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Ice Giants — Uranus and Neptune

Gas Giants Ice Giants

Known Transiting Planets by Size

As of May 10, 2016

I:\ PLANET SIZES OBSERVED IN OUR SOLAR SYSTEM —
| SATURN ‘
NEPTUNE e URANUS !

JUPVi'ER

JUPITER SATURN URANUS NEPTUNE

: Newly validated Kepler planets
Previously verified planets

Il Volecular Hydrogen and atomicheium  [Jl§  Hydrogen, helium, methane gas
I Metalic hydrogen and atomicheium  [JJJJj lonized fluid water, ammonia, and methane 200 -

B Rock ol

Number of Planets

Image credits: Top: Solar System, Wikipedia.org, CC BY-SA 3.0; Bottom left: NASA/Lunar and Planetary Institute; Bottom right: NASA Ames/W.
Stenzel



-
- -

Ice Giants - Science Objectives o % Constrain
e ! interior

|
Magnetosphere :
|

-------

- - ::‘ " ."_ BUIk

* composition

Winds,
circulation

Ring
M structure

Satellite TN

composition

Heat flow

Graphics credit: NASA Ice Giants Pre-Decadal Study Report, 2017



NASA Ice Giants Pre-Decadal Study, 2017

Uranus Orbiter with probe and ~50 kg payload, no SEP

Launch Arrival Ve  Arrival Mass Ol AV Mass in Orbit

probe and ~50 kg payload, with SEP stage
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Source: NASA Ice Giants Pre-Decadal Study Report, JPL D-100520



Mission Design Challenges

Gravity Assist Trajectories to Neptune 2025-2034 Launc2t12§3
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Aerocapture

Science Orbit
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Corridor Width

1. Theoretical Corridor Width (TCW)
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. Required Corridor Width (RCW)

— Navigation errors
— Atmospheric uncertainties
— Aerodynamic dispersions



Aerocapture Vehicles

Expt. vehicles Mid-high L/D, concept vehicles
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Hybrid Aerocapture

* Aerodynamic and propulsive
forces used for orbit insertion
— How?
— Feasibility
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Hybrid Aerocapture — Approach #1: Small capture orbits
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Hybrid Aerocapture — Approach #1: Cost-Benefit Analysis
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Hybrid Aerocapture — Approach #2: Exit speed targeting

Benefits Cost and Risk
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Hybrid Aerocapture — Approach #2: Cost-Benefit Analysis
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Hybrid Aerocapture Mission Concept

Gravity Assist Trajectories to Neptune 2025-2034 Launczggn
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Summary of Options and Impact on Investment
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Questions? &

Crescents of Neptune and Triton acquired by Voyager 2 on its outbound journey from the Neptune system, Aug.
28, 1989.

Credits: NASA/JPL
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