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Mass transfer (MT) Gravitational instability (GI) 

Formation scenarios 

-> High impact velocities 

-> Collision of the formed ~ cm- 
    sized aggregates with   
    „lucky winners“  

-> Fragmentation of impacting  
    aggregates 

-> Relatively low collision velocities** 

-> Aggregates are not destroyed** 

(Johansen et al., 2007) (Windmark et al., 2012; Garaud et al., 2013) 

-> Mass transfer leads to growth 

-> Concentration of an ensemble of  
    ~ cm-sized aggregates by, i.e.,  
    streaming instability* 

-> Ensamble becomes gravitational  
    unstable -> collapse 

*: (Youdin and Godman, 2005) 

**: (Wahlberg and Johansen, 2014) 

-> ~ 0.01 m/s – 0.1 m/s** 



Formation scenarios 

Cometary surface: Cometary surface: 

-> Relatively compact -> Loose arrangement of aggregates 

Mass transfer (MT) Gravitational instability (GI) 

-> µm-sized monomers 

-> Volume Filling Factor: ~ 0.4 -> Vol. filling factor: ~ 0.35 x 0.6 ≈ 0.2 
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sample  = 25 mm 



Tensile Strength 

sample  = 

25 mm 

(Güttler et al., 2009) 

(Data from Blum et al., 2014; Brisset, 2014) 



Compressive Strength 

Pm,ice  = 12.5 x 10
3 Pa 

Pm,dust=   1.3 x 10
3 Pa 

(Schräpler et al., 2015) 
(Lorek et al., 2016) 

Dust aggregates 

Granular H2O ice 

1 dyn cm-2 = 0.1 Pa ... 

Pm,agg=  ~ 1 Pa 

Aggregates Ice particles 

(unsintered) 

Dust particles 



Mass transfer (MT) Gravitational instability (GI) 

Volume filling factor 

Tensile strength 
(surface) 

~ 0.4 ~ 0.35 x 0.6 ≈ 0.2 

~ 1000 Pa ~ 1 Pa 

Gas permeability ~ 1 x 10-6  m4 s-1 ~ 1 x 10-9  m4 s-1 

Thermal conductivity 

Overview (dust) 

10-2 – 10-1 W m-1 K-1 10-3 – 1 W m-1 K-1 

(conduction) (conduction/radiation) 

Compression curve 
(pm @ Φ ≈ 0.25) 

~ 1300 Pa 
(up to 106 Pa) *no ice 

(MUPUS: > MPa) 

~ 1 Pa 
(up to 103 Pa) 

(MUPUS: > MPa) 
 
 



And KOSI…? 



Water ice 

(Jost et al., 2013) 



SiO2 

H2O 

∆t = 0,03 s 

∆t = 0,02 s 

(Gundlach et al., 2011b) 

(Blum and Wurm, 2000) (Dominik and Tielens, 1995) 

r: Particle Radius 
: Specific Surface Energy 
: Critical Rolling Distance 

acm: Lever Arm (Horizontal Projektion) 
m: Mass of the Aggregate 

Water ice 



T = 170 K 

Δ t = 10 min 

Water ice 



Water ice (@ 200 K) 

(Gundlach and Blum, 2015) 

(Gundlach et al., 2011) 

(Gärtner et al., submitted) 

Formation of a solidified layer on comets? 


