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Introduction:  The relatively short lifespans (< 2 

hours maximum) of ten Venus surface probes, de-

ployed between 1970 and 1985, illustrate the excep-

tional challenges involved in exploring Venus’ surface. 

These in situ platforms all utilized massive pressure 

shells with passive thermal protection to protect sensi-

tive analytic instruments. While these missions provid-

ed key data that still underpin our current understand-

ing of the surface environment, many critical 

knowledge gaps remain that can only be retired 

through a new generation of in situ exploration. 

NASA’s Glenn Research Center (Cleveland, OH) 

maintains a vibrant, cross-disciplinary program to op-

erate world-class Venus simulation facilities and de-

velop technologies that enable transformational long-

duration exploration of the Venusian surface. By lev-

eraging expertise in high temperature sensors and elec-

tronics, extreme environment simulation facilities, 

materials science and analytics, and planetary science, 

the Venus working group at GRC has created a highly 

integrated pipeline that allows for the development of 

transformational exploration technology and results in 

valuable science insights. 

Experimental Facilities:  NASA GRC maintains a 

facility dedicated to simulation of the extreme envi-

ronmental conditions throughout the Venus atmos-

phere including those found at the planet’s surface. 

Currently, this facility includes two pressure vessels 

(GEER and miniGEER), both capable of operating at 

475 °C and 93 bar. Key materials science studies dur-

ing the design and commissioning phases of these ves-

sels resulted in the selection of 304 stainless steel due 

to having corrosion resistance surpassing that of either 

of 316 stainless or Inconel™. Facility-operated mass 

spectrometer and gas chromatograph instruments pro-

vide quantitative tracking of targeted gas species dur-

ing operation, and true in situ analytic capabilities are 

being continuously added. 

Glenn Extreme Environment Rig (GEER): This 0.8 

m3 pressure vessel is unique among Venus-appropriate 

experimental and testing facilities due to the combina-

tion of large interior volume and, more critically, the 

ability to precisely control 8 independent minor gas 

streams in addition to the CO2 carrier gas (in this case, 

N2, SO2, H2O, CO, COS, H2S, HCl, and HF) to the 

sub-ppm level[1]. This means that the chemical envi-

ronment of Venus’ surface atmosphere is able to be 

reproduced with as high fidelity as the thermal and 

pressure conditions. The inclusion of minor gas species 

has been demonstrated to be absolutely necessary for 

accurately reproducing the geochemical interactions of 

Venus’ atmosphere with its surface and with technolo-

gy intended to operate in that environment[2]–[5]. 

GEER is equipped with a variety of user ports, which 

may be configured for physical access to samples or 

for the installation of powered electronics via high 

pressure feedthroughs specifically constructed to pro-

vide a robust interface between the ambient environ-

ment and that of the simulated Venus atmosphere. 

miniGEER: A smaller, 4 L vessel, also constructed 

of 304 stainless, has been commissioned for the pur-

poses of conducting tests that require less gas volume, 

a faster cycling time, or a singular power/sensor feed-

through. This vessel is currently configured to be sup-

plied by pre-mixed gas tanks (generally, CO2-N2-SO2). 

High Temperature Sensors and Electronics:  

GRC is actively engaged in the research and develop-

ment of sensors and electronics that are capable of 

operating in the ambient conditions of the Venus sur-

face environment, without requiring thermal, pressure, 

or chemical protection. These components are purpose-

built to achieve the sensitivity and response needed to 

significantly advance the state of knowledge regarding 

the physical attributes and chemical composition of the 

near-surface atmosphere[6], [7].  

Exploration Platforms and Instrument Devel-

opment: In order to demonstrate the capability of an 

integrated suite of high temperature technologies to 

substantially enhance Venus exploration, GRC is lead-

ing an effort to demonstrate and mature a prototype, 

long-lived surface probe. The Long-Lived In-situ Solar 

System Explorer (LLISSE) is a self-contained, recon-

figurable, compact surface station intended to host 

science payloads (meteorological, chemical, or geo-

physical) during a 60 day operational lifetime[8]. This 

represents an improvement of 700x versus the longest 

surviving surface lander to date, while the hosted 

chemical sensors would obtain temporally-resolved 

measurements that simply do not currently exist. The 

LLISSE platform is designed to provide a baseline 

reference design that can be configured for different 

mission profiles, payloads, and deployment options. 

In addition to the LLISSE platform, GRC has de-

veloped and adapted a number of instrument technolo-

gies for the Venus surface, ranging from spectral sen-

sors, to geophysical devices, to miniaturized optical 
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components. GRC is also the primary partner for an in-

situ atmospheric pico-probe and an uncooled visible 

imaging camera development, both led by the Ohio 

Aerospace Institute. The Lofted Environmental At-

mospheric Venus Sensors (LEAVES) concept is an 

early prototype for a widely distributed swarm sensor 

campaign that would deploy dozens of ~100 g atmos-

pheric sensors to more precisely constrain lower at-

mosphere dynamics and localized concentrations of 

key reactive gas species[9]. LEAVES utilizes chemical 

sensors developed at GRC that are specifically de-

signed for the Venus atmosphere. Likewise, the imag-

ing camera leverages GRC-developed silicon carbide-

based electronics to provide amplification, digital sig-

nal conversion, and memory management. 

Collaborative Research and Development:  

Aspects of the efforts described above have been 

conducted in collaboration with commercial and aca-

demic partners. An onsite Venus science focus group, 

consisting of specialists in geology, petrology, geo-

chemistry, and geophysics, maintains a portfolio of 

directed and competed research, and actively seeks 

engagement and collaboration with external partners. 

Infusion of commercial technology may be accom-

plished through SBIR/STTR awards as well as tech-

nology and instrument development grants like HOT-

TeCH, PICASSO, and MATISSE. The GEER facility 

is supported by NASA’s Planetary Science Division 

and is available for use by researchers proposing to 

NASA ROSES solicitations.   
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Figure 1. GRC engineering staff working on the 

GEER vessel with head flange removed. Image 

credit: NASA GRC 

Figure 2. GRC staff technician and the 4 L miniG-

EER apparatus. Image credit: NASA GRC 
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