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Introduction: The Heli-Fast
Alircraft

The Heli-Fast aircraft is the Saint Louis University’s (SLU) submission in response to
the Request for Proposal (RFP) for the 2014 AHS Student Design Competition, co-
sponsored by AugustaWestland. According to the X-VTOL Design Competition RFP,
“The DARPA VTOL X-Plane is intended to establish key performance attributes to
enable transformational mission capabilities on an objective aircraft. These include
efficient sustained hover, long-range cruise, high useful loads and sustained flight at
high speeds.”

Heli-Fast seeks to improve upon VTOL flight through the innovative cross-pollination
of rotary-wing and fixed with designs. Meeting the requirements of the high
performance aircraft, Heli-Fast researched the capabilities of a flying wing utilizing
ducted fan propulsive systems. The success of the Heli-Fast aircraft can be attributed
to the optimization of the ducted fans and the detailed structure of the aircraft and the
stability and control analysis of the aircratft.
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Mission Requirements

The DARPA VTOL X-

Plane is intended to
Maximum Airspeed (Kkts) 300 - 400 establish key performance

25% ofIdeal attributes to enable
Power Loading transformational mission
Cruise L'D =10 capabilities on an objective

) 40% of Take-Off aircraft. These include
Useful Load Fraction Weight efficient sustained hover,

— - long-range cruise, high
Minimum Vertical Load

aim erticat Loa -0.5G to +2.0G useful loads and sustained
Factor Envelope flight at high speeds. The
Maximum Gross Weight (1b) | 10,000 — 12,000 gnt at Ngh Spesas.

table of Key Design

Scalable Technology for Requirements is the
Vehicles with Max Gross 4,000 - 24,000 requirements to meet this

Weight (Ib) objective.

Hover Efficiency

%‘;&tg’m arm- EngineIdle, SLS
HOGE Take Off 05%p Max. Power, SLS
Climb To Best Alt., Vbroc
Cruise Out 1 Vhr, Best Alt., ISA
. Max. Sustained Speed, 95% Max.
Cruise Out 2 Power, Best Alt., ISA
Descend To S5LS, Vhroc
Mid Mission HOGE with Full Payload,95%
Hover Max. Power, SL5
Climb To Best Alt., Vhroc
Max. Sustained Speed, 95% Max.
Power, Best Alt., ISA
Cruise In 2 Vhr, Best Alt., ISA
Descend To 5L5S, Vbroc
HOGE Land 05% Max. Power, 5L5
Shutdown/Taxi Engine Idle, SL3

Cruisein 1
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Background

With the basic mission profile and key design requirements given by
the competition RFP, the design process began by researching the
current types of vertical take-off and landing aircraft.

Helicopters: The fastest helicopter is the Eurocopter X-3 and
achieves a top speed of 255 kts, not reaching the 300-400 kts
requirement

=5 weight | horsepower (Bhp)

Foyer liftelhcienoy, gros

Tilt-Rotors: The most successful and popular tilt-rotor currently in
use today is the Bell Boeing V-22 Osprey and achieves a top speed
of only 250 kts, not reaching the 300-400 kts requirement

Cisz loading, gross weight fhrust area [kl

Jet-Engine: The F-35B is capable of reaching speeds in excess of

1000 kts, however it cannot take-off or land vertically The figure above shows the

combination of tilt wing and lift-
Through this investigation, it was clear more research needed to fans would provide the balance
take place to find the optimal type of aircraft to achieve the high between hover efficiency and
performance objectives. speed that Team Heli-Fast
desires to achieve.

Disk Loading vs. Power Loading : Ducted Fans are Better

% Line

b Theoretical Limit

o

Helicopters

[ -
Historical Successes
Well-

Designed

Ductsof — |

Optimum
hD

Power Loading, Ibs/hp .

Tilt-Rotors,
Tilt-Wings,
Vert. Props

Chrysler VZ-6.

Lossy Duct Ak - _ - : %% Doak VZ-4

10 100
Disk Loading, Ibs/sg.fr.

Ryan XV-5

The only two aircraft that come close to or exceed the 75% line, meeting the
design requirement, are the Ball X-22 and the Doak VVZ-4 — both of which are
ducted fan aircraft. Team Heli-Fast’s design includes ducted fan technology.
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Conceptual Development &
Design Trade-Offs

The team was heading towards a conventional fixed wing aircraft
that had multiple ducted fans in the wings in order to provide
vertical and horizontal thrust.

Initial concepts were very similar to that of the Ryan XV-5 and were
designed with a manned mission in mind. However, through the
conceptual design process the team decided to reevaluate its mission
pursuant of a more radical and innovative design.

The mission changed from rescue and cargo mission to a technology
demonstrator aircraft. Team Heli-Fast came up with a concept of
using an unmanned, flying wing design.

Flying Wing (Unmanned) vs. Conventional VTOL (Manned) Trade Study
Flying | Flying Conventional Conventional Weichti
Requirements Wing Wing  VTOL VIOL eighting

Utility (Util*Wt) Utility Utirwey  oacter
0.700
0.600
0.500
0.900
0.500
0.300
0.500
0.400
0.800

Cost

Aesthetics
Feasibility
Originality
Speed
Maneuverability
Power Loading
Cargo Space
Payload

LD 0.675
Proven Design 0.225

Score 6700

A flying wing incorporating ducted
fans is more challenging than using a
‘conventional’ aircraft with ducted
fans, but historical data shows ducted
fans integrated in the design has been
successful.

ol ol | o) & o) 'S th| el
Qo -3 ~3| ~A| | —d | Lh| | 00| O] CA

Inboard vs. Outboard Ducted Fans Trade Study
Outboard Outboard Inboard Inboard Weighting
Requirements| Fans Fans Fans Fans Factor
Utility (Util*Wt) | Utility | (Util*Wt)
Cost 1.200 ] 1.200 0.150
Structural 1.200 7 1.050 0.150
Thrust Loss 1.600 4 0.800 0.200
5
]
(]

Cargo Space 1.800 1.000 0.200]
Safety 0.900 1.200 0.150
Control 0.750 0.900 0.150

Score 7.450 6.150 1.000
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Constraint Analysis

= Constant Altitude and Velocity

m—— Constant Velocity Climb
= Constant Altitude and Speed Turn (2g)

# Design Point
. X-22

Stall

o
o 10 20 30 40 50 &0

w/s
Given that the aircraft is vertical take-off and landing, constraints such as ground roll and take-off obstacle
clearance were not considered. The constraints considered were a constant altitude and velocity flight, constant
velocity climb, constant altitude and speed turn, and stall. The design point falls within the acceptable range while
the X-22 was not within the acceptable range but this is not surprising given that the X-22 used four fans to
compensate for a lower wing area.

Airfoil Selection

Initially, the team examined airfoils designed for tailless aircraft such as the MH60-12. While these tailless aircraft
airfoils produced favorable lift and drag characteristics, they were not thick enough to create the volume necessary
to house all the components within the body of the aircraft.

In order to get the thickness it was decided to use highly cambered NACA airfoils since their thickness can be
adjusted to fit the needs of this aircraft and they have favorable lift and drag characteristics.

The NACA 44XX series in thicknesses of 10, 15, and 20 percent were chosen. While these airfoils produced
favorable lift and drag characteristics, they produced unfavorable static stability characteristics. The team modified
the NACA airfoils by reflexing the trailing edge

Coefficient of Moment of Aircraft
vs. Alpha

—
o

Airfoil MaxCl MaxL/D| Min CD
2410 | 1.9048 134 0.0049
2415 | 1.9265 137 0.0054
2420 | 1.8304 138 0.00594
4410 | 19863 157 0.00511 : Angle of Attack (deg)
4415 | 1.9555 175 0.0056

4420 | 1.8747 167 0.00614 —#—Reflex —o—Conventional
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Heli-Fast Aircraft Design

- Two main lift fans (5 ft diameter) are placed at the wing tips. The two lift fans are
< mounted 113 inches aft of the nose of the aircraft, and a support structure was
created to distribute the forces generated on the tip of wing bv having the fans
mounted 17.5 ft from the center of the aircraft.

In order to complete the transition from vertical to forward flight, these lift fans are
able to rotate 90° about their axis.

A smaller fan (3 ft diameter) is placed in the nose of the

aireraft.

Ass the aircraft gains forward momentum and the control surfaces
begin to provide enough control, the doors close on the front fan to
decrease the drag from having an open cavity in the main section of

the wing.

Wingspan (fi) 35
5 (ft) 360
AR 14

NACA 4420
NACA 4415

NACA 4410
1033
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CFD Analysis

A computational fluid dynamics (CFD) analysis was used to give the
most accurate results possible for the design process. The code used

to do this analysis was Star-CCM+, a commercial CFD code that is CD_ adapco
gaining popularity in the industry.

A half-body symmetry plane simulation was run with the ducts and
duct supports installed. The fans and inlet ducts were not analyzed.

CFD Analysis Set-Up Lift Coefficient vs. Lift Coefficient vs.
Angle of Attack Drag Coefficient
Grid Topology and 12 12

resolution: 1 !

Unstructured of of

0.6
1.2 million cells 04

02
0

06
04
02

Reynolds Number: 0
-10 02

7.50 million (Stall Velocity) 2 04

26.3 million (Cruise Velocity) JD”G Y [
" Angle of Attack (deg) rag ceint

Lift Coefficient
Lift Coefficeint

Altitude: ——Re =263 million——Re = 7.5 milion —Re=263 Milien
Sea Level ——Re="1.5 Million

Angle of Attack:
-5°t0 22°

Physics:
3D Polyhedral Mesh

Steady State
Ideal Gas

Coupled Flow \
K-Omega Turbulence g‘Q@ .

Static Pressure Distribution

20000 FINGH,

2 < 38000
[ - Ea

=
-
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Ducted Fan Analysis

Fan Diameter 5 fit
MNumber of Blades |6

Fan Blades Airfoil | ARA-D 13
Fan Blade Length | 0.5 fi

Duct Length 1.5 fi

Duct Airfoil NACA 0013
Eotor to Exit Rado | 1.07

A critical design question was if the thrust requirement would be dominated by vertical take-off or
achieving the velocity of 300-400 kts. A quick approximation was done and it was estimated that
vertical take-off would be the greater thrust requirement as long as the aircraft drag coefficient was
less than about 0.4, comparable to the drag coefficient of a smooth cylinder.

The ducted fan analysis was then focused on gaining a reasonable estimate of the principal design
variables, thrust required, rotor area, exit are, the rotor to exit ratio, and the velocity of the air
leaving the duct. These approximations were primarily compared to the Bell X-22 as it has the
most similar ducts, utilizing 7 ft diameter ducted fans, and detailed information was more readily
available in contrast to the Doak VZ-4.

To ensure the accuracy of the thrust output of the ducted fan, a computational simulation was run
in Star-CCM+ which resulted in a thrust output nearly identical to that of the hand calculations.

v ~ < Sratic Fressure (Fa)
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tngine Selection

required.

With reliable verification of the ducted fan, estimation on the power required could be done to
begin the process of engine selection. Using the ducted fan specifications, a fan producing 2328
hp would be required for each fan to provide 7000 Ib of thrust. Accounting for a 10% loss of
power, the engine selection was done with the assumption that 5000 hp power would be

Engine

Two GE YT 704-TOOR

Power/Engine (SHF)

2638

Cp (Ib/SHPhr)

0.462

Nominal Diameter (in)

15.6

Length (in)

47

= - =
~

|

7
h' 73

b s

o~

The transmission necessary for this system would need to be able
to accept input from two separate engines and then transmit it out
to the three separate fans; the forward pitch fan and the two die
fans. Comparing to helicopter transmissions, it was expected that
the power loss in the transmission would be no greater than 5%.
Since the shafts run the length of the wing, they would have to
flex with the wing when the aircraft was under its flight loads. It
should be possible for the transmission to operate with as much as
3° of misalianment.

ht Emak@l@wm

Component

Weight (Ibs)

 Engines

1120

Structures

S040

Transmission

450

| Flight Systems

590

Pavload

1500

Fuel

3300

Total Weight

12000

SAINT LOUIS
UNIVERSITY

Weight Breakdown

Payload
12.5%
Flight

Systems

\
4 9%
Transmission \
18% \ _
Engines
93%

Structure
42 %
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Structural Analysis
Initial Analysis

_{  Aluminum Beam Deflection - i Steel Beam Deflection

The preliminary design had a 40 ft wingspan, 12,000 Ib gross weight, and an average chord length of
10.3 ft. Initial analysis was a 20 ft long, 5 in. square aluminum and steel beam created using SolidWorks
and subjected to a 6000 Ib point load on one end and fixed on the other end. The aluminum beam
deflected approximately 52 in. and the steel beam deflected 19 in. From these two analyses, the use of
only a simple beam wing would be impractical and a different internal structure would be needed. In
addition to creating a more complex internal structure, the wingspan of the design was shortened to 35 ft
in order to lower stresses and deflection.

Detailed Analysis

The wing structure was designed to have 28 evenly spaced ribs, a 5x5x0.25 in. main
spar, and leading and trailing edge spars. This model was built in SolidWorks; a
preliminary Finite Element Analysis was conducted using SolidWorks Simulation
Express to determine the deflection. The wing was again fixed at the center and a
6000 Ib point load was placed on each wingtip.

The final structural configuration of the aircraft was an additional two spars on the
top and bottom of the wing at the quarter chord location. The dimensions of the
main spar were changed through multiple simulations until the deflection was
within the 3.75 in. limit. This limit was determined off the fact that the drive shafts
of the aircraft can be subjected to no more than 3° of delction. The final dimensions
of the main spar were 5x7.5x0.75 in. with a weight of 3027 Ibs.
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Internal Layout

Hydraulics

Transmission

Mission Segments Numbered
Mission Segment Number of Segment
Start-Up/Warm-Up/Taxi
HOGE Take-Off
Climb
Cruise Out 1
Cruise Out 2
Descend
Mid Mission Hover
Climb
Cruise In 1
Cruise In 2
Descend
HOGE Land
Shutdown/T axi

—
.

[

—_
=]

'\\\ —4+—CG Location

=—=Payload Loss of 200 lbs At
Mid Mission Hover

=de=Nuetral Point

Mission Segment Number

17 78 19
Location in Relation to Nose (ft)

The primary concern of the internal layout was the engines, transmission,
hydraulics, and payload as it is impossible to distribute their weight throughout the

aircraft.

The engines were placed towards the front so the inlet could be integrated with the
inlet for the front pitch fan. This also allowed the transmission to be placed directly
behind the engines and be directly in line with the wingtip ducted fans. The
hydraulic system was placed just aft of the transmission. The payload bays were
chosen to be directly below the engines as this helped improve the stability of the
aircraft. The main avionics and computer systems were placed to either side of the
engines. The fuel tanks, while not pictured, would be distributed throughout the
aircraft. These would include several integrated wing tanks and several integrated
body tanks. These arrangements provide a neutrally stable aircraft at take-off that
gradually becomes more stable as fuel is burned.

SAINT LOUIS| PARKS COLLEGE

U N I V E R S I T Y of ENGINEERING, AVIATION AND TECHNOLOGY




over Performance &

Power Analysis

460000
= 450000
E -1--1-1}0 09
B & 4300.00
E 4200.00
4100.00
g 400000
5] 3900.00
380000

Power vs. Altitude

Hover Ceiling (ft)

Excess Power forManeovening

__}: e P et R equired at SIIIS {SI-]P-:I

_..--""".’- ——Power Available

_— ] Rate of Climb at SL5 (fpm)

0

1000 2000 3000 4000 5000 Forward Airspeed atSLS (kis)

Altitude (ft)

During hover, the aircraft performs much like a helicopter. Therefore, the performance analysis followed
the performance analysis of a helicopter with some slight modifications. The two largest changes were
that tip losses for the rotors were neglected and the assumption that the chord line of the aircraft would
remain level. The first assumption is a direct result of the inclusion of the ducts around the fans and the
second is based on the independence of rotor and vehicle chord angles of attack in the Heli-Fast design.

The hover performance was analyzed with the maximum gross weight of 12,000 Ib.

Flight Systems
1.90%

The characteristic of the aircraft in hover that had to be closely examined is the
power loading of the rotors. With a rotor area just over 46 ft* and a gross weight of
12,000 Ibs, the aircraft has a disc loading of 258.96 Ibs/ft*. This corresponds to an
ideal power loading of 2.357 Ibs/hp. A breakdown of the power losses and usage
by other systems shows that the aircraft uses 123.42% of the ideal power during
hover at sea level standard condition — this power loading falls in the competition

guideline of the power used being no more than 125% of the power required in
hover.
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Transitional Analysis

Transitioning from hover to forward flight is a crucial and challenging design concern. Transitioning is
the most inefficient phase of the entire flight envelope due to the increased drag of the off angle of the
ducts. The most effective way to transition is to make transition short and balancing a gain in forward
velocity with a potential loss of altitude, ensuring that at the conclusion of transition the aircraft is
traveling at a velocity that is greater than that of the stall velocity while maintaining sufficient lift to
retain fliaht

Transition

With a thrust to weight
/ ratio of 1, in the quickest

=10 Seconds

===12.5 Seconds .
transition case only 70 ft

—15 Seconds / / of altitude is lost and the
// / end of transitional
velocity yielded from
W 120-130 kis.
_.am—-""f"!

000 1200 1400 1600

Altitude (ft)

Forward Distance (ft)

Transition TIW =117

10 Seconds
The actual thrust to ——12.5 Seconds

weight ratio of the Heli-
Fast aircraft is 1.17.

=15 Seconds

Altitude (ft)

600 800 1000 1200 1400 1600
Forward Distance (ft)

With a thrust to weight ratio of 1.17, at full power, transition can occur without
any altitude loss for all three transitional times. This would not be practical in
practice but demonstrates that the aircraft is more than capable of transitioning
and would be capable to the altitude of the hover ceiling.

An intuitive concern when transitioning particularly with ducted fans is the
possibility of the internal duct of the fan stalling at high angle of attacks. The
historical successes of the X-22 and VZ-4 imply that this would not likely be an
extreme issue.
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Forward Flight Performance

Cruise
QOut
(15min)
J40kts

Cruise
In2
(2hr)

125kts

Start-Up/Warm-
Up/MTaxi

Engine Idle, SLS

HOGE Take Off

05% Alax Power, SLS

Climb

To Best Altitude Vbroe = 1630 fpm at
Tﬂ

Cruise Out 1

Vhbr =115 kis, Best Altitude = 22,000 fi,
ISA

Cruise Out 2

Max Sustained Speed = 340 kts, 95%
Max Power, Best Altitude = 22,000 ft,
ISA

Start Up/
Warm Up/Taxi
(10min)

Mid-Mission
Hover
(15min)

85nm T T

Shutdown/
Taxi

(Smin)

Cruise

ITntal Range = 1144nm I

Cruise Ceiling

Descend

To 3LS, Vbroc = 1630 fpm at 7

Alid Mission
Hover

HOGE with Full Payload, 95% Max
Power

Climb

To Best Altitude, Vbroc = 1630 fpm at
TI|':|

Cruise In 1

Max Sustained Speed = 340 kts, 950
Max Power, Best Altitude = 12,000 ft.
154

Start-Up/ Warm-Up/T axi

HOGE Take Off

Cruise In 2

Vhr =215 kts, Best Altitude = 22,000 ft,
ISA

Climb

Cruise Out 1

Descend

To 5LS, Vbroc =163 fpm at T

Cruise Out 2

HOGE Land

05% Alax Power, SLS

Descend

Shutdown/Taxi

Engine Idle, SLS

Aid Mission Hover

Climb

Cruise In 1

Cruise In 2

Descend

HOGE Land

Shutdown/T axi

Full Mission

Service Ceiling

Absolute Ceiling

Load Factar, n

Positive Structural Limit

MNegative Stall Limit

5t Line

50 Knat Gu t\Drr&\

Megative Structural Limit

|
50 100

1 1 1 1 1
160 200 250 300 350
Calibrated Airspeed, kts

|
400

450
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Stability & Control
Static Stability

Moment Coefficient vs. Angle of Attack dynamically stable. Over time stable aircraft if distarbed

b3 2 will dampen the motion and return to a trimmed attitude
where there 13 no moment about the C.G. and the lift 15 equal
to the weight of the aircraft. The penod of the phugoid
motion of the Heli-Fast aircraft 15 66.6 s and the fime to half
the perturbation is 125.6 s.

Dynamic Stability

Phugoid Motion

A first order approximation from Etkan’s Dvnamics of
Flight was used to estimate the phugoid or long period

G @75~

Moment Coefficient

\1

Time(s)

T

Angle of Attack{deg)

Rigid Body Angular Velocity 1 Monitor Plot

The next component of dynamic stability is the short
period motion or the aircraft’s immediate response to
a disturbance. Since the Heli-Fast aircraft does not
have a tail, a non-conventional short period study
was performed. The STAR-CCM+ Dynamic fluid
Body Interaction (DFBI) function was ufilized.

The first C.G. position was the C.G. wath a full fuel load and the second C.G. position was
calculated with no fuel. The most aft position of the C.G. was at 8.0 ft aft of the nose of the
airaraft. The most forward C.G. location was 7.5 ft aft of the nose of the airaraft. The neutral
point was found to be 8.0 ft. Given this neutral point it was found that with a full fuel load
the aircraft has neutral static stability, but as the flight progresses and fuel iz burned the
aircraft becomes more stable. At the no fuel C.G. location the static margin of the aircraft is
3.5%.

Rigid Body Angular Velocity 1 Monitor (radianfs)
o

The period of this moftion was 0.9 s wath a time fo
half of 1.7 5. The aircraft’s motion was trending to
come to rest with the aircraft at a 9° angle of attack,
and therefore can be considered dynamically stable.

=

2 3
Physical Time (s)

— Rigid Body Angular Yelocity 1 Manitor

Controls

An elevon control system, comumon to most tailless
aircraft, was emploved. An elevon is a movable control
surface on the tratling edge of the aircraft usually near the
wingfip. Elevons are used to provide roll control as well as
pitch control.

Elevon Deflection

=)
=)

$ ¢
Lﬁhﬁ

=)
=)

Elevon

Elevons take care of the
longitudinal and rolling motion —
differential thrust controls the
yawing motion.

y

/

/
/

i
LN

]
[= = =

2

]

Moment Coefficient

15
T

T~

i

R .
PR S
e lda e e D

Angle of Attack (deg)

8 degup
—— 8 deg down

—10 deg deflection
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Risk Amnalysis

One Engine Out

Loss in Lift, not able to
operate in hover mode,
but able to perform a
landing in forward
flight mode

Power is linked through
both engines, therefore
power will still be supplied
to both ducted fans

Two Engines OQut

Emergeney/Crash
Landing

Prepare for failure

Propeller in
Ducted Fan Out

Crash

Experimental aircraft

therefore will not he over

populated area, therefore
no loss of life

Ground
Communication
Loss

Enable to control
remotely

Default action in the
autopilot logic

Instrument
Failure

Inaceurate readings

Built in redundancies

Transmission

Emergency/Crash
Landin

Landing gear rated for
hard landing

Back-up hvdraunlics
system used

Two sets of hyvdraulics
sVstems

Fuel Leak

Full range of the

mission cannot be
completed

Numerous independent
fuel bladders in the aircraft

Too much loss of
altitude and crash

Through transition
analysis the mavimum
altitude loss is known
therefore the height of

transition is known

Likellhood

Consequence

One Engine Out

Two Engi.nes Ot

Propeller in Ducted Fan Out

Ground Communication

Instrument Failure

Transmission

Hydraulics Failure

Fuel Leak

TransitonFailure
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Scalability

The scalability of the proposed design was given significant consideration throughout the design process
and with this aircraft design it is extremely feasible to scale the aircraft down to 4,000 Ibs or up to 24,000
Ibs.

The use of flying wings can be seen across the full realm of aviation from very small remote control
aircraft to the enormity of the B-2.

Ducted fans again are seen in a wide range of aircraft and are extremely common in small UAVs When

looking at specific weights in question; the Doak VZ-4 had a gross weight of 3,200 Ibs, very close to the
4,000 Ibs in question. For the larger weight, the Bell X-22 is the largest aircraft researched and while its
maximum weight was only 18,000 Ibs, there are no design issues implying that on a slightly larger scale
ducted fans would be ineffective.

The turbo-shaft propulsion can be seen all across the aviation field. Assuming the power requirements
scaled linearly, a small scale version would require approximately 1,600 hp while a large scale adaptation
would require 10,000 hp. 10,000 hp is a considerable amount; however there are numerous engines that
would satisfy the two engine scheme as described in the design.

e e =
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eli-Fast: The Aircraft of
the Future

Max Airspeed 300 to 400 kis 340 kts
Hover Efficiency 5% ?fldﬂl Power 8204 = TS0
- Loading

Cruise L/D =10 12.97=10
Useful Load Fraction 40% of WTO Payload 12.5% & Fuel 27.5% =

40%
:T:;ﬂf::::ﬂf;’d 0.5G to +2.0G Heli-Fast Aircraft Easily Capable
Mazx. Gross Weight 10,000 te 12,000 1b Total Weight 12,000 1b
Scalable Technology for Flying Wings, Ducted Fans, &
Vehicles with Max. Gross | 4,000 to 24,0001b Turbo-Shaft Propulsion Proven
Weight Successful in Variety of Aircraft

Team Heli-Fast was determined to create an innovative aircraft that can achieve the capabilities of a
rotary-wing design and a fixed wing design to complete a transformational mission. A flying wing design
with the utilization of ducted fans for vertical and horizontal flight is a completely innovative idea that
presents many design challenges. Although there are challenges, the aircraft was successfully developed
and analyzed. The Heli-Fast aircraft is able to meet all the key design requirements.

Since the Heli-Fast aircraft is fully capable of meeting all the key design requirements and completes the
flight profile with ease, the aspect to put this aircraft over-the-top is its originality. The innovative design
of utilizing a flying wing with the ducted fan propulsion for hovering and forward flight presents many
design challenges that were overcome to create never-before-seen aviation achievement.
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