Not i fhe bopjlot! *

Consequences of Breguet range equation (Extended material):

Distance travelled = VL/D xln(WSta”j (Equation 2.2, page 20)
g sfc W, 4
—
Assimed congtmrnt
' 1 ft: = = U
Cruise at 31000 ft M_().y/ CA—OS
T=226.7K (from standard atmosphere). = Urwise ot 30004

V = M/yYRT =0.85/1.4x287x226.7 = 256.5 m/s

Specific fuel consumption: S%C: vy = ][mé/ How (w, shall see how 5
sfc = 1.61x10° kg s™ N £ ont ot coleddat This Jibv)

Aircraft lift-to-drag ratio:

L/D =20 (7‘701”1 J%Siﬁu 5/3-6L)
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Approximate weights (actually mass!) for New Large Aircraft (Extended material):

Based on Table | 275
/ O
Empty weight (including fuel reserve, of 10%): w, =298.7 + 27.5 = 326.2 tonne

/[“&/ that is tovsied bt wnot busaes]

Payload (passengers & cargo): w, =58.8 tonne

O-Ax275
Fuel (90% of maximum, i.e. excluding reserve): w, = 250.6 tonne

79'47 ﬁvc | burred wﬂs&f

Combining these yield:

Wetanr = We + Wp + W, = 635.6 tonne 1/440% 0/L i"’[z':“/ te7 x5S
/S 7405/ becrn

(67[. ﬁf%ﬁr A C.M/

Note: no account of fuel used in climb/decent, hence figures are approximate.

JiﬁMﬁch—ﬁr short /‘LjL[Z?

Weg = Wy + W, = 385.0 tonne
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Estimated range for New Large Aircraft (Extended material):

j—z/lcwd:,'cm{ VVlAb_, = 4 th ot Ezncj&f

VL/D W
range = / xln[mj 16300 _ 500 Wéml
g sfc W, e Loy
[ gSZkM/am
range = 909520 ><In635'6 = 16300 km

9.81x1.61x10™  385.0

Converting to nautical miles (1 nautical mile = 1.852 km):
range = 8800 nautical miles (for 250.6 tonne of fuel) > Lo v kau&/w(

Given that the fuel burnt during climb has been ignored, this range is sufficient.

(This is basically Exercise 2.4, but with slightly different weights.)
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Historical variation of the Breguet range parameter,
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VL/D For NLA,
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Fuel usage for flight with “stop-over” (Extended material): 16300 _ gISD
uel tnm bookLﬂL LS

How much fuel would be used for 8150 km flight (i.e. half of the above range)?

Assume— Wy, Wy same D Woaf S0 w1 clouges

sgsfc| _ - 8150%x10°%x9.81x1.61x10°°
VL/D| 256.5%20

WStart — exp

end

}=1.285

Amount of fuel used:

W, =W, - W, = (Wsta“q]wend = (1.285-1) 385.0 = 109.7 tonne

W
%
For two flights each of 8150 km, total fuel used = 219.4 tonne g [.g. Sow<s 3702%,,%2
"~ (4
Single flight of 16300 km, total fuel used = 250.6 tonne =127

start end

end
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Considerations for flights with “stop-over” (Extended material):

(a) Less fuel is used:

Fuel is not used to carry fuel for later part of long flight.

This is less significant when fuel used in climb is included (short flights).

Howwxf/ W, con also be vedieed as st wclewve *’Lucjs 5 sm]Dj:oﬂL ZUJ l«/ejéf
(b) Allows better utilisation of aircraft:

Single aircraft can service more routes.

Have flexibility over which aircraft are used on each route.

re. reduees W&faﬁ idle e

(c) Disadvantages are:

Increased journey time.

Increased landing fees (noise, airport taxes).

Increased take-off and landing cycles (mechanical life).

M‘*M\«j COW‘IDO”lwt ot Linileel 45 = [0 000 vjczu
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Fuel burn per kilometre payload (Extended material): Not Aook Lt

VL/D><In W | VL/DIn W, +W, + W,
g sfc W g sfc W, +W,

end

tv"w[wu (0% 74/«2/ rese s

So: W, + W, +W, exp{s g sfc}
W, +W, VL/D

W, s g sfc
1+ = exp
W, +W VL/D

e p
s g sfc
w, = (W, +we)(exp{v L/D}_1j

Hence, fuel burn per kilometer payload:

w,  1(. w, ( {sgsfc} j
=—|1+ X| exp —1
sw, S W, VL/D

Tlas IS o measinda (71 e e itiemen o/ 27Ms/>or7"
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Consequences of fuel burn per kilometre payload (Extended material):

W, 1 W s g sfc
= —|14+—2 |X| exp —1
sw, S A VL/D

7%6}{. //u/u/ o be oﬁ'mx‘je/.

(a) Minimize empty weight:
Lighter weight airframe and engine (25% of the A380 is composite)
Avoid “half-empty” planes (maximise aircraft load factors)

(b) Minimize sfc:
Best engine thermodynamics at cruise. (Good match of engine to aircraft.)
L’\)Mf JA LLC[;'_MA} wi// MVLSﬁfSat /Z%c facf?)»’s ﬂl'a_t c[eﬁ/mﬂ/\z JZZ(_,
(c) Maximize V L/D (equivalent to M L/D):

Cruise at M=0.85 with C, = 0.5 le. weed t5 o[;ﬁms& trose condition
V\/z'Hq' Z’ch Ww'3 &L&ﬂo/o?v
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Consequences of Breguet equation for emissions (extended material).

mass of pollutant
mass of fuel burned

UNTTS: 30/’ /DD//M{ZLMIT //Lﬁ 07‘ /Lu,e_/

For Carbon Dioxide (the primary greenhouse gas), the Emission Index only depends on

Emission Index, El =

the type of fuel. Assume an “average” chemical formula of CgH1s for jet fuel.

}D{DDL@_M éacJ,cc//
The basic combustion reaction is therefore: heros e

CgHig + 850, —» 8CO, + 9H,O — Asswvts ol
(0 ubustion

8x44

The amount of CO, produced per passenger-km can now be calculated:

%_ AL XEI(CO,) xm C(,&_/,L/ét/ wﬁ# (/wulﬁ./
S N e - sm
’ 'L_p/-\ PAASS wg/tmb[

where mp,ss = mass of 1 passenger with baggage (=100kg).
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For, our aircraft, Wi o 1[1+We}<£exp{s 9 sfc}_q 5= 00 Onu, :/(A?UO/W

Sw, S

~ 14800

1 ( 326.2)[ {14800><103><9.81><1.61><1O_5
exp

149222 1y
256.5% 20

1] =0.255x10° kg/(kg.k
588 } ] X 9/(kg.km)

m
Therefore, Tx - =0.255x10° x 3100 x 100 = 79 g CO, per passenger-km

ke ofkn kg

/b CO
NLA . R
Long Haul Medium Haul Short Haul = |2 C,
: L { | 7 /9* = 3
Air Travel | <— 44<F
I —7Z| -
Non-Fossil Elecyricity High-Speed Trains, Coal-Fired Electricity - Z} 6 3< /ID%SS Lﬂ/v

Passenger Trains M

| New Large Aircraft carbon emission

City Bus | Low-Occupancy, High Comfort compared to other transport
Buses/Trams | (adapted from the IPCC, 1999)
,' \a 4t
Two Oclcupant Small Car Single Occupant Light Truck put- 0/ _ c/a_tf_ /
Cars/Light Trucks ﬁ
I
0 1{} 20 30 M} 50 6l} Fit & 9} 10

g C per passenger-km
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Emissions comparison (Extended material)
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- A 6’7" ofﬁmsltcl ([szwf /OoLj/oour// /OM/.e,/ /43_{?)

Airbus claims 75 g CO0, per passenger-km for the fully-loaded A380, (www.airbus.com)

Results are sensitive to the actual passengers numbers and range flown. Low budget

carriers claim “low emissions” due to high load factors and a modern fleet:

easyJetcom

Carbon calculator

Flying from:

London Luton (LTN) ~|
To...

Madrid (MAD) d

[ Catcuinte |

Home | Contact Us

Home | In the air | On the ground | Carbon offsetting | Carbon calculator | News

f&d

Results
London Luton - Madrid

Typical Comparlson

+ 121 g/krn
104 g/km
95.7 g/Km

C0z emitted per person: 116kg
Offsetting cost per person: £1.51

Why offset?

Carbon dicxide currently accounts
for the majority of greenhouse gas
emissions, contributing to clim ate
change. By buying the highest
quality offsets from projects that
deliver true additional savings you
can make a difference and balance
your carbon impact on the
environment.

'I‘radltlunal T Dv Ota

= Data based on 1 person

T 7%«113 loadeel

MOCLQ//Vl

Ay s

ou/-e/ocj £

t—t most pélol CalS

# /40§//m

More about carbon offsetting

Comparison of C0, emissions from www.easyjet.co.uk

7&
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