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AE 429 - Aircraft Performance and 
Flight Mechanics 

Power Required and Available

Power

� Power is energy per unit time

� For an airplane in level, unaccelerated flight, power 
required is

– So

– That is,
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� How power required varies with drag

VELOCITY (knots)

P
O

W
E

R
 R

E
Q

U
IR

E
D

, (
ho

rs
ep

ow
er

)

0 600100

1000

200

2000

300

3000

400

4000

5000

500

Minimum Power Required

AIRPLANE DATA
W = 15,000 lbs

b = 40 ft
e = 0.827
Sea Level

f = 10.8 sq. ft.

f = 7.2 sq. ft.

Power

� Let’s analyze minimum power required
– As we observed before for a parabolic drag polar

– In level, unaccelerated flight

0 0

0

2 2

2 2
3 3 3 3

2 4 2

2
3

2 2
;

1 1 1 1 4
2 2 2 2

1 2
2

L

L
R D D

R D

L W
C

V S V S

C W
P V SC V S V SC V S

eAR V S eAR

W
P V SC

V S eAR

ρ ρ

ρ ρ ρ ρ
π ρ π

ρ
ρ π

∞ ∞ ∞ ∞

∞ ∞ ∞ ∞ ∞ ∞ ∞ ∞
∞ ∞

∞ ∞
∞ ∞

= =

= + = +

= +

0

2

0

2

L
R R D

L
R D

Parasite power required Induced power required

C
P T V DV q S C V

eAR

C
P q SVq SC V

eAR

π

π

∞ ∞ ∞ ∞

∞ ∞∞ ∞

� �
= = = +� �

� �

= +

Power



3

� Still looking for the minimum PR point
– Differentiating this last expression for PR and setting this result to 

zero

– Thus, the relationship between CD0 and CDi at minimum power 
required is

0

0

0

0

2
2

2

2
2

2 4 2

2
2

2

3 2
2

3 4
2 3

3
2 3

3
2 3

i

R
D

D

L
D

D
D

dP W
V SC

dV V S eAR

W
V S C

V S eAR

C
V S C

eAR

C
V S C

ρ
ρ π

ρ
ρ π

ρ
π

ρ

∞ ∞
∞ ∞ ∞

∞ ∞
∞ ∞

∞ ∞

∞ ∞

= −

� �
= −� �

� �

� �
= −� �

� �

� �
= −� �� �

� �

0 3
iD

D

C
C =

Power

� In level flight, D = TR
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Altitude effects on PR

� Power required and velocity for level unaccelerated flight
– At sea level

– At altitude

– Dividing each altitude equation by the s.l. one

– On a power required curve, any point associated with a given CL at 
sea level, moves to the right and up as altitude is increased
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Weight effects on PR
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Power available PA

� Propeller efficiency is important for any powerplant
driving a propeller

� η is propeller efficiency
� P is brake horsepower
� PA is available horsepower < P

AP Pη=
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� Power available from a jet engine has quite a 
different shape

� PA = TAV∞

Power available PA
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� Altitude effects on PA are kin to PR
– Propeller aircraft 

Propeller
airplane
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Power available PA

� Similarly for a jet-powered airplane

Jet-powered
airplane


