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Introduction:  Planetary analogs are important for 

basic scientific investigation, given limited access to the 
planetary body. Whether a particular analog is appropri-
ate depends on the variables of interest. Our motivation 
here is to find Earth analogs for Venus dunes. Here we 
compute shear stress over an artificial dune for a speci-
fied flow regime. We find that, if our interest is confined 
specifically to local shear stress, the Venusian atmos-
phere is fairly well approximated by the terrestrial at-
mosphere with a wind scaling factor. The subaqueous 
Earth case, which is perhaps the best analog in terms of 
factors such as particle to fluid ratios, can be matched to 
the Venusian shear stresses if the current is reduced 
from 1.2 m/s to ~2.2 cm/s.  

Background: The shear stress field for a given fluid 
flow is fundamental to the study of dune formation: 
shear velocity and particle fluxes are dependent on local 
shear stress. When studying particle entrainment, the ra-
tio of particle to fluid densities is also important [1].  

Model:  We have used the COMSOL commercial 
software package to construct a 𝑘 − 𝜀 turbulence model 
in order to simulate shear stresses over the top of the lee 
face of the dune (the area of interest). The 𝑘 − 𝜀 model 
was chosen as it is used for high Reynolds number 
flows; it performs well for flow past complex geome-
tries and has fast convergence rates. A representative 
velocity field is shown in Fig. 1. Local shear stresses 
were then modeled for the Earth atmospheric case, the 
Venus atmospheric case, and the Earth subaqueous case 
(depth 1km which approximates the Venus surface pres-
sure). 

 
Figure 1: Velocity Field of Earth atmosphere case. 
Wind direction is from left to right. 
 

Results:  The local shear stress for the current Ve-
nusian atmosphere is shown in Fig. 2, where 𝜏% ≈
3 × 10+,	𝑃𝑎. The subaqueous Earth case (Fig. 3) indi-
cates a shear stress of 1.5x10-4 Pa. The atmospheric 
Earth case (Fig. 4) indicates maximum shear stresses 
near the dune apex as 1.5x10-6 Pa, which can then be 
matched to the Venus case by doubling the inlet wind 
speed. The subaqueous Earth case can be matched to the 

Venus case by reducing the current from 1.2 m/s to 
0.022 m/s. Such low current speeds are reasonable in 
subaqueous dune fields on the continental shelf by the 
southeast continental margin of Africa, where currents 
were found to be less than 1.3 m/s [2]. Even smaller bot-
tom currents (~14 cm/s) were found in dune fields in the 
southeast Indian Ocean at depths near 600 m [3]. 

 
Figure 2: Shear stress for Venusian atmosphere, 
given an inlet velocity of 1.2 m/s.   

 
Figure 3: Shear stress plot for subaqueous Earth. 
Depth 920m. Inlet velocity is 1.2 m/s. 

 
Figure 4. Shear stress plot for Earth atmosphere. 
Inlet velocity is 1.2 m/s. 
 

Conclusions: Local shear stress is well approxi-
mated with Earth atmospheric conditions, given a wind 
scaling factor (~50% of the Venus inlet wind). The sub-
aqueous Earth case is still the better analog, given that 
01
0
≈ 3 (Venus ~50) [1] and the shear stresses can be 

matched to Venus if the current is reduced. 
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