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The IRDT flight performed in 2006 was not nominal. The flight was characterized by a
blackout period shorter than expected. Here, two methods are applied to perform a post-
flight analysis. The first one, based on an engineering approach, has already been used for
the preflight analysis. The second involves coupled calculations between a CFD and an
electromagnetic solver. The main objective of this post-flight analysis is to validate this
advanced approach using flight data and to assess the validity of the engineering method.
Numerical results show that the engineering method over predicts the blackout duration due
to the fact that this method is based on a severe on/off switch. The coupled approach leads
to an underestimate of the blackout period. Several uncertainties, such as the influence of
ablative material on ionization, could explain this discrepancy. Analysis establishes the
validity of the coupled approach but its accuracy depends strongly on the modeling used for
the calculations.

Nomenclature
Att = signal attenuation in Db
E, = Z component of the electric field in direction ofrifa
Frp = Fourier transform without plasma
Fo = Fourier transform in presence of plasma
fo = plasma frequency
fiink = link frequency
me = electron mass
Ne = electron density
Ne crit = critical electron density
q = electron charge
t = time from launch
& = permittivity of vacuum

. Introduction

n the frame of the Manned Spaceflight and ExplomatProgramme and of the Technological Research
Programme of the European Space Agency, sever#h Eatry orbital demonstrators were developed. Agnon
them, three IRDT (Inflatable Re-entry and Descestthhology) demonstratdrevere developed in cooperation with
EADS and the BSC (Babakin Space Center) in Rusaldlawn from 2000 to 2005.
The use of an inflatable technology has some imfmacthe entry analysis. If the inflatable struetus used as a
backward braking device, the same phenomenon dk¥es around flaps can occur. Like for a flap, firesence of
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a backward device can induce, some local heatimgtduhe presence of gaps and/or corners, anddhefield
itself can be influenced by strong fluid/structimeeractioné. The main aspect of the inflatable technologytitha
system level; indeed the use of an inflatable d=iscmuch more complex than the choice of a rigidttshield.
Inflation occurs at high altitude and high velocignd this is a key issue in the absence of a graest facility
capable of reproducing this process in flight ctinds.

The last vehicle of the IRDT series, IRDT-2R, wasiriched successfully on October 7 2005. However, an
incident occurred during the flight, most probablye to the bursting of the inflatable device, indgca non-
nominal trajectory and the loss of the capsule twhias not recovered. IRDT-2R was equipped with &T3
antenna of 219 MHz, embedded in the front-shieldolider to ensure communications during the flightept
during the blackout period. From the data recovdrefdre the end of transmission from the capstie biackout
period was found to be also non-nominal.

This paper focuses on the analysis of the blacHauation during the IRDT-2R flight. From the nonmioal
trajectory rebuilt at ESTEC, based on the scenafria deflation of the MIBD (Main Inflatable BreakjrDevice)
during the flight, an analysis of the blackout dima has been undertaken using engineering andnadda
approaches. The engineering method, already wsethé mission preparatidnis based on shock layer analysis
and correlations. The advanced approach is a caupktween CFD and electromagnetic simulations.

1 — Take off of «Volna» LV

2 — Separation of 1-st stage

3 — Ignition of PS of 2-nd stage
4 — Separation of 2-nd stage

5 — Ignition of PS of 3-rd stage

6 — Venting of pressure from the N4

PC P
ey

7 — Separation of PC cover a2 (//}

8 — Separation of D-2R £J

9 — Spin-up of D-2R

10 — Arming of the EC, platform
separation

11 — Beginning of inflation of D-
2R MIBD

12 — Re-entry

13 — Aerobraking

14 — Deployment of D-2R AIBD
15 — Landing of the D-2R

Figure 1: Nominal mission profileof IRDT-2R (credit to Babakin Space Center)*.

1. Trajectory Analysis
This section describes the mission and in-flighensaios. The analysis performed at ESA-ESTEQd the
trajectory retained for the blackout analysis, aiefly reviewed.

A. Nominal scenario

The nominal scenario of the IRDT mission is showirig. 1. The mission can be summarized as follGhe.
launch was performed from a Russian submarinedrBirents Sea by a VOLNA rocket. After the separatif the
capsule and its spinoff, the entry occurred at RidOaltitude with an entry velocity of 6869 m/s awdk place at
60.88° latitude North and 159.2° longitude Easte Ta-entry angle was -6.84°. The inflatable dewigs in two
parts, the MIDB, Main Inflatable Breaking Deviceydathe AIBD, Additional Inflatable Breaking Devic®IBD
deployment was planned to be achieved just befogeré-entry while AIBD deployment occurred at a nwah
value of 7.5 km. The landing was planned in the Klaatka peninsula.

During the mission, communications with the grouvete ensured through a telemetry antenna systeriSAR
(Autonomous Radio Telemetry System), operatindien WHF band with a frequency of 219 MHz. In thession
scenario, the blackout zone was planned to staimedbeginning of the re-entry at 100 km of altéwhd t= 906.94s
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(from launch) and to end at t=986.94 s, so thetthmravas 80 s. The duration estimated at the Bab&gace
Center (BSC) was initially of 60 seconds but a rimaaf 20 seconds was accountedffor
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Figure 2: Flight mission profile of IRDT-2R mission (credit to Lavochkin Association)’.
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MIBD completely deflated MIBD half deflated MIBD Almost completely deflated
Nose radius [m] 0.61 0.61 0.61
Base diameter |[m] 0.89 1.6 1.1
Reference Area/[m2] 0.622 2.04 0.95
Masse [ka]l 130 130 130

Table 1: Configurations of the capsule selected for the different scenarios”.

B. In-flight scenario

The in-flight scenario, summarized in Fig.2, waledent from what was expected. The launch was essfal
as well as the separation of the capsule from twerg the spin-off and the inflation just beforeemry at t =
906.38 s. The flight was nominal till the beginniofgthe blackout zone, starting a little bit latiean expected, att =
923.695s from launch. Then, blackout duration waarter than expected with duration of 45.338 sesofithe
telemetry was lost at t=992.41 seconds and todagdpsule has not been recovered.

The analysis of the flight data shows that the agl@volution during the flight was not nominal. Tépdoad
distributions computed at BSC and ESTEC for a naimiight are compared to the flight data in Fig.T®ere is a
slight difference between the trajectory calculatddESTEC and BSC, with a maximum of g-load predict
seconds earlier than in the BSC's trajectory. Tissrepancy might be due to some differences irathsphere
models used in the calculations. The comparisoi Wie flight data gives good agreement with the inaim
predictions before the entry in the blackout regiblowever, a huge discrepancy is found after theé enthe
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blackout period, which shows that, if the trajegtaas nominal before the blackout zone this wasmetcase after
the end of the blackout.

C. Recovery of flight trajectory

A trajectory analysis has been carried out at ESTW the objective of finding a reliable interpagion of the
flight data. According to this study, the most ablie explanation for the non-nominal trajectoryhie deflation of
the MIBD during the re-entry. This is highlighten Fig. 4 where the g-load distributions computed different
scenarios (MIBD fully deflated, almost completelefldted and half deflated) are plotted. The differe
characteristics such as the base diameter an@fdw@mnce area used to compute the trajectory paetesl in Table
1. The scenario where the MIBD is almost completiditated at t=55s (from the beginning of re-emirt 00 km of
altitude) fits the best the flight data. Other piligtht trajectory analysis carried out at IR&hd BSC arrived at the
same conclusions. As a consequence, this scehased on the hypothesis of an almost completetieflaf the
MIBD during re-entry, has been retained as basdtinéhe current study on blackout.
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Figure 3: G-load distributions computed at ESTEC (nominal_G-load) and BSC for the nominal trajectory
and flight data (reported-Gload) °.
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Figure4: G-load distributions and sensitivity analysisfor the deflation scenario.
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[11. Engineering Approach for Blackout iti '
g gApp Link frequency Critical Electronic

Analysis Designation Density
. : (GH2)

A high level of electron density around th (electrons/cr)
spacecraft during the flight induces the blacka 0.4 UHF Band 1.99 -fo
phenomenon associated with ionization. When 2.3 S Band 6.56 -10
critical density of electrons for a given frequenc 8.4 X Band 8.75 - 10
is reached the communication is cut. The critic 32.0 Ka Band 1.27 - 1o

electron densities for the different communicaticTable 2: Minimum frequencies and critical eectronic
band§ UHF, S, X and Ka, are listed in Table Zdensitiesfor different communication bands.
During IRDT flight, the communications with the
ground were ensured by an Autonomous Radio Telgrsgstem (ARTS). The ARTS antenna was operatirtgen
UHF band at a frequency of 219 MHz. The antenndegtded in the heat-shield as shown in Fig. 5, imaanaular
shape (with the stagnation point as centre) and emaisting forward. This means that the signal emitted by the
antenna had to cross the shock wave located upswéthe vehicle front shield. During entry, ART&svnot used
during the blackout zone and from a mission pofnti@w, the duration of the blackout period had&estimated.
In order to complete the post-flight analysis basedtrajectory predictions, a study has been uaHert to
reassess previous blackout predictions duringliletfas a function of the new trajectory. This baen carried out
in two steps. In a first step, an engineering appno developed and used already for the missiopapaéiori has
been applied to the flight trajectory. In a secatelp, a more advanced method based on coupledasioms
between CFD and electromagnetism solvers has mariagped.

A. Engineering method
During a re-entry, a high level of electron densitgund the spacecraft induces the blackout whicssociated
with ionization. For a preliminary analysis, an in-
depth study of the blackout coupled to three- 10
dimensional numerical simulations of the IRDT
configuration at different locations during the lgar
stages of the re-entry could not be undertaker |
Therefore, an engineering approach was develope I
to predict the blackout duration. I T
This method, based on an on/off switch, is
described here. Phenomena like diffraction
coupling with radiation and propagation of
electromagnetic waves within the plasma are g
beyond the scope of an engineering study and a
not accounted for. Frequency attenuation is alf¢o nt
considered here. In order to assess the blacko
duration, the critical electron density for the ART
frequency has to be determined. When the critice
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1

density of electrons is reached the communicason i 17,
cut. For a given electron densityn., the o
corresponding plasma frequenc§, in Hz, is P Antenna
expressed as, . )
> Flgure 5. Sketch of IRDT with embedded antenna
fp :%T an, ’ B location.
| &m,

Where,q is the electron chargey the electron mass argl the permittivity of vacuum. From this equation the
critical densityne crir, for @ communication band is given as,

2

Fink

n, =—"m
eeit 8064 .10°

where, fin is the link frequency, expressed in Hz, of theestigated band. Applying this equation to the ARTS
frequency, the critical density for this antennéoisnd to be 0.59410° electrons per cubic centimeter.
In order to predict the electronic density aroumel TPS, the chemistry composition along the stagméibe has
been computed using the shock layer solver, PM$&R different points of the trajectory. Using thisol an
5

American Institute of Aeronautics and Astronautics
092407

, )



axisymmetric approach is used to determine thekstayer accounting for chemical and thermal noniHégium.
Here, an Earth atmosphere thermochemical mbdetounting for ionization, with 11 species,(N,", N, N', O,,
0,", O, 0, NO, NO, e-) and 16 chemical reactions has been usedhéocalculations. According to Greendyke et
al*, only minor differences can be found between amimgtric and three-dimensional computations for kibat
prediction. In this work, only one thermochemicaddel is used, while a parametric sttfdyas shown a particular
sensitivity of the onset and severity of electromalanche phenomena associated with changes in the
thermochemical model. An extension of this studyuldobe to perform a parametric study of the chewist
composition with several thermochemical models.

Using this methodology, the electronic densityamputed with PMSSR along the stagnation line and
compared to the critical densities for the anteriifeen a first estimate of the blackout duration banperformed
since the antenna is close enough to the stagnadion

B. Preflight Analysis

Using this methodology, in order to prepare the 10°
missiort, the electronic density has been computed an
compared to the critical densities for the ARTS el
different frequency bands reported in Table 2 fol
predicting the mission blackout duration.

Several computations have been made for differer
times of IRDT entry, from t = 906.94s to t = 971s94 he
calculations have been stopped when the electrasitgte
was lower than the critical density for the ARTS
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the stagnation line, since the antenna is embeitdéue w0k Ka Band
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and at the stagnation point should be of the sameroln wE ARTS Band

Fig. 6, the electronic densities, computed for ediht ol Ly L S, ..0
points of the trajectory, are plotted as well as thitical 900 920 - n:*fao ©) 960 980

electron densities for different bands. Resultsstiat the
critical density for the Ka band is reached at366.94 s
that corresponds to the peak of heat-flux duriregehtry.
It is also the moment of entry with the highestization
effects. The blackout duration lasts only a fewosels in
this band. The blackout duration for X and S basddose to 35 and 50 seconds respectively. Fofrdmiency of
interest here, the ARTS frequency, blackout is &sné.ccording to our numerical results, it lastssé@onds.

The blackout duration during the IRDT mission h&so deen estimated at B&E@\ccording to this work, the
blackout zone lasts from the start of re-entry at906,94 s to t = 986,94 s. This was longer thengredictions
with, at first sight, a discrepancy of 20 secondswever, for the mission preparation a margin of 2@as
considered for the entry beginning and this mangas integrated in the blackout duration. This exglahis
apparent discrepancy between the blackout duratiasidered for the mission design and the predistferformed
with the engineering method. In fact, the blackdutation estimated by BSC was 60 seconds from ta@mum
time of the entry beginning, so finally in very gbagreement with the predictions performed at ESTEC

Figure 6: Evolution of the electronic density
during IRDT entry. The lines correspond to the
critical densitv for Ka. X. Sand ARTShands.

C. Post-flight Analysis

In order to estimate the reliability of the engirieg approach developed for the mission analysis,df interest
to apply it for the post-flight analysis. This hbeen done during the re-entry from t = 0 s to tO=s8for the
trajectory corresponding to the scenario with amogt completely deflated MIBD shown in Fig. 4. Frdhe
trajectory derived using the flight data, the alectdensities computed along the stagnation linee haeen
computed and compared to the critical density fer ARTS band. Fig. 7 shows the flight data wite thload
distribution, the electronic density computed & $tagnation point and the critical electronic dgrfer the ARTS
band. The beginning and end of the blackout zoeeatso reported in this figure. During the fligtite blackout
zone lasted from t = 17.315 s to t = 62.65 s frbm re-entry time, so lasting 45.3 s, which is liss1 expected
during the mission preparation.

The beginning of the entry is nominal and as fernfission preparation, the computations predicbtginning
of the blackout zone at t = 7 s after re-entry. Blaekout zone is expected to last until t = 7therefore 12.4 s after
the end of the blackout zone during the flight. Ththe engineering method predicts the onset afkblat 10.3 s
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earlier and the end 12.4 s later that the flighad&he duration of the blackout zone is overpedidy 22.7 s: a
blackout duration of 45.3 s during the flight comgzhwith 68 s in our computations.

The discrepancy between the predictions and tigatfidata can be explained by several factors. Aipus
study? has established a particular sensitivity to theeprand severity of an electron avalanche phenomeno
associated with changes in the thermochemical m&imih a fact could explain the discrepancy indhsget of the
blackout predictions but not for the end of thecktaut zone. Another point is the approach itsedft thnight be too
elementary to handle such a phenomenon, indeedetigmeering method is a rather severe on/off swiftin
extension of this study could be to perform a pataim study of the chemistry composition with sever
thermochemical models. A possibility to refine dqgproach would be to use electron densities pedlioy CFD
computations. The present analysis neglects alsoatilation process that could create species isiageor
decreasing the level of ionization in the shocletayn order to provide a better assessment obléekout period,
in the next section coupled calculations will befpened using CFD and electromagnetic solvers.
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Figure 7: Evolution of the electronic density during IRDT entry and flight data for the g load. The horizontal
line correspondsto the critical electronic density for the ARTS band.

IV. Coupled Approach

In order to refine the results obtained using the
engineering approach and also to assess i __
reliability, a coupled approach has been applied t
the problem. This blackout analysis is based on th
coupling between the numerical simulations ]
performed using TINA® which are post processed . |
using a suite of codes. The method is describe ]
hereafter. -

s
e
e

A. CFD Predictions °s
During a re-entry, the high level of electron
density around the spacecraft induces the blackor °

which is associated with ionization; as a

consequence the numerical simulations performe o. v 2 2.
with TINA have been performed accounting for Figure 8: Mesh used fo?thecomputations.
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this phenomenon. In this objective, the thermockahtnodel proposed by Patkhas been retained. This is an 11
species model (QN,, O,°, N,*, O, T, N, N, NO, NO, €) with 16 chemical reactions. Computations havenbee
performed without surface catalysis: since the maxn of the electron population is close to the EHocation,
their mass fraction at this location should notrimified by catalytic boundary conditions.

Axisymmetric computations have been performed wittemgle of attack for the capsule. During thgttithere
was a small angle that has been neglected hereadifgmmetric mesh used for the calculations is<&®D cells
mesh and is plotted in Fig. 8.

Trajectory Time from re- . Altitude .
entry (s) Velocity (m/s) (km) Density (kg/m)
Nominal 43 5800 66 2..10
Flight 17 6860 85.8 7.23 .10
Flight 63 3355 50.6 8. .10

Table 3: Characteristics of thetrajectory pointsinvestigated.

Numerical predictions have been ~
performed for the trajectory points |
reported in  Table 3. First, = O FRAGTON S
computations have been carried out for ] o
the point of the nominal trajectory 1 P [ o3seE-e3
corresponding to peak heating . '
conditions. This point is in the 1
strongest part of the blackout region ] [ 6250803
and this calculation is used to test the
suite of codes. Then, numerical
simulations have been performed for 1 L 6150505
the start and end points of the blackout ] 4
region observed during the flight, so ° D [~ ©-100E-03
for the point at 17s and 63s after re- ] — o sommon
entry. - F
A TINA prediction is shown in | 2 o
Fig. 9 where the mole fraction of > *
electrons is plotted and the Figure 9: Mole fraction of electrons at peak heat-flux of the
corresponding mass fraction is shownpominal trajectory.
in Fig. 10. This solution was obtained
for the trajectory point corresponding
to the maximum of heat-flux along the iz
nominal IRDT trajector}/. e |
Computations have been .l
performed using some modifications ., |
in the calculation of the ambipolar |
diffusion. The low limit for this
quantity has been reduced from®110
10°. This modification of the
ambipolar diffusion assumption for
small number densities has been done
to avoid a high (erroneous) electron
density in the free stream. The
calculations were also performed with
a very low level of the inflow mass .
fraction of electrons: 18. If a very
low mass fraction is not used at the
inflow this may result in a too high ' aint
electron density in the whole field. Figure 10: Electron mass fraction at peak heat-flux of the nominal
The predictions for the two other trajectory.
trajectory points of Table 3 have been
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achieved using the same computational conditions.

B. Methodology

First, the results from TINA (2D mesh, electron s&saction, electronic temperature and density)aapped to
a 3D orthogonal mesh using the link code FLIRG'he 3D mesh used in FLING includes the entiremay
vehicle. It is 180 cells along the x and z diremti@nd 108 cells along the y direction, the doreatends from -3 m
to 3 min the x and y directions and from -1 m 16 & in the y direction.

The same tool computes the
electron collision frequency and the o w w w Ly e 1
plasma frequency in each cell of the rem———
mesh. Then, the Maxwell equations
are solved for the electric field e
corresponding ARTS transmission
through the plasma flow using the
electromagnetic solver PLASMA oot -

In PLASMA’s input, the antenna
location and characteristics have to be
provided. Here; the antenna has beer ° Kg I
located in the cell as close as possible
to the real configuration shown in Fig.
5. Because the PLASMA code works ™™
in the time domain, it is more
convenient to use a broadband
Gaussian pulse instead of the 219
MHz antenna signal since sinusoidal
pulses do not provide very good

-0.003

reSLIJ:|(t)Sr. assessment of the blackoutFigure 11: Signals received on Earth with (green) and without
duration during re-entry, the PLASMA (red) plasma attenuation

output to be post processed is the one correspgndithe “far-field” which corresponds to what ises by the
receiver on Earth. The measurement ofHectric field in the z direction) is sufficient.o estimate the blackout,
the following approach has been adopted. Firsetbetric field for the antenna has to be generfited the vehicle
nose. This is done by driving a current in a cethmthe antenna. Next, the code PLASMA has to heagain but
without plasma. This gives an un-attenuated sitratlwe can use to compare and thus calculatettdreuation.

Fig. 11 shows the signals seen
by the receiver on Earth for the * ‘ ‘ ‘ ‘ ' ‘ T
plasma and no plasma runs. The
signal is a derivative of the Gaussian
pulse having been tranmitted
through what is in effect a dipole
antenna. The attenuation is easily
seen. There is a second small signa
seen at the end of the run. This is
due to a reflection off the back of
the computational mesh which is not
physical.

The last step is to obtain the
attenuation for the receiver on Earth
measured in dB. For this, both .|
outputs from PLASMA are post
processed using a Discrete Fourier .|
Transformation (DFT). When the
Fourier transform is done the last 10 .

nanoseconds from the file are cut Figure 12: Fourier transforms of the calculations with (green) and

since they only include the ot (red) plasma as function of the frequency.
physically meaningless reflection

-0.002 |-

3.5e-12 -

2.5e-12 |-

1,5e-12 |-
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from the PLASMA mesh boundary. The minimum and mmasn frequencies required for the calculations gisire
DFT tool*have been set to 10 MHz and 1000 MHz.

The results obtained after the
Fourier transformation, with and -
without the plasma, are plotted in Fig.
12. This figure shows a strong
attenuation of the signal under the |
plasma effects.

The final step is to calculate the
attenuation itself. For that the results .|
of Fig. 12have to be converted to the
loss of the signal power in decibels
(dB) as described hereatfter.

If Fy is the Fourier transform of the
plasma result and ,f the Fourier
transform of the no plasma result then .,|
the attenuation Att in dB is given by,

IROT Plasma Attenuation at Haimun Heat Flus

Attenuation {(dB)

F:
Att = 20log —* . 3)
Foo S

The results displayed in Fig. 13 ¢ e ww e e sem Cleesew o em e
show a plasma attenuation of about 9Figure 13: IRDT plasma attenuation in dB as function of the
dB for the ARTS antenna frequency. A frequency.
dish antenna of the type that might be
used on the ground and used at low . ‘ ‘ ‘ ‘ ‘ ‘ ‘
frequencies (~1GHz) typically has a Wigh Resolution ey hes
gain of around 15 dB. Hence, this loss
of 9 dB might not be enough to explain
the loss of communications since there
could still be some net gain in the
communications link. There s
however an issue with the mesh
dependence of the results. Usually one?
wavelength should be spanned by 8 tc; |
10 cells. Here the wavelength is 0.73 m ¢
which means that the mesh should be -}
sufficient since the cells are 3.33cm
per side. However, the plasma zone is ..
only 10 cm wide so this is covered by
only 3 cells. This might lead to
significant loss of information on the
shock plasma. ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

Therefore other runs have been “=
carried out by using a reduced domainFigure 14: Attenuations obtained with the original, the reduced
extending in the x and y directions and the high resolution reduced meshes.
from -1.8 m to 1.8 m with 108 cells
and from -0.5 m to 1.8 m in the y direction with é8lls. Then, a more refined mesh has been usédeosame
domain with 360 cells in the x and z directions 286 along y. With this last mesh the cells are/ dimim.

The attenuations calculated for the different mesdre plotted in Fig. 14. There is little differenoetween the
two first meshes since the cell sizes are not dédfgrent. The reduction in coverage of the PLAMBwsh does not
seem to affect the results in any significant wielyus we can concentrate on just the nose sectitmeofehicle and
use a higher resolution. With the high resolutivesh the attenuation computed is around 14 dB.[®bkssof 14 dB
almost cancels out the gain of the receiving ardeand so this is likely to be enough to lose comioation.
However, more information on the communicationg tim confirm this result would be necessary.
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In order to assess the blackout
duration during IRDT re-entry,
this coupled method has been
applied and calculations have 5 |
been performed for the trajectory

points  corresponding to the -10 -
beginning and the end of the __Attenu

blackout zone (see Table 3). . -15 -
m

C. Blackout estimation S -20 -
Numerical simulations of the S

flow-fields around the IRDT & -25 -
capsule have been carried out for §

the beginning and end trajectory E -30 -

points of the blackout region. The
numerical results have been -35 \ \ \ \ \
coupled to the Maxwell solver 0.00E+00 2.00E+08 4.00E+08 6.00E+08 8.00E+08 1.00E+09 1.20E+
using the high resolution mesh.

The signal attenuation for the Frequency(Hz)

beginning point of the blackout Figure 15: Plasma attenuation computed for the beginning point of the
period is shown in Fig. 15. The blackout region

attenuation computed for the

beginning point at the ARTS frequency is 17 dBs tialue is high enough to fit with the beginningiud blackout
zone observed during the flight if we consider itical value of 15 dB for a dish antenna with agfrency lower
than 1 GHz. Moreover, the onset of blackout is vexpid due to the phenomenon of electron avalamthtbe
beginning of entry when the capsule enters initiselbyers of the atmosphere.

The attenuation computed for the end point is etbih Fig. 16. The attenuation is around 12 dBtfier link
frequency. This level seems to be a little bit lbut since the antenna frequency is much lower th&Hz, this
level of attenuation might be sufficient to predice end of the blackout region. More accurate iptieshs would
require additional knowledge of
the communications link budget. 0
This is difficult since there is little
information available on this
point. -5

Now, let consider the critical
values for the transmission to the
ground station. During re-entry,
IRDT is tracked by the “Lyzyk”
ground statioff. According to the
Babakin Space Centér for this
communications link, the ground
station can receive the spacecraft ]
signal when the attenuation of the
signal is higher than -118.8 dB.

The signal received by the station  -25 ‘ ‘ ‘ ‘ ‘
fOI’ the period Corresponding tO 0,00E+00 2,00E+08 4,00E+08 6,00E+08 8,00E+08 1,00E+09 1,20E+(
the beginning to the end of the
blackout zone is from -95 dB to -
93 dB. The calculated attenuation
is -17 dB at the beginning and -12 dB at the efxdding these attenuation figures to numbers abaeeget values
of -112 dB at the beginning and -105 dB at the e@dmparing to the station sensitivity of -118.8, diis should
still be detectable at the ground station. The rinfation provided is only given for a few points along the
trajectory and is only valid for the nominal trajgry. There may be some variability between thimfgagiven and
the actual sensitivity for the end point of thedidaut zone.

Overall, the effects of the plasma are suspectdoetoanderestimated in this study. The method isx@dut
depends critically on getting the correct estimaitéhe electron density. This means using a motengh mesh
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Figure 16: Plasma attenuation computed for the end point of the
blackout region.



around the vehicle and including any effects thalymhange the ionisation such as the chemistry hmdthe
effects of ablation. This last point is importairice the injection of material species in the shiagler, such as
sodium that is used in the fabrication processashes TPS material§ can significantly increase the electron
density.

V. Conclusion

A post-flight analysis of the blackout durationtbe IRDT re-entry has been carried out. First agireering
method, already applied for the mission preparatites been used. This approach is based on a $agek
prediction tool coupled to the critical antennagfrency for the electron density. This has beer &blpredict a
blackout region including the one observed durimgftight.

Then, a coupled approach between CFD and Electmnostizgsolvers has been developed and applied to the
post-flight analysis. Computations have been peréaf for the beginning and end points of the blatkegion. The
results show a lower level of attenuation than ssagy for the ground station sensibility. The agreet seems to
be acceptable for the beginning point but the atashould still be able to receive the signal fritia spacecraft at
the end.

The two methods used both have problems. The emgimge model assumes a one dimensional shock and
probably overestimates the electron density. Thi@ation of this to determine transmission is bally an on-off
switch which is a rather severe assumption. Theplea CFD approach needs a lot of care to ensatealhthe
important physical features are accurately modelgatimised mesh, high resolution, and chemistrydeho
including all ionisation factors. The ablation puats from the TPS pyrolysis are not consideredhis study.
Depending on the TPS composition and blowing efficy in the shock-layer, these products might feg&ong
influence on the shock-layer composition and tteeeebn the electron density. This phenomenon cexpdain by
itself some of the differences between the attéongiredicted and the critical sensitivity of th@gnd station. The
usefulness of the two methods has been demonstratieid study but their accuracy is still in quest
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