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Introduction:  During the early Venus history, the 

Venus Planetary Boundary Layer (PBL) was instru-
mental in the establishment of the planet super-
rotation. Also, the PBL is one of the governing aspects 
in determining the characteristics of the planet’s upper 
troposphere and tropopause. Moreover, understanding 
the Venus PBL is crucial in Venus exploration because 
landers must interact with this turbulent high-pressure 
high-temperature environment. The NASA Glenn 
GEER facility is currently experimentally studying this 
environment, and modeling and simulations are neces-
sary to physically interpret that data. The present study 
is initializing computations, modeling and simulations 
of the Venus PBL, considering that this knowledge 
continuously changes interpretation [1].  
      A rigorous computation of the fluid viscosity and 
density for the Venus lower atmosphere conditions 
will be presented that permits, to our knowledge for 
the first time, the quantititative estimate of the Reyn-
olds number of the flow in the lower Venus atmos-
phere. The thus computed Reynolds number is very 
large, in the fully turbulent regime. Further, using 
thermodynamic concepts verified with experimental 
data [2] the spinodal loci of CO2, CO2/N2, five, seven 
and eleven Venus-species mixtures are computed and 
visualized, permitting to determine the thermodynamic 
stability regime. To obtain physical insights [3], Direct 
Numerical Simulations are ongoing to address a Venus 
three-dimensional vertical slice of 1.1 km in height 
that is located 1-2 km off the ground. Once analyzed, 
these results will provide much needed information, 
particularly the effective Prandtl number spatial distri-
bution which would impact Venus lander design.  
       Thermodynamic regime: To compute the spi-
nodal, several sets of species are considered as shown 
in Table 1. The results of Figure 1a show that as long 

Table1: Mole fractions, Xi, of Venus lower atmos-
phere where the species are designated by i. 

as the thermodynamic calculation includes more than 
one species of the lower Venus atmosphere, the spi-
nodals coincide. This is attributed to the much larger 
mole fraction of N2 than of all other trace species. The 
end result as far as the phase diagram is independent of 
this fact: the lower Venus atmosphere is in the single-
phase regime, as shown in Figure 1b. This fact does 
not prevent though the possibility of uphill diffusion, a 
phenomenon occurring when minor species are present 
and is due to their fluxes being coupled to those of 
major species [4]. 
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Figure 1 (a) Comparison in the (p,T) plane between spi-
nodal loci for different mixtures. (b) The Venus lower 
atmosphere regime is highlighted on the thermodynamic 
phase diagram, where spinodal loci of Venus-like lower 
atmosphere mixtures are shown.  
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