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During the last year, two groups, in the United 

States and in Europe, conducted investigations of 

what could be accomplished through robotic explora-

tion of the Venus atmosphere at cloud level. In the 

United States, a workshop was held at NASA’s Glenn 

Research Center, at the initiative of Sanjay Limaye 

and Tibor Kremic [1], which was largely focused on 

the upper cloud region. Thomas Widemann, was the 

motive force behind a second study that encompassed 

the entire cloud region from 48 km to 70 km altitude 

and envisaged exploration with a Flagship class ma-

neuverable platform [2].   

Session:  This topic is intended for the session 

“Within the Atmosphere”. The focus is on explora-

tion targets in the altitude range 45 km to 70 km. In 

the context of the VEXAG Goals, Objectives, Inves-

tigations [3], the primary emphasis is on Goal I alt-

hough there will be significant contributions to the 

investigations in Goal III.   

Targets:  The importance of in situ observations 

over extended spatial and temporal time frames in 

the atmosphere of Venus has been affirmed by the 

Planetary Science Decadal Survey, of 2011 and 

more recently in the Venus Exploration Roadmap 

[4] that is currently out for review by the community. 

The Roadmap envisages a superpressure balloon 

mission that would fly for some weeks at a constant 

altitude of about 55 km within the cloud deck and 

would provide extensive coverage over longitude, 

latitude and time of day as it circles the planet every 

4 days in the superrotating flow and drifts gradually 

towards the poles on a longer time scale.  The tech-

nology for such a mission is acknowledged to be ma-

ture and a number of proposals have been made for 

such a mission in both the USA and Europe follow-

ing the success of VeGa 1 and 2 balloons. We are 

anticipating other abstracts to this workshop deal 

with what can be accomplished by such a mission.  

The goal of investigating the entire vertical range 

of the Venus cloud deck between 45 km and 70 km 

is technically challenging but nevertheless achieva-

ble with a small or moderate class mission.  This is 

unlikely to be accomplished with a single technol-

ogy and may required one vehicle type for the upper 

range (55 to 70 km) referred to here as Target Region 

TR1 and a second vehicle for an overlapping altitude 

range 60  km down to approximately 45 km (referred 

to here as Target Region T2) is needed. Each plat-

form after deployment near the equator would grad-

ually drift towards the nearest pole in a mission of 

weeks or months and provide extensive coverage 

over elevation, latitude, longitude and time of day. 

Operations to approximately 65o latitude are possi-

ble with solar power. 

 

Fig 1:  Target regions TR1 and TR2 relative to Venus atmos-

pheric pressure temperature profile 

 

Science Goals:  

In the workshop guidelines, targets are to be evalu-

ated with respect to the Goals, Objectives and Investi-

gations established by VEXAG. We have used the most 

recent version of that report dated Feb 27, 2014 to com-

pile Table 1 to illustrate how each Target Region T1 and 

T2 addresses science objectives. 

In Table 1, the Goal/Objective/Investigation is iden-

tified in the first column by the letter designation from 

[3]. In the second column, we indicate whether altitude 

cycling is necessary to conduct the investigation. In the 

third and fourth column the value of cycling between 55 

and 70 km and between 45 and 55 km is indicated. Two 

filled circles indicates very high value, filled circle in-

dicates high value, an open circle moderate value. A 

summary of the highlights for each target region fol-

lows. 

 

Discussion: 

Measurement objectives for the two target regions 

are now examined separately. For missions of compara-

ble launch mass, we anticipate the payload fraction for 

the mission to TR-1 to be about 20% of that for a con-

stant altitude balloon. For TR-2 it should be at least 70% 
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of that for the constant altitude balloon and so a much 

more comprehensive payload can be envisaged.   

 Table 1:  Target Regions for in situ exploration in the Mid 

and Upper Atmosphere and the Investigations addressed 

Investigation Altitude 

Cycling 

Needed 

Target Region 

T1 (55- 70 km) 

Target Region 

T2 (45-60 km) 

I.A.1 No ● ○ 

I.A.2 No ● ○ 

I.B.1 Yes ● ● 

I.B.2 Yes ● ○ 

I.B.3 Yes ● ● 

I.C.1 Yes ● ● 

I.C.2 Yes ● ● 

I.C.3 Yes ○ ○ 

I.C.4 Yes ●● ○ 

III.A.1 No ○ ○ 

III.B.1 Yes ● ● 

III.B.3 No ● ○ 

 

Target Region TR1:  A prime objective of exploring 

this target region is identification of the ultraviolet ab-

sorber (Investigations I.B.2, I.C.1, I.C.2 and I.C.4). Ac-

cess to the upper part of the region at 70 km involves 

reducing the payload mass fraction limiting science. 

Four measurement requirements have been identified 

[5] 

1) Measure optical properties of the cloud in situ. 

2) Measure the chemistry of the cloud with the 

sensitivity and ability to conclusively identify 

the UV absorber. 

3) Observe spatial and temporal variations in the 

UV absorber with sufficient precision to under-

stand its variability in the cloud tops. 

4) Obtain contemporaneous orbital ultraviolet im-

ages of the cloud tops at better than 1 km hori-

zontal resolution to relate to the in situ measure-

ments. 

 

Target Region TR2:  Investigations in this region can 

benefit from the larger payloads that are feasible. We 

envisage selecting the payload from the following can-

didates identified in [1]. 

1) An Aerosol Collector Pyrolyzer and Gas Chro-

matograph Mass Spectrometer would directly 

sample gas from the atmosphere. Aerosol will 

be collected on a filter and introduced into an 

oven and then vaporized and/or pyrolyzed 

through multistep heating. An X ray spectrom-

eter would confirm the elemental composition 

measurements obtained with the GCMS to rep-

licate earlier Soviet measurements.  

2) A UV Spectrometer would characterize the UV 

absorber and its spatial distribution and time 

variability. 

3) A Polarization Nephelometer will measure in-

tensity and polarization phase functions to de-

termine the size distribution, shape and real and 

imaginary indices of the cloud particles. 

4) An Attenuated Total Reflection (ATR) spectro-

mer would provide additional cloud characteri-

zation capabilities. The spectrum is attenuated 

by absorption in material deposited on the out-

side surface of a prism and is a very sensitive 

method of absorption spectroscopy.  

5) A Meteorological Payload would measure posi-

tions and local meteorological environment in-

cluding ambient pressure, temperatures, solar 

and thermal fluxes upward and downward. 

6) A 3D Ultrasonic Anemometer for relative air-

speed would measure local winds and turbu-

lence. Simultaneous measurements with a 6 

axis accelerometer gyro package will be in-

cluded to characterize movements.  

7) A Noble Gas Mass Spectrometer. A thermo reg-

ulated cryotrap would allow separation of Ve-

nus noble gases into two fractions: [He,Ne,Ar], 

[Kr,Xe] in order to maximize the partial pres-

sure of each fraction in the ion source.  

  

Although the platforms planned for exploring TR-1 and 

TR-2 will have no horizontal maneuverability, the com-

bination of drift in the superotating flow and gradual mi-

gration towards the pole will provide broad longitudi-

nal, latitudinal and time of day coverage. When the plat-

forms pass over major mountain ranges it will also ena-

ble measurement of surface atmospheric interactions. 

 

Splinter group meetings at the Workshop will provide 

the opportunity to refine the measurement set, instru-

ment list and refine specification of the altitude ranges 

required for understanding the Venus clouds.  
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