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As part of the senior design program at Auburn University, the creation of a conceptual
design for a submersible air planeis being undertaken as aresponse in part to a challenge by
the Defense Advanced Research Projects Agency (DARPA). The design is expected to be a
clandestine, coastal insertion vehicle with specific abilities of an airplane, surface ship, and
submarine vessel, which would greatly increase the tactical ability of the United States. The
aircraft is expected to accommodate eight passengers, including any necessary equipment
operators, and an additional 2,000 pounds of cargo, and also to have an unrefueled range of
1,000 nautical miles in cruise flight, 200 nautical miles surface transit or very low altitude
flight, and 24 nautical miles of submerged travel. The aircraft requirementsalso include the
ability to complete one tactical transit (1,000 nautical miles airborne, 100 nautical miles
surface, and 12 nautical miles subsurface movement) in a time limit of eight hours. This
concept also addresses challenges in the areas of structural design, effective propulsion in
dual fluid flow regimes, and control surface duality.

Nomenclature

CG = center of gravity
Ib = pound, unit of force
nm = nautical mile, unit of length

. Introduction

HE concept of human flight was ridiculed, and & #ame time dreamed of, until it was proven feasébid

undertaken by those intelligent enough and braweigim to do so. Likewise, prior to the™&entury, passage
of seas under the surface was considered nearlgsisifie without the use of some mysterious magiché 2%
century, civilization has become accustomed tonggsitrange-looking boats sink under the water sarfand
reappear elsewhere, while the roar of jet engisdeard from a nearby airport.

The design undertaken at Auburn University seeksnify the two disciplines mentioned: those oflffii and
undersea motion. Living on a planet which has &aserlargely covered by water, it is natural fomans to have
created aircraft which can call the surface of water home, or at least a stopping point, but umdilv airplanes
have been restricted from submerging due to treginre of low weight and designs set to make leatlegwater
surface or land easier. There exist numerous mylisggplications of such a craft, and for this rea&ARPA is
looking to the engineering community to create sigle answering the questions which must be addidsserder
to make something designed to fly, sink. After #ile mission of DARPA is generally to protect guperiority of
the U.S. military in the area of new technologiaed arevent technological surprise, and what better to prevent
this surprise than to create it for our adversa@ries

In order to complete the design program at Aulidmiversity, this challenge has been undertakehénférm of
a conceptual design seeking to deploy operataassatishore in as undetectable a manner possitdedeBign was
begun in the form of consideration regarding wlyaetof airplane could possibly survive going unttex water
surface, what propulsion system, or systems, wbaldequired, how the passengers would be accomeudand
more. Once the ideas were formed, they were cordpamd mixed to a degree such that an aircraft palyially
impossible began to take shape. From that poingramonplace program of initial analysis and comjportawas
used to modify the design into a feasible form.
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1. Design Requirementsand Background

In the broad agency announcement issued initiali@étober of 2008, DARPA warned eager participanthe
program that, “Prior attempts to demonstrate a calehivith the maneuverability of both a submersibled an
aircraft...have been unsuccessful largely becausedéiseggn requirements for a submersible and anadirare
diametrically opposed:Thus it was known that in order for a group ofvemsity students to achieve a promising
design, the requirements and challenges first metmbe fully understood.

The purpose of a craft such as the one for whidigde were solicited was to have a vehicle whiath thaee
very desirable qualities: “1) the speed and rarfgenaaircraft; 2) the loiter capabilities of a boahd 3) the stealth
of a submarineFor this mission, the airplane was required te tak and land both from terrestrial bases and the
water surface, and also to submerge. The spedific&dr what depth the vehicle must submerge to maset other
than to require the entire fuselage, with the ettioapf any snorkel equipment needed, to be coralyletnder the
surface.

The passenger and cargo handling capability wassalbject to a design requirement. A successfugdesas
to have the ability to accommodate 8 passengess,lkalown as operators, at an unspecified weightjedisas 2000
pounds of additional cargo. For use with the cohe design, a maximum weight threshold of 250nuisuper
operator was set. The number of passengers irtlagy number of pilots required, whether for flighit
submersible operation. In addition, all passengard cargo were required to be contained in oneiraamis
volume.

As with all vehicles, the distance and speed ofefravere major considerations with this concepte Total
range of the aircraft, without refueling, was setl224 nautical miles: 1000 of the miles were tocbmpleted in
cruise flight, 200 in very low-level flight or sae transit, and 24 below the surface. Of the rahfjg2 nm (1000
nm of cruise flight, 100 nm of very low-level fligbr surface transit, and 12 nm of underwater mamijmvere to
be completed within at most eight hours. The desigaircraft was also required to be able to susipérational
ability during and after a three-day long loiteripd to occur on or under the water surface innfidst of the
mission, after the 1112 nautical mile mission segimes complete.

For successful completion of the mission, the desigis completed with four primary challenges in anin
effective propulsion above and below water, dualitgontrol surfaces in different fluids, the meathaf landing and
takeoff from water, and the weight of the vehittevas determined early in the design processftiteahe proposed
vehicle to be considered feasible, it must ackndgdeeach of these issues and satisfy them in turn.

[11. Concept

As opposed to prior attempts at creating submiersitircraft (which were essentially submersibleghwi
appended wings and flight control systems), theeriirconcept was created from the angle of desigaifflying
machine, which could then be conceptually modif@dlso operate underwater.

For this reason, the design took shape aroundyaaimplane-specific subject: landing and takinfy ofFor the
problem at hand, the landing and takeoff configargs) were required to withstand both land and ewat
touchdowns. A unique takeoff and landing systertwaf configurations was devised, one for land ane for sea.
For terrestrial operation, it was decided thatamdard tripod design would suffice, and due tonidespread and
proven use it would also keep the design simplee $ha-based configuration was a new concept dekigne
specifically for this application; it featured asggm of buoyant tanks, or pontoons, which wouldhgeonly surface
in contact with the water during landing or takeoffhe system was also conceptualized as a tripit, one
hydrodynamically optimized pontoon to deploy frone tforward fuselage section, and two others, iatiegr into
the wingtips. For landing, the outermost seven éée¢he wingspan on either side would fold downdvapon a
hinge in the wing, thus positioning the pontoonleWethe bottom surface of the fuselage. This lagdioncept was
preferable in that it raised any propulsion systelets a significant distance above the water sasfarevented the
fuselage from being designed as a heavy vesselhtylheand because it was believed that upon toowincthe large
pontoons would create static stability on the sigfa

In tandem with the takeoff and landing configurati, a novel propulsion model was developed foritudeth
air and sea. In order to reduce weight and thel riee large stores of batteries, it was decided thaingle
propulsion system would power the craft. The cphoé a turbofan engine was adapted to the neetiseadesign
in the form of a turboshaft engine connected tetasintegrally bladed rotors, or blisks, as pdra ducted fan. For
underwater performance, the engine was to havesatoean oxidizer via a snorkel rising above thdase of the
water, while the ducted fan would propel the claftdriving water in the place of air. In orderaocomplish the
transition from air to water operation for the favhile keeping acceptable performance, it was psedathat a
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mechanical transmission be installed between tHmsiaft engine and the fan, in order to step dthenrotation
rate of the fan blades and prevent cavitation efflihid.

For successful integration of the landing and pleipn concepts, a mid-low aspect ratio was chdeerthe
main wing. This was for general structural st&apivhen encountering the higher density and visgasfi seawater,
and also to enable the wing to be thicker to inooate structural support mechanisms primarily fee with the
folding-wing landing concept.

Having a general idea of what the craft would Itikk and how it would operate in flight, the taskmaking it
operate well underwater necessitated some modditato the concept. In order to pull the noseeurttle water
level and provide a downward thrust vector, annalving, symmetric canard which could be deflectacyé
negative angles was used in place of a conventiailalAlso, to reduce the enormous amount of bagyawithin
the airframe and fuselage, the concept was modifidtbuse a “wet” interior, where only certain pams such as
that immediately surrounding the engine, would dmated from water, and all else, including thespager cabin,
was to be flooded. Also, all-moving horizontal eliplanes were added to the wingtip pontoons whiokilav
contact the water and provide downforce upon lapdind retraction of the forward pontoon.

During analysis of the design concept, it wasalisced that there was a fundamental flaw in theematnding
plan and equipment. Due to the torque producedhbywing-mounted pontoons upon contact with theewat
surface, the axial twisting of the wings produceldazard to the structure and the occupants. Toeptahis, the
folding-wing landing was abandoned, and a new goindesigned. To replace the downward force prodyeithe
former dive planes on the wingtip pontoons, a $dtinged dive planes were to be stowed in the ageelduring
flight and deployed in order to aid submersionwdss decided that the undercarriage of the fuselaged be able to
best withstand the impact of landing if braced ectly. The fuselage was redesigned to include plaea hull with
a tapered rear profile. The lower surface of thar riiselage was sloped upward with an included s$tep
accommodate planning of the hull during takeoff &mtling on a smaller surface area; the slope Vsasraquired
in able to raise the nose of the aircraft such thatlow-mounted canard would clear the water serfand thus be
an effective control surface during the transitibonorder to assist in raising the canard abovewhter surface, a
deployable ski, able to produce only hydrodynanficwas put in place of the front most pontoon. ushthe
SAILFISH, or Submersible Alrcraft Landing on Fuggdaand hydrodynamic Ski, was conceived.

IV. Propulsion System

Due to the fact that the propulsion system planfogduse with the SAILFISH concept will encounterotw
drastically different fluid mediums, it was initialthough to be a simpler solution to incorporate tseparate
propulsion systems, one for flight and one for setgad transit. However, it was found that only laieathing
engines carry the power density feasible for fligince a major portion of the fuel is stored in #ireas oxidizer. A
simple order of magnitude analysis of power densftypplicable batteries revealed that the subilersiircraft
concept would have to carry an amount of batteaigsroximately equal in weight to the initial emptgight
estimation of the craft without them to supply eglownergy for the short 24 nm undersea voyagetH®reason,
an air breathing engine was found to be closeneéadeal propulsive system, as long as there wasraource.

With the design consideration shifted to types iofbaeathing propulsion, different conceptual systewere
studied. Turbojets offered outstanding thrust witbderate fuel consumption, but their functionalligbin a
submerged state was doubtful due to the naturdnefwtater medium which would surround them and predu
backpressure on the nozzle(s). Unducted fans,estuoly the National Aeronautics and Space Admirtistnaand
the aircraft industry in the 1970s and 1980s, vedse considered for a means of propulsion. Thiswligh bypass
engine offered moderate thrust with low fuel conption, and could have perhaps provided a singlénengystem
for both aerial and submerged performance, buhéndir-to-sea transfer a complete engine shutdoauldvbe
inevitable to prevent blade damage or destructfmmicontact with the water surface.

A single engine system with a propulsion unit ofiteead for air transit and acceptable efficiency isubmerged
environment, which would provide a seamless int@gnebetween the two contending concepts, finalgame the
choice of the design team. A gas turbine in thenfof a turboshaft engine will power a large-diamebected fan
via a geared transmission for all modes of trartgion. The engine was considered “rubber” for ¢beceptual
design of this craft, although commercially avaliaimodels were used for fuel consumption estimatidre fan
section is planned to be comprised of a set ofraemtating integrally bladed rotors, or “blisksgr reasons
of lower fluid drag in the area of intersectionwe¢n the blades and housings and also for depditgamihigh-
stress situations, such as when the fluid propalsiedium has a higher-than-normal density. Botmetfds, the
engine and fan, will have separate intake and siygtems.
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In the case of water landing, the transmission bl clutched once the craft is stationary on th#fasa as
secondary fan intakes on the bottom of the fusetgmgn, and the primary intakes, housed higher erfubkelage,
close. Once these lower intakes have opened, ttteditan will again engage, at a lower rotatioe tatin that used
for flight, to ingest and expel sea water, prodgdimrust. The air intake for the engine is in tvem of a snorkel 30
feet long. The snorkel was positioned on the céneeof the fuselage top, above the high wing awielr canard, in
order to minimize water introduction. While subigedl, it will be deployed in order for proper ailgéstion.
Exhaust gases from the power plant will also bgegated up through the snorkel, in order to mininiize flash-
boiling of water at the exhaust exit, thereforeucdg our "bubble trail".

V. Structure

A. Fuselage Exterior

Designing a submersible aircraft requires a supmpstructure lightweight enough to fly, but whiishstill able
to resist the pressure gradient experienced bertkatburface of the water. Thus, the skin must lberapromise
between that of a submarine and aircraft. The skimany aircraft is made from aluminum or compositaterials
while the hulls of submarines are typically buithrh high strength steel. Since DARPA required thataircraft be
able to fly more than 1000 nm, a skin made fronelsteould prove far too costly in weight and the gutsion
system required to lift such a heavy body into dire Also, it was decided that in order to makeierathe task of
submerging, the aircraft interior will be "wet", looded, while submerged, and as a result thertarts the only
component which must be completely sealed fromwihter. Thus, an aluminum skin thicker than thatmadly
used on similarly sized aircraft was deemed acbégptaCorrosion issues were also considered, buyt éne not
believed to be a major issue with the aluminumyalland coatings used today, and therefore the comceere
considered for this conceptual design phase teegégible.

The SAILFISH required a structurally feasible hwthich could support the full loading upon impadthathe
sea, and also one which would reduce the surfagg ir such a way to make water takeoff possibler this
reason, a seaplane-type hull was selected as ttenbfuselage surface. The hull was designed thighclassic “V-
shape” in order to decrease the direct load seen uppact. The height of the hull was found alorithwhe angle
of the side of the V-shape measured in degreesngisweom horizontal, also known as the deadrisdeamgusing
Equation (1), which is a function simply of V, thtall speed.

v
2 1)

Towards the rear of the beam of the V-shape huieak in the keel line, or step, was incorporaféds step
will reduce porpoising tendencies and will make #ireraft more stable during take-off, landing, anty surface
transit encompassed in its mission. In sea platihesfuselage normally angles upwards at the stemutabight
degrees. The upwards slope of the rear of thedgeetonveniently corresponds to how conventionad laased
aircraft usually have upwards slope in their empgerthat tapers the fuselage and elevates theot#ilol surfaces.
This application utilizes a higher-than-normal €ldp the rear to raise the low-mounted canard argk rof the
airplane during landing and takeoff in order toesétve surfaces from impact with the sea. This affiéct the range
of flare the aircraft can undergo during groundliag, but should suffice for both land and carliased take-off by
allowing enough tip-back angle.

B. TurbineIntake System

The propulsion system on our aircraft requiresarlel system to deliver air to the engine and &dsmute the
exhaust gases into the atmosphere while submendedsnorkel interior will be divided in two halvatong the
length. The rearward half will act as the turbosira@tke while in flight and submerged while theviiard half will
act to exhaust the spent gases of the turbine windeaircraft is submerged. Due to possibly dravdpgnt gases
into the intake, the snorkel exhaust portion wél &pproximately three feet shorter than the in&iée. While the
aircraft is in flight the snorkel acts as the atake for the turbine, but the exhaust gases amertdd through a
nozzle at the tail end of the aircraft. The snodtettches almost half the length of the fuselagefthe cockpit to a
joint approximately 30 feet to the rear. Becausesthorkel is relatively long, it will create sizallrag when raised.
As such, the cross-section is elliptical with tleengmajor axis parallel to the fuselage of the raiftc In order to
properly stow the apparatus during flight, the tdgghe craft fuselage is designed to securelydif bf the snorkel
below the perimeter of the skin during flight, thugly introducing the intake half into the freeatmeand reducing
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aerodynamic drag. To protect against engine hyaltiosibck a system was conceived to sense a sdrgater in
the intake, seal the snorkel five feet from the aop open a port just above the sealed sectiotiote the water to
exit the snorkel. Immediately after the water heited the snorkel the port will reseal and the etbsection will
reopen to allow continued flow of air into the tum.

The gas turbine is sealed within a fully encloseespure vessel to further prevent any water frotareng the
engine. A clamshell-shaped device will deploy jif$tof the turbine outlet to seal the exhaust §iden water back
pressure and to redirect the spent gases intaxtreust side of the snorkel.

C. Passenger and Cargo Cabin

DARPA required the aircraft to be capable of dagy8 operators in addition to 2000 Ib of cargeequipment.
To accommodate this, the design of the compartrabovs modular storage of cargo and seating of gyageys.
Storage blocks are split up into sections with esaaof four square feet to allow an arrangementasfo and
passengers suitable for each mission and enabpeipreeight balancing if necessary. The dimensioas2& feet
long, 7 feet wide, and 5 feet tall. The passengearpartment will be wet to eliminate the extra weititat would be
required to seal and pressurize it.

VI. Landing and Takeoff Configurations

One requirement set by DARP#as that the submersible aircraft should be abtake off and land from a land
base. Since this vehicle is for covert insertiorwauld also be beneficial to have it availablestation around the
world. The result is that the decision was madéhleydesign team to make the landing gear alsobdeitar aircraft
carrier takeoff and landing. This meant that certaiidelines concerning the United States Navyispegent were
to be followed. Some examples are the stipulatian the nose gear must have tires of at leastc®in diameter,
that the "tip-back angle" exceeds 25 degrees datbkacenter of gravity for the aircraft is farard of the main
wheels, and that the "overturn angle" can be natgreghan 54 degrees. Although landing gear indaritself will
not greatly influence the conceptual design, it aflow for more accurate general sizing and weiggtimates of
the aircraft as carrier-based landing gear is sulbistly heavier than conventional landing gear.

Another obvious consideration taken into accoueimst from the mission of the submersible aircrafie T
mission profile stages contact with a body of watealinly open ocean in sea state five. Two majguas were how
the aircraft would land on the water and maintaab#ity in ten foot swells and the associated highd speeds. It
was decided that the aircraft would land on theelage for this reason. The fuselage-turned-hultajzered
according to projected landing speed so that itswitvive landing.

With regards to stability on the surface, most gkemes include pontoons, mounted below the mairg veim
struts, in the design. This aircraft is no exceptiespecially since it will be experiencing wavéhaty in sea state
five. Unfortunately this will produce awkward piioly moments in flight and in underwater operatidnst, these
are issues that are dealt with in the control sgstehich are necessary for such an exceptionajdesi

Using methods described in Reference 3 andccodMATLAB, in conjunction with initial sizing gemetry,
calculations regarding landing and takeoff on Hatld and sea were made, including obstacles mahati&0 feet.
For sea conditions, the takeoff distance was faenkde 2,459 feet, and the landing distance was62{dét. For
land-based maneuvers, the takeoff distance wasilatdd as 2,092 feet, and the landing distance alss
approximately 2,406 feet.

VIl. Aircraft Sizing

Conceptual sizing for a new aircraft usually conels by comparing similar aircraft that have alyehden
produced. For the design of this vehicle, valuesewesed from water
landing capable aircraft. The initial sizing fortabneeded lifting area Table1l. Design specifications.

was based on the sea level stall speed, assumedmuomax lift Design
coefficient, and the estimated gross weight frontinegting fuel- Requirement
fractions. _ _ Minimum/Stall 60 knots
The initial quarter chord sweep angle, aspect raa taper ratio Speed
were chosen to maximize lift, reduce wing strudte@mplexity due to
CL MAX 15
Estimated 40628 Ib
S Gross Weight
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the expected forces associated with the craft bsifignersed, and chosen along a historical tremqectisely.
The initial canard sizing was based on settingrtatepercentage of the total lifting surface aasahe canard.
The fraction used, 0.24, was slightly higher theaven in historical trends because of its dualityaasunderwater

control surface. N o Table2. Main wing and canard specifications.
The vertical stabilizer sizing was based o¢n Wing Canard

the method in Reference 3. This method uses Quarter-Chord Sweep Angle 0 deg 0 deg

typical historical values to estimate the volune Aspect Ratio 3 4

of the stabilizer based on the wing area. Taper Ratio 0.6 05

The driving input for the fuselage length
were the root chords of the main wing and candrd,drew/cargo compartment, and the estimated leoigthe
propulsion system. The passenger and cargo comgairtsizing incorporated an interchangeable modidsign.
Each operator was allotted 250 Ib. The cargo wss gplit into eight 250 Ib sections. Two of thehtigperators
reside on the flight deck and control the aircnaftile the other six are located in the passenger @argo
compartment directly behind the flight deck. In th@ssenger and cargo compartment each module spader
operators and

eight for cargo, Table3. Calculated initial sizing values.

were laid out to Reference Exposed Span (ft) | Root Chord| Mean Aerodynamid
ensure the bes Area (ft"2) Area (ft"2) Length (ft) Chord Length (ft)
trade-off Wing 1688.9 1454.3 71.18 29.66 24.22

between Canard 533.35 533.35 46.18 15.39 11.97

operator Vertical 534.32 534.32 15.5* 26.5 18.89

comfort and | Stabilizer

efficiency of the design. The modular design alldasthe layout of the cargo and operators to lmemégured if
the need arises.
The control surface sizing was based on the mefitood Reference 3. This method takes historic retethips

betw Table4. Control surface sizing infor mation.

een % % Root Chord MAC length (ft) Control

the Span Chord length (ft) surface area (ft"2)
refer length

ence Ailerons 60 20 5.931 4.844 206.9

deda Rudder 90 32 8.482 6.046 168.7

the control surface area. The area of the elevai@mn be seen as calculated in Table 4.

VIIl. Weight

For a craft intended for flight, weight plays agarrole in success or failure. In this case, weigteven more
important, as it must be balanced between the meseof flying and sinking vehicles. Many specifiethrods for
estimating group and specific weights are docunteated available; for this initial weight analysésnhumber of
methods were utilized and averaged. The algorithsesl were calculated as found in Reference 2.

D. Structure Weight

The structure weight estimation was computed bgt findividually estimating the weights of the wing,
empennage, fuselage, the nacelle, and landing gkmthis case, the nacelle weight referred to sppettucting
configurations other than the buried-engine inlettdwhich includes the snorkel. The calculatedcitire group
weight was 16,770.01 Ib.

E. Powerplant Weight

Powerplant weight estimation was completed by firstividually estimating the weights of the engirs
induction system, fuel system, and the propulsioppsrt systems. The air induction system refershio inlet
ducting and any duct support structures, and tbpyision support systems include the engine cosrsiem, the
engine starting system, and the weight of any ysteam or oil coolers. The calculated structure graight was
4,447.30 Ib.

F. Fixed Equipment Weight
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The weight estimation for fixed equipment was cotediby estimating the weights of the flight consgktem,
hydraulic system, electrical system, electronicstesyis, air conditioning and de-icing systems, orygestem,
APU, and furnishings. Also included is cargo hamglliequipment, operational items, auxiliary gear gaint
weights. In addition to the usual items, a pumpglvefor evacuation of water from the fuselage uporfacing was
also included. The calculated structure group ttergps 5,780.73 Ib.

G. Estimated Empty and Gross Weights

The compiled empty weight, along with the estimdtes weight and all payload, was used to geneaaatmitial
gross weight estimation. After a number of itevasi through the process of adjusting the gross hegmpty
weight, and aircraft sizing values, the estimategty weight was found to be 27,293.72 Ib, and theesponding
takeoff gross weight was approximated as 40,62®58s with all conceptual design, these valuesdagtined to
change, but are both workable approximations.

H. Center of Gravity

Using approximated distances found with the usd¢oedcale structure and propulsion system designs,
center of gravity, or CG, location was found on #liveraft. This location was found to be at 3ké&tffrom the nose
for the case of no fuel and no payload on board,a83.5 feet for the case of full fuel and paglloa

IX. Aerodynamic Properties

Giventhe challenge of working with two distinctly differefiuid regimes, the subject of “aerodynamics” is

not only of flying in air but flying in both air @hwater, thus making the problem one of fluid dyiem

As an initial baseline to start the design prockes NACA 0012 was selected for the canard. Fontaa wing,
the NACA 23012 was selected due to its high liftl &ow pitching moment characteristics in the NAG¥®efdigit
series. Traditionally, designers and engineers feen afraid of this airfoil due to its violent Isharacteristics.
The submersible aircraft being a canard design ldhgualm those fears because typically the canalidstall
before the main wing thus nosing the aircraft dowards, breaking the stall and thus leading the &firtiack to safe
flight. In regards to submerging the aircraft, timvious result of the cambered airfoil is the itigbto submerge
due to this huge main wing lifting surface. As megly, the thought is to incorporate leading edgpsfimuch like
what is found on transport aircraft, but rathemtliae flap increasing the camber of the wing, fod®as in such a
way to produce a negative camber. In addition, nlikehthe leading edge flaps, the trailing edg@dlavould act in
tandem and possibly deliver a negatively camberddilacapable of meeting the negative lift requirents for
submerged flight in conjunction with the smallgmenetrical canard.

Initial calculations of the neutral point and C&dtions showed that the aircraft has a sensitiacsmargin.
Relocation of subsystems is possible in order toeiase the static margin. The CG envelope, whicbrporates an
initially calculated neutral point for the aircraftan be seen in Fig. 1.
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X. Conclusion

The concept of a submersible airplane requiresoadaning of the capabilities of flight. An aircratpable of
flying thousands of feet in the air and hundredfeef under water must be able to operate effiiénta variety of
conditions. This required a new design for the ptsipn system, a way to safely land and then subeném
seawater, and a design that would work well aeradyoally, in a variety of fluids. As described abowthe
SAILPLANE blends all of these together and meetofathe requirements and provides the DARPA projeith
the most safe and efficient airplane possible.
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