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What determines the required wing area and the best cruising condition?

We shall show:

(a) Take-off conditions determine the (reference) wing area.

TAKE - OFF (This is the_most demanding mechanical condition for the engine.)
- ~igpest T pecitrives

(b) Maximum range determines cruising speed and altitude. . famjzi Min. ]Luuj busin

CRWISE (This is the most demanding thermodynamic condition for the engine.)
nON- C{wws:ona@ - w‘ﬁhd &/f"aw@
(c) Top-of-climb determines (maX|mum) engine thrust. — one sets The —W\ij si’ze.
TOf-0F- CUMB (This is the most demanding aerodynamic condition for the engine.)

—-/owawc{,u@
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Decision “points” (speeds) for take-off:

onale © uu‘hla,ck
/ o .ea,szid
35t = BRAKES
1 M~ Rl s

V3 V2 VR AN ~ 2 ki
Climb Take- Rotation Decision for AZZO

oft speed

o CiO,M/s (‘[’ulw“oﬁ[ ov a(;o"f?)

Critical points during take-off are set by speeds that are easily monitored by the pilot.
Runway length and tyre temperature limit take-off speed to 90 m/s (approx. 200 mph)

We shall see that take-off conditions essentially determine the wing area.
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Typical lift-incidence curve for large subsonic civil transport at low-speed (page 16):
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Lift coefficient:
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At sea level:
Angle of p = 1.225 kg/m3

Lift

Av4

(<) O
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ANGLE OF ATTACK ()

(imecdence)

At take-off:
V =90 m/s

At take-off, need a safety margin to avoid stalling the wings so choose: G, = 1.6
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Hence take-off condition determines required wing area A (page 16):

L

C, =
- pAV?

Require that: Lift =~ Weight = 9.81 x 635.6 x 105 N

A— L T 734—0\41

: . - l
Take-off at sea level (Exercise 2.1): ~ P C.V°© . ij [“*j"/
C_=1.6, p=1.225kg/m3 and V =90 m/s

Hence, wing area: A =784 m?

(This is the “reference” value for the wing area — true area is affected by slats & flaps.)

Nste ot i het am//;f LMT)L[ a/(/[wf?’s_/ﬁi = horele s 7% f&b'/}l
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How do we choose the cruising conditions for the aircraft? (page 17):

C 19 J T | : I T
“t L L MAX I MA
First idea would be to choose the Cp 18- i

cruise conditions to maximise the

0.70
Flight Mach No.

Lift/Drag ratio. N
€, = 0S5 M= 066

-
(e)]
T

(2.

\/
This would yield the least drag N¥RT
BOEING 747 - 400
DERIVED FROM CRUISE DATA

AT 35000 ft

14

T

associated with providing the

necessary lift. 13+

12 1 1 1 1 I
0.2 03 0.4 0.5 0.6 0.7 0.8

Lift Coefficient

This would give us the smallest engine thrust required to power the aeroplane, but not

necessarily the greatest range for the aircraft.
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Engine (thrust) specific fuel consumption (sfc) (page 20):

sfc is a key quantity in determining the “quality” of an aeroengine.
_ mass flow rate of fuel — whet wou pen o

engine net thrust — ] e Wo/mff neds

sfc

57[(, is NOT non~ dimensional

Correct units Kg/s
N

Normal units klg(g/s or W where 1 kg of force = 9.81 N
of o

kg/s Ib/s
or
kg lo,

The value of sfc is numerically equal in

The system based on pounds (lb) is the usual industry standard.
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How to maximise the range of the aircraft (page 20):

As fuel is burnt to provide thrust the aircraft becomes lighter and so less lift is required.

Thus less drag is produced so less thrust is required so fuel is burnt more slowly.

_ mass flow rate of fuel — m,

sfc = :
engine net thrust F
it of chanae _ AW . lift g sfc
—— = —gm = —gsfc F, = —gsfcxdrag = —gsfcx—— = —=——xw

of w"fmﬁ wuﬁhf gt -~ 9T ISR =Y 3= L/D LD "

dw _ —gSfodt _ _gsfcxds

w L/D LD V

I“tzﬂfmg’ sfc
Inwl = - 95 o]

start — V L/D

IB-ATE-nts08[2]_2204



32

Obtain the Breguet Range Equation: Wb 4 = 640 tones

a4

—A Wewd = 560 fonnes

Distance travelled = VLD xln[hj (Equation 2.2, page 20)
(S) { g sfc ) Woeng
D’\SSD\M,LCJ
COVL‘STFM‘{:-

Hence to maximise the distance travelled (range) the quantity V L/D is important.
During cruise the ambient temperature varies little so the speed of sound is (almost)
constant. Hence the maximum range is obtained by considering:

e Whet s Th Higlt
M L/D = Mach x Lift / Drag conditipw, Mat M,,(AU
- (#'5) mnecr!
D el mann |
Mach number: M = V/(speed of sound) = V/\/YRT
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Maximum range determines the cruising condition (page 19):

PAX 1A
,M—L 15.0 ,
P Flight , o
1451 Mach No. T For cruise maximise:
ML
D ys0F i M L/D
135} i
13.0F B
Hence, at cruise:
125+ 0.70 -
C, =0.5
120+ i L /ZO ML
. /‘ —
sk BOEING 747-400 ] and: D naoy
' DERIVED FROM CRUISE DATA
o AT 35000 ft. . 1 Mach = 0.85
0.2 03 0.4 05 06 07 ¢ 08
Lift Coefficient C
(.

ML ~
For a Boeing 747-400 this would give: L/D =17.5 New Large Aircraft: LD =20 = & [7
AE,{D Mj(:nﬁ ﬁ(‘,LL 10 /033 IB-ATE-nts08[2]_2204
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Lift coefficient at cruise determines why all large civil aircraft fly so high (page 15):

M=0-85, (=05 for (%)

C, =- L Require that: Lift = Weight = 9.81 x 635.6 x 103 N
2PAV
\/ = \/\/uo\ Wt
Cruise at sea level: B J) A, C,
C_=0.5 p=1.225kg/m3 and A =784 m?
Hence: V=161 m/s (Mach=0.47) - 700

Stow

Cruise at 31000 ft: ( See Exsreise 2.2)

C_=0.5, p=0.442kg/m3 and A =784 m?

Hence: V =268 m/s (Mach ~ 0.89) ~ A5V
RIGH]T

= sl ot SIDOOZLf
Wity was V,Dw u oed /w/
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So how much thrust must the engines provide? (page 22):

ToP- OF - CLUMB

Most demanding aerodynamic
condition for the engine is at top-of-

climb where:

Fy/W= 1 +sing
L/D,

— 0.005%
005 D W

/[/waf ot 15 p'of ~cliub C[/—&/M/ms &m«ﬁfm,o., ST (5& P9 2/)
Assuming that cruise starts at 31000 ft, M=0.85 (Exercise 2.3).
= /)z;p 'O]L’CL‘JM{) is olio o 3 Ooo #t, M=0-§I
Once the fuel burn during climb has been estimated, the aircraft weight at the start of
cruise is known and so the engine thrust_/\can be determined.
at be”oiL - climb
As more fuel is burnt, the aircraft climbs higher to maintain optimal value of C; = 0.5
C, = L See exarciie TS
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