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Abstract: A deployable capsule is made of flexible, high tenapure resistant fabric, folded at launch and
deployed in space at the beginning of the re-efitnjs kind of capsule thanks to lightness and to ¢osts
can be an alternative to the current “conventior@psules. The present authors already analyzed the
trajectory and the aerodynamic behavior of suctnd &f capsule during the Earth re-entry. In thatlg an
aerodynamic longitudinal stability analysis andemaluation of the thermal and mechanical loadsafor
possible, suborbital re-entry demonstrator, wasiezhrout in both continuum and rarefied regimese Th
results verified that a stable equilibrium conditics verified around the zero angle of attack and a
unstable equilibrium condition is verified aroum tL80 angle of attack; therefore the capsule tLiou to

be self-stabilizing. In the present paper the ttajg/, the longitudinal stability, the thermal améchanical
loads of the same capsule has been evaluatedofissible use in Mars entry. The present studynediat
providing preliminary information considering bdtie diversity of the two atmospheres and the dityers
of the two types of entry: ballistic, sub-orbitalr fEarth, direct for Mars and therefore of theiahientry
velocity. The parameters were compared with thégegathe Earth re-entry. As the computer tests have
been carried out at high altitudes, therefore mefrad flow fields, the use of Direct Simulation kte
Carlo codes has been mandatory. The computatieo$/ad both global aerodynamic quantities (drag and
longitudinal moment coefficients) and local aeraaiynic quantities (heat flux, pressure and skin ifrict
distributions along the capsule surface). The testdrified that the capsule at high altitude (k@) in
Mars entry is not self-stabilizing; it is stabletbh@round the nominal attitude or at zero anglattz#ck and
around the reverse attitude or at 180 deg anglettatk. Furthermore, due to the much higher entry
velocity, the local quantities are of several osdgfrmagnitude higher than the ones in Earth reyent

1. Introduction

It is well known that a deployable, or umbrellaelikre-entry capsule, thanks to lightness, to lowtcmf
construction and of management, can be an alteentdithe current “conventional” capsules. In facteployable
capsule is made of flexible, high temperature tastsfabric, folded at launch and deployed in spatehe
beginning of the re-entry for de-orbit and for athe-entry operations. Reducing size, mass and ponwglies a
significant reduction of launch costs and an in@etmof management capability and finally an incremef
accessibility to space.

The present authors already analyzed the trajecndythe aerodynamic behavior of such a kind ofkalap
during the Earth re-entry [1]. In that study, thepsule was supposed to be carried by a relativabllsand low
energy sounding rocket (for example low energy s rockets, suitable for such a purpose, are R&EXAdd
MAPHEUS [2], launched from the Esrange Space Cant&iruna, Sweden) and then ejected around ifedtary
apogee (about 100 km) after the motor burn-outnThdering the descending leg of the parabola, gre-brake is
completely deployed and the capsule, thanks tonareinent of the ballistic parameter B (defined lzes fatio
between the base area of the capsule times thecdefficient and its mass) therefore thanks to erefaent of
velocity, performs an atmospheric entry with redltteermal and mechanical loads. More specificallthiat study,
an aerodynamic longitudinal stability analysis amdevaluation of the thermal and mechanical loads fpossible,
suborbital re-entry demonstrator, have been madetim continuum and rarefied regimes.

The results verified that the capsule is aerodyonalyi self-stabilizing; the equilibrium is stableoand the
nominal attitude at zero angle of attack and igabie around the nominal attitude at 180 anglettaick. This can
ensure that the capsule does not assume, at tigldas, a wrong attitude during the re-entry dmel ¢ffectiveness
of the system is not compromised. In this caséadt, its axis is always aligned with the free atnevelocity thus
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the stagnation point lies on the nose. This isrg iraportant requirement considering that the dgglide capsules
are not provided with any attitude active contyatems.

In the present study, the trajectory, the longitatiistability, the thermal and mechanical loadgh&f same
capsule, already evaluated for Earth re-entryial been evaluated for Mars entry. The preseny ssudimed at
providing preliminary information considering théfdrences of both the two atmospheres and thetypes of
entry (ballistic, sub-orbital for Earth and dirdet Mars) therefore of the initial entry velocifjhe parameters were
compared with those along the Earth re-eniy/the computer tests have been carried out atdligudes therefore
in rarefied flow fields, the use of Direct Simutati Monte Carlo codes has been mandatory. The catiqos
involved both global aerodynamic quantities, sush daiag and longitudinal moment coefficients, andalo
aerodynamic quantities, such as heat flux, presmweskin friction distributions along the capssieface.

2. Re-entry demonstrator configuration

The present re-entry demonstrator [1] consists @fliader containing the payload and all subsysteetsessary
for the mission, umbrella-like framework, ceramabfic for the conical deployable aero-brake anilatdweight,
temperature-resistant material (e.g. carbon filmnposites) for the rigid hemispherical nose. Suiesys could
include: Inertial Measurement Unit (IMU), batteriasd sensors, depending on the mission objectivdetal re-
entry mass of 15 kg has been assumed.

Figure 1 shows the investigated geometrical condijon. When completely deployed, the aero-brakenfoa
half cone angle of 45 deg and a maximum diamet@rof.9 m is achieved. On the other hand, thendyical
payload bay has a diameter of 0.2 m and a totajttenf 0.21 m. The capsule is also provided withigid
hemispherical nose (0.04 m thick). When the aeaddois completely deployed, the nose moves aheadsare the
umbrella-like framework rotation up to the finalrndiguration (thus the total length of the capsuleréases to 0.35
m). The drag and moment coefficients are computetidering as reference area the base area ((fﬁﬁmj as
reference length the longitudinal dimension (0.4) oh the aero-brake in deployed configuration. Eahl
summarizes some parameters of the re-entry denamistmhe reference system has been assumed awtodrig.
1, being the z-axis such as to form a right-hartdad with the longitudinal x-axis and the radiahyis.
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Fig. 1. Geometrical characteristics of the re-edfgnonstrator (dimensions are in centimeters)
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Table 1 — Parameters of re-entry demonstrator

Cylinder length [m] | 921+ 0.35
Cylinder diameter [m] 0.20
Mass [kqg] 15.0
Base diameter [m] 0.92
Reference surface fin 0.66
Nose radius [m] 0.18
Reference length [m] 0.40
Base area [Ah 0.66

3. Marsand Earth atmosphere

The parameters of the Mars atmosphere are compytetieans of the NASA “Mars Atmosphere model”.
According to this model, pressure (p) decreasesrexptially with altitude (h):

p = 0.699 exp(-0.00009 h) (1.a)
Temperature (T) decreases linearly. For the contiputaf temperature, the Mars atmosphere is divioletivo

zones: a lower zone up to 7000 m and an upper fooriegher altitudes. Temperature is evaluatedhnayfollowing
equations:

h<7000 m: T =-31 - 0.000998 h (1.b)
h>7000 m: T=-23.4-0.00222 h (1.c)

where temperature is in Celsius degrees, pressiumeilo-Pascals and altitude is in meters. Irhesane, densityp(
[kg/maj) is computed by the equation of state:

p =p/[0.1921 (T + 273.1)] (L.d)

The composition of the Mars atmosphere is suppesadtant with altitude. Table 2 reports both thessnand
the molar fractions of each chemical species.

Table 2 — Mars atmosphere chemical composition

Chemical species Mass fraction  Molar fractipn
02 0.0013 0.00176
N2 0.0270 0.04173
NO 0.0001 0.00014
CO 0.0007 0.00108
COy 0.9500 0.93399
Ar 0.0160 0.01734

The Earth atmosphere parameters are computed bynputer version of the “US standard Atmosphere 1976
model”. Figures 2(a) and 2(b) show the profileslefsity and temperature. For completeness Figydsad 2(d)
show the profiles of the number density (N {[hand of the Knudsen number of the present cap$ligp=Ac/D,

A« is the free stream mean free path). In both atimergs and in the altitude interval 60-100 km, thpstle meets
a rarefied regime; according to Moss [3], the titaorsal regime is defined by 1%3:KnooD<50.
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Fig. 2 — Profiles of density (a), temperature (@Wmber density (c) and re-entry demonstrator ftesam Knudsen

number of Mars and Earth atmosphere

4. Marsand Earth re-entry trajectories

Equations 2.a and 2.b compute dynamics of the ¢expsu

dv_1pV SG _g

dh 2siny m

dy_ 1

- 9
dh Rsiny V?tgy

y (2.a)

! 2.b)
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where V is the velocityy is the flight path angle, [©is the drag coefficient, S is the capsule base,areis the
capsule mass, g is the gravity acceleration ang Bé curvature radius of the trajectory. The pressat the
stagnation point (p(0)) has been evaluated assuanprgssure coefficient equal to 2 thus:

p(O) PV (3.2)

whereas the stagnation point convective heat flg0)X) has been evaluated by the Tauber's engineermagufa

[4;
4(0) = 183><1O‘4\/§V3 (3.b)

where r is the radius of curvature of the capsokemat the stagnation point.

Equations 2(a), (b) have been integrated numeyidall a forward scheme with a first order approxiorat
(Euler method). For a preliminary analysis, theodgnamic drag coefficient has been assumed equal fithe
initial conditions are:

h=96 km: V=260 m/sy=0 deg [1] for the Earth ballistic, sub-orbital eatry (according to typical apogee

conditions for the REXUS rocket [5, 6]),

h=100 km: V=4700 m/sy=17 deg for the Mars direct entry (according tosthof the Viking I/l capsules [7,

8)).

Figures 3(a) to 3(d) show the preliminary re-entgjectories considered for the present analysi®ims of:
free stream velocity (a), free stream Mach numbgrgressure at the stagnation point (c), convedieat flux at
the stagnation point (d).
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Fig. 3 — Profiles of velocity (a), Mach number (bjagnation point pressure (c) and heat flux (dhglthe Mars and
Earth atmosphere entry

The following Eq. 4 computes the thermal load atgtagnation point of the capsule (Q(0)):

t
Q) = [aot @)
0

where t is the travel time 01 the trgjectory. Thermmal loads and the travel times for Earth andsMiajectories are
about 3.4410° and 1.60<10 [kd/m~] and 830 and 242 [s], respectively.

5. Direct Simulation Monte Carlo (DSM C) codes

It is well known that the Direct Simulation Montea® (DSMC) method [9, 10, 11] is currently the ynl
available tool for the solution of rarefied flonekids from continuum low density (or slip flow) tce& molecular
regimes. DSMC considers the gas as made up ofetiésomnolecules. It is based on the kinetic theorgafes and
computes the evolution of millions of simulated emlles, each one representing a large number df real
molecules in the physical space. Intermolecular mwadecule-surface collisions are also taken intooaat. The
computational domain is divided in cells, used bfih selecting the colliding molecules and for séing the
macroscopic, fluid-dynamic quantities. The most amant advantage of the method is that it doessaffer from
numerical instabilities and does not directly retysimilarity parameters (i.e. Mach and Reynoldsibers). On the
other hand, it is inherently unsteady. A steadytsmh is achieved after a sufficiently long simelatime.

The DSMC codes used in the present study are:0/p&al-symmetric DS2V-3.3 [12], 2) 2-D/axial-symtrie
DS2V-4.5 64 bits [13], 3) 3-D DS3V-2.6 [14]. The P& 3.3 and DS3V-2.6 codes have been used for thes Ma
simulations. In fact both codes implement the Mamsmosphere, made of 9 species, and consider 5&itbuil
chemical reactions. Besides the six free streamsiepeforming the Mars atmosphere (see Table 2),gds is
considered as made up of other 3 species: atomygedx atomic Nitrogen and Carbon, produced by tiemical
reactions. DS2V-4.5 has been used for the Eartlulation. This code considers air as made up of figatral
reacting species () N2, O, N and NO) and rely on the built-in Gupta-Ydsempson [15] chemical model,
consisting of 23 reactions. The 3-D Earth test®BgV-2.6 were already run to get the results prteskim [1].
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All codes are "sophisticated”, as widely reportediterature [16, 17, 18], a DSMC code is defineglssticated
if it implements computing procedures able to gotga a higher efficiency and accuracy with respeet “basic”
DSMC code. A sophisticated code, in fact, consitissets of cells (collision and sampling cells)hwthe related
cell adaptation and implements methods promotingrast neighbour collisions. This type of code gatesr
automatically computational parameters such as ewntif cells and of simulated molecules by the imumbers
of megabytes and of free stream number densitysds a radial weighting factor in solving axial-syetric flow
fields and provides optimal time step. Finally, Hzene collision pair cannot have sequential coltisi

Besides being sophisticated, these codes are dismeed; the user can verify that the number olkited
molecules and collision cells are adequate by thdiree visualization of the ratio between the malecmean
collision separation (mcs) and the mean free ggtliin(each collision cell. In addition, the codekwal the user to
change (or to increase) during the run the numbsimaulated molecules. The mggf@atio has to be less than unity
everywhere in the computational domain. Bird [1&6jgests 0.2 as a limit value for an optimal qualityhe run. In
addition, the code gives the user information alibet stabilization of the runs by means of the ifgobf the
number of simulated molecules as a function of gimeulated time. The stabilization of a DSMC caltigia is
achieved when this profile becomes jagged and dedwithin a band defining the standard deviation.

6. Test conditions and quality of theresults

Tables 3 and 4 report some input and free streaempers for the Mars and the Earth simulationg. Mars 2-
D runs have been performed (by DS2V-3.3) at 6ualés for the evaluation of the capsule drag cdefftcalong the
re-entry path. The Mars 3-D runs have been perfdrthg DS3V-2.6) at the two altitudes of h=100 afdké and
at the angles of attack 0, 5, 10 deg and 170, hd5180 deg for evaluating the capsule longitudstability. The
Earth 2-D run has been carried out (by DS2V-4.3hataltitude of 80 km for the evaluation of logalantities such
as heat flux, pressure and shear stress.

Table 3 Input data and free stream parametergeéfied flow for Mars simulations

hikm] | Vo[m/s] | No[m¥ | To[K] | M Re.o | Mu/Resp | Knep

100 4700 2.28107° 28 56 42533 | 1R10° | 1.7x10°
90 4642 3.0810%° 50 42 33178 | 1R10° | 1.6x10°
80 4548 5.2410°° 72 34 39293 | 8x10% | 1.1x10°
70 4374 9.8610%° 94 28 55368 | 5X10% | 6.6x10%
60 4044 1.9810% 117 24 83737 | 240* | 3.7x10*
50 3438 4.0810* 139 18 | 125041| 140* | 1.9x10*

Table 4 Input data and free stream parameterséfied flow for Earth simulations
hkm] | Vo[m/s] | No[m¥ | To[K] | Ma Reon | Mu/Rep | Knep
96 260 2.9210" 189 | 0.94 25 3810° | 6.3x10°
80 612 3.8410°° 199 2.2 759 2910° | 4.1x10°

The DS2V-3.3, DS3V-2.6 and DS2V-4.5 runs have besmied out with a number of simulated molecules of
about 2.@107, 9.0<1° and 5.@107, respectively. For all runs, the codes suggestaahaber of 8 molecules/cell for
the adaptation process of the collision cells white the sampling cells, DS2V-3.3 and DS3V-2.6 gegjed a
number of 30 molecules/cell and DS2V-4.5 suggesitgnaber of about 250 molecules/cell.

Besides from the above mentioned DSMC criteriom (®&c. 5), the stabilization of the runs has bewsified
also from a fluid dynamic point of view by meanstoé ratio of the simulated timeg)tand the time needed to cross
the computing region at the free stream velocify @& rule of thumb suggests considering that adfidynamic
computation is reasonably stabilized ftif110. As reported in Tables 5, the value of mcaveraged on the
computing region for the Mars 2-D runs does nasBathe suggested limit value of 0.2, it is lekant unity up to
the altitude of 60 km, as requested by the metmablis only slightly higher than 1 at h=50 km. Tleerne remarks
hold for the 3-D runs by DS3V-2.6. On the opposites run by DS2V-4.5 at h=80 km satisfied compietble
criterion proposed by Bird (Table 6). Furthermdhe ratios §/t; satisfy the stabilization criterion of the runerfr a
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fluid-dynamic point of view. The quality of the DSMcomputations can be therefore considered reagonab
satisfactory.

Table 5 Quality parameters for the DS2V-3.3 Marssru

h=100 km | h=90km| h=80km h=70km h=60km h=50 km
mcsA 0.1 0.2 0.4 0.6 0.8 1.2
tdts 5.04 6.39 5.10 7.30 7.22 4.61

Table 6 Quality parameters for the DS2V-4.5 Eauthsr

h=80 km
mcsA 0.02
tdts 43

7. Analysis of theresults

7.1 DS2V tests

The Mars 2-D tests were aimed at the evaluatiothefdrag coefficients at zero angle of attaakQ deg or in
axial-symmetric flow) as a function of altitude aatlthe evaluation of local quantities such as fle&f pressure
and skin friction along the capsule surface. ThatE2-D test, for example at h=80 km, was aimethatevaluation
of the distribution of local quantities. Using 2dades for the computation of local quantities iprapriate for
achieving a better geometrical definition of thedjpoincluding a more precise localization of these®tagnation
point.

Figure 4 shows that the capsule drag coefficiengea, in the altitude interval 50-100 km, from 1t071.19,
therefore not very far from 1. The best fit polynamcurve (Eq.5), providing an excellent match bé tdrag
coefficients, has been used for computing thedtalparameter in this altitude interval thereftoeevaluating the
influence of a variable drag coefficient on theergry trajectory:

C, =1.5043-0.0197 +0.000%? -1.1296h° (5)
where h is in kilometers. The drag coefficientltituade lower that 50 km has been left equal to 1.
50 60 70 80 90 100
1.2 PR T [T IR I I
® DS2Vv
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1.16 —1.16
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Fig. 4 — Computed drag coefficients and polynorh&st fit curven=0 deg
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Figures 5(a) to 5(d) show the comparison of themey trajectories computed with a constant dragffement
(Cpb=1) and a variable drag coefficient. The small @ase of @ therefore of B, involves a small decrease of
velocity therefore of pressure and heat flux. Faaneple, the maximum pressure and heat flux at thgnation
point decrease from 3814 to 3602 [l\%]nand from 3.3810° to 3.2%10° [W/m2]; the percentage decreases are
about 6% and 5%, respectively. Furthermore, tHeud#ts where the maximum values are met, remaictipedly
the same; h=45 km for pressure and h=60 km for tfi@at The influence of a variablegds negligible also on the
heat load and the re-entry time. These are comleamsith those obtained with §>1; in fact Q(O):1.514104
[kJ/nP] and t=243 [s].

The much higher velocity, at the beginning of Mansry, increases strongly the pressure and theentine heat
flux at the stagnation point with respect to thmsgarameters for Earth re-entry. In fact, in thetfEre-entry, the
maximum values of p(0) and(0) are 1643 [N/rﬁ] and 9451 [W/rﬁ] (see Figs.3(c) and 3(d)). The same remark
holds also from the profiles of heat flux, pressaral shear stress along the capsule surface therafonore
resistant fabric, compared with that scheduledsanth re-entry, should be necessary. For exanpdsetquantities
are compared in Figs. 6(a), 6(b), 6(c) with thoserd) the Earth re-entry, at the altitude of 80 km.
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Fig. 5 — Influence of variable drag coefficientthie Mars entry trajectory
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Fig. 6 — Profiles of heat flux (a), pressure (bl akin friction (c) along the capsule surface: hk&0

6.2 3-D tests

Considering that the beginning of the re-entry anéhtry is the most delicate phase, the stakdlitglysis has

been carried out at high altitude: h=96 and 80 &mEarth (these tests were already run to getebelts presented
in [1]) and h=100 and 80 km for Mars. Taking intocaunt the reference system shown in Fig.1, a negat

longitudinal moment indicates a nose-down pitchimgment. Thus, the conditionge=0 (Guz is the longitudinal

moment coefficient) and a negative value of théikta derivative dGyz/da<0 identify a stable equilibrium; the

more negative the derivative, the more stable thdlibrium of the system.

1000
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The moment coefficients are computed consideringefsrence length the longitudinal dimension and as
reference area the base area of the deployed a&ke-lThe positions of the moment reduction poteafbtests, are



DSMC15: Kapaa, Kauai, Hawaii, USA; September 132015

11/14

the points A and B (Fig.1) laying along the axig=R.1 m, x3=0.15 m. These points identify possible positiofis o
the gravity center.
Figures 7(a) to 7(d) show the profiles afif£as functions of the angle of attack in the inte@~A40 deg or in
direct (or nominal) attitude (Figs.7(a) and 7(mMyan the interval 170-180 deg or in reverse atBtFigs.7(c) and
7(d)). Figures 7(a) and 7(b) clearly verify that:
i) the capsule is longitudinally stable in direttitade, i.e. around zero angle of attack,
ii) the position of the gravity center, along thapsule axis, influences the equilibrium stabilithe more
advanced this position the more stable the eqiuilir
iii) the stability is higher for Mars entry. This iprobably due to the strong difference of the @dgaramic
conditions (Mach and Reynolds numbers) and, moeeipally, to the rarefaction level of the two Wofields
(ratios Mach/Reynolds and Knudsen numbers, seee3aband 4).
It seems that the lower the rarefaction level far $maller the ratio Mach/Reynolds and the Knudsenber,
Kn.p) the more stable equilibrium. This involves that tapsule is stable in reverse attitude ar=it80 deg (see
Figs.7(c) and 7(d)) at h=100 km in the Mars enTlyis condition is unfavorable because the capsuieot self-
stabilizing). On the contrary, the rarefaction leaé h=96 km for Earth re-entry is not sufficiet make the
longitudinal equilibrium stable in reverse attitude
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Fig. 7 — Profiles of longitudinal moment coefficteas function of the angle of attack
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The values of the stability derivatives are repbrie Tables 7 and 8 for the direct and reverseudtt,
respectively. The computation of gi@da [1/deg] was carried out at the angles of attacR,d and 10 deg for the
nominal equilibrium condition around zero angleatthick and at the angles of attack of 170, 17518tdeg for
the equilibrium condition around 180 deg angle ttdick. The stability derivatives have been apprated by the
slope of a least square straight line, interpotptire three coefficients of moments.

Table 7 — Stability derivatives [dépof the capsule in direct attitude<0 deg)

Earth h=96 km, > h=80 km, h=96 km, % h=80 km, %
-0.01503 -0.01403 -0.01220 -0.01220

Mars h=100 km, % h=80 km, » h=100 km, % h=80 km, %
-0.01868 -0.01872 -0.01633 -0.01646

Table 8 — Stability derivatives [dépof the capsule in reverse attitude=(.80 deg)

Earth h=96 km, »x h=80 km, % h=96 km, % h=80 km, %
0.00735 0.00443 0.00554 0.00415

Mars h=100 km, % h=80 km, », h=100 km, % h=80 km, %
-0.01198 0.01173 -0.01173 0.00912

For speculative purpose, the stability analysisMars entry at h=100 km has been continued corisigléwo
extra, even though improbable, positions of the/igyacenter: x=0.05 m, x=0.2 m. Figures 8(a) andd)&how the
profiles of Gyz in direct (a) and in reverse (b) attitude. As extpd, a forward/backward movement of the gravity
center increases/decreases the stability (the validG,,/da are reported in Table 9). Unfortunately, the baatdv
movement of the gravity center does not producastable equilibrium in reverse attitude.

Changing the aero-brake aperture angle is a pessibution of this problem. Probably, increasinig imgle at
values higher than 45 deg will involve a decredsthe stability derivative in direct attitude and icrease of the
derivatives in reverse attitude; certainly, theimpt angle will be that keeping gfz/da negative in the direct
attitude and making d@z/da positive in the reverse attitude.
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Fig. 8 — Profiles of longitudinal moment coefficieas function of the angle of attack: Mars entry1®0 km
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Table 9 - Stability derivatives [d&pof the capsule in directi€0 deg)
and inversed=180 deg) attitudes at h=100 km

x=0.05m x=0.2 m
0a=0 deg -0.02102 -0.01399
0a=180 deg -0.01229 -0.01053

8. Conclusions and further developments

The deployable, or umbrella like, re-entry capsthenks to lightness and to low costs of constomctind of
management seems to be a viable alternative toutient “conventional” capsules. The present austlaineady did
successful computer tests, simulating the Earéntey of such a kind of capsule. In the perspeativen use of this
type of capsule for the entry into the atmosphéretiwer planets, in the present study the dynaméitaerodynamic
behaviors of the same capsule have been simulatathdhe Mars entry.

The present tests have been aimed at providingnpnelry information about global parameters, sushdeg
coefficient, pitching moment and therefore at eatihg the longitudinal stability and local quargtisuch as heat
flux, pressure and skin friction. The present asiagladdressed also the consequences of the diffeeydretween
Earth and Mars atmospheric properties and to tfiereint trajectories, corresponding to ballistisb<orbital flight
for Earth and direct entry into Mars atmosphere.

Due to much higher entry velocity, heat flux, ptessand shear stress at similar altitudes are akewgeters of
magnitude higher for the entry into Mars atmosphere

As further development of this study, a number 8M simulations have been already scheduled tstigate
the effect of the aero-brake aperture angle and#sins of attraction of the stable equilibriunmitattes (forward
and backward) by extending the simulations at laeggles of attack intervals (10-90 deg in dirdtitude, 90-170
deg in reverse attitude).
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