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TitanAir: Pioneering technological innovations for the exploration of Titan's 
atmosphere and lakes 

The report presents the TitanAir mission, which will explore Titan’s atmosphere, lakes, 
and shorelines using innovative technologies. The project combines advanced physical 
principles and soft robotics to collect and analyze methane rain. TitanAir has the 
potential to transform the approach to studying not only Titan but also other planets. 

Pic. 1 Artist’s depiction of TitanAir 

TitanAir is a cutting-edge mission concept for the next decade, designed to 
unravel the mysteries of Titan's atmosphere, lakes, and shorelines. By combining basic 
principles of physics, such as capillary action, with advanced technologies like 
inflatable structures and soft robotics, this ambitious project goes beyond conventional 
aircraft design. As part of the Space Technology Mission Directorate's (STMD) 
technology development efforts, the primary focus is on creating a system that allows 
aircraft to ingest liquids, potentially enabling future flights on other planets.  

Anyone who has flown in rainy weather is familiar with how raindrops seem 
to dance on airplane windows during flight. Due to boundary layer effects, even at 
speeds of 500 miles per hour, liquid moves slowly across the aircraft's surface. What 
if the wings or fuselage could absorb this rainwater and analyze it using scientific 
instruments? Now, imagine this rain being made of methane on a distant planet.  

TitanAir aims to study Titan’s methane rain, setting the stage for revolutionary 
scientific exploration of the planet’s atmosphere, lakes, and shorelines. Titan’s 
atmosphere is a complex blend of aerosols, responsible for its distinct haze and cloud 
formations. These aerosols, composed of complex organic materials created in the 
upper atmosphere, are essential to Titan's methane cycle. As the rain descends from 
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high altitudes, it may carry organic material into the depths of Titan's lakes and seas. 
The shorelines, however, may hold the most scientific promise, as they could contain 
organic-rich sediments where the methane-filled lakes meet the surrounding 
landscape.  

Table 1 
Comparison between TitanAir and relevant aircraft 

TitanAir 
- 2 m

TitanAir - 
3 m 

NEL/NEL
2 

PBY 
Catalina 

Beech 99 Fokker 
F-28

Fuselage 
Dia.

2 m 3 m 1 m (est.) 3.11 m 1.6 m x 
2 m

3.25 

Fuselage 
Lgth.

18 m 18 m 2.5 m 19.46 m 13.58 m 27.4 

Wingspan 25 m 25 m 6.2 m 31.7 m 13.98 m 23.6 m 

Wing Area 75 m2 75 m2 1.86 m2 130 m2 25.98 m2 76.4 m2 

Root 
Chord

5 m 5 m 0.3 m 4.57 m 1.98 m ~4.3 m 

Aspect 
Ratio

8.33 8.33 20.67 7.73 5 7.3 

Mass 
(Empty)

5000 kg 10000 kg 138 kg 9485 kg 2510 kg 16114 kg 

Wing Load 90 N/m2 180 N/m2 100 N/m2 716 N/m2 948 N/m2 2069 N/m2 

TitanAir exemplifies the bold vision of the NIAC program, with the potential 
to significantly advance planetary science. If proven viable, this technology could 
transform how we study not only Titan but also Venus and Earth. Backed by a 
dedicated research team and driven by innovation, TitanAir stands at the forefront of 
planetary science and technological development. 

In conclusion, TitanAir stands as a bold and innovative step toward unlocking 
the mysteries of Titan, offering the potential to revolutionize our understanding of its 
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atmosphere, lakes, and shorelines. Through the development of advanced technology, 
such as a liquid ingestion system and the integration of soft robotics, this project could 
reshape the way we explore not only Titan but also other planets and celestial bodies 
in the future. With its pioneering approach, TitanAir has the capacity to significantly 
advance planetary science and inspire new generations of exploration. 
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