
SPACE DEBRIS 
REMOVAL
USING AERODYNAMIC DRAG







CLASSIFICATION OF SPACE DEBRIS

diameter count
damage to 
spacecraft

problematic 
region

large > 10 cm > 30 000 Catastrophic breakup > 650 km

middle 0,1 cm − 10 cm ∼ 107 Loss of spacecraft capability > 750 km

small < 0,1 cm ∼ 1012 Degradation of surface > 1000 km



Method Of Local
Aerodynamic Drag

(MOLAD)



MOLAD’s focus



MOLAD’s fundamentals

debris

small cloud
of dust particles

𝑣 ≈ 13 km/s



Orbital debris problem. 
Introduction to 
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Theoretical 1D model
Expansion of cloud in vacuum

𝑝d𝑉 = 𝑘𝑇d𝑁
Local approximation by ideal gas

Pressure

Volume of element

Boltzmann constant
Temperature

Number of particles 
in element

d𝑥𝐿 d𝑥𝑅

Δ𝑝 ⇒ 𝐹 ∼ 𝑎

Stationary 

element far away

𝑥



Theoretical 1D model
Expansion of cloud in vacuum

𝑝d𝑉 = 𝑘𝑇d𝑁
Local approximation by ideal gas

𝑎 =
𝑘𝑇

𝑚𝐶

1

d𝑥𝐿
−

1

d𝑥𝑅

Acceleration

Pressure

Volume of element

Boltzmann constant
Temperature

Number of particles 
in element

d𝑥𝐿 d𝑥𝑅

Δ𝑝 ⇒ 𝐹 ∼ 𝑎

Stationary 

element far away

𝑥

Mass of 
particle



Theoretical 1D model
Expansion of cloud in vacuum

𝑝d𝑉 = 𝑘𝑇d𝑁
Local approximation by ideal gas

𝑎 =
𝑘𝑇

𝑚𝐶

1

d𝑥𝐿
−

1

d𝑥𝑅

Acceleration

Pressure

Volume of element

Boltzmann constant
Temperature

Number of particles 
in element

d𝑥𝐿 d𝑥𝑅

Δ𝑝 ⇒ 𝐹 ∼ 𝑎

Stationary 

element far away

𝑥

𝜌𝑟 𝑡 =
d𝑥𝐿 𝑡 = 0 + d𝑥𝑅 𝑡 = 0

d𝑥𝐿 𝑡 + d𝑥𝑅 𝑡

Relative density

Mass of 
particle



Theoretical 1D model
Expansion of cloud in vacuum

Important parameters Studied range

𝑚𝐶 Mass of particles 10−18 kg 10−9 kg

𝑟
Radius of cloud 

at beginning
0,1 cm 50 cm

𝑇 Temperature 50 K 350 K

𝑡 Time of collision 10 s

𝑎 =
𝑘𝑇

𝑚𝐶

1

d𝑥𝐿
−

1

d𝑥𝑅

Acceleration

𝜌𝑟 𝑡 =
d𝑥𝐿 𝑡 = 0 + d𝑥𝑅 𝑡 = 0

d𝑥𝐿 𝑡 + d𝑥𝑅 𝑡

Relative density

Mass of 
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Theoretical model
decelerating in density with cube Gaussian profile
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1
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Newton drag force (fly-through along x-axis)

We assume velocity Δ𝑣 ≪ 𝑣,
therefore v ≠ 𝑣 𝑥 during fly-through
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Theoretical model
decelerating in density with cube Gaussian profile

Velocity change of debris

Δ𝑣 = න

−∞

∞
𝐹𝑂 𝑥

𝑚𝐷𝑣
d𝑥

1cm diameter alluminium sphere

𝐶𝐷
Drag coefficient 

of debris
0,5

𝑆𝐷
Cross sectional 

area of debris
0,785 ⋅ 𝑐m2

𝑚𝐷 Mass of debris 1,36 g

𝑣 Relative velocity 13 km/s

𝑡 Time of collision 10 s
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Theoretical model
Lifetime of debris
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