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Fuel Energy Capacity
Hydrogen (H2) 33.5 kw.hr/kg
Kerosene (C12H26) 14.3 kw.hr/kg
Propane (C3HS8) 13.9 kw.hr/kg
Li-ion (2010: Tesla car) 0.12 kW.hr/kg
Li-ion (2015) 0.20 kW.hr/kg
Nano-wire (advanced) 0.75 kW.hr/kg

Y Jgo

S5 > Sl Sy e Gllings 5 Glasige GVl (A I
@b ange; Sl (Sogll 5l pad )le G & (Sej JB 5 Jor Cnio
Sl aulgs cpl Caos 4y &5 1> o (0 55 G 4S oy 0 B85 4
]

&= YU (65,0 0,58 CoblB by sl b 4 g yiws 3l ansy | o U
S dmy JB 5 Joo Canio S > sl (S de (nl 9 095 S 1
S9— 52 S Slemnsl Gt WS> 6 Wges g (S (S Sl
OMCas 5392 S0 Cudgime podle abzay Sl pj p ogdle 45
5 Je Coo (8 (Sl (5 o) LS o et oo 4 5 ) 65500
J5 4 ot ke o (S gw Lok 5 ol &S > Gl Sllge 4 S
sloaisai (3iST ool (o jlads 4 o (355,900 €5 ledsbos (al S oo
90 2 Al Sl oot izl (g Jobo (slag 095 5l (oo
oS @8l oz Vb b b b sl il g Figynee (S s sldshe
45 g5 an 55 crl adg Wl wsles 57 Jo 1) ()1 0038 5 (6551 Jlas
sl Gz 0258 )5 oo ol 4Bl Sy b (g pdS e
ol ($5909S5
5(0—?.);31—153)")djﬁ'@ﬁM%Jbﬁ’ﬁ‘g“ﬁ’d‘W
Py d Jiiy Jo> blug Oloie & 1) (B9 Joho 5 (S0 S slag 055
b oS5 5 )0 Lo Sogll g ol llS lajls” J S Sl j2 50 oS (8ym0
el 395 S5 S 993 kil I 5 A e oS g Hoslu lew

501 4ol g Glyie 4 (g oBged 0395008 (SS9 Jol p3 4]
Jelws Gl 551 Jol S5 plgie @ e (g, 4l ol onis ks
Joo @ (59,008 (Sl 00 S b Lenlen g 9,095 b 5l (egite
el esbin Loglsn 5o Jom (sl YU ()59 42 00l ST (658 o il
5 Ll 9 Osmaed Slm 039 4 655 Camd (oo lanalio asldl o
ol odel L sl g

o S wile (S aladlee loaS i iy Sl wizr lalie s 4
g i bl 3l o ) (S Sl slaloglse 995 (5 oan] asly o
$9l98 395 Lo 3 (e S Slegaze s aljg; o § S
Sl slaygige sl an (So A SL (6550 5 ooliinl S & 55
4 0dd 03S (g5l S 5392 0y Jodo 4y plgp Caio o .8 walgs
59790 g sledsho 05T iy g ws Ko L b 3
ool dalsl jo aS ol oads aiBlu 5 5 5L g9 5 pbbdiges Wiz e .l
]

Sl p Pl slonlsr (5 0o sledus b ol (slp ool oo 5
Cllsd 4y g9, b oy cnl 6 oyl sl il s3STen 51 55 ol Lo
lon 6 a4l S sl al cole 9,0 a5 Gl o il
Omed dm dol oo aslol o a S b oyl 5SogS el ye sladiges
00,5 o ail)) lizens jglate

mohsen.bahrami.2006@gmail.com Ladlsa _waige 4, owliis )5 alafio ,o ciy i Saio oSils (5 aisgel iils)



PN sl sl e sLIse
(eSS e labad ) VL pliebl cclls ()
i e (Y
Ele sloo o) oS slao (¥
Sodl o (&
Ol IS g peeni anze (0
Jos W T SR VPP KVS S

b b 35 Y

S slonlgd diged S (gl o

& wlazin
Yo KW power o3¥ ol
Yoo mph e yu
Yoo adds Slgyn ol
Yo KWH o359 (51

1650 ol o pmBd gl p3Y 5L 039

Yeor kg Lead Acid Batteries
10+ kg NiMHBatteries

#eo kg LilonBatteries

\0- kg Fuel Cell system (+ ¥ kg HY)
o kg Gasoline Equivalent

Lithium-polymer
Lithium — inorganic solid electrolyte.
(Early stage of development),~

—
=)
~
~~
e
2
~
=P8 F z
5 SOA
[ Li-ion
G o2 (qui >
© Electrolyte) (it
!"5 Liquid
o o1 Ni—H 10-15.000 cycles Electrolyte
2
Q. (In Development)
] 50,000 cycles
O 1 1 L L J
0 100 200 300 400 500
Energy Density (kWW*h/m3)

Vs

P 3gmigyd 9 (S9SN b ygig0 (339 4 (3lgF S Ao
lagoes 10 0,8 e any 31 as YU oy b So xSl sl 350
A Ol S 5 jgmdn;o sl gige o &y wilonds (55l atpge (S0l

S (o0 ) Jaoz j0 45 W0 ye5 5 6L 5

Internal Combustion Engine

— Continental 10-550 (300 HP) 0.984 kW/kg Power =224 kW Weight =227 kg

—Rotax 9128 (100HP) 1.10 kW/kg Power = 74.6 kW Weight = 68 kg

Electric Motors (efficiency=97%) 3.4 kW/kg

— Tesla Automobile (244 HP) 3.49 kW/kg Power = 182 kW Weight = 52.2 kg

— Honda FCX (134 HP) 2.96 kW/kg Power =100 kW Weight = 33.8 kg
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2)Lafayette E-Plane

seat :2
Wing Span: 8.64 m

Wing Area : 7.8 sq.m / 84 sq.ft

Maximum Weight : 480 kg / 1050 Ib

Power : 53 kW /71 hp

Power-to-Weight : 50 W/lb

battery :270V Nickel Metal-Hydride (NiMH) battery with
approximately 18 Ah capacity

built by : built by James Dunn and Advanced Technology Products
(ATP). Starting with French DynAero Lafayette III from American
Ghiles Aviation (AGA)

propeller : 68 inch, in-flight electrically-adjustable variable pitch three-
bladed

motor : EV218 brushless motor from UQM Technologies Corp

oud Al (SO Sl galow g Olxusgs

1) Boeing Fuel cell Demonstartor

Liquid hydrogen has about four times the volume for the same amount
of energy of kerosene based jet-fuel. Hydrogen is about one-third of the
weight of kerosene jet-fuel for the same amount of energy. In 2008,
The Boeing Fuel Cell Demonstrator achieved straight-level flight on a
manned mission powered by a hydrogen fuel cell.Boeing Theator
airplane only required 45 kW to take off, and 20 kW to stay airborne.

BOEING'S LOW-EMISSION ELECTRIC PLANE

Haeing plans to test its first fuek-coll powered electric airglane by late Plane specifications
2004 of early 2005, The plane will be a modified version of Diamead For the HE36 Super Dimana
Aircraft's Supsr Dimenz. Yy Electric motor | ENGINE 115 by 4 cylinder
Baeing hopes fusl cells =, MAXIMUM SPEED 157 mgh
might eventually be used S
an commercial jetliners. RSN S Py T § gl
LENGTH pLES
HEIGHT 6t
controller WING SPAN 544t
Battery pack— EMPTY WEIGHT 1221 bbs.
- SEATS H

| -
DC controller

Gaseous

hydrogen storage

A fuel cell, barteries and electric motor will replace the standard piston

engine on the Super Dimona. The madified plane will be flown by one
pilot, with the cockpit space for the co-pilot taken up by the fuel czil J

Source: Boelng, Diamand Alrcrait industry




Electric Aviation

5) SkySpark (Italian)

System Composition Power/Capacity

Motor : (65kWe)

Electronics (Inverter + DC/DC) (75kWe)

Aux Lithium Battery (7,5kWhe)

Hydrogen fuel cell (60kWe)

Hi Performance PEM Fuel Cells

*60kW Total Power

*More than 1kW/kg Power Density

*Special Pneumatic circuit for Altitude Compensation
*Avionics Integrated Cooling System

record : during 8 min reaching a top speed of 250 km/h, a record for a
100% electrically powered aircraft (June 12th, 2009)

The SkySpark project is a joint enterprise between engineering
company DigiSky and Turin Polytechnic University

skers M2Cel

oel
Electronics

L ilze

Pnn

Electrical
Motor

4

H, Reservoir
Aux Batteries Compressor

6) Sonex :

This motor is the most powerful, lightest-weight, and efficient unit of
this type ever produced. It is a 3 phase, 270 volt, 200 amp motor that
will be over 90 percent efficient. It uses elegantly designed CNC
machined anodized aluminum and nickel-plated steel parts in
combination with “off the shelf” bearings, races, snap rings, magnets,
etc.

The prototype AeroConversions motor is slightly larger than a 35
ounce coffee can and weighs approximately 50 pounds. The motor is a
modular, scalable unit. The motor core’s design has modular sections

3) Silent-AE1

Wing Span : 12 m/39.4 ft

Wing Area: 10.3 sqm/ 111 sq.ft

Maximum Weight : 300 kg / 660 Ib

Power :13kW/17.4 hp

Power-to-Weight : 20 W/Ib

Maximum Climb :400 ft/min

Minimum Sink : 154 ft/min

battery : Nickel-Cadmium (NiCd) battery consisting of 12 parallel
packs of 60 cells each (for a total of 720 cells), producing 72V with a
capacity of approximately 20 Ah

motor :The maximum motor power input is 16 kW at 72 V, giving a
current of 220 A, or 18 A per 60-cell pack

4)Yuneec E430 (china)

the noise levels inside were low. Takeoff speed was 65 km/h (40 mph)
and flight speed was 90 kmv/h (56 mph)

Yuneec International are proud to introduce the E430 the world’s first
commercially produced ‘Electric Aircraft’.

E430 Specifications:

Wing Span: 13.8 m (45.2 ft)

Fuselage Length: 6.68 m (21.9 ft)

Empty Weight: 178 kg (392 lbs) (No Battery)

Maximum Takeoff Weight: 430 kg (946 lbs)

Motor Output: 40 kw (54 hp) @ 2,450rpm

Battery Type: Lithium Polymer

Battery Weight (6 Packs): 72 kg (158.5 lbs)

first flight : July 27, 2009

The E430 is a twin seat, single engine, LSA class aircraft designed to
be simple to use, easy to fly and with virtually zero vibration, it's very
smooth.

Low noise, no emissions, no fuel, extremely low maintenance and best
ofall..... it’s environmentally friendly.

Test flew it for 20 minutes, then packed it up and sent it to Camarillo,
Calif., where it flew for 22 hours and got an Experimental certificate
from the FAA.

The projected price for the production LSA version of the aircraft is
$89,000, he said.



8) ALATUS

Saturday 10th and Sunday 11th of January 2009 took place first flights
of electrical motorglider Alatus-ME from Sisteron-Vaumeilh airfield
(Alpes de Haute Provence — France).

This single-seater ultralight motorglider is manufactured by the
Ukrainian company Aerola and distributed in France by Randkar
(Frossay — Loire Atlantique). The electrical motorization E-Motors is
developed by Electravia, and is already implemented on the plane
"Electra" and on the delta trikes "ElectroTrike". The motor delivers 26
hp and is powered by a Lithium-Polymer battery.

Michel Sérane, Electravia's test pilot, has checked all flight
configurations of the motorglider. Altitude gain is 2.100 m. Alatus
flight endurance in calm weather is 1h07. This duration is the longest
logged one on aircraft equipped with batteries at present.

The Alatus-M offers advantages of different aircraft: comfort and
performances of glider, compactness of hangglider and ease of use of
an ultralight. Electrical motor is reliable, clean, silent, economic and
easy to maintain. Alatus with electrical motor becomes a 100%
ecological motorglider for nature lover and environment-friendly's
pilots.

Alatus-ME is also the cheapest motorglider on the market. It will be
available end of spring, 2009, after complete validation of its test
program.

9) Electra F-WMDJ

Aircraft "ELECTRA" registreted F-WMDJ :

motor : 25 hp(18 kW) modified golf cart motor made by LCM, a
British firm "brush" Industrial 18 kW Anne Lavrand 9
battery : weight 47kg 1051b lithium-polymer

company : APAME

the aircraft ELECTRA conducted on December 23, 2007 flights for 48
minutes, travelling about 50 km from the local airport on Aspres
Buéch..

- One-seater

- Homebuilt construction, in wood and fabrics

- Wingspan:9m

- Length:7m

- Weight of the aircraft without batteries: 134 kg

- Maximal weight for take off : 265 kg

- Cruise speed : 90 km/h

Electrical engine :

- Disk brush electrical motor of 18 kW electric engine developed and
manufactured by LMC Ltd England

- Lithium - Polymer Batteries (total weight of batteries : 47 kg - quick
charge : 45 minutes) manufactured by KOKAM

that can be reduced to a lower-output, smaller motor (shortened in
length), or added upon to make a larger motor with a higher power
output.

The aviation he is talking about is recreational: “I’m not looking
beyond two seats.” His airplane will cost $50 an hour to operate; $30 of
that is a reserve for replacing the battery pack after 500 to 1,000
charging cycles.

Sonex
seat:1

battery :200 1b lithium-polymer

price: $26,000.00

motor: 72-hp brushless DC unit with samarium-cobalt rare-earth
Pete Buck 270-volt

magnets

Power Source

7) Matsushita — Panasonic

1 seat

160 Panasonic Oxyride AA batteries composed of oxy nickel
hydroxide

just under 400 meters on 16 July 2006 in Japan




- Special ground-adjustable propeller ARPLAST
- Power management unit by ACV Aero Service
- Implementation of this electrical motorization by ACV Aero Service

10) ElectraFlyer C

American eletadlo flies silently and without vibration.

Charges normal U.S. 110V outlet on. Full charge is 0.7 dollars.
Price aircraft is 18 $ 385

3 sizes LiOnPolymer batteries

2400 propeller revolutions per minute

Electric motor can rekuperovat!

Batteries are placed in a stainless karamickém box.

Full charge takes 6 hours.

Electroflyer Trike

Electraflyer - C
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1 ) http://web.mit.edu/aeroastro/people/waitz/publications.html
2) http://www.stefanv.com/restuff/qf200404.html
3) http://www.airventure.org/news/2009/090617_yuneec.html

4) http://www.avweb.com/news/airventure/EAAAirVenture20
09_YuneecElectricLSAHopefulDebuts 200833-1.html

5) http://yuneeccouk.site.securepod.com/Aircraft.html

6) http://www.airspacemag.com/flight-today/The-Electric-
Airplane.html?c=y&page=1

7) http://www.treehugger.com/files/2008/01/first_conventio.ph
b

8) http://www.evworld.com/article.cfm?storyid=1265
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