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CLASSIFICATION OF SPACE DEBRIS

DAMAGE TO PROBLEMATIC
DIAMETER | COUNT
SPACECRAFT REGION
LARGE > 10 cm > 30000 Catastrophic breakup > 650 km
MIDDLE 0,1cm— 10 cm ~ 107 Loss of spacecraft capability > 750 km
SMALL <0,1cm ~ 1012 Degradation of surface > 1000 km




METHOD OF LOCAL
AERODYNAMIC DRAG

(MOLAD)



MOLAD’S FOCUS

m LEO (~ 1000 km)
m Middle sized space debris (~ 1 cm)

m High relative velocity (~ 13 km/s)



MOLAD’S FUNDAMENTALS

v = 13 km/s
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debris

small cloud
of dust particles
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INTRO CLOUD COLLISION ABLATION
Orbital debris problem. Stability and density Velocity reduction  Orbital debris lifetime
Introduction to distribution of during collision of before its ablation

MOLAD. a cloud. the cloud and debris in atmosphere



THEORETICAL 1D MODEL

EXPANSION OF CLOUD IN VACUUM
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EXPANSION OF CLOUD IN VACUUM
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THEORETICAL 1D MODEL

EXPANSION OF CLOUD IN VACUUM

Volume of element

SiecElTE T Boltzmann constant

:
pdV = kTdN

Local approximation by ideal gas

Temperature

Mass of
particle

Number of particles
in element

pr(t) =

CkT(1 1
‘\a:mc de de

Acceleration

dx; (t = 0) + dxz(t = 0)
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Relative density

Stationary
element far away



THEORETICAL 1D MODEL

EXPANSION OF CLOUD IN VACUUM

Important parameters Studied range
me MASS OF PARTICLES 10~ 18 kg 107° kg
RADIUS OF CLOUD
r 0,1 cm 50 cm
AT BEGINNING
T TEMPERATURE 50K 350K
t TIME OF COLLISION 10s

Mass of

particle kT 1 1
‘\a:mc dx; dxp

Acceleration

dx; (t = 0) + dxz(t = 0)

Pr() = = D + dxa (D)

Relative density
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THEORETICAL MODEL

DECELERATING IN DENSITY WITH CUBE GAUSSIAN PROFILE
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THEORETICAL MODEL

DECELERATING IN DENSITY WITH CUBE GAUSSIAN PROFILE

Cross sectional area

Drag coefficient We assume velocity Av < v,
\ f' therefore v # v(x) during fly-through

1
FO('X' Ay' t) — ECDSDUZIDBD(X'J Ay; t)

Mass of

Newton drag force (fly-through along x-axis) > clous Gaussian

m
p3D(x:Ay; t) = W p‘r(x' t) pr(AY; t)z

Velocity change of debris Density profile of 3D cloud
G
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We assume diameter of
debris Dj to be significantly
smaller than ¢ of Gaussian




THEORETICAL MODEL

DECELERATING IN DENSITY WITH CUBE GAUSSIAN PROFILE
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THEORETICAL MODEL

LIFETIME OF DEBRIS
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THEORETICAL MODEL

LIFETIME OF DEBRIS
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SUMMARY

Alluminium sphere, D, = 1 cm
Relative velocity: v = 13 km/s
Time of collision: t =10 s

Starting altitude: h = 950 km

Velocity change needed (for t; ~ 25years): Av = 100 m/s

If we can achieve = 10 cm accuracy of collision,

then ideal mass of particles in cloud is m, ~ 10 '° kg (diameter ~ 0,5 cm).
Mass of cloud: m =~ 60 g

We can clean thousands of debris with one satellite.
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Primordial divergence of cloud
Material of cloud particles
Temperature problem

Drag coefficient

Better models

Other debris, scalability?
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for Av = const. we need m ~ Dy,

= linear scalability for Av = 150 m/s



REMARKS

Primordial divergence of cloud
Material of cloud particles
Temperature problem

Drag coefficient

Better models

Other debris, scalability?

Technological feasibility?

V2n v m 5 Ay?
Av = ?CDSD ﬁm_DA(t) a(t) exp <O’(t)2>
\ SD m
Av ~—m ~ —
mp Dp

for Av = const. we need m ~ Dy,

= linear scalability for Av = 150 m/s
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