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ABSTRACT

Several missions devoted to the study of the Mars sur-
face and enviroment have been recently proposed by
NASA and ESA.

For such scientific missions, the use of a composed sys-
tem having as last component an aircraft, able to fly
on the Martian atmosphere, is here proposed .

Of course, realistic data on flight performances of such
an aircraft can only be achieved by experimental tests.
We show that experimental results can be obtained by
tests of a 0.4 scaled model flying at 25 Km of altitude
from the Earth surface.

Such a scaled model has been realized at Aerospace
Department of the University of Rome ”La Sapienza”,
and its characteristic are described.

Some aerodynamical properties have been determined
by approximate analytical formulas getting a first idea
of the aircraft flight performances, in view of the ex-
perimental results.

INTRODUCTION

Several missions to Mars over the remainder of the
decade have been decided by NASA and European
partners in order to study the planet surface and envi-
roment, also in view of the future manned mission to
Mars, planned early in the next century.
These missions require rather low planetary orbits and
severe control strategies in order to keep a spacecraft
on low orbits in a not completely known enviroment
(see for instance the problem of life-time prediction of
lunar orbiters). Moreover, lower speed flights would be
more convenient for these kind of missions.
Therefore , taking advantage of the Martian atmo-
“sphere, the use of an autonomuos slow speed aircraft
seems rather attractive.
The Martian enviroment is characterized by rather low
gravitational field and atmospheric density. Some data
about the planet are summarized in Table 1. Gravity
at Mars surface is about one third of the Earth’s one.
In Table 2 the components of the Standard Martian

Atmosphere are reported. The atmospheric density at
the Mars surface is about 1-(1%- of the Earth density.
The variation of the Mars atmospheric density with
altitude is computed according to [1] , and it is shown
in Figure 1.

In the present paper an airplane suitable to a Martian
flight is presented. Its design is shown and some of its
aereodinamical properties are predicted analytically.
Of course it is crucial to identify experimentally its
flight performances and stability derivatives.

In general, for Earth atmospheric vehicles, this is done
by tests of hinged models in wind tunnels and eventu-
ally by flights of full-scale models.

However, some flight performances can be deduced
from tests flights of a scaled model, which is ,of course,
more convenient for economical, readiness and security
reasons.

For a Martian atmospheric vehicle, the possibility to
perform tests by a scaled model flying on the Earth it
is even more appealing.

Namely, we shall show that the flight dynamics of a
full scale airplane flying 1 Km hight above the Martian
surface is equivalent to a 0.4 scaled model flying at 25
Km of altitude from the Earth.

Taking this equivalence into account, the design of a
Martian airplane can be close to the existing projects
of experimental Earth airplanes having the following
characteristics: 1) high altitude flight , ii) low velocity,
iii) autonomous navigation.

NASA proposed an airplane for stratospheric flight to
study Earth pollution at hight altitudes: this airplane,
called Mini Sniffer, seems to satisfy the above three
requirements.

Some years ago Prof. M. Sirinian of the School of
Aerospace Engineering of the University of Rome ”La
Sapienza”, designed and manifactured a prototipe, pic-
tured in Fig 2, similar in shape (but not in the aerody-
namics) to the NASA Mini Sniffer.

We think to use this prototipe as a 0.4 scaled model of
the airplane intended to flight to Mars. Its properties
will be reported in the next Sections: here the mission
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design will be briefly described.

The mission consists of several steps: first a satellite is
launched to reach a circular orbit at 50 Km of altitude
from the Martian surface.

Second, a descending capsule is delivered containing
the airplane with undeploied wings and tail. The ve-
locity during the descent is reduced by a parachute.
At 5 Km of altitude the lower shell of the capsule is
separated from the upper one (see Fig 3).

The lower shell and the airplane will descend together
(at higher velocity than the upper shell which is under
the braking influence of the parachute) for the short
time needed to deploy the aircraft aerodynamical sur-
faces and to start its hydrazine engine (Akkermann
type).

Third, the airplane will leave the lower shell of the de-
scending capsule to reach the height of 1 Km where the
scientific mission begin.

The crucial phase of the airplane separation from the
descent capsule as well as the aircraft flight can be sim-
ulated experimentally. Namely the 0.4 scaled model
can be used as a payload of a scientific ballon and re-
leased from it at 30 Km of altitude from the Earth sur-
face. At such height realistic separation tests as well
as determination of several flight performances can be
performed.

The flight data during the tests will be registred on
board and navigation will be radar tracked on ground.
In the following Section the possibility to test a Martian
airplane by flight tests on a scaled model at 25 Km from
the Earth surface is shown.

In the last Section the characteristics of the scaled and
full model are reported. Some aerodynamical proper-
ties are determined by approximated computations in
order to get a first idea of the flight performances, be-
fore the tests.

Dynamical and Aerodynamical Equivalences

It is useful to predict the flight performances of a Mar-
tian atmospheric vehicle by Earth flight tests of a scaled
model: it is shown here that the flight of a Martian air-
plane at 1 Km of altitude is equivalent to the flight of
a 0.4 scaled model at 25 Km of altitude from the Earth
surface.

By equivalent flights we mean that there exists a ge-
ometric similitude between the trajectories. This is
achieved if there are linear relations between the po-
sition vectors and the reference times.

That is , denoting by subscript 1 the terms relative to
the model and by subscript 2 the terms of the full scale
vehicle, we have:

fl(tl) = k.’fg(tz) s

where k and 7 are constants (to be determined).

t1 =7ty (D

The model and the real airplane have the same geome-
try, and if {1, Iy are characteristic lenghts of the model
and of the real airplane respectively, there is the geo-
metrical similarity condition:

L= Al

with scale factor A.

As a consequence of relation (1), we get the follow-
ing relations between the velocity and the acceleration
vectors:

7= dEy _  dEydty _ _1362
T dt dt, dt T
L dn_kdipdly _ k (2)
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Both the vehicles are subjected to gravity and aero-
propulsive forces Gi, A,, it = 1,2. Since position and
velocity are just scaled, we can consider relations on
the moduli of the forces only: these are required to be
in constant ratio:

G _mga A

= =—=nh 3
G2  mag2 Az ®)
As a consequence of (3) we get also:
miay =h (4)
maQy

By (3) and (4) it follows:

k al_gl

T2 az g2
Since the gravitational constant of the Earth g, is al-
most 3 times the gravitational constant of Mars g2, we
get:

r=1/F
V3
Again from relations (3) and (4) we get:
miay ml k ﬂ _ ;p1‘0%$101
moas Moy 2 A, 2p2v25'202

where C; and C, are the aerodynamic coeflicients:
these must be equal according to the aerodynamical
equivalence (see later), then the two masses are related
by:

2
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Relations (1) and (2) refer to the motion of the center

of mass: the attitude motion of the two vehicles will

follow the Euler equations:

Lo +wy AL w =M, (6)
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Liwy+wyANlpwy =M, (7

We require linear relations:
M, =sM, (8)
Wy =TWy 9)

In particular from (8) :

s= M _ 50193510 Cp(1)

M2 %pzv%Szlsz(Q) -
and from (9) :

p_1ﬁ)‘3
p2 T2

. T,
Wi = —
*1 T—-Z

The relation between the two inertia diadics is :

PNk L, (10)
r2

Formula (10) can be proved recalling the definition of
the inertia diadic:

L=Y" m(r(0)u - #(1) #(D)

(where sum rather than integration is used for conve-
nience).

Since ri(1) = Ary(2) and (by relation (7)) m;(1) =
kA?ELm;(2) , we get relation (10). It follows that equa-
tion (6) can be written as:

Piya; T, . 2P1 4 p1 k2 3
=Xk —Lowo + =Nk wo A Low, = ——A°M
2 T L2y o Wo N dgWwy oy 72 2

The above equation holds true, according to (7), if r =
Land k= A
Therefore the dynamical equivalences

T = ATy

are satisfied once the aerodynamical equivalences C =
Cy, Cm(1) = Cn(2) are given.
As known (see for instance [2, p.77]), the acrodynami-
cal equivalence for similar bodies in incompressible flow
is ensured if their related Reynolds numbers are equal.
If compressibility has to taken into account, the Mach
numbers numbers have to be equal also. However since
the Mach range of both the vehicles is rather low, only
Reynolds equivalence will be imposed.
Then, if v, v denote the kinetic viscosities, it is nec-
essary to have:

Vily Vo 1,

Rey = ——= = Reg = —=
Vi Vs
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Vilive

1= 222

T Vol

ko
T W1

\/'x’"’2

that is

A= 0.69(’—;1-)%
2

At 1 Km of altitude the kinetic viscosity of the Martian
atmosphere is equal to vy = 8.5107* :’;c, then it is
possible to get a reasonable value of the scale factor
, eg A= 04, at 25 Km of altitude on the Earth

atmosphere (where vy = 3.710=4 1 ), 1

The Airplane Characteristics

The design and the dimensions of the airplane are in
Figure 4 where dimensions in brackets refer to the 0.4
scaled model.

The general configuration of the airplane is similar to
the NASA Mini Sniffer , however wing, fusolage and
tail surfaces sections are rather different.

The right wing planform is in Figure 5. The section
profiles are obtained by projections of the Eppler E.203
profile, as described in [3]. The wing span is equal to
b = 6.7m ([2.68]}m) and the wing surface is equal to
S = 4.365m? ([0.698]m?), hence the aspect ratio 253 is
equal to 10.28. The sweep is equal to 20°, the diedral
angle is equal to —3° and there is no twist along the
span.

The elevator has a rectangular planform of dimensions
2 x 0.375m ([0.8 x 0.15)m): it has a constant section
corresponding to the NACA 65; — 012 profile.

The airplane is endowed with two rudders of trape-
zoidal shape with dimensions (0.5,0.25) x 1.10 meters
((0.2,0.1) x 0.44). The section is costant and it corre-
sponds to the NACA 65-009 profile.

The fusolage shape, dimension and section are in Fig-
ure 6.

The total mass of the manifactured model is 8 Kg. Be-
cause of relation (5):

34 %1072

o2 =04 S ™

my —/\3
P2

the mass of the full scale airplane has to be my ~
4my = 32Kg.

In view of the experimental tests, it is useful to have an
approximate polar diagram of the airplane. Since this
polar is just a starting point for the future experimen-
tal results, we avoid complex computations requiring
strong numerical efforts, and relayed on the simplified
model of vortex distribution along the span b(y) of the

INote that Martian flights at 1 Km of height would correspond
to tests at Earth surface if A ~ 0.04, probably a scale factor too
much low for the technologies at our disposal at present.



aerodinamic surfaces [4]:

(11)

where 4ma(y)Voo a(y) is the vorticity of the section of
the surface at y of the two dimensional theory, and
(a(y) + 37%) is the effective angle of attack being the
sum of the angle of the velocity at infinity and the
down-wash angle

Wo _ 1 F’(n)
Voo - Voo ./" n-— ydn

Instead of solvmg the mtegro-dlﬂ‘erentlal equation (11),
the function wy is found as a %% where ¢ is the potential
in the two dunensmnal flow in the plane z = 0 where
the slit [—2 3 2] Jrepresenting the wing leading edge |

lies .
Since the vorticity distribution on the slit is g, the

difference in potential on the upper and lower sides of
the slit is : r
$-—d+ =75

then, assuming the potential on the sides of the slit to
be equal except for sign, one has 4¢ = T' [4].
Therefore, the problem is to find an harmonic function
¢ with boundary condition on the slit:

i 3(15
' 0z

Mapping the slit to the unit circle the problem to be
solved is now:

Ao =0 outside the unit circle
é(6) + Ag% = B ontheunitcircle

(y) = 4ra(y)Veo (a(y) + 72)

4¢ = dma(y)Veo (a(y) + 5

(12)

where the second equation is the boundary condition
on the slit transformed in the circle [see 4, p.174].
If the solution ¢ is written in an odd Fourier series

:-VZ

the boundary condition in equation {12) becomes

——szn(n())

Zoo B sin(nf)(1 + ——H—n—-) = po (13)
nz=l sind
where g = %‘-.
Then vorticity and down-wash angle are
I'(y) = 4¢r=1 = 262;0:1anin(729)
0 2 (9¢ sin(nﬁ)
w(y) = 9z bsmﬂ(é’r r=1 = = Voo Zn =B

sinf
and one gets the lift and drag forces: ‘

L=pVy / T(y)dy = ”V252 7B
2

[(y)u(y)dy = SV2S? xBY(1+6)

=]

with

w]e-

_ ~ nB?2

b= Z:n=2-—B?1§-'
Fixing n values of § in equation (13) it is possible to
solve the resulting n equations for the first n coeflicients
B, [2,pag.251].
Since the wing has not a small sweep angle, the method
has to be modified according to [5]. The resulting wing
polar diagram is shown in Figure 7.
This polar diagram has been tested with the one ob-
tained by a more accurate numerical program [6], show-
ing a good corrispondence.
The aereodynamic properties of the tail surface can be
approximated by the two dimensional theory (by a sec-
ond order approximation of the Theodorsen quasi-circle
of the NACA profile), since the configuration of two
rudders makes the tail surface like an ”infinite wing”.
The polar diagrams of each of the aerodynamical sur-
face taken alone are matched by usual empirical for-
mulas (see [3]), to get the polar of the aircraft, where
also the fusolage effect is taken into account, but the
mutual interference between the various surfaces has
been neglected (although it could be relevant, mainly
for the elevator/rudder system).
The polar diagram of the complete aircraft is shown in
Figure 9 and it provides a first basis for the experimen-
tal tests.
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Period of Rotation

24h37n151122.7sec

Equatorial radius

3393.4 (Km)

Polar radius

3375.8 (Km)

Gravitational const.

42906 (X7

Gravity at surface

371 (2

Sec?
Density at surface 0.01662 (%-Z—)
Temperature at surface 225 (K)

Table 1: Astronomical data of Mars.

="

Figure 3: Scketch of the descent capsule

density (Kg/m~™ 3)

Figure 1: Mars Standard Atmosphere

' Figlm'e 9. Picture of the 0.4 scaled aircraft
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Figure 4: Airplane design (from Ref.3)

Constituent | p.c. in volume | mol. weight (Kg/mole)
CO; 93.08 0.044
N, 414 0.028 |
Ar 2.30 0.029
0, 0.17 0.032 = S o
co 0.11 0.028 i
H20 0.07 0.018 I
Others 0.12 0.052 «
Table 2: Composition of the Mars Atmosphere.
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Figure 5: The right semi-wing of the model (from Ref.3) 15
1+ i
-]
©)
0.5+ -
0 t ‘
| 0 0.02 0.04 0.06
-1
i | CDh
i Figure 7: Wing polar diagram
PSR ] 1.5 : : ,
E:; ‘:i: 1 B / |
. g g d P
AT T :
] >~ 05F / ]
A
i 0 0.0 0.04 006  0.08
g e CD

Figure 6: The fusolage (from Ref.3)

Figure 8: Airplane polar diagram
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