Subject: Theory of Flight
Weekly Hours : Theoretical : 2 Units : 4
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Tutorial :
Experimental :
Contents
Standard Atmosphere (ISA)
Aerodynamic forces and moments
on aircraft
Lift — Lift coefficient — Lift curves
characteristics
Drag — Drag estimation
Types of drag
Stalling
Subsonic wings and sections
characteristics
Boundary layer control
High-lift and control devices
High speed flow — Mach number
Wave drag
Compressibility corrections
Supersonic wings and sections
characteristics
Transonic aircraft and the Area
Rule
The supercritical airfoils
Introduction to performance
computation
Performance in level flight
The wing loading
Performance curves in terms of
thrust
Performance curves in terms of
power
Climb performance
Descent performance
Gliding performance
Range and Endurance (piston a/c)
Range and Endurance (jet a/c)
Take-off
Landing
Acceleration in climb
Turning performance
Design performance
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The Atmosphere

¥ Exosphere-rarificd

>
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j gradient
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Stratosphere
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X

50-70 tmiles

Tropopause {36,089 ft)

Troposphere
Negative temperature
gradient

Sca—levei (s.1)

5-10 miles

Figure 1.1 The Four Regions of the Atmosphere

According 10 the standard atmosphere (he standard sea-level properties of the atmosphere are
as follows: '

gy = 32.17 ft/sec? = 9.806 m/sec? (1.6a)
py = 2992 in Hg = 2,116.2 Ibs/ft® = 1.013x10® N/m* {1.6b)
Ty, = S9%F = 5187 = 15%C = 2882°K {1.6¢)
0, = 0.002377 slug/fi® = 1.225 Kg/m? {1.6d)

For subsonic airplanes oniy the tropospherc and the stratosphere are important,
L2.L TEMPERATURE VARIATION WITH ALTITUDE
In the standard atmosphere il is assumed that below an altitude of 36,089 ft, thore is a constant

drop of temperature of 0.00356616 deg. F per foot of altitude. This is re(erred to as the lapse rate
of the atmosphere. Therefore, the temperature 4l any given altitude, b, can be writien as:

T =T, + ath — h) (1.7)
where:
a = the lapse rate of the atmosphere = - 0.00356616 UF/ft

T, is the reference tempernture at altitude by

h, is the reference altitude

Atsca-lcvel h; = O and T, = Ty . Above an altitude of 36,089 fi in the stratosphere, the
standard temperature is constant and roughly equal 10 -69.7 deg. F.
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P

16.333: Lecture #1

Equilibrium States
Aircraft performance

Introduction to basic terms
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Aircraft Performance

e Accelerated horizontal flight - balance of forces

— Engine thrust T
— Lift L (J_ to V)

............
Y

— Drag D (|| to V) e I Za
— Weight W ot
dVv
T-D= Mo = 0 for steady flight
and
L-W=0

o Define L = 5pV2SC, where

— p — air density (standard tables) [
— S5 — gross wing area = & X b, c cdge

— ¢ = mean chord

— b = wing span

— AR — wing aspect ratio = b/¢

~ @ = 3pV? dynamic pressure

— V = speed relative to the air




s
Fall 2004 16.333 1-2

— Cp, lift coefficient — for low Mach number, C; = Cy_(a — o)

<& a angle of incidence of wind to the wing
<& g is the angle associated with zero lift

e Back to the performance:

1
L= 5,OV%S*CL and L = mg

Vo Cy?

and we can relate the effect of speed to wing lift

o A key number is stall speed, which is the lowest speed that an aircraft
can fly steadily
2mg

PSCLiey

where typically get Cp_ . at qupax = 10°

V, =
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Steady Gliding Flight

e Aircraft at a steady glide angle of y

Vv’ ('4;‘,\ 5 /G

Bis

2% /l\ ‘s s /. ~
e Assume forces are in equilibrium
L —mgcosy = 0 (1)
D +mgsiny = 0 2
Gives that
tan vy = D_%
TTITTC

= Minimum gliding angle obtained when Cp/Cf is a minimum

— High L/D gives a low gliding angle

o Note: typically
2
Ci
7w ARe

Cp=Cp_._+
where
— Cp,,. is the zero lift (friction/parasitic) drag
— C% gives the lift induced drag
— ¢ is Oswald's efficiency factor = 0.7 — 0.85
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Steady Climb

e Equations:
T—D—-Wsny = 0 (5)
L—-Wecosy = 0 (6)
= which gives
L
T'—D———cosy=0
sin
so that
; T-~D
ny=———
an -y 7

e Consistent with 1-3 if 7" = 0 since then  as defined above is negative

e Note that for small 7, tan~y ~ v ~ sin~y
(T'— D)V
L

so that the rate of climb is approximately equal to the excess power
available (above that needed to maintain level flight)

R/C=VsnyxVy=




Fall 2004 16.333 1-6
Steady Turn

Centrifugal <—Xf ) --------------------- >

force R
Radius of turn

1
w
e Equations:
Lsing = centrifugal force (7)
mV?

= 8
T )
Leosgp = W =mg (9)

o Note: obtain R, at OLma.x

1 W2
Rmin(—pVQSCLmax) sin ¢ =
2 g
w/s
= Rmin - 5
1/2pgCr .. SN Prax

where W/S is the wing loading and ¢ < 30°




