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Human-Roelbet Synergy. fer the
Expleration of Venus

Humans explore the surface ofi

\Venus through telepresence robots

CEV=-\/enus orbit With Rluman Crew.

Real-time field geolegy en Venus
(Beyend MERS)

Direct immersion into Venus
environment available to all of
RUm2RING

zZoyear iumanmission), L7 year
SUFaCE eI MISSIeN.




Science Needs VVenus

> Venus and Earth are the same size and both
formed near the Sun’s habitable zone

> Like the Earth, Venus’ climate Is the result of
Intercennected atmoesphenc and geologic
cycles

> Wewill' seen fiindfand acguire spectia of
terresthial planets areund ether stars

> IS noet pessikle torunderstand Rew
terrestral planets; evelve wWitheuit: a2 deep
expleration off Venus




VVenus Geology




Mars Rovers Spirit and Opportunity

r




How Can It Be Done?

Robotic field geologists at several locations on Venus
are necessary to understand 1ts geologic history. The
MERS have shoewn that this exploration strategy was
successiul for Mars.

\ehicles must Incerporate seme compbination off kigh
temperature electronic and mechanical systems, and
Stirling-cycle pewer and cooling. Fhaey willfve big,
neavy/, and hoet. BUut they: can e pult:

Ares V' couldienanle a human mission ter \Venus:
Remete presence would enanle: real=-time field
geonlegic exploration of VVenus irem astienaits In
\VVenus oot

Billiens ol PEeplErcolld partiCipatE TN thEe hunam
expleration’ el thersuriace ol \Venus:




Ares V to Venus

Composite Shroud

Venus Surface Robots

Earth Departure Stage
LOx/LH,

1 J-2X Engine
Al-Li Tanks/Structures

Interstage

Core Stage
LOx/LH,

5 RS-68 Engines
Al-Li Tanks/Structures

5-Segment
2 RSRB’s

> Ares V can put 40 tonnes In
Venus Earth orbit (Spilker,
BOETech calculation)

Interplanetary CEV with
AUman; crew — 2 year:
mission

HUman mission supperted
Py addiienall Ares \/ for
laURCHING IRterplanetany,
cargermoecule




to Venus
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Power Conversion

Radioisotope
Thermoelectric

Efficiency —3% on Venus (Th=850 °C, Tc=500 °C)
Difficult to couple with efficient active cooling

Radioisotope Free-
Piston Stirling

Overall efficiency —17% on Venus (Th=850 °C,
Tc=500 °C)
Duplex system couples engine with active cooling

Radioisotope
Thermo-Acoustic
Stirling

Overall efficiency —13% on Venus, (Th=850 °C,
Tc=500 °C)
Duplex system couples engine with active cooling

Eliminate displacer with some reduction in
performance

Courtesy Rodger Dyson
NASA Glenn




Reverse Brayton

Free-Piston Stirling

Thermo-Acoustic
Stirling

Cooling

High speed turbomachinery as is currently operating
on Hubble Space Telescope

Rotating or free piston linear configurations are
possible

Cryocooler currently operating on NASA spacecraft

Eliminates the need for a displacer

Many are currently operating on NASA/DOD/NOAA
spacecraft

Northrup Grumman Thermo
Acoustic Power Converter
with hypothetic pneumatic
coupling to cooler

Courtesy Rodger Dyson
NASA Glenn




Power Converter and 2-Stage
Refrigerator

2nd Stage Cooler lifts 200W to 3100 W

: From 250°C to 500°C
1st Stage Cooler lifts

100W from 50°C to 250°C

Heat from Venus surface

100 W to 3000 W
/ 500°C

Refrigerated to 50°C
Electrical 100W /<=

— Insulated
Vessel

Refrigerated to 250°C

Heat Enters 200W up to 3100W \
Outer Pressure

Courtesy Rodger Dyson Vessel

NASA Glenn




Stirling Cycle — NASA Glenn

> 20 250 W 228Pu GPHSs provide 80 W
power and 300 W cooling| capacity.

> Stirling cycle power generation, 2
stages of Stirling cycle coolers.

> 5000 W' ol heat converted te 380\
(7.6% efficiency)

> GRIHS =SNG = SON\V/AgHier A VEeaks
> Pewer System 167 Kg.

> QUiter planettmissiens haverup ter40
GPHESS




Enabling Technologies

> Interplanetary CEV (‘Beyond”)

> Ultra-high; bandwidith

> High temperature pewer electronics
> High temperature Sensers

> High temperature: digital precessing) anad
MEMBKY/

> Highrtemperattre metors, actlaiors;
dNErENCEUENS




Being on Venus

Even at night, It is not
dark. The plains and
foot of the mountains
glew a dull red.

During the day, the
diffuse lighting IS
modulated! by cleud
Variations everhead.
Nearby rocks shiimmer
N the hot, dense
atmesphere, almest as
[iFthie GIRSERNER IS ats the
PELLEHNII Off an IMPOSSIIlY
oL GCEaN:




Ares V Mission to Venus




Venus Horizon




40 tonnes at Venus: What good IS It?

> Immersive experience ofi exploring an
unknewn; woerld available te all people.

> MERS have shoewn that doing relbotic field
geology/ IS possible and extraocrdinarily, Fich 1In

science return.

> lIme delay reguired semi-autenemy: and
excruciatingly: slow: pregress

> Realftime fieldrgeelogy, at several SItes) 2ChHeSS
VenRusiinrerder ter reconstruch thhergevlegical
and climatelogical RIstery/ eff Venus:




VVenus Exploration with the Ares V

>

Large, capable telepresence robots with
nuclear refrigeration that lasts for 17 years on
the surface of Venus Is readily achievable

The Ares V could deliver severall of these
folotic emissaries to the surface of Venus, for
doing fieldi geclegy: remotely

An additienaliinterplanetary: CEV with Ares V.
Carge) couldiplit 2  Crevw In Grbiit areund Venus,
enabling real=time suEace exploration and a2
ReW destination e htman expleraticn

ROlBLIC EXploration ol the SUIfACES Ol Selar
System vodies Willfisecomeranimimersive
EXPErHERCE thal Can e shiaked ay all




