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False-color Image (UV and IR)

by Cassini on Oct.26, 2004
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Fig. 2 Schematic of Titan’s atmosphere: The line shows the
temperature profile: the scale on the right shows pressure
and density at each altitude. NB the altitude scale is non-
linear.
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Fig. 4 Schematic of the dominant processes affecting the

volatile in

ventory on Titan and the formation of prebiotic

molecules.

Ralph D. Lorenz(Lunar and Planetary Lab, University of Arizona) “Post-Cassini Exploration of Titan:
Science Rationale and Mission Concepts,” JBIS, Vol. 53, pp.218-234, 2000
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“Planetary Locomotion”
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Locomotion:

“movement or the ability to move from one place

to another: the muscles that are concerned with”

(Oxford Dictionary of English)
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RI[AFRLT (Aerlal Locomotlon)

o[ EBK/RITHE (LTA)
ORITHE - BlEE
onl)aJAR — - [EEE
© FEH 555 E (VTOL)

3 LTA: Lighter Than Air
2 VTOL: Vertical Take-Off and Landing

Helicopter Concept

Meteorology

Surface
coverage

Surface
access

Tech
Risk

ey
3
2L
o Balloon
E with drop-sondes
© Airship with Landi Airship
o irship with Landing
% ability Airplane
S with drop-sondes
2 Aerobot Helicopter
2 ith drop-sondes
o Simple Balloon wi P Tilt-Rotor
(vToL)
Simple Lander . Gliding
Surface Access h Lander

Ralph D. Lorenz(Lunar and Planetary Lab, University of Arizona) “Post-Cassini Exploration of Titan: Science Rationale and Mission Concepts,”

JBIS, Vol. 53, pp.218-234, 2000
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Real-Gas Effects

Perfect gas Thermally perfect Calorically perfect
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Planetary Locomotion
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Polar Ice Cap Meteor Craters

AUl 2R RS

(B &26km, E£Z500km) (F£&4000km, 1E100-

200km,;EZ2-7km)

http://moon.jaxa.jp/ja/mars/index.html




B Z2;F (Pit Crater)
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“Aerodynamic Performance of a Corrugated Dragonfly Airfoil 55
Compared with Smooth Airfoils at Low Reynolds Numbers” '_
M. Tamai, Z. Wang, G. Rajagopalan, Hui Hu, G. He
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Vacuum chamber
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O The lift curve for NACA 0012-34 is highly nonlinear and dependent on Re.
O For NACA 0012-34, the lift slope is small at low angles of attack (<2m) and rapidly
increases above angle of attack of 5 deg.

SHEETOXRS DR
BIELA/JLXE(~10,000) - SIYN\BUBITHEHMEDIERE
B JORSOFREHREFERFARBEBAHETORSORE
BESSHAE—FDHETIRETEMIREAEREE

EnirtHan—R

0 2000 4000 6000 8000 110t 1210
Re

Operation Range of the Propeller

Blade Section i
Kttt BAMEFHFR FRFER(2011.4)




EEsSTEBEORAE

BT R LDHEIVEUICESHTHEIEE D E
B/NEHAO.IMMODT T 2L H LEIYVEHLTRELIZMIICHTI. R/IAVE
0.5m, EZ&K125mm, 8.6mmEHDHT+/NF DFE1E THI159 ($1240g9/m?)
ZIER

BEBEREETSRFYI—EBEICLEIEDORE
FAMBEZERAWREOEEZITL, BEEEEOFERTEMIZ DU TEHI.
FaM PO FimsIsREAER, MAHRER T AEEZHEREER.

[ BEBLEMEEDES. 300gmEEET ]
Klfth BAMEFHES FSEES(2011.4)

FLRERE RIS AT L OFF

LR @ﬁ%

&*ﬂ*ﬁﬂj an
lﬁﬁ%ityﬂwﬂﬁiﬁ
B NA—Fr)LE Y TILTYX LD /75
mEBHEI=—vrDFRE Wovlsct

ToMEED At *:Hil?:l

i | mEws | —Felird) :
L L Y
35 =,

80 27 ki)
I L .} T it

RNl BAMZEFEHEFE FRFAER(2011.4)

=
w
=]
=
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m (August 14, 2001)

Max altitude=29,523.8

W/S=49.6 N/m?
Re=25,000, M=0.03

Conceptual Design Process

Design Requirement New Concept Ideas
+ ]

Techno!-:;gy Availability erate lcrate
Concept Sketch s [nitial ;ia;wf — Rew‘.sea: Layour =
Aero Aero
3 i
Weight Weight
* ]
Propulsion Propulsion
[ &
Deplayment Deployment
Structure
*
Eic.
First Gm:_ﬂ Sizing < Sizing & Perjormance _ Refined Sizing &
Optimization Perjbrmm+ﬂprfmfzatjan
_ _ _ Preliminary Design
Ref.: Daniel P. Raymer, “Aircraft Design: A ¥

Conceptual Approach,” AIAA Education Series Detail Design

L e




Example of Design Concept

Pusher Configuration
v'potentially higher performance
v'potentially lower drag

Angled wing hinges and notch
v allows folding into aeroshell
v smooth transition

x unknown aerodynamic effect

Geometry

Wing Span 2.6m

V-tail design - i
v’ lower wetted surface Wing Area 1.25m
X COl}pled pitch-yaw control ~ Tail Length 1.3m

s / Tail Area 0.22m?

#“\Twin Tail Booms
v structurally stable
x higher mass

Packed in the Aeroshell
Blended Wing Fuselage
v'lower interference drag

v'high internal volume

ectangular wing with some taper

v highest wing area with reduced drag
v’ aeroshell fitting

e e

Example of Conceptual Design

-l"’_' SUNSET OVER
HUSBRAND HILL

Pusher Configuration Velocity : 50m/s
V-tail Design

\— Deployment Mechanism ‘
Range :300km from Compact to Large
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Mars Helicopters (incl. Flapping)

f ., Tsuzuki, Abe,
(ISAS/JAXA)

The Mesicopter
(Stanford)

The Entomopter (Gatech)

Mars Helicopter @RI §EtE D #& &t

N. Tsuzuki (2005) “A Study on a Miniature Rotary-Wing Vehicle for Mars Exploration:
Its Feasibility and Aerodynamic Characteristics of the Rotor,” Doctorial dissertation,
U. Tokyo
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Figure 3.2: Airfoil geometries and planforms of model rotors.
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Noriaki TSUZUKI, “A Study on a Miniature Rotary-Wing Vehicle for Mars Exploration:
Its Feasibility and Aerodynamic Characteristics of the Rotor,” doctoral dissertation (2005),
Department of Aeronautics and Astronautics, Univ. Tokyo
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Figure 3.31: Enhancement of the maximum (Cr/Cg)?Cr /o by elaborating the airfoil
geometry compared with the NACAO0012 airfoil adopted in the preliminary feasibility
study.
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N. Tsuzuki (2005) “A Study on a Miniature Rotary-Wing Vehicle for Mars Exploration:
Its Feasibility and Aerodynamic Characteristics of the Rotor,” Doctorial dissertation,
U. Tokyo
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Possible flyable regions for the planetary airship

- BEEERE = (30kg)
- iZH X Helium

Venus

Pressure limitation
76 Laigt - T 001
74 R Femperature timitation 7/ |

65 0.1
Sulfuric acid cloud, wind 100m/s

Environmental limitation
(Tether probe from above 65km will be used)

V=23.7[m?3]
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E Electric devices
- Temperature limitation
g (Tether probe from above 43km will be used)
=
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Kusanagi, et al “Estimation of Flyable Regions for Planetary Airships,” AIAA J. OF AIRCRAFT (2006)
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KFBKKAIK (BRAKEA)
Wl RSBk (B XS EAD
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fpem————
Separation Orb\ter
Entry Tty Probe
(Altitude: 100km)
& SERKERTROBA
Pilot Chute ‘
Dep\oyment Main Chuts
Eepioyment Parachute
V W Relsaze
Balloon
Deployment ,
(Altitude: S0k oo B Esllcon—!
Inflation
L Gondola
u Solar Cells /
Capsule ‘
Release ! Ballast — Floating
T (90min from ertry
Ballast

. Altitude: 35k
Separation

Minimum Altitude
(32km)

SR (JAXA)

EERKESTRHKOBIE

R RRER-2REE 0.24 m~” 16,5 m.” .48 m*

B Z—n—FLvir—E 10 kPa
=R 266 kg | AV 2LL, O=FaL T
23] 0.22 kg | A

& BEAR RS 4.38 kg | K

o | FRTAGATARERESTZ) |05 ke | HEIZ 7 HEF. K

5 EFE 120ky | B, Y—S—siH

JURS Bk 080 kg | T—4IEE, =S, 5 —
HEESR 020 kg
FRE S A (R AR 10.00 kg~35 km
BIREMN 0O, K%, 1B0°C, 0.58 MPa (5.8 bar}

http://www.stp.isas.jaxa.jp/venus/ftr_balloon.html
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Wing area 1.6 m2
Aspect ratio 12
Span 4.38 m

Wing chord 0.37 m
Total mass 15 kg
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R (Kelvin)
G. A. Landis, et al “Atmospheric Flight on Venus,”ATAA-2002—-0819

Titan Mare Explorer (TIME):

The First Exploration of an Extra-Terrestrial Sea

Ellen Stofan, Pl
Presentation to Decadal Survey

25 August 2008, .




Titan Mare Explorer (TiME)

o READiscovery2 v ar D3 DDIEHED 1 DIE XN T-.
> 2012F I TEIRIRMAIRFED. SRR
© 201551 B DT EIFE& B89 (F752022-234)
® A3 M (Ligeia Mare) ~NDEKEHAA S
o B DEFHEM(ASRG) 4R F{FFH
H 71140 -160 W, B & 21-23 kg, F#n14 years
ORREM, {LEM - £ILFEMEAETETS

Platform Comparison - 2

Titan Explorer

* Qualitative and quantitative comparisons have been made
» Key operational drivers for all platforms
— Power for propulsion

— Navigation strategy
— Robustness to faults

XKENAERFHEith (RTG) AIR—R

Category Airplane Helicopter Airship
Mass 390 kg 320 kg 490 kg
Implementation Feasibility Medium Medium High
Operational Risk High Medium Low
Development Risk Medium High Medium
Fault Tolerance Low Medium High
Surface Interaction Capability Low High Medium

Airship is preferred recommendation for Titan.
Helicopter may be feasible, (propulsion system development needed )
Airplane not recommended for use at Titan




Airship Configuration

« 175 m N

"__..Q/—I' =1.77m

".._F__ff— Ballonets —

!~ 59m
Displaced Volume = 89 m3 \
Volume per Balonet = 11.7 m3

Lift Gas Helium Elec. Power 4 SRG’s (EOL = 95 W each) & 12 A-hr Li-lon Battery

Altitude Range 0-5km Airship Hull Mat'l | 4 layer composite (Kapton, Kevlar, Mylar, Tedlar: 20

Descent Rate | <25 m/minute | Propulsion Efﬁfépulsors-each with single 0.7 m diameter 2 bladed
propeller

Cruise Speed 34 m/s Data Return UHF Relay to Orbiter

Aerial Planetary Explorers

Arizona State Univ./JPL

Georgia Tech/JPL

“FLEXIBILITY FOR TITAN EXPLORATION:

THE TITAN HELICOPTER,” R. D. Lorenz

“Design of a Long Endurance Titan VTOL Vehicle,” Ravi
Prakash, Robert D. Braun, Luke S. Colby, Scott R. Francis,
Mustafa E. Giindiiz, Kevin W. Flaherty, Jarret M. Lafleur, Henry
S. Wright




Titan Bumblebee : A 1kg Lander-Launched

UAV Concept (John Hopkins Univ.)

FRAO—FDPriggybackéLTEZ S
BARVDE NS HIRD1/7, BE(FAFE.
1kgDHARZE1OM/sTRIZTIZIZISWIHLE
KR T=HALISOCRE M TI0OWILFERTES
$94-6RFFE D MATH AT BE> 100km EEFHZE /7 N\ —
EROBBEMNEZEN(hTEILIZIRED)

Dragon Eye UAV

http://www.Ipl.arizona.edu/~rlorenz




Cryobot/Hydrobot

NASA/JPL-Caltech (1997)

This proposed mission to Lake Vostok
and Europa is being discussed by -
scientists and engineers at JPL, NASA, &
the National Science Foundation and [
universities and other agencies
around the world.

Hydrobot explores the oceanof Europa -
painting by Don Dixon
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European Transonic Windtunnel (ETW)

NAL/DLR Cooperative Test (2003.2)
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RE rY
EH (hPa) 92,100 0.7
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