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Session:  This topic is intended for the session 
“Within the Atmosphere”. The focus is on exploration 
targets in the altitude range 57 km to 70 km.  

In the context of the VEXAG Goals, Objectives, 
Investigations [1], the primary emphasis is on Goal I-C 
Cloud and Haze Chemistry and Dynamics. 

Target: cloud top layer, 57-70 km – Target Region 
1 (TR1) typical of a long-lived, semi-buoyant maneu-
verable platform [2]. 

Science Goal(s): I-C Cloud and Haze Chemistry 
and Dynamics. 

General context: Venus is Earth’s closest sibling, 
but it has ended up with a radically different climate. 
How did the environments of Venus and Earth become 
so divergent ?  The answer to this question relies upon 
an understanding of Venus' origins, the nature of its 
present atmosphere, and the role that the clouds have 
played in evolution and current state of Venus.  

This is increasingly important in an era in which 
we are trying to understand the divergent evolutionary 
outcomes for terrestrial planets, whether we are con-
sidering the future of our Earth or the habitability in 
other solar systems.  

Coupling of winds and chemistry - The upper 
cloud layer (~57 – ~70 km) show great spatial and 
temporal variability. The upper haze on Venus lies 
above the cloud layer surrounding the planet, ranging 
from the top of the cloud (~ 70 km) up to as high as 90 
km. In the~2 scale heights immediately above the 
cloud tops between ~70 km and ~80 km, superrotating 
zonal winds generally decrease with height while 
thermospheric, sub-solar to anti-solar winds increase.               

The European mission has significantly improved 
our knowledge of both regions by providing global 
long-term remote sensing observations with complete 
coverage in latitude and local solar time. However 
major questions remain about key minor species, the 
physical properties of H2SO4:H2O mixtures composing 
the hazes and clouds, and how they vary throughout 
the major atmospheric regimes in the upper atmos-
phere, near the cloud tops where photolysis and con-
densation processes occur. 

Since most of the solar energy is absorbed at cloud 
level, the clouds play a key role in the maintenance of 
the super-rotation. General circulation models of the 
atmosphere also support the likelihood of this link. 

Numerical studies suggest that both the Gierasch-
Rossow-Williams and thermal tide mechanisms oper-
ate simultaneously to maintain atmospheric superrota-
tion on Venus [3], but more data are needed, and with 
better spatial resolution, to understand which waves 
carry momentum and how that transport is made. In 
situ measurements of the wind speeds within the 
clouds are limited to a handful of previous descent 
probes and two super-pressure balloons; and remote 
measurements of the wind speeds are susceptible to 
confusion by microphysical variations in the clouds 
themselves [4, 5].  

 
Figure 1: A schematic of the Venus clouds, showing the photochemi-
cally produced upper clouds and hazes, and the condensationally 
supported middle and lower clouds. A typical vertical profile of 
potential temperature is shown on the left side of the figure, where a 
constant potential temperature with altitude indicates a susceptibility 
to convective overturning. Also shown at the right side is a typical 
vertical profile for the zonal winds, based on previous in situ probes 
and cloud tracking. There is much variability seen in the existing 
measurements of the zonal winds, but a steady increase in wind 
speed after the first few kilometers above the surface, followed by an 
almost constant wind speed of about 50m/s through the convective 
region, and then peaking with a speed of around 120m/s near the 
tops of the upper clouds, is typical. 

Cloud and haze microphysics, winds and heter-
ogeneous chemistry - The clouds of Venus are ubiqui-
tous, play a significant role in the radiative balance of 
the planet, are used as tracers to probe the atmospheric 
circulation, and are a key part of a global sulfurohydro-
logical cycle that redistributes key greenhouse gasses 
such as SO2 and H2O. Thus understanding the clouds 
of Venus holds the key to understanding how Venus 
itself came to be the world of extremes that it is today. 
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Aerosols have been studied extensively because their 
optical properties impact the radiative balance through 
absorption and scattering of solar radiation. Data on 
the climatology of the upper haze of Venus were rather 
sparse but since its arrival at Venus in 2006, both 
VIRTIS-M IR on the nightside [6] and SPICAV/SOIR 
at the terminators [7] were able to target the upper haze 
above the cloud layers. Observations made it possible 
to postulate that the upper haze on Venus includes, in 
some instances, a bimodal population, one type of par-
ticles with a radius comprised between ~0.1 and 0.3 
µm as inferred by the UV channel and the second type, 
detected in the IR, with a radius varying between ~0.4 
and 1 µm depending on the altitude were indeed ob-
served [7]. 

Formation of H2SO4 clouds - Measurements by an 
in-situ airborne mission can scrutinize upper cloud 
evolution in unprecedented detail. In particular, in-situ 
measurements of cloud particle sizes, acquired simul-
taneously with measurements of the concentration of 
H2O, SO2, and other species involved in the formation 
of H2SO4 clouds, can be correlated as well with the 
measured vertical velocities, local radiative balance 
and temperature variations. 

Establishing a long-term chemical laboratory in the 
cloud layer which would measure the detailed compo-
sition of both gas and liquid phases, and their latitudi-
nal, diurnal and vertical variability using a combina-
tion of mass spectrometry, gas chromatography, tuna-
ble laser transmission spectrometry, and polar nephe-
lometry would significantly address all of these objec-
tives. It would allow the determination of the size dis-
tribution, shape, and real and imaginary refractive in-
dices of the cloud particles, and the measurement of 
intensity and polarization phase functions. 

Our target species would include those known to be 
associated with cloud formation (e.g. H2SO4, SO3, SO2, 
H2O), as well as species important in stratospheric 
chemistry (e.g. CO, ClCOx, Ox, HCl, HF) and surface-
atmosphere buffering (e.g. CO, OCS, SOx, Ox, H2S).  
 

VAMP platform – For exploring Target Region 
57-70 km, we recently considered the Lifting Entry / 
Atmospheric Flight (LEAFTM) innovative class of 
combination entry-and-flight vehicles in development 
at Northrop Grummman Aerospace Systems and 
L'Garde, Inc [2]. VAMP is a semi-buoyant, self-
propelled aerial vehicle. 

This vehicle can survive for months to years in the 
Venus atmosphere, with the lifetime limited only by 
the gradual loss of buoyant gas through the envelope 
and/or corrosive effects of the atmosphere. It is ma-
neuverable in latitude, longitude, and altitude via up-
loaded commands from the Science Operations Center 
on Earth.  

The exact altitude range is a tunable parameter in 
the vehicle design; a point design targeting the cloud 
deck and the region immediately above the clouds is 
designed to maneuver at will between 56 and 70 km.  

During propelled flight, the combination of lift and 
buoyancy provides altitude mobility; in passive flight 
during the Venusian night, the vehicle floats at its 
100% buoyancy altitude of 56 km. 
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