 3D Flowfield around the vehicle.

flap for control purposes, but also the heating associated with shear-layer reattachment.

RTO-EN-AVT-130
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Figure 36 to Figure 39 show the typical variation of viscous interaction effects that occur on a
deflected flap during re-entry. Separation bubbles change in size during re-entry and affect not only
flap efficiency but also the heating associated with shear layer reattachment.

Figure 36 M _ =10 contour plots of axisymmetric NS Figure 38 M _=12.9 contour plots of axisymmetric

non-equilibrium computations. NS non-equilibrium computations.

17.0| 2215
' 16.0 | . P
M 150 .

Figure 37 M =17 contour plots of axisymmetric NS Figure 39 M _=22.5 contour plots of axisymmetric
non-equilibrium computations. NS non-equilibrium computations.
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Three dimensional effects, corner and gap heating, base-flow circulation and wall cooling are all
critical issues that need to be addressed in the design of control flaps. The set-up proposed for
EXPERT consists of a space-vehicle ceramic flap with fixed actuator instrumented with simple but
reliable devices such as thermocouples, heat and pressure gages, strain gages and micro-pyrometers
(Figure 34).

In order to derive extrapolation-to-flight criteria able to reproduce both the mechanical and thermal
loads acting on the control surface, a number of experimental tests will be performed. The EXPERT
flight conditions in the flap region will be characterized by means of CFD and ground experimental
activities. Also the flat faces upstream the flap are foreseen to be instrumented.

Payload VI : Heat fluxes inside closed flaps

The two closed flaps will be instrumented to measure accurately temperature and pressure in the
reattached flow region and heat fluxes on the rear face. In particular one flap will feature
unconventional measurement techniques, whereas an array of conventional sensors will be mounted on
the opposite side for calibration and comparison.

To assess the location of the reattachment line with good accuracy, temperature and pressure sensitive
paints will be used. The paints are foreseen to cover a sapphire window imbedded in the C/SiC flap.

Figure 40 Infrared camera.

Taking advantage of today’s capabilities for measuring time-dependent 3D phenomena using non-
intrusive techniques, an infrared camera (Figure 40) will be mounted inside the closed flaps. Inverse
methods will be applied to the data measured beneath the flaps in order to ‘reconstruct’ the external 3D
heat flux during re-entry. As the deflection of all four flaps is identical, the flow results can be
crosschecked with those predicted using the more classical methods.
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Payload VII + VIII: Shock-layer chemistry

When computing a hypersonic flowfield, the thermo-chemical model used plays a dominant role
because it strongly affects the results of the numerical simulations. Unfortunately, those applicable to
hypersonic flight could not yet be fully validated and hence there is an acute need for a reliable set of
thermo-chemical measurements, particularly within the shock layer, which EXPERT can provide.
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Figure 41 EBF (courtesy ONERA).

An instrument (Figure 41) based on the electron beam fluorescence technique is foreseen to be flown
on EXPERT; it is expected to perform measurements of vibrational temperature, rotational
temperature and concentrations of molecular nitrogen and nitrogen oxide in the flowfield, particularly
in one point outside the shock layer and in one point inside the shock layer.

Figure 42 to Figure 45 show the N2 concentrations in the shock layer of the EXPERT vehicle during
re-entry. Very valuable data can be derived from such an experiment for validation of thermo-chemical
models complementing those obtained in ground-based facilities.
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chN2

Figure 42 N, concentration at M =10 for catalytic

wall assumption.

chN2
0.7624
0.7562
0.7500
0.7438
0.7378
0.7314
0.7252
0.7190
0.7129

0.7067
0.7005
0.6943
0.6881
N 0.6819

0.6757

0.6695

0.6633
0.6571
0.6509
0.6447
0.6385

Figure 43 N, concentration at M _=17.0 for
catalytic wall assumption.
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Figure 44 N, concentration at M =12.9 for
catalytic wall assumption.
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Figure 45 N, concentration at M =22.5 for
catalytic wall assumption.

The EBF Payload has to be considered as a subsystem, featuring an electron gun, a spectrometer, a
camera for detection, own battery, etc.; the miniaturised electron gun is the most challenging
component to design and build, because it affects the ability of the electron beam to penetrate the

flowfield.

The ions are produced through an electrical discharge between the anode (wire) and the wall. They are
accelerated towards the cathode; their impact results in the extraction of electrons.
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13-27



Aerothermodynamic Reentry Flight Experiments Expert

T

ORGANIZATION

The electrons are then accelerated counter wise and are collimated into a thin beam by the geometry of
the system. The current technological development focuses especially on the extension of the operation
domain towards higher values of free-stream densities.
In parallel, an optimised integration between EBF and vehicle is under investigation.
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Figure 46 Numerical simulation of the relevant temperatures.

Figure 46 demonstrates that present day nonequilibrium tools show large difference between rotational
and vibrational temperature in a region downstream of nose/cone junction justifying the use of an EBF
for in-flight measurements.
The EBF Payload mainly aims at providing valuable data for validation of the thermo-chemical
models and complementing the information obtained from ground-based facilities.
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Figure 47 Spectral simulation and Plasma Wind Tunnel experiment (courtesy IRS).
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In addition to the EBF, RESPECT is planned to be flown. This instrument aims at collecting
spectroscopic information during re-entry through spectrally resolved emission; the experimental data
will then be compared with coupled flowfield/radiation codes leading to the validation of used thermo-
chemical models. The RESPECT subsystem (Figure 48 shows a two channel device) consists of a
miniaturized spectrometer, optical fibers and a lens system; the foreseen spectral range is 200-800 nm.

Figure 48 RESPECT mounted on EXPERT (courtesy IRS).

The challenge of this flight instrument lies in the design of the electronics supporting the spectral
measurement and the optical window through the heat shield. Preliminary activities performed at IRS
demonstrated the feasibility of such a procedure. Figure 47 shows first comparisons between computed
and in Plasma Wind Tunnel measured spectra.
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Payload IX : Boundary-layer measurements

At the trailing edge, EXPERT will be equipped with a Pitot static pressure rake and a Langmuir probe
in order to measure, respectively the boundary-layer characteristics and the electron density profiles
close to the wall.

The critical issues to be tackled are related to the conceptual design of the probes, including the
selection of the material, the definition of the attachment points and the location and type of
transducer.

The resulting characterisation of the boundary layer at the trailing edge of the vehicle will further
contribute to our understanding of boundary-layer transition phenomena (Figure 49).

Figure 49 Payload VIII

Payload X : Base flow measurements

This Payload aims at measuring steady and unsteady loads on the base of the vehicle. Local base
pressure and heat flux measurements will be made to study the complex base recirculation flow in
between the flaps and possibly the Reaction Control System-plume interference effects (Figure 50).

Figure S0 Payload IX.
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Payload XI : Skin Friction Measurements

A slip flow sensor is foreseen to be integrated in the EXPERT vehicle: this combined probe mainly
designed for surface flow diagnostics in the slip- and rarefied flow regimes may also be used in the
laminar continuum flow regime.

Depending on the flow regime the following quantities may be measured:

Flow quantity Slip flow | Continuum
regime Flow

Surface Pressure @

Heat Flux ® ®

Particle flux to | @

surface

Slip speed ratio @

Skin friction ®

Table 1 Payload X Diagnostics (courtesy HTG).

The slip flow sensor has been designed with two inclined pressure taps, which are integrated in one
caloric copper sensor head, ensuring same temperature for the cavities of both probes.

Figure 51 Payload XI.

Payload XII : Black-out measurements

Predicting the blackout phase is not an easy task, because it depends on the electron density map,
which in turn depends on the thermo-chemical models used. Blackout duration can be reduced by
optimising TM/GPS antennas design and location.

This payload aims at studying re-entry plasma electron density (also with the help of Langmuir probes)
and the associated radio-link attenuation patterns, via an extended radio-frequency (RF) reflectometric
system (Figure 51).
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Figure 52 Payload XIII.

Payload XIII : Sharp Hot Structures

The objective of this payload is to fly an instrumented patch of UHTC material. The payload could be
a bulk ceramic component or coated component (UHTC covered with anti-oxidation UHTC). The
flight test aims at monitoring the thermal conditions of the structure. Two symmetric locations are
foreseen for this Payload.

The UHTC could be integrated on dummy winglets, similar to the Pitot static rakes or on a small
deflected surface at trailing edge of the vehicle leading edge.

Payload XIV : Thermal protection passenger

Based on an idea emanating from the Technical University of Delft (NL), it is planned to fly a small
innovative water-cooled thermal-protection system as a passenger on EXPERT (Figure 52). If
successful, such a system could be used to reduce nose radius and/or leading edge radius for increased
L/D future winged re-entry vehicles. The enhanced radiation cooling concept consists of a super alloy
outer skin and a porous alumina filled with water, separated by a gap. The porous material is kept at
low temperatures due to evaporation, thus allowing both external and internal radiation coming from
the metal heat shield.
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CONCLUSIONS

EXPERT is an in-flight research programme, with the objective to improve our understanding of
critical aerothermodynamics phenomena such as transition, catalysis, blackout, real gas effects and
shock wave boundary layer interactions associated with flap efficiency and heating. It includes
multiple VOLNA flights on generic configurations and focuses on wind tunnel to flight extrapolation
as well as on the flight measurement techniques integration themselves. At present two ballistic flights
(5 and 6 km/sec) are planned. If successful, it is believed that other flights are possible such as for
higher speed (7 km/sec); future flights for the study of transitional flow phenomena and skipping
trajectories, jet interaction, demonstrator for MHD/nose heat flux reduction schemes and flights for the
study of advanced materials associated with high-speed re-entry.
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