NASA SMD Planetary Division

Below is the SMD Planetary Science request. It is the same as before as they seek additional
proposals. Please contact the POC listed in the solicitation for additional information.

SMD request that EPSCoR include research opportunities in the area of Extreme Environments
applicable to Venus, lo, Earth volcanoes and deep sea vents.

Specifically for the planet Venus which has important scientific relevance to understanding
Earth, the Solar System formation, and Exoplanets. For EPSCoR technology projects Venus
highly acidic surface conditions is also a unique extreme environment with temperatures (~900F
or 500C at the surface) and pressures (90 earth atmospheres or equivalent to pressures at a depth
of 1 km in Earth's oceans). Further Information on Venus’s challenging environment needs for
its exploration can be found on the Venus Exploration Analysis Group (VEXAG) website:
https://www.Ipi.usra.edu/vexag/.

In particular, the technology requirements and challenges related to Venus exploration are
discussed in the Venus Technology Roadmap at:
https://www.Ipi.usra.edu/vexag/reports/Venus-Technology-Plan-140617.pdf

Two examples of areas of technology development highlighted for an EPSCOR extreme
environment call are described below:

A. High-Temperature Subsystems and Components for Long-Duration (months) Surface
Operations: Advances in high-temperature electronics and power generation would enable
long-duration missions on the surface of Venus operating for periods as long as a year, where
the sensors and all other components operate at Venus surface ambient temperature. These
advances are needed for both the long-duration lander and the lander network. Development
of high-temperature electronics, sensors, thermal control, mechanisms, and the power sources
designed for operating in the Venus ambient would be enabling for future missions.

For example, Venus surface landers could investigate a variety of open questions that can
be uniquely addressed through in-situ measurements. The Venus Exploration Roadmap
describes a need to investigate the structure of Venus’s interior and the nature of current
activity, and potentially conduct the following measurements: a. Seismology over a large
frequency range to constrain interior structure; b. Heat flow to discriminate between
models of current heat loss; c. Geodesy to determine core size and state.

Landers with sample return capability would be of great interest.

B. Aerial Platforms for Missions to Measure Atmospheric Chemical and Physical
Properties:
More than three decades ago, two small (3.5 m) VEGA balloons launched by the Soviet
Union completed two day flights around Venus, measuring wind speeds, temperature,
pressure, and cloud particle density. The time is ripe for modern NASA efforts to explore the
Venus atmosphere with new technology.
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Aerial platforms have a broad impact on science for Venus. Examples of science topics they
could investigate include: a. the identity of the unknown UV absorber; b. properties of the
cloud particles in general; c. abundances atmospheric gas species (including trace gases and
noble gases); d. the presence of lightning; e. properties of the surface mapped aerially. Aerial
vehicles able to operate at a variety of high and low altitudes in the middle atmosphere are
needed to enable mid-term and far-term Venus missions addressing these issues. A platform
able to operate close to the Venusian surface would be able to provide close surface
monitoring but would require major development to operate in the hot dense lower
atmosphere. Miniaturized guidance and control systems for aerial platform navigation for any
altitudes are needed to track probe location and altitude.

Other topics of interest would include high pressure and acidic environments for technology
development, which would be of interest to include in the $750K level EPSCoR call.

C. Extreme Environment Aerobot ¢
e Venus provides an important scientific link to Earth, Solar System formation, and to
Exoplanets. This EPSCoR call is made for technology projects, which take into consideration
Venus middle atmosphere conditions and its unique extreme environment. The call
concentrates on the challenge to develop an aerial platform that would survive the extreme
conditions of the Venusian middle atmosphere. Noting that in the middle atmosphere of
Venus (79km to 45Km) the conditions are considerably more benign than its surface
conditions. This EPSCoR call will focus on Variable Manurable (horizontally and vertically)
altitude balloons or hybrid airship, or aerobots (buoyancy + lift). The top technical
parameters to consider for the Extreme Environment Aerobot for Venus conditions are (* see
references below):
e Altitude: Maintain 79km to 45km Altitude (avoids high temps)

*Structure: Airframe & Materials compatible with acids (PH -1.3 to 0.5). The cloud pH varies

from about 0.5 at the top (65 km) to -1.3 at the base (48 km).

*Power source: Solar and/or Batteries

Navigation: provide, Guidance & Control concepts

Science Instruments: for atmosphere and ground remote sensing

Lifetime: weeks to months

Pressure and temperature range: 80mb-1.3bar, with pressure at 65 km (245Kelvin or -28C)

from Pioneer Large probe measured 80 mb and at 48 km(385 Kelvin or 112C) is

approximately 1.3 bar. At 60 deg. latitude the pressure at 65 km is about 70 mb and

temperature is about 222 K (-51C).

e Winds: Vertical shear of horizontal wind, up to 5-10 m/s per km

Reference material:

Further Information on Venus’s challenging environment needs, for its exploration, can be found on
the Venus Exploration Analysis Group (VEXAG) website:
https://www.lpi.usra.edu/vexag/.

“Aerial Platforms for the Scientific Exploration of Venus” report (JPL) Aug 2018.

In particular, the technology requirements and challenges related to VVenus exploration are discussed
in the Venus Technology Roadmap at:
https://www.lpi.usra.edu/vexag/reports/Venus-Technology-Plan-140617.pdf
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NASA Contact

a. Name: Adriana Ocampo

b. Organization: SMD/Planetary Science
c. Work Phone: 202.358.2152

d. Cell Phone: 202 372 7058

e. Email: adriana.c.ocampo@nasa.gov
a. Name: Carolyn Mercer

b. Organization: SMD/Planetary Science
c. Work Phone: 216.433.3411

d. Cell Phone: 216.905.1987

e. Email: cmercer@nasa.gov

(*) Reference papers:

Counselman C. C., Gourevitch S. A., King R. W., Loriot G. B., and Ginsberg E. S. (1980) Zonal and
meridional circulation of the lower atmosphere of Venus determined by radio interferometry.
Journal of Geophysical Research, 85: 8026-8030.

Kerzhanovich V. V., Aleksandrov Y. N., Andreev R. A., Armand N. A., Bakitko R. V., Blamont J.,
Bolgoh L., Vorontsov V. A., Vyshlov A. S., Ignatov S. P. et al. (1986) Small-scale turbulence in
the Venus middle cloud layer. Pisma v Astronomicheskii Zhurnal, 12: 46-51.

Kerzhanovich V. V., and Limaye S. S. (1985) Circulation of the atmosphere from the surface to 100
KM. Advances in Space Research, 5: 59-83
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Plate 2. The pH of Venus’ clouds as a function of altitude. The
relatively water-rich aerosols in the upper cloud have a small range
of positive pH, from 0.3 to 0.5. In the lower cloud, with its larger
and more water-poor particles, pH can be as low as -1.3. Aerosol
H,SO, concentrations were calculated using the cloud model of
Bullock and Grinspoon (2001), constrained by PV data. Correction
for high activities is from Nordstrum et al. (2000).
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