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Abstract

In this paper we explore the possibility of a typical passenger aeroplane taking-off from the surface

of each of the terrestrial planets using aerodynamic lift from its wings. This should be possible on

Venus, with the minimum take-off speed found to be v ~ 10 m s~
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, compared to v ~ 81 m s

on Earth. However, this would be unlikely on Mars, as this would require v ~ 340 m s~!, and

impossible on Mercury, where the lack of atmosphere prevents the wings from generating lift.

Introduction

In a previous study, [1], it is discussed whether
a typical aeroplane, namely the Cessna 172 Sky-
hawk, could maintain a stable flight on each of
the largest 32 astronomical objects within the so-
lar system. To do this, it was calculated whether
the lift generated by the wings of the aircraft was
sufficient to counteract the force of gravity at 1
km above the surface, and prevent the aircraft
from plummeting into the terrain below. In this
paper, we focus on the terrestrial planets, and
determine the minimum speed a typical passen-
ger aeroplane, the Boeing 747-400, would require
to take-off from the surface of each planet, and
discuss the plausibility of this.

Theory

To generate lift, the wings of an aeroplane
are angled slightly upwards with respect to the
ground [2]. As the aeroplane accelerates, the an-
gle of the wings causes air to be deflected down-
wards by the underside of the wing which applies
a net downwards force. In accordance with New-
ton’s third law, the deflected air applies a reac-
tion force of equal magnitude and opposite direc-
tion on the wing, forcing the wings and hence the

entire plane upwards [2]. The magnitude of the
lift force this generates can be calculated using
equation (1) [3].

Fr, = %CL/)AU2 (1)
In equation (1): A is the surface area of the
wings, for the Boeing 747-400 this is given as
A = 525 m? [4], v is the speed at which the
air flows over the wings, which we assume to be
equal to the speed of the aircraft and Cp, is the
“Lift Coefficient” for the Boeing 747-400, which
is given as C, = 1.85 [5]. p is the density of the
air, which is calculated using a rearranged form
of the ideal gas law, as shown in equation (2).
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In equation (2): P is the surface pressure on
the planet, My, is the mean molecular mass of
the air, k is Boltzmann’s constant (which is given
as 1.38 x 10723 m?2 kg s=2 K1) and T is the sur-
face air temperature. To take-off, the lift force
must overcome the opposing force due to the
weight of the aircraft (Fy), which is given by



equation (3).

Fw = Mg (3)

In equation (3): M is the mass of the aircraft,
given as M = 395x10% kg [4] and g is the acceler-
ation due to gravity at the surface of the planet.
The minimum speed required for take-off is then
the speed at which these two forces balance. By
equating F7, and Fyy, then rearranging for v, we
find that the minimum speed required for take-
off is given as in equation (4).

 [2MkTyg
U=\ APMyC;

(4)

T(K)[g(ms=2) [ P (Pa) | My (u)
Mars 208 3.7 1.0E+3 44.0
Earth 288 9.8 1.0E+5 28.8
Venus 737 8.9 9.2E+6 44.0
Mercury 440 3.7 0.0E+0 0.0

Table 1: Relevant properties of terrestrial
planets for equation (4) [6][7]

Results

Applying the relevant values from table 1 to
Earth gives v ~ 81 m s~!. This speed is approx-
imately equal to the actual takeoff speed of this
aircraft, 82.3 m s~! [8], and so this shows the
accuracy of this method.

As the surface pressure on Mercury is 0 Pa,
the take-off speed would be infinite (v =
oo m s71). The lack of atmosphere on Mercury
means that there is no air for the wings to de-
flect, and hence they are unable to generate lift.

For Venus, v ~ 10 m s~!, this is far smaller
than on Earth, due to the high surface pressure
from its thick atmosphere. Whilst it is possible
that the drag from the atmosphere could limit
the top speed of the aeroplane, we do not know
the scale of the impact this would have and so
further studies should be carried out to verify
this. Venus’s dense, acidic atmosphere and high
surface temperature [1] could also pose signif-
icant problems for take-off on this planet, but
this is beyond the scope of this paper.

For Mars v ~ 340 m s~!, whilst this is well

above the usual take-off speed of this aircraft on

Earth, [8], it is possible that the different con-

ditions on Mars may allow for this speed to be

reached on the surface. This could be verified by
finding the maximum force of the engines and
comparing this to the horizontal resistive forces
acting on the aircraft during take-off.

Conclusion

In this paper we have calculated the minimum
speed required for a Boeing 747-400 to take-off
from the surface of each of the terrestrial plan-
ets via aerodynamic lift. On Mercury, the air-
craft cannot generate lift and so would be un-
able to take-off. On Mars, the take-off speed is
far higher than on Earth, though may still be
possible by considering the balance of horizontal
accelerating and resistive forces during take-off.

On Venus, the required speed is far lower than

on Earth, suggesting take-off should be possi-

ble. However, further studies should be done to
determine if drag from the Venus’ atmosphere
could prevent the aeroplane reaching this mini-
mum speed.
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