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Introduction:  The Deep Impact Discovery 

Mission returned the most detailed images of a 
comet nucleus to date, with 25% of the surface 
imaged with 10 m/pixel resolution and small areas 
imaged at less than 1 m/pixel [1].  Thomas et al. 
[2] identify two enigmatic “smooth units” on the 
nucleus whose morphology and appearance 
strongly suggest that they are “flows” and we will 
refer to them as flows hereafter (fig. 1).  

 

 
Fig. 1. High-pass filtered image of i1 flow (upper 
left).  The lighter central region along the axis of 
the flow suggests a convex cross section.  Darker 
streaks suggest streamlines. (Fig. 13 from [2]). 

 
The better imaged of these flows (i1) is 2.5 km 

long and increases in width from 150 m near its 
source to 1.5 km maximum near its distal end and 
is at least 20 m thick.  These smooth flow fea-
tures have surfaces that are “completely devoid of 
craters and must be smooth at scales of less than 
5m” and Thomas et al. [2] conclude: “The charac-
teristics of the flows, especially i1, indicate that 
the materials involved were very fluid and able to 
flow considerable distances ‘downhill’ in this very 
low-gravity environment”. 

Thomas et al. [2] developed a model for the 
nucleus shape, gravity, and topography.  With a 
mean radius of only 3 km, the acceleration due to 
gravity is a mere 0.024-.030 cm s-2.  Both flows i1 
and i2 lie in topographically low areas.  The re-
gions of exposed water ice reported in [3] lie near 

the i2 flow, while the area ‘source’ region of the i1 
flow was only poorly observed in low light. 

Both flows also flow downhill along typical 
mean slopes of ~5°.  At the terminus of i1, it 
spreads out into a broad fan approximately where 
it begins to run into higher topography. 
 

Physical Model Considerations:  Although 
the observational evidence suggests these are 
flows, it is not at all obvious what material could 
be flowing and stable enough to produce these 
flows.  Gas released at the surface rapidly ex-
pands into the vacuum of space at hundreds of  
m s-1 (s = (2kT/m)½ ~ 600 m s-1 is the mean speed 
of a H2O molecule at T=300 K) carrying dust and 
even larger particles entrained in it.  This is the 
primary mechanism for supplying dust and gas in 
the coma.  Escape velocity from the surface is 
only ~1 m s-1 so under what physical circum-
stances and for what plausible materials could a 
coherent layer flow along hugging the surface 
around ~50° of the nucleus circumference?   

We are investigating the applicability of the 
widest possible range of plausible physical mod-
els for these flows to address the questions: 
• What physics best describes these flows?  

How does this flow mechanism function in this 
physical environment? 

• What physical properties of the flow material 
are consistent with the measurable 
characteristics of these flows, e.g. flow length, 
width vs length, and thickness?   
– rheology, e.g. viscosity and non-Newtonian 

flow rheologies 
– flow rate:  can we put limits on the flow 

speed and time scale for emplacement? 
• What material compositions likely to be present 

on this comet and under what conditions might 
they flow on the surface in a manner consistent 
with the observed features, topography, 
temperatures and gravity? 

• If this flow process occurs on comets, what 
implications does it have for cometary activity, 
expected surface morphologies, and nucleus 
evolution? 
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Viscous Flow Down an Inclined Plane:  To 
illustrate some 1st order aspects of the problem, 
consider the simplest case of flow of a viscous 
fluid layer of constant thickness h down an 
inclined plane with slope angle α (fig. 2, [4]). 

 
Fig. 2.  Flow of a constant thickness layer of 
viscous fluid down an inclined plane.  (From [4]). 

For this case, 
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where u is the mean velocity of the flow and ν is 
the kinematic viscosity, defined as the ratio of the 
viscosity µ to the density ρ, ν= µ/ρ, and g is the 
gravitational acceleration. 
     For flow i1 on Tempel 1, all of the quantities on 
the right hand side of eq. 1 are known [2], h~20m, 
g~2.7x10-4 m s-1, α∼5° and for this simplistic 
model, uν∼3x10-3 m3 s-2.  For reference, escape 
velocity from this low density, slowly rotating, 
mean radius r~3 km comet is ue~(2rg)½∼1.3 ms-1.  
For the intuitively appealing assumption that the 
mean flow velocity is unlikely to exceed escape 
velocity, the corresponding constraint on the ki-
nematic viscosity is ν ≥ 2.5x10-3 m2 s-1.  If the flow 
moved at escape velocity or slower, then it took at 
least 0.5 hour for the 2.5 km length of the flow to 
be emplaced.  For comparison with everyday ex-
perience, Table 1 lists values of  ν for some famil-
iar fluids for temperatures representative of the 
dayside of Tempel 1 at the time of the Deep Im-
pact flyby. 
 

Fluid Kinematic viscosity (m2  s-1) 
Water      1.1 x 10-6 
Air      1.5 x 10-5 
Glycerine   1.9 x 10-3 
Tempel 1 flow i1 ≥ 2.5 x 10-3 

 
Table 1.  Comparison with Kinematic Viscosities 

of Common Fluids (15°C and 1 Atm) [4]. 
 

If the i1 feature is a downslope viscous flow, 
then its kinematic viscosity is relatively large 
compared to common fluids at room temperature, 
assuming the mean flow velocity is less than es-
cape velocity.  (If the Tempel 1 flow had the ki-
nematic viscosity of air from Table 1, the corre-
sponding flow velocity would be in excess of 200 
m s-1!)   These large values for the kinematic vis-
cosity may reflect either a high absolute viscosity 
µ or a low density.  Viscosity is larger for flows 
when the particles collide and a more momentum 
is transferred via particle collisions, as occurs in a 
landslide.  The density for the Tempel 1 flows 
could be very low, for example, if they contain a 
large void space between particles, perhaps due 
to the particles following ballistic trajectories be-
tween collisions or particles being suspended in a 
flow of escaping gases.  For u ~ ue and ν ~ 
2.5x10-3 m2 s-1, the Reynolds number would be Re 

= hu/ν ~104 and the flow would be turbulent as 
the transition between laminar and turbulent flow 
occurs for Re ~ 2200.  For Re~ 1,  u ~ 1 cm s-1. 

The point of this simple case is to 
demonstrate that the Deep Impact flyby data 
provides enough specific information about 
the nucleus of comet Tempel 1 and the 
details of the flows to begin to constrain 
fundamental physical characteristics of the 
flow materials and mechanics of the flow 
process by applying physical models.   

Viscous flow is only one way to model this fea-
ture. This poster describes a variety of physical 
models that have been developed for interpreta-
tion of terrestrial flows.  We plan to use these to 
determine physical constraints relevant to the 
Tempel 1 flows and to synthesize a coherent pic-
ture of what these flows are trying to tell us about 
the geophysics of this fascinating flow process on 
the nucleus of a comet.  We seek your sugges-
tions and insights that might help glean the impli-
cations of the existence of these enigmatic flows 
on a comet nucleus.   
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