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Abstract

In this paper we model the effects of an Explosive Decompression on the orbital trajectory of the

International Space Station (ISS). We found that in an ideal decompression, the trajectory of the

ISS would remain relatively unchanged, only affecting the altitude of perigee by 8 km.

Introduction

A common occurence in science fiction is a
spacecraft experiencing Explosive Decompres-
sion (ED). ED refers to the rapid loss of pressure
due to a sizable breach in the hull. An instance
of this occurs in the film “The Martian” [1]. ED
is used by the crew of the Hermes to cause a
change in velocity of the craft (Av), in order to
rendezvous with the titular stranded astronaut.
In this paper we apply the concept of using ED
as a source of thrust for the International Space
Station (ISS), specifically to see whether an ED
event that drains every module is capable of pro-
ducing enough Av to de-orbit the station when
fired retrograde.

Method

To simplify the problem we made the following
assumptions. Firstly, the air density and pres-
sure on the ISS are that of the Earth’s atmo-
sphere at STP. Secondly, the ED leads to a con-
stant thrust vector through the centre of mass of
the ISS. Thirdly, the internal gas pressure and
density remain constant throughout the ED. Fi-
nally, the Av acts on the ISS instantaneously.
To go about calculating whether such an ED
could be capable of de-orbiting the ISS we need

to calculate the Av the ED would cause. We
first went about defining the velocity at which
the atmosphere within the ISS would eject at.
This was done using a rearrangement of the
Bernoulli Equation [2]. Our rearrangement as-
sumes that the gravitational terms cancel due to
micro-gravity, that the pressure outside the ISS
is 0 Pa and the gas velocity inside the ISS is 0
ms~'. We then took this simplified form, and
rearranged for v, the gas velocity as it leaves the
ISS. The rearrangement gives Equation 1.

2P
v=4/—
0

Where P is the pressure of the atmosphere inside
the ISS, and p is the density of the air inside
the ISS. Next, we used the Tsiolkovsky Rocket
Equation, Equation 2, to calculate the Av caused
by the ED.

(1)
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Where v, is the exhaust velocity, mg is the mass

including the propellant, and my = mg — Vp,

which is the mass after the propellant has been

ejected, where V' is the pressurised volume of the

ISS. By substituting Equation 1 into v, and the



equation for my into Equation 2, we form Equa-

tion 3.
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Once the Av caused by the ED was calculated,
we input this value as a deceleration ”burn” into
GMAT (NASA’s General Mission Analysis Tool)
[3]. GMAT performed a simulation of the tra-
jectory travelled by the ISS before and after the
ED event, allowing us to determine whether the
change in orbit would cause the ISS to de-orbit.

Av =

Results

For the calculation of Av, we used the values:
P = 101325 Pa, p = 1.225 kgm ™3, my = 419725
kg [4] and V = 932 m?® [4]. Plugging these
numbers into Equation 3 gave us the value of
Av = 1.108 ms~!. When we put this value into
the simulation as the Awv, it produced Figure 1.

Figure 1: The GMAT visualisation showing the red ini-
tial orbit of the ISS, and the green post-ED orbit. The
burn occurs at the left of the image.

The post-ED orbit perigee that the simulation
stated had an altitude of 400 km, an 8 km re-
duction from it’s original value of 408 km [5].

Conclusion

At the new altitude of perigee, the atmo-
spheric density of Earth is insufficient to pro-
vide the drag necessary to complete the de-orbit

of the ISS. This shows that given the initial as-
sumptions are valid, the ISS would be safe in its
orbit in the event of an ED, though the same
cannot be said for the crew. However, some of
our assumptions would significantly change the
Av value if they were accounted for. Our second
assumption, that the thrust vector acts through
the centre of mass, is idealistic, as the major-
ity of the ISS’ mass is contained in the Truss
structure. The pressurised segment is suspended
underneath the Truss, which means that the de-
compression would likely cause a torque, rather
than a linear force. Our third assumption is also
unrealistic, as while the decompression is classed
as explosive, it would still act over a period of
time. This would make the manoeuvre less ef-
ficient, causing the perigee to change even less.
This also invalidates our final assumption, as it
states that the burn happens instantaneously. In
conclusion, the value that we calculated is likely
a maximum for de-orbiting the ISS with the at-
mosphere contained within. Therefore, in the
event of an Explosive Decompression on the ISS,
the station would remain in orbit of the Earth.
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