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Cluster II Re-entry Campaign objective
• To obtain orbital information from last revolutions before re-entry

 During last revolutions TM might fail
 Airborne campaign will be set up (open for collaboration)
 Need of observations instead of predictions based on TLEs due to the high elliptical orbit
 Obtain orbital information to support airborne campaign
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• Stability of the orbit (dominant third-body perturbations)
 predictable re-entry location

• Hypervelocity re-entry (radiative heating is the dominant heating transfer mechanism)
 Radiative heat transfer imply chemical reactions with associated observable spectra
 Lack of observation data for this type of re-entry, representative for HEO and interplanetary trajectories

• (rare) opportunity of repeatable observation campaigns

Why Cluster’s orbits are of interest?

Evolution of perigee (solid line) and apogee (dashed line) altitude for 
the CLUSTER-II S/C, without disposal manoeuvres (2014)

Spacecraft a [km] e i [deg] Period [min]

Cluster-2 Rumba 72,768 0.78 145.0 3257.73

Cluster-2  Salsa 72,763 0.83 142.0 3261.28

Cluster-2 Samba 72,779 0.66 136.8 3255.88

Cluster-2 Tango 72,780 0.66 136.7 3256.6

CLUSTER-II - Orbit characteristics 
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OD and HEO orbits

Visibility computation and pass predictions based 
on TLEs are not reliable for high elliptical orbits 

Visibility 
computation Observations OD

OBSERVATIONS instead of fitting data are required

Observation strategy to be followed:
• observation arc length need for OD
• apogee vs perigee passes
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Example of TLE based predictions: DoubleStar
2003-061A: joint CNSA and ESA 
mission to study the effect of the 
Sun on the Earth's environment
(complementary to Cluster)
570 x 78970 km, 28.5°

TLE evolution ▲
Propagation from the latest 5 TLEs uncertain ►

Observation of orbital fragments 
due to break-up (Courtesy 18th SPCS) ▼
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Why is Cluster’s model interesting?
• Simple shape
• Possibility to acquire metrics for hypervelocity re-

entries (re-entry tools are currently validate with 
observation data from circular re-entries).

Re-entry and fragmentation modelling

Identified gaps in knowledge:
• Impact of the atmosphere interaction during the last 

perigee passes before the atmospheric re-entry
• Survivability of the Cluster-II S/C during the last 

perigee pass before atmospheric capture due to the 
high thermal and structural loads.

• Fragmentation analysis for hypervelocity re-entry 
(ablation rate, break-up altitude, spectrographic 
response, etc) 

ESA-DRAMA model for CLUSTER-II S/C

Re-entry break-up simulation for CLUSTER-II
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Expected re-entry behaviour

Last perigees evolution and e-entry location  for CLUSTER – II  Salsa 

Temperature profile for CLUSTER-II Salsa during re-entry.

“Perigee pass -1” refers to the perigee pass before the atmospheric capture
“Perigee pass 0” refers to last perigee pass at atmospheric capture

The plateau for pass 0 is the melting point of Aluminium
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