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Introduction: Many outstanding questions remain 

in the exploration and understanding of Venus, the most 

Earth-like terrestrial planetary body [1-5].  The purpose 

of this Workshop is to discuss “the formation and 

stability of Venus clouds over time and their role in 

potential habitability….[addressing] 1. cloud layer 

habitability, 2. inputs (interior, surface, exogenous) to 

and outputs from the cloud layer over time, 3. 

measurements and instruments necessary to investigate 

the Venus cloud region, and 4. open questions or any 

additional investigations pertaining to the habitability of 

Venus clouds.” Of particular interest “are methods 

needed to address these questions, and how future 

missions will contribute to understanding the cloud 

habitability system.”  In this contribution, we present a 

mission concept, the Venus Aero Vehicle (VAV), that 

is low-cost and can provide long-term multi-year-

duration exploration of the Venus atmosphere.  The 

VAV mission concept operates in the Venus atmosphere 

above and within cloud layers using a solar powered 

high-speed autonomous aero vehicle.  

Previous Venus missions have included flybys, 

orbiters, probes, balloons and landers [3]. Other than the 

VEGA Balloons, there have been no long-duration 

missions to explore the Venus atmosphere in situ 

vertically, and with latitude and longitude. Also lacking 

has been in situ instrumentation to collect repeated and 

thorough measurements of the Venus cloud region.  

Mission Concept: We are proposing a multi-year 

lifetime solar powered Venus Aero Vehicle (VAV), 

which is designed to observe and sample the Venus 

atmosphere over all longitude and a wide range of 

latitude encompassing most of the planet. The VAV is 

designed to cruise at 70 km altitude above the clouds in 

full sun illumination, with periodic descents into the 

clouds down to 50 km altitude. A conceptual image of 

the cruise phase is shown in Figure 1. 

 

 

The mission is designed to address several 

questions: Did Venus once have an ocean? Is there 

microbial life in Venus’s clouds (search for biosignature 

chemicals)? How did the Venusian atmosphere evolve? 

What is the 3-D composition, transport and mixing 

within Venus’s atmosphere? The Venus Aero Vehicle 

(VAV) is designed to address these questions through 

the measurements it will provide using a miniature mass 

spectrometer along with other scientific instrumentation 

such as a wind velocity measurement unit, 

accelerometers, temperature sensors, pressure sensors, 

and an imaging system.  

Mission Concept Design: A flying wing 

configuration solar electric powered autonomous VAV 

was designed for direct insertion from an interplanetary 

trajectory into the atmosphere of Venus. A CAD design 

of the VAV is shown below in Figure 2.  

 

 

The primary subsystems required for this mission 

are thermal, power, control and navigation, and 

communications. Pictured below (Figure 3) is the high 

level overview of the subsystems onboard the VAV for 

this mission. 

Figure 2. CAD design of VAV. 

Figure 1. Conceptual depiction of the VAV 

cruising above the Venus clouds.  

4040.pdfVenera-D 2021 (LPI Contrib. No. 2629)



 

The VAV will be carried to Venus folded inside a 

deployment vehicle, the “Artichoke,” which together 

with the flying wing comprise the payload launched 

from Earth. This payload configuration is shown in 

Figure 4 The upper left image shows the aero vehicle 

folded on the inner platform of the artichoke, the bottom 

photo show this same configuration but with one layer 

of petals closed, and the upper right image shows this 

same configuration but with both layers of petals 

completely closed.  

 

Power is supplied to the electric propulsion system 

by the VAV solar array by opening the Artichoke and 

unfolding the VAV wings during the interplanetary 

transfer phase of the mission. Using the VAV 

photovoltaics to power an electric propulsion transfer 

stage significantly reduces both fixed mass and the mass 

of propellant. Insertion into Venus flight directly from 

interplanetary transfer is accomplished by the 

“Artichoke” deployment vehicle, a heat shield and 

‘ballute’ (balloon-parachute) for an aerobraking entry 

into the Venus atmosphere similar to the initial EDL 

phases of the Perseverance Mars mission.  

When the Artichoke descends to about 75 km it will 

begin to unfold to provide aerobraking and prepare for 

deployment of the VAV. Once the Artichoke (and the 

VAV packaged inside) have unfolded, a ballute will be 

deployed which will apply a force to the system great 

enough to break the linkage between the VAV and the 

Artichoke, allowing the Artichoke to continue its 

descent to the surface while functioning as an 

atmospheric probe and transmitting its data to NASA’s 

Deep Space Network (DSN) 70 meter antennas on 

Earth. This option was chosen instead of relaying 

transmissions through the VAV to provide autonomy 

and ensure reliability. If there are technical issues with 

the VAV and it is unable to receive the data and or it 

experiences any mission critical system failure, the 

Artichoke will still be able to successfully transmit data 

of scientific value directly to Earth.  

The Artichoke has its own ballute which will deploy 

after VAV detachment. This will allow for a 

significantly longer descent time, consequently 

allowing for a significantly greater quantity of scientific 

data to be collected and sent to the VAV for eventual 

downlink to Earth. The ballute quickly decelerates the 

VAV and allows the VAV to begin flight maneuvers at 

an altitude of about 70 km. 

The VAV will fly with airspeed sufficient to 

compensate for Venus’s atmospheric winds, thus 

maintaining its position at local solar noon. This means 

that the vehicle will have to overcome headwinds 

reaching 100 m/s (360 km/hr). By countering the 

prevailing winds, the VAV maintains its position at 

Venus solar noon for maximum solar panel power 

production. The planet thus rotates underneath the 

VAV, providing in situ sensing over the full range of 

Venus longitudes.  The VAV can also make excursions 

north and south of the equator depending on how much 

excess solar energy generation is available to 

compensate for associated cosine losses in solar panel 

illumination. Cruising above most of Venus’ cloud 

cover at just below 70 km altitude, the VAV will 

descend at regular intervals to as low as 50 km altitude 

to collect data and sample the atmosphere inside and at 

the bottom of the cloud layer.  

Launch, Transportation and Cost: The entire 

system, including the VAV, Artichoke and 

Figure 4. VAV and Artichoke configuration. 

Figure 3. High level subsystem interface overview. 
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interplanetary electric propulsion system is compatible 

with a launch by a RocketLab Electron class rocket. 

This micro-spacecraft-scale interplanetary mission is 

estimated to cost ~$25M, about 5% of conventional 

interplanetary mission budgets. Key enabling 

technologies include advanced thin film perovskite 

photovoltaics, a flying wing aero vehicle, newly 

developed lightweight instrumentation, particularly the 

mass spectrometer, advances in autonomous aero 

vehicle structures and autonomous control, and the 

strategy of high altitude cruise with periodic dives 

through the more hostile cloud environment. Flying at 

sufficient velocity to remain at solar noon ensures an 

always-on high performance electric vehicle and large 

gains in observational duration and geographical range.  

Sensing and sampling instrumentation will provide 

insight into Venus’s atmospheric composition and 

atmospheric phenomena, as well as probing for 

molecular indicators of life. This mission will provide 

us with a much more complete picture of the 

atmospheric composition and history of Venus, along 

with the short-term fluctuations in atmospheric 

circulation and composition. Furthermore, the data 

collected from Venus will help us to understand the 

formation and evolution of other solar system bodies 

and exoplanets characterized by the presence of 

atmospheres. Performing a small, low cost, long 

duration interplanetary mission will be a pathfinder for 

missions of similar cost and scale to other 

extraterrestrial destinations.    

Conclusions: The use of a folding, flying wing 

design for an autonomous, high speed, solar electric 

powered aircraft is a new capability for planetary space 

missions. It will be a significant contribution to 

exploration capabilities for Venus and beyond, 

contributing to our understanding of the Venus cloud 

layer while also expanding the horizons of space 

exploration and terrestrial remote sensing by allowing 

long duration wide-area autonomous data collection.  
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