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Principles of flight?
Three ways to fly...
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Overview of aircraft types
» Ways to fly

* Being lighter than air
 Balloons 'l/
« Airships
 Pushing air downwards
. Airplanes'l/
» Ground effect planes
 Helicopters
« Other VTOL/STOVL
 Pushing something else downwards
» Rockets
 Jet pack???
» Future aircraft
* Future UAVs
Personal Air Vehicles
Hypersonic planes
Micro Aerial Vehicles
Clean era aircraft/'Green aircraft’
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1.

Ground effect aircraft
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Ground effect aircraft use
“cushion of air”

» Hovercraft is not ground effect aircraft,
but also uses cushion of air

'ifU Delft AE1101ab Introduction to Aerospace Engineering 5|




What is the “ground effect”?
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» No vertical speed at ground level
* As if mirrored aircraft generates lift with its inverted downwash
* Increase in lift can be up to 40%!
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What is the “ground effect”?
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» Reduction of induced drag:
10% at half the wingspan above the ground
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[s it a boat? Is it a plane?
No, it’s the Caspian Sea Monster!

Lun-class KM Ekranoplan
Operator: Russian navy

In service: 1987-1996?

Nr built: 1 (MD-160)
Length: 100 m

Wing span: 44 m

Speed: 297 kts (550 km/h)
Range: 1000 nm (1852 km)
Empty weight: 286,000 kg
Max TOW: 550,000 kg
Thrust: 8 x 127,4 kN

Crew: 6

Armament:

- 6 missile launchers for ASW
- 23 mm twin AA-gun

EKranoplaniCaspian'Seallonstefgroundlefiectiplane’
yyyyy

e Russian KM-Ekranoplan a.k.a.
“The Caspian Sea Monster”
Built in 1966 Serious video
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A-90 Orlyonok: Troops transport
(5 ex.)
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> Avec lo fin de lo guerre froide et la chute vertigneuse des mayens finonciers Sovigliguees,
les projets militares furent mie de cité et leurs enseignements exploités a des fing civifes,
comme be montre dette chronckigie de le flotte russe
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Current fate of these vehicles

* You can still find them on Google Earth! Check ports of Caspian Sea.
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Future for ground effect aircraft?
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The Pelican-is a high-capachiy
cargo-plane goncept currenthy
being studied by Boging Phantom
Works,
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Future for ground effect aircraft?

3
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Future for ground effect aircraft?
GEV = Ground Effect Vehicle

%
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Future for ground effect aircraft?

The Pelican-is a high-capacity
- cargo-plana goncapt currenthy

baing studied by Bosing Phantom
Waorks,

3
TUDelft AE1101ab Introduction to Aerospace Engineering 17 |




Helicopters

3
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Helicopters

Remember, a helicopter is nothing more than a large collection
of parts flying in close formation,
held together with grease and copper wire

Helicopters are:

* Creating more noise (internal & external)
* Less fuel efficient

* Less environmentally friendly

» More expensive to buy & operate

» Less comfortable for passengers

» Harder to fly

But can:

e Land & take-off
anywhere

e Hover

3
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Helicopters in service since 1940s

VS-300
Sikorsky R-4
Hoverfly
1944

Igor Sikorsky (1889 - 1972) builds first helicopter in 1909
but it was more than 25 years before early practical machines
- like the VS-300 (pictured) were flown in prewar trials.

] . o
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Bolkow BO-105C
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wwwfightgiobal.com

Sikorsky S-61
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Eurocopter EC-135

INTERNATIONAIL

wwwfighigobal com




Horizontal flight
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Helicopter flight control

An oft-quoted analogy is that flying an awrplane is ke riding a bicyele, but hovering a
helicopter s like riding a unicycle.

Gntral heading Control attitude and altitude

Collective o

Antitorque
Pedals

Cyclic control stick

Collective Tail rotor contral ped_

I'u1.:-1||n Rolor

Drive Shalt — i
“Tall
Coakoit Rolar
ockpil—
Tall Boom

“Engine, Transmission,

S - Fugl, eto.

Landing Skids
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Helicopters are hard to fly

The story:

Man buys helicopter.
Man needs lessons.
Man wants to try.
Now.
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Helicopter control: swash plate

Swashplate on a radio-controlled helicopter

1 Non-rotating outer ring (blue)

2 Turning inner ring (silver)

3 Ball joint

4 Control (pitch) preventing turning of outer ring
5 Control (roll)

6 Linkages (silver) to the rotor blade

# Linkages (black) that make the inner ring turn

Cyclic:
- Roll & pitch control
- Tilt swash plate

Collective:

- changes angle of attack of all rotor blades

Invented by Boris Yuryev in 1910
Russian aerodynamicist

- move entire swash playe up& down
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Horizontal flight

retreating side | advancing side
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(b) rotor blade velocity distribution

3
TU Delft AE1101ab Introduction to Aerospace Engineering 28 |




Tail rotor compensates torque

|

tail rotor
\ thrust T,

reactive torque
Q on fuselage

4
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So what to do when tail rotor fails?

3
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So what to do when tail rotor fails?

3
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Alternatwes for tail rotor

MAIN ROTORWAKE N
Low-pressure air forced through ™\,
the slots causes the rotor downwash
to "hug" the tail, and that plus the \
direct jet slots creates enough sideways!

lift to counter the main blade's torque.” |

DIRECT JET Factman@cix.compulink.co.uk
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McDonnell Douglas Explorer
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58. Intermediate gearbox

1. Pilot cockpit 38. Oil tank 59. Oil cooler
2. Cockpit entry door —g 39. Hydrautic system lank 60, Audiary it

3. Armoured windscreen 2 T - 40. Helicopter control system 61. Center wing section

4. Side armoured glass ; I . 41. Control system compartment armoured door 62. Starboard wing panel

5. Side armoured paned 1 42, Primary gearbox 63. Inner pylon

6. Side emergency hatch 1 ;’1 43. Lower swashplate 64. Quter pylon

7. Rear-view mimor ! I 44, Lower rotor hub 65. Wing container

8. Upper emergency hatch { ﬁr 45. Rotor hub sleeve 66. Navigational light

9. Instrument paned 46, Emergency blade jettisoning pyrotechnic device 67. UN-26 chalf/flare dispensers
10. Head-up display 68. Beam carrier

11. Control panets 69. UPP-800 launching device

70. NPPU-800 movable gun mount

71. B-8V204 rocket pod

72. 5-8 rocket

73. Vikhr' ATGM container

74, GA4172 "Vikhr' (AT-9) anti-tank missile

75. 57-mm rocket pod

6. S-5 rocket

77. UPK-23-250 cannon pod

8. R-73 (AA-11 Archer) air-to-air missile

79. Kh-25MP (AS-12 Kegler) antiradiation missile

12. Collective pitch control lever
13. Cyclic pitch control lever
14, Control pedal -
15, Under pedal plate —
16. Control panels \/."/ —

17. Control rod

18. Ejection system exdraction cable

19. Ejection system extraction rocket

20. Pilot seat backrest

21. X-ray meter

22. Upper emergency hatch jettisoning device
23. Nose equipment bay
24, "Shkval" sighting complex electronic units
25. Gun sight =
26. IFF system aerial

27. Cooling system aif intakes

28. Nose compartment door

29. Angle rate sensors

30. Pitot static tube

31. Nose gear strul shock absorber
32. Nose gear whee!

33. Sealed lead

34, Jack unit

35. Starboard fairing

36. Electric power users distributive unit
37. Engine dust-protection device

80. Additional fuel tank
81. Main landing gear wheel {retracted position)
82. Special equipment electronic units

47. Upper swahplate

48. Main rotors mast 83, DISS-32-28 doppler sensor
49. Upper roor hub 84, Lateral fin

50. Upper rotor blade #5. Stabiliser panel

51, Lower rotor biade

86. Radio equipment aerial

§2. TV3-117VMA engine 87. Formation flight Bght

vd 7 88. Fin
54. Fireproof bulkhead 89. Rudder
55. Genesator 90. Tail light
56. Fan 91. Helmet-mounted sight

Kamow Ka-50

%
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INTERNATIONAL

FLIGHT




Answer: Autorotation
Same for an engine failure

Autorotation

3
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Dead man’s region
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V-22 Osprey: Tilt-rotor aircraft

'i"u Delft AE1101ab Introduction to Aerospace Engineering 39 |




FLIGHT

INTERMNMATIONAIL




STOVL/VTOL

3
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BAe Sea Harrier

3
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eyl

Vector nozzle
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Follow-up: McDonnel Douglas AV-8B
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NG-Harrier: STOVL JSF F-35B

Larger Wing and
 Horizontal Tail Area

Carrier Variant
(CV)

Conventional
Take-Off and
Landing

F-354 °™Y.

Probe and Drogue
Refueling (Basket)

In-Flight Refueling
Door (Boom)

Strengthened

Internal Landing Gear
25mm 4-Barrel and Tailhook
Gattling Gun Centerline

Gun Pod
with 25mm Gun

F-35C

Wingfold and
Ailerons Added

Short Take-Off and
Vertical Landing

(STOVL) 3-Bearing
Probe and Drogue Swivel Nozzle  ajvariants
) 450-600 nm Ra
Refueling (Basket) § 1.6 Max :Ir:ch {II‘J?rftii:l
§ Stealthy

§ Same Weapons
& Similar Avionics

Lift Fan

§ Similar Flight Envelope
§ Same Basic Engines

F-35B -

Roll Posts
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4.

Rockets for lift on atrcraft?
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Boeing B-47B, rocket assisted take off, April 15, 1954

JATO rockets ,
Jet Assisted Take-Off i

often used during the 1940s-1960s to boost
heavily-laden aircraft off the ground




Jet pack or rocket belt

Technical characteristics of rocket pack
Bell Rocket Belt RE 2000 Rocket Belt
Duration 215 0s

Thrust 136 kar (133 KN) 145 kaf (1.42 kM)
rus .
{calculated 127 kgf or 1.25 kM) e

Masdamum distance |approximately 250 meters

Maximum altitude |18 m 30m
Maximum speed |55 km/ih 96 km/h
Equipped mass a7 kg B0 kg
Fuel stock 19 liters 23 liters

Risk of unstability:
- Check moments
- Where is thrust applied?
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Jet pack

Jet P.I.
Equipment weight ~ 70 kg

THIZ

121.0°T
BRIz AIRCIH

Glick Here For Details

Max flight Max Max Max Max pilot Motor Fuel ]
MName ) ] ] ) Fuel ] Price
time distance | speed | height | weight type capacity
Jet pack
P02 23 seconds (500 fit 70 mph  [120ft 130 |bs HxO2  [rocket 5.8 gallons [Mot for sale
Jet pack
{9077 43 seconds 1500 ft 77 mph [250ft 130 |bs HxO2  [rocket & gallons  |[Mot for sale
Jet pack 9 c. 171 Jet-A [T-73 jet 200,000 incl.
i @ @ @ @ 250ft 180 Ibs. L T L

T-73 minutes miles 83 mph el motor training

A Jet Pack H202 was flown for 34 seconds in Central Park on the 9@ Aprl 2007 episode of the Today Show, and
sold for $150,000. But hitp: s jetpackinternational com/eauip.html & says {as at 1 January 2009) that their

H202 jetpacks are for demonstration only, not for sale.

]
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0.

Future aircraft: Unmanned Aerial
Vehicle

(UAV)
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UAVs

* Original goal: One man controlling multiple aircraft
 Current situation: 4 man controlling one UAV

» UAVs crash 100 times more often than controlled a/c
e Situation is improving by using more automation

o Strictly speaking: an R/C toy airplane is a UAV

e But UAVs are no toys

3
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Global Hawk

e Surveillance UAV
» Records:
« altitude 65,380 ft - March 21, 2001
» Endurance 30 hr 24 min 1 - March 21, 2001
* First UAV crossing pacific: 8214 nm in 22 hours — April 24, 2001

4
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Global Hawk is not a toy




Future: UCAV?

3
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Re ImMainin g 1SSUEeS "Ladies & gentlemen, this aircraft is completely

controlled by robots. So nothing can go wrong,
nothing can go wrong, nothing can go wrong,

e Relia bi|ity, responsibility nothing can go wrong, nothing.... -

» Less controllers per vehicle

» Acceptance:
« In civil airspace
« For civil operations:
cargo?
Passengers?

%
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0.

Future aircraft: Personal Air Vehicle
(PAV)
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Henry Ford (July 30, 1863 — April 7, 1947)

“*Mark my word —
a combination
of airplane and motor car is )
coming.
You may smile,
but it will come.”

3
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Steps 1 and 2 are a reality.
Step 3 is in progress!

Trend naar individueel luchtverkeer

& Stap 1: Point-to-point air travel

<

_} W "W Stap 4: Skycar concept for utlimate mobility.  Fyture?

G
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Mass production: price equals car...

Which one would you choose?
€ 29.999

— Py

i

L

» Speed: 120 km/h » Speed: 500 km/h

» Mileage: 1 op 8,5 km » Mileage: 1 op 8,5 km

e 5 persons * 4 persons

* Only drive » Vertical take-off

e Plenty of space * Flying no traffic jam
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Dutch initiative: PAL-V

Gyrocopter and motorcyle hybrid

By designer of Carver

Proven concept:

5
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Hybrids:

Toyler's Aerocar still serves as an inspiration for the new
generation of roadable designers and dreamers

3
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7.

Hypersonic planes
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Hypersonic plane to reach Australia in
under 5 hours & eco friendly(?)

» ESA funded project: A-2

e Current problem: How to capture NO, output
(Air burns at high temperatures, creating NO,)

e Astrox: in two hours to other side of the world
—
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3.

MAYV: Micro Aerial Vehicle
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Delily & Delily nano

e Check out our MAVlab

%
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9.

Future aircraft: Green Aircraft
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Why Cleanera is necessary.

Toduy: BTmbd » s N IFP 2006 [ver 6.0907)
' PFC ENERGY 2007 [ver T.0317)

ROBELIUE 2007

kL% AT EMERGY 2007 [wer T.0317)

CARLSOM 2007 [logistic amalysis]
CAMPBELL-AZPOJE 2008 [rer 5.0104)

EHELL 2005 [law casze]

——— LAHERRERE 2007 [wer T.05% 4-tk linearizakion analyzis)
EKREEQYW EK] 2007 [ver T.1015]

HUTTER ZCENARIO-2300: 5.8-Th & 0.T5% Decline
EOPPELAAR 200T [ver T.1012]

HUZEEIMI 2007

SIMMONE 2008 [rer S.0204)

=T repdlines 23-Model AYG: 3.8-Th URR & 1.5% Decline
WORET CASE SCENARID: 2-Th URR & 3.TX Decline
e 2y 21 scenarios ver $.0211

14 mare Outlaoks

at our website:
Tier-2, “Hail Mary™ s -
& Archive Zcenarios
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Energy transitions

% of Primary Energy

Traditional

60%

40%

New
Renewables

20%

/ Biofuels
? Nuclear
1

1850 1875 1900 1925 1950 1975 2000 2025 2050

0%
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Growth is our only real problem...

— s Total world population in billions 8.0 to 13 billion people by YEAR 2039/
Iz ;?Ea%u\"-,
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g 2018
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| 1804 37 years
0 118 years
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YouTube - The Most IMPORTANT Yideo You'll Ever See (part 1 of 8) - Mozila Firefox
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| Added:June 16, 2007
! i (mors info)

Subscribe

And probably the most baring. But then again, when | tald that to
my students and had them give me feedback, maost said that if
you followed along with what the presenter {a professaor
emetitus of P...

URL. [hup inl youtube comiwatchzy=F-DAZpBSY |

Embed |<0bjact width="425" height="344"=><param name="mo\‘ o

¥ More From: wonderingmind42

B | How It All Ends: Index <

0928 From: wonderingmind42
| Wiews: 75,261
ns |

I ¥ _|| How It All Ends: Nature of Science (pt 1
- J of 3)
| 0850 From: wonderingmind4 2

LT | views: 5 6e5

[T B _ W11 | How It &ll Ends: Risk Management (pt 1
M of 7)

2 & || 0914 From: wonderingmind42

I .+ | views: 20,535

B How It All Ends: The Manpollo Project (Pt

10f 2)

0925 From: wonderingminda?

Views: 11,016

How It All Ends: Mechanics of GCC {pt 1

of 3)
0935 From: wonderingmindd2 v

¥ Related Videos =

Brezig met het laden van v8.cache. googlevideo.com..

| The Most IMPORTANT Video You'll Ever  +
See inart 2 of 8) m
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&

Em. professor Bartlett, Colorado University, Boulder

068

Topics addressed:

- population growth

- energy consumption
- how it all will end

Eternal & exponential
growth is impossible

Situation is more
urgent than you
will intuitively think
it is.

http://www.youtube.com/watch?v=F-QA2rkpBSY
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Other youtube tip:
Home by Yann Arthus-Bertrand

HOME

g ~un T N -
R R,

4, . .- Ly . '| v I.'.“
[ — B — i 4 (@D =80

Entire movie, made in 2008, on Youtube in HD with Eng subtitles:
http://www.youtube.com/watch?v=jgxENMKaeCU
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The Green Aircraft

Boundary layer

Aero Performance  Flight Control i
@ wM/\N\@(M/\I\/\AM \ Flight Control Law = f““;‘w T

Split Flap

B

Double-Slotted Flap with Fixed Hinge
with Fixed Hinge and Fixed Vane (DC-8)

T
Tedans

High Lift

pra _

Structure

I’ “ i ‘ ‘m ‘;“‘
HWW

Alternative fuels Engines stics Integration
Focus on techngliegies1ab Introduction to Aerospace Engineering 73 |
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With these technologies a step
change is possible

Aero =25%

7 Struct = 10%
J - Engine= 25%
i Procs = 10%

m

total~ 55%

La

Energy Intensity (MIRAPK)
B
E.
o

Lf
ET4X-130 a7 L srm
1
0 :
1955 1560 1865 1570 1975 1580 1985 1890 1565 2000
Yoar
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Ambition: Flying Nuna/Formula Zero
Demonstrator of technolo,czles |
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The future?

Future clean energy
sources:

e Nuclear fusion
e Photovoltaic

* Wind energy....

4
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