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The	object	of	this	optional	extra	credit	project	is	to	design	autonomous	airplanes	to	fly	on	other	

large	bodies	in	the	solar	system	to	collect	scientific	data.	You	may	be	familiar	with	the	NASA	ARES-2	
Mars	airplane	concept	(Braun	et	al.,	2006),	as	shown	in	Fig.	1.	Autonomous	air	vehicles	have	also	been	
considered	for	Venus	(Landis	et	al.,	2002)	and	Saturn’s	moon	Titan	(Stewart	and	Palac,	2007).	Some	
preliminary	design	for	other	atmospheres	has	been	done	by	Munroe	(2014);	he	was	somewhat	
pessimistic	(Fig.	2).	

Your	project	is	to	design	your	own	airplanes	to	fly	on	Mars,	Venus,	and	Titan.	Assume	that	your	
mission	requirements	are	like	the	ARES-2:	the	craft	must	have	at	least	a	500	km	range	and	it	must	fit	
within	an	aero-shell	of	about	3.0	m	diameter	for	deployment.	Recovery	of	the	vehicle	is	not	necessary.	
Take	the	delivery	system	as	given,	and	design	for	the	aircraft	cruise	condition.	

Use	the	techniques	that	you	have	learned	in	class	to	do	a	conceptual	aerodynamic	design,	choosing	
the	simplest	analytical	approach	that	answers	your	design	questions.	Select	an	airfoil	shape	as	
appropriate,	and	compute	lift,	induced	drag,	viscous	drag,	compressibility	effects,	and	other	relevant	
aerodynamic	parameters.	I	want	you	to	be	very	specific	about	the	aerodynamics,	but	you	can	use	order	
of	magnitude	estimates	for	other	design	choices.	You	can	make	any	design	choices	that	you	want	if	you	
justify	them.	For	example,	a	buoyant	airship	is	a	legitimate	choice.	Research	the	gravity	and	
atmospheres	of	the	target	solar	system	bodies,	and	pick	a	reasonable	cruising	altitude	for	collecting	
scientific	data.	Specify	the	size	and	speed	of	the	vehicle,	and	quantify	lift,	weight,	drag,	and	thrust.	
Select	an	appropriate	energy	source	for	propulsion.	Consider	the	speed	regime	and	the	source	of	lift,	to	
include	buoyancy.	Consider	requirements	for	heating	and	protecting	the	vehicle	from	pressure	and	
corrosion.	

Write	a	short	report	on	your	project,	typed,	and	about	5	pages	double	spaced,	including	figures	and	
equations.	Explain	your	assumptions.	Use	whatever	resources	you	can	find,	but	include	references	to	all	
of	them	in	your	report.	Use	a	consistent	style	for	the	references	(see:	
https://owl.english.purdue.edu/owl/section/2/).	You	are	free	to	work	together,	but	each	student	must	
write	and	hand	in	an	individual	report.	List	all	your	collaborators	at	the	end	of	your	report.	This	optional	
project	will	be	worth	up	to	5%	extra	credit	on	your	final	grade.	Credit	will	depend	on	innovation,	level	of	
effort,	and	quality	of	the	report.	
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Figure	1:	Mars	airplane	mission	overview	(Braun	et	al.,	2006). 

	
	

	
	

Figure	2:	Calculated	trajectory	of	a	Cesna	172	Skyhawk	on	other	large	bodies	in	the	solar	system.	Detail	of	figure	
in	Munroe	(2014).	
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Fig. 1 ARES mission overview.

Table 2 Influence of driving requirements on airplane mission
and flight system implementation

Driving requirement System impact

Science
500-km science Platform selection,

survey. Flight propulsion system,
altitude <2 km aerodynamic efficiency

Three parallel tracks Navigation system
Traverse design Location,

arrival season,
local solar time

Subpixel smear Apparent ground speed,
for imaging platform stability,
instruments instrument integration

time

Risk
Fit within a Number of folds

2.65-m-diam vs wingspan, aeroshell
aeroshell extraction

Maintain continuous Flyby trajectory design,
communication link telecommunications strategy and
with relay spacecraft antenna patterns

Launch and Mounting in aeroshell,
entry loads airplane structure

IV. Mission System
An overview of the Mars airplane mission is provided in Fig. 1.

The mission begins with launch of a Delta 2-2925 from the Kennedy
Space Center in early September 2007, placing the flight system on
a 12-month transfer to Mars. This type 2 trajectory requires a launch
vehicle C3 of 13.7 km2/s2, correlating to a maximum launch mass
of 975 kg.

The carrier spacecraft is derived from the Genesis design to max-
imize use of proven mission elements and reduce development cost
and risk. The 335-kg carrier spacecraft is a self-sufficient spacecraft
capable of operating with and without its Mars airplane payload.
The primary functions of the carrier spacecraft are to deliver the
airplane to Mars and to serve as the primary data relay platform.
The carrier spacecraft is commanded to perform a typical set of tra-
jectory correction maneuvers throughout its flight to improve Mars
delivery accuracy.

Mars entry, descent, and deployment begins with the final space-
craft state and knowledge update 12 h before Mars encounter.

The airplane computer and data handling (C&DH) subsystem, uhf
telecommunications subsystem and the IMU are energized 1 h
before spacecraft separation. Approximately 9.25 h before atmo-
spheric interface, the entry aeroshell is separated from the carrier
spacecraft. The carrier spacecraft changes its attitude and performs
a propulsive maneuver to put itself on a Mars flyby trajectory 15 min
later. This maneuver raises the flyby periapsis as well as delays the
arrival so the period of highest telecommunications transfer occurs
after the airplane science payload has had sufficient time to collect
and process a significant portion of the science data. The carrier
spacecraft’s periapsis is chosen to maximize the data volume re-
turned from the airplane, while ensuring a continuous line of sight
between these two flight systems during the entire airplane flight.
After separation, both the entry aeroshell and the carrier spacecraft
coast along their respective trajectories. The remaining airplane sub-
systems and science payload are energized and self-tested, 1 h before
atmospheric interface, as they begin to achieve thermal equilibrium.

As shown in Fig. 2, a traditional entry and descent strategy is
employed, similar to those of Mars Pathfinder and the Mars Ex-
ploration Rovers. An entry flight-path angle of −13 deg at atmo-
spheric interface is used. (Atmospheric skipout nominally occurs at
−10 deg.) The entire sequence of events (including pullout) is ap-
proximately 5 min in duration. The 3-σ delivery uncertainty at the
time of supersonic parachute deployment is approximately 150 by
25 km. Airplane extraction is initiated 7 s after heatshield release.
Six-degree-of-freedom multibody simulations have confirmed the
7-s delay is sufficient to mitigate the potential for recontact between
the airplane and the heatshield. A mechanical system is used to en-
sure there is no contact between the airplane and aeroshell during
the extraction process. This system guides the folded airplane down
the parachute mortar canister, from where the airplane is released
(Fig. 2). After extraction is complete, the airplane tail unfolds as
a drogue chute is deployed. The drogue chute provides a positive
reorientation force to ensure the airplane is aligned into the oncom-
ing flowfield before unfolding its wings. Cutting the wing retention
cables allows the spring-initiated, aeroassisted wing unfolding to
occur. The airplane uses its control surfaces to orient itself before
initiating the pullout maneuver. The drogue chute is released when
the Mach number passes its maximum. Critical events reconstruc-
tion data including video imagery of the entire deployment process is
recorded and stored for later transmission. On reaching a level flight
attitude, the airplane control laws transition to a maximum cruise
efficiency (high lift-to-drag ratio) mode. As part of this change,
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