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Airframe-Engine Installation (page 6):

How many engines and where to put them?

MD-11 aircraft with 3 engmes t‘d
I/V\.ouwt
Ol U//SMMJ[//f Wil LV, fr Mﬁ‘”" o 7 wiﬂfw
Wing-mounted engines are easier to support and service

L,bwynx, wa@w v 3725;%%

Boeing-777 twin-engine aircraft

v"
VVLVB} }70'7'4 Bt

Fewer engines are heavier (oversized to allow for failure of one engine). However, their

cost (maintenance and purchase) and overall drag tend to be lower

IB-ATE-nts08[2]_2204
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For a 600-seat, long-range aircraft 4-engines are required:

(\/e,.n/) Ll/tabb ’f’o_‘[?v/ %MQL)

UsA380 Greener Clnn» BRI

Apart from anything else, 2-engines wouldn’t fit under the wing!

(lawme 9 2L a[wlodx’»‘o i [ates lehiire
6 | c “. [6\)P’L9s fo:ﬁy/
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The ICAO Standard Atmosphere (page 9):
[Faf)( R ﬂ»&n«ql/m/c/j })af& Bao/é)
For the standard atmosphere, conditions at sea level are defined to be:
T, =288.15K py = 101.325 kPa pg = 1.225 kg/m3
At olbitnde: T st S prhnowas = Nepd D zqnalions |
10 1 - NOT CoNSANT/

The atmosphere MUST satisfy the hydrostatic pressure gradient: dp/dh = -pg , P :f RT

- 7
5 _ | A f/zmaﬁ'ams
etween sea level and an altitude of 11 km:
T-288.15-0.0065h K — t.¢. T dvops 65 K/kns
altitude h is expressed in m.
For altitudes between 11 km and 20 km:  (#_, T;_’p/’)O/j&uAS-e)

T=216.65K (approx.—56.5 °C)

(see Figure 1.1 in booklet, page 10)
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The “Isentropic” Atmosphere (exercise 1.4, page 11):
A bf% ‘7/[7\‘ Cl’ﬁj }

Has the same sea level conditions, and still MUST satisfy the hydrostatic pressure

gradient:
£ o Wi, on ) £q walivn Z

However, rather than explicitly specifying the temperature variation, one can assume

an isentropic relationship between pressure and density (and also temperature):

"L —_—
[ P o< pY . ;f r — K-P,/ ]4/
,o,ol/m’t{m e b O g
Solving the equations yields (exercise 1.4b): j_ (71'7/? j f—zmﬁonl

INTEGRATE owd APPLY

¥/(v-1) ERuATIon Z
— p_h =|1- Vqu_h and L =|1- ngih
psl RTS| Tsl ! RTSI
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ICAQO Standard Atmosphere and “Isentropic” Atmosphere (pages 9 & 11, Ex. 1.4):

The ICAO Standard Atmosphere

Isentropic atmosphere cools more

rapidly than standard atmosphere.

Pressure and density are similar for

both atmospheres.

/w ot// c[&si n LXercides

,\"\\ Z%C_e [SA & aSSumred .
0.2 Irey\!-n/h‘c a(‘uwx/ul_{ft /:/Pb';q,dl—' >\\\\\ t[ t
o AT s (som mes correclipns o/
+ P/Ps( | o L’«cc] ' ovft{( wlor /OwtioVLS)
. < P/lpse | FF Zé /D

2 4 6 8 10 12 14 - 16
Altitude km '
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Stability of the ICAO Standard Atmosphere (pagei2):
|’J’ Orr 15 d{SF[%LcI W)’Wwds, will it contine 45 res2 , 0V will it siak 6“c/<?

Pressure decreases
with increasing
altitude

Isentropic change:
lower temperature
= higher density

ot ST rDumbn g

Air packet rises

FW more. ¢ at/ﬂ'c} b

Air packet sinks

same:
temperature
and density

Air packet
returns to
original altitude

. STARBLE-

A4S Js//oun

The ICAO Standard Atmosphere is, therefore, stable.
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17
Steady level flight (page 15):

Lift is the force, mainly from the wings, perpendicular to the direction of flight.
Drag is the backward force opposing the direction of travel.

A Li/li'
Y
— =5
- > >
DMS F (NLT Tbmﬂy
v W,e,::)bl‘f'
E‘LW {16 rim):
Llft=We|ght L=W 3 FN/W= i ~ 005
Net Thrust = Drag Fy=D L/D

f»/DxZC)
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Steady climb at an angle 6 (page 22):

L=Wcos6 —
Fy=D+Wsing — &

At top-of-climb, <M3W£ 7)

(;L@,s{ A oM
0 =0.33° 9/9
/ —> S @ = 0:006%
Yw (os@ =1  L=W
P oue

So the ability to climb depends on the difference between net thrust and drag.

(Ws&mﬁ = F/V «-D)

f/om@/ FN/WzL+sin6 [[70 rmove (Erust af
L/D ‘fo/?—a]‘F ¢ [inab [ﬁM S,

IB-ATE-nts08[2]_2204
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Non-dimensional variables are used if possible (page 15):

}:af W&faff W&CLJ/\M\JL cs,
L

Lift coefficient ~ C = - 5 where:
2PAV V is the flight speed (m/s)
Drag coefficient Cp = D A s the wing area (m?)

3PAV®
V _ Fw Sperd
T g g /%ssm’ww{ %/J,QLJ

p s the local air density (kg/m3)
a=./YRT is the speed of sound based

Mach number M
on the local temperature

[1/1 DkC)cLL’t.'OM/
Lift / drag ratio = L/D = G /Cp represents the amount lifted in steady level flight for a

given engine thrust. It is a measure of how good is the aeroplane or wing.

r N&n"' dw/l MS[Ovzﬂ-/

Later we will see that VL/D (or ML/D) indicates how far one can transport a given

weight for a given thrust. Want to maximise this at cruise condition.
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