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1 Thrust Model

A high-bypass turbofan engine, operating at �xed fan and 
ompressor pressure ratios during

the takeo�, will have its thrust de
rease nearly linearly with velo
ity. Here, the thrust's

dependen
e on velo
ity will be assumed to be quadrati
, to allow an analyti
 derivation of

the takeo� velo
ity versus distan
e.
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The F

0

and K

V


onstants are set to give the a
tual thrust and also the a
tual thrust lapse

rate at the V

ref

takeo� referen
e airspeed, as shown in Figure 1. Be
ause of the tangent �t

at V = V

ref

, the exa
t 
hoi
e of V

ref

is not 
riti
al, and a suitable 
hoi
e is V

ref

= V

stall

for

example.
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Figure 1: Thrust dependen
e on velo
ity, and assumed quadrati
 �t.

2 Velo
ity{Distan
e Relation

The general equation for the ground-roll a

eleration or de
eleration is as follows.
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and the quadrati
 thrust model is substituted for F , 
onverting the a

eleration equation

(4) to the following equivalent form.
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This is a simple 1st-order ODE for V

2

, whose solution 
an be immediately obtained,
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where C

=

is an appropriate integration 
onstant.

3 Takeo� Pro�les

Figure 2 shows three di�erent takeo� pro�les 
onsidered here, with the de
aying-exponential

V

2

plotted versus distan
e. Ea
h of the three A,B,C segments is de�ned by (7){(9), but

with di�erent 
onstants. The relatively simple Normal Takeo� will be 
onsidered �rst. The

Engine-out and Aborted Takeo�s will then be 
onsidered, as these typi
ally set the air
raft's

takeo� performan
e requirements.

3.1 Takeo� Length De�nitions

The normal takeo� length `

TO

, shown in Figure 2, is the distan
e needed to a

elerate to the

initial 
limb speed V

2

, whi
h for transport air
raft is spe
i�ed by FAR-25 regulation:
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The balan
ed �eld length `

BF

de�nition results from the situation where the distan
e needed

to 
lear a 35 ft obsta
le with one engine inoperative is equal to the distan
e needed to

de
elerate to a stop after the takeo� run is aborted. The situation is sket
hed in Figure 2,

whi
h also shows the as yet unknown abort-de
ision distan
e `

1

, and 
orresponding abort-

de
ision speed V

1

. For simpli
ity, one V

2

B

(`) fun
tion is assumed for the �nal roll and short


limb in the Engine-out takeo� 
ase. This is reasonable simpli�
ation, sin
e after lifto�

the lost rolling resistan
e is 
omparable to the gained indu
ed drag, so the net thrust does

not 
hange appre
iably. Table 1 gives the 
onstant values for the three velo
ity segments.

Reverse thrust is assumed to be unavailable for the braking segment, as required by FAR-25

regulations. C

D

eng

is the drag of one windmilling engine, C

D

i

vert

is the indu
ed drag of the

verti
al tail balan
ing the engine-out yaw moment, and C

D

spoiler

is the added drag of any

deployed spoilers.
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Figure 2: Engine-out takeo� and aborted takeo� over balan
ed-�eld length.

The known initial and end 
onditions
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onstants are 
al
ulated via their de�nitions (7) and (8),

using the appropriate 
onstants in Table 1 for ea
h of the three A,B,C 
ases. Note that V

2

C

lim

is negative. The balan
ed �eld length `

BF

is still to be determined.
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Table 1: Constants for 
omputing k and V

lim

for ea
h of the three A,B,C takeo� segments.
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3.2 Normal Takeo� Distan
e

The full-power Normal Takeo� distan
e `

TO

is 
ompletely determined by setting V

A

(`

TO

) = V

2

,

and solving for `

TO

.
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The time required for the normal takeo� 
an also be determined by integration.
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The above equations require that V

A

lim

> V

2

, otherwise takeo� 
annot o

ur, and `

TO

and

t

TO

are not de�ned.

3.3 Balan
ed-Field Distan
e

The Balan
ed-Field 
ase has `

BF

and also `

1

as unknowns. The ne
essary two equations for

determining them are the A,B,C segment mat
hing 
onditions at ` = `

1

,
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Equations (21) and (22) are now simultaneously solved for `

1

and `

BF

by Newton iteration.

The initial guesses `

1

= `

BF

= `

TO

are adequate for starting the iteration. As with the

normal-takeo� 
ase, the requirement V

B

lim

> V

2

is ne
essary for a solution to exist.

As a �nal step, the V

1

abort-de
ision speed 
an be 
al
ulated from any of the three segment

velo
ities, e.g.
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