Human Exploration
Opportunities in Near-Venus
Space
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Dreams of EMPIRE

ce last US Venus mission ended
enable, inspire Venus sciencee
Decadal Survey for Venus Strategy

Venus Science after V3NUS<e
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etano Crocco, 7™ Int': Astronautical Foundation
Congr wr’rh—Mors—Venus—Eor’rh flyby mission to save fuel

decades of human spaceflight studies looking beyond
the moon

EMPIRE - Early Manned Planetary-Interplanetary Rounditrip Expeditions
Human space flight was assumed in an age before capable robofic craft



Age of EMPIRE: 60’s — 70’s
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e of EMPIRE: 60’s — /0’s

' Piloted Mars/Venus Flybys

ultiple planet flybys

automated probes based on Mariner
er tfechnology

Landing and piloted Venus
Iter) missions

ant station (1969 concept for
unch)

mandate assumed nuclear
as coming

for a flexible Mars landing program”
rocket programs didn’t survive the ‘60s
ERVA cancelation 1972
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of EMPIRE: Early 21°' Century

spaceflight targets: Mars, Moon,
...Venuse

mpetitive with MB Asteroids (Landis,

e (or collaborative) with Moon
eflight focus on pathway to Mars

tary payloads as part of revived
pability (SLS, Starship)

ros remain in Design Reference
DRA, 2009, through latest
(#2) 2014)

rtunity unexplored / unexploited
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Echoes of EMPIRE: 215 Century

20 Day Stay

w40 Day Stay
=== 60 Day Stay
80 Day Stay
=== 100 Day Stay
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¢ Conjunction

Opposition Class Conjunction Class
“Short-Stay” “Long-Stay”

60-Day One-
Transits

Stay Time Varies
(550-730 Days)

ORBIT ASSUMPTIONS
Earth Departure Orbit = 400 X 400 km
Mars Arrivel Oriot =250%X33813 km
Mars Departure Oribt = 250X 33813 &m
Direct Entry at Exth Return

PLANETARY ARRIVAL ASSUMPTIONS
Mars Propulsive Capture

Capture Plane: As is No Venus Swing-by

— (Drake & Watts Eds, DRA Appdx2 2014)




Echoes of EMPIRE: 215 Century
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A New EMPIRE?

Putting the “Venus” in “Moon to

1
M a rS 20 Day Stay
Opposition class piloted Mars missions with =
a Venus flyby offer a combination of the e . e
A— —————

lowest delta V requirements and shortest
mission durations for 20-100 days at Mars.

Venus flybys on the way to Mars create the
opportunity for two-planet science missions

60-Day One-Way
/ Transits

Total Delta-v (km/s)

with crews. iy
Advantages of Earth-Venus-Mars-Earth Sl
Mmissions: /

Two-plus planetary science missions for the e i

price of <2.

E-V-E is both a training run and an abort ' T PR

scenario for E-V-M-E

Psychological and health advantages for
crew

Real-time telemetry/operations at Venus

Figure 2-2 Example round-trip AV as a function of total mission duration.

Mars Desl8 : Ission, c.a. 2014



Putting the “Venus” in “Moon to
Mars”

Opposition class piloted Mars missions with
a Venus flyby offer a combination of the
lowest delta V requirements and shortest
mission durations for 20-100 days at Mars.

Venus flybys on the way to Mars create the
opportunity for two-planet science missions
with crews.

Advantages of Earth-Venus-Mars-Earth
Missions:

Two-plus planetary science missions for the
price of 1.1

E-V-E is both a fraining run and an abort
scenario for E-V-M-E

Psychological and health advantages for
crew

Real-time telemetry/operations at Venus

lzenberg, McNutt, Runyon, Byrne +



Putting the “Venus” in “Moon to

Mars"

Logistics train between
long stay vs. short stay
mission in Moon to Mars

Short-Stay Missions

Variations of missions with
short Mars surface stays and

Mars Trajectory Design Reference Architecture

Long-Stay Missions

Variations about the
minimum energy mission

EXplOFGﬂOﬂ STrGTegy may include Venus swing-by MISSION TIMES MISSION TIMES
briefing. STAY 0 Sodeys: omase | STay o 406 daye
RETURN_____ 403 days ,‘ RETURN
TOTAL MISSION 650 days 1" TOTAL MISSION 916 days
30 day stay currently " \
more sustainable than a -
500 day stay. I

"Need to show work™ e

EARTH DEPARTURE

MARS DEPARTURE

White Papers coming
from M2M " ‘
www.nqsq.gov{press—releose/updo’re—noso—seeks—commen’rs—on—moon—’ro—mors—obje
ctives-by-june-3. - starting at 24:30




Putting the “Venus” in “Moon to

Mars”

VEXAG Response 1o M2M RFl

“The [Moon to Mars] reference
mission that describes “EMVE"” — an
Earth-Mars-Venus-Earth mission for
the short stay architecture provides
all the benefits described. The
alternative EVME
(Earth-Venus-Mars-Earth), with the
400-day leg that includes the Venus
flyby on the outbound part of the
mission, accrues additional
benetfits, including an
Earth-Venus-Earth (EVE) abort
case.”

lzenberg, McNutt, Runyon, Byrne +



Putting the “Venus” in “Moon to

Mars”

Mission opportunity cadence
Venus: 19 mo / <8 years
Mars: 26 mo / 15-18 years

Architecture repeatability

Mission Time: Missions ~ 1 year.

Delta V Lower still

(Crain et al., 2000

‘ E) mission

- — =
‘\\ Earth's\Orbit

Event 1 N\
AVip

Trans-Planetary Orbit

Event 2.
Pre-Encounter

/ Event 3 /J/'

Earth Return /
Event 2,

Post-Encounter

Earth Return Orbit
Fig. 2 Mission profile illustration (EVE).




Putting the “Venus” in “Moon to
Mars”

Venus science during
human flybys en route to
or from Mars Is obvious.
“That's just a matter of
fact.”

How do we redlize this fact
IN M2M?¢
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Extension Human Adventure

e for, and Opportunity of Venus

Is there Life on Venus?

Do you want there to be?
(JAXA/Akatsuke) (Limaye et al, 2018)



A New EMPIRE

Enabled by
arrying

me,

Y
es

King in the

Science Sites

nd landers
(flight giefe]plifel)

Optimized sampling

Human Exploration using Real-time Robotic
Operations (HERRO) (Schmidt et al., 2011)



Real Time

Teleeration S C i e n C e @ Ve n u S

Skimmer Sampling
Rendezvous




Science @ Venus

anions
hes

Is there Life on Venus?

Do you want there to be?
(JAXA/Akatsuke) (Limaye et al, 2018)
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A New EMPIRE

ole Return (Upper atmosphere)
d (HAVOC)
s (Commercial Space)

Piloted mission

e oM = - .

L etrmlgﬂy habitats

bblbcc loon lift
get ore efficient w 1 14 L
volm of lifting gasiss




...0r the rise of VAMPIRE

Venus And Mars Piloted Interplanetary
Roundtrip Expeditions

Revive ambition and ]phllosophy with
application of current tech

Build new generation on the work
already done

Advocate in Path fo Mars and
planetary community

“Moon to Venus to Mars”

Umeue & unprecedented opportunity
enus s<:|ence and Human
exploration of the Solar System




Putting the “Venus” in “Moon to
Mars”

Internal feedback in

NASA b EOP/Mill Consultation <A> <>

Framework Objectives and Moon to Mars Architecture Timeline

Objectives A EOP/Hill Consultation
et Objectives US Industry Consultation
FederOTed bOCII’d C— N;ob,‘.w... amuimm IAC - Paris
| Public Comm | to FB DA Plenary Speech
Stakeholder Comm DA Head of Agencies Panel

Intfernational partners s e
Industry partners

Community
feedback

“Couldron of mpu’rs
for nex’r]% P analysis
in fall with refined
architecture.



Putting the “Venus” in “Moon to

Mars”

The iron

Venus f
part of

IS hot.

yby is an integral
he architecture.

Venus f

vby science is o

no-brainer.

Venus flyby activifies,
benetfits, science should be
an infegral and
talked-about part of the
archifecture.




The Venus
Life Equation

Origination: Robustness:

The chance life , ‘ The size and
began and < e diversity of the
“broke out” Venus biosphere
on Venus

Confinuity: _ : |

The chance — =l " *L = Life
that conditions ey (The chance life exists
amenable to N today on Venus)

life persisted to L=Oe¢ReC

the present ~ 7x1077 (low) 28
~ 0.1 (high)



