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AE 429 - Aircraft Performance and 
Flight Mechanics 

Steady Flight

� Lift/drag ratio is a measure of aerodynamic 
efficiency 
– It indicates the ability to produce lift without generating 

excessive drag

� Character of drag

Aerodynamic efficiency
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Parasite and induced drag
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In level flight, D = thrust required TR
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Aerodynamic efficiency To maintain certain 
speed and altitude, 
enough thrust must be 
generated to overcome 
the drag and to keep the 
airplane going. 

Thrust
Required
Curve 

2
,0D LC KC=

D=TR = f(h,V,W)



3

min

max

R
W

T
L

D

=

Drag = TR

( )0 0

2
2 2 2

22

1 1 4
2 2D D L D

KW
D qSC V S C KC V S C

V S
ρ ρ

ρ

� �
� �� �= = + = +� � � �
� �� �

Since for L=W
( )2

2
L

W
C

V Sρ
=

0

2
2

2

1 2
2 D

SK W
D V SC

SV
ρ

ρ
� �= + 	 

� �

=f(h,V,W)

1
K

e ARπ
=

Important parameters: Thrust to Weight ratio TR/W 
Wing loading W/S, 
Polar drag (CD0 and K)
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� Relationship of CD0 and CDi for L/Dmax

� Differentiating with respect to q∞:

� Solving for CD0

� And observing that

– Thus, at max L/D
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� Drag

– Increasing aircraft
weight by ∆w

– Then

Effect of weight on TR
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Effect of altitude on TR

� Multiplying the drag equation by ρ/ρ

– Does not change TR min

– Minimum drag
occurs at a 
higher V∞

– TR curve opens
up and shifts to
the right
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Thrust Available
� Thrust required is dictated by the airframe

– Shape (airfoil, planform, fuselage, empennage)
– Size (surface area, frontal area, airfoil)
– Configuration (clean, gear down, flaps down)

� Thrust available is dictated by the powerplant (engine type, 
prop)

– Reciprocating engine-propeller combination
– Turbojet
– Turboprop (turgine engine and propeller)
– Turbofan
– Ducted propeller
– Rocket

Thrust Available
� Accelerating a mass of air gives TA

– Propeller operates on a large volume of air and imparts 
a small change in velocity

– A turbojet operates on a smaller mass of air and imparts 
a larger change in velocity
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Thrust Available
� TA and TR curve intersections give Vmax

– This statement is true for only a single altitude, since TA
and TR are both altitude dependent

– TA goes down as altitude increases
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