Elements of Aeronautics Basic Principles of Flight

Module — 2

BASIC PRINCIPLES OF FLIGHT

Syllabus:

Basic principles of flight — significance of speed of sound; airspeed and groundspeed,;
standard atmosphere; Bernoulli’s theorem and its application for generation of lift and
measurement of airspeed; forces over wing section, aerofoil nomenclature, pressure
distribution over a wing section.Lift and drag components — generation of lift and drag;
lift curve, drag curve, types of drag, factors affecting lift and drag; centre ofpressure and
its significance; aerodynamic centre, aspect ratio, Mach number and supersonic flight

effects; simple problems on lift and drag.

1. Write in detail about the aerofoil nomenclature with sketch.
Or
With a neat sketch define nomenclature of asymmetric aerofoil

Airfoil nomenclature
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2. Explain about: Aerodynamic Centre and Centre of Pressure.

Centre of Pressure and its significance
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3. Explain how a pressure distribution over a wing section
occurs.

Pressure distribution over wing section
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4. Discuss: Aspect Ratio, Mach Number and Supersonic Flight
Effects.

Aspect ratio
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Object Speed

Speed of Sound = Mach Number

ratio =

m' Hypersonic

Mach »5.0
Supersonic
Mach > 1.0

Transonic
Mach = 1.0

Subsonic
Mach « 1.0

Supersonic flight effects
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5. Define with equation speed of sound. Explain its significance

in determining airspeed and ground speed.

Speed of Sound

The speed of sound is the distance travelled per unit time by a sound wave as it

propagates through an elastic medium.

The speed of sound in an ideal gas depends only on its temperature and composition.
The speed has a weak dependence on frequency and pressure in ordinary air, deviating
slightly from ideal behavior.
Speed of Sound Equation, a = VyRT
Significance of Speed of Sound to Determine Ground Speed and Airspeed

Aerodynamic forces are generated by an object moving through a fluid (liquid or
gas). A fixed object in a static fluid does not generate aerodynamic forces. To generate lift,
an object must move through the air, or air must move past the object. Aerodynamic lift
depends on the square of the velocity between the object and the air. Now things get
confusing because not only can the object be moved through the air, but the air itself can

move.

To properly define the relative velocity, it is necessary to pick a fixed reference
point and measure velocities relative to the fixed point. The reference point is fixed to the
ground, but it could just as easily be fixed to the aircraft itself. It is important to understand

the relationships of wind speed to ground speed and airspeed.

Wind Speed: For a reference point picked on the ground, the air moves relative to

the reference point at the wind speed.

Ground Speed: For a reference point picked on the ground, the aircraft moves

relative to the reference point at the ground speed.

Airspeed: The important quantity in the generation of lift is the relative velocity
between the object and the air, which is called the airspeed. Airspeed cannot be directly
measured from a ground position, but must be computed from the ground speed and the
wind speed.

Mach number, however, is measured with respect to the velocity of the object

through the air, or its airspeed.
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The relationship between ground speed, airspeed, and wind speed can be written in

the following form:

V) V)

ground = airzpeed +

V

seincd

If the wind moves in the same direction as the aircraft, the term Vwina Will have a
positive sign. If the wind blows in the opposite direction as the plane's motion, Vwind Will

be a negative number.
The airspeed can be sub divided again into four different levels:

e Indicated airspeed: Speed of aircraft as shown on pilot as indicated airspeed.

e Calibrated airspeed: It is the indicated airspeed of an aircraft corrected for both
position and instrument error.

e Equivalent airspeed: It is calibrated airspeed of aircraft correct for adiabatic
compressible flow for particular altitudes.

e True airspeed: Speed of an aircraft relative to undisturbed air is called true

airspeed. It is equivalent airspeed by square root of density ratio.

Ground Speed = +600 Ground Speed = +400

Effect of tailwind on ground speed Effect of headwind on ground speed
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6. Derive Bernoulli’s equation and explain its significance in

generation of lift and measuring airspeed.

Bernoulli’s theorem
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Bernoulli’s theorem application for measurement of airspeed (Dec/Jan
2017)
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8. Discuss about the distribution of temperature in the

standard atmosphere.

Temperature related layers:
Troposphere (0 km to 11 km):

e First layer and extend up to 8km near the poles, 11km in mid latitudes and 16km
equator.

e Atmosphere is most dense in this region.

e Temperature decreases from 15° sea level to -56°c and this point is called
tropopause.

e |t contains almost all atmospheric water, 90% of air mass.
Stratosphere (11 km to 51 km):

e Starts just above the troposphere and extend up to 51km from earth surface.
e Temperature is constant for 1st 20km (-56°c)

e Itincreases at 1°c /km up to 32km.

e Itincreases at 2.8° /km up to 47km.

e Ozone layer lies in this layer.

e Stratopause separates stratosphere from mesosphere.
Mesosphere (51 km to 85 km):

e It just lies above stratosphere and extend up to 85km high.
e Temperature decreases @ rate of -2.8°c from 71km to 85km.
e Temperature decreases @-2.8°c from 51km to 71km.

e Mesopause separates the layers of mesosphere and thermosphere.
Thermosphere (85 km to 600 km):

e Extends up to 600km high.
e Temperature rises rapidly with height up to 300km.

e Due to sun’s energy temperature rises with altitude
Exosphere (500 km to transition with interplanetary space, 10000 km):

e Begins at 500km and extends outward till inter plane space.

e Upper most layer of atmosphere.
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e Merges into space in extremely this exosphere.
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9. Explain about the NACA 2411 airfoil nomenclature with

clear diagram. (Related)
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10. Write a note on: Types drags
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11. Define Speed of Sound and prove that a = VyRT
The speed of sound is the distance travelled per unit time by a sound wave as it propagates
through an elastic medium.

The speed of sound in an ideal gas depends only on its temperature and composition.
The speed has a weak dependence on frequency and pressure in ordinary air, deviating

slightly from ideal behavior.

Derivation of Speed of Sound Equation, a = VyRT
By 4«1’—4‘6 Con peyva Bm SA regy Z,SMHM,
W= Pya. ---Q)
e, Wz wan Lpoaake: €= Jiﬂwti% wy! A= flow oxea.
Snilo1hy | e one Q5menplonal  Candervection ﬁl momedum fatim Soecha
—&P = Pydy ---(

AP = &'Q'f‘ﬁw*\\w‘ (Q«Oha/\ in P“““"‘L
dV > Llloedsal Goge s veloiTy -

Waowr

(l\rU(\ oV ttat 'e(Ou)MO"‘QMM’Q(DJJ?a‘(‘Lw' ‘-‘mt\m'

= (€4a0) (a4 av)

\ - (QQ)+(Qd.V)+(QAQ
"R deau

v

e g @) sy, " Sl g h "\esicdeo-

Tt At )+(<£Pclu> \__(3)

© = Pdv +adp

Qdv = ~adp R
Subihhady @)\ (o

dp = a*dp i
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12. Explain with neat sketches factor affecting Lift and Drag.

Factors affecting lift and drag
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13. Problems

FEvirT] pr el

Problem 14.25 A jer plane which weighs 29430 N and has a wing area of 20 m'zﬂir.i' at a velocity

af 250 kmi/lr. When the engine delivers 7357.5 kW. 65% of the power is used to overcome the drag
resistance of the wing. Calculate the co-efficient of lift and co-efficient of drag for the wing. Take

density af air equal to 1.21 kgénr'. (AM.LE.. Winter, 1981)
Solution. Given :
Weight of plane, W=20430 N
Wing area, A=20m?
, 250 x 1000
Velocity of plane, U= 250 kevhr = T mfs = 69.44 m/s
Power delivered by engine = 7357.5 kW

Power required to overcome drag resistance
= 65% of 7357.5 = 0.65 % 7357.5 = 4782.375 kW.

Density of air, p =121 kg/m’
2
Now, weight of plane = Lift force = C; x A x %
z
20430 = €, % 20 x 1.21 x m:“
20430 % 2
=——————— = 0.5046. Ans,
b7 20 %121 % 69.447
Let Fp = Drag force
. . =l
Power required to overcome drag resistance = kW
4782375 = Jo X 8044
1000
Fp= 4TR2.375 = 1000 = 68870.6 N
60,44
U!
Now drag force, Fp=Cph KAKPT
68870.6 = Cpy % 20 x W
HEETOG6 x 2 — L18. Ans.

D= 20 % 121 x 69.44°
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14. Explain Lift Curve and Drag Curve.

Lift curve
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Drag curve
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15. Problems

At 12 km in the standard atmosphere, the pressure, density and temperature are
1.9399x 10" N/m?, 3.1194 x10~1 kg/m*, and 216.66 K, respectively. Using these

values, calculate the standard atmospheric values of pressure, density, and temper-
ature at an altitude of 18 km. and check with the standard altitude tables.

Solution:

An examination of the standard temperature distribution through the atmosphere
given in Fig. 3.3 of the text shows that both 12 km and 18 km are in the same
isothermal region. Hence, the equations that apply are Eqs. (3.9) and (3.10) in the
text. Since the two altitudes are in the same isothermal region we use the same base
values of p and p, and the equations can be written as

22 — B2 — o—lgo/[RT])(ha—Fa)
5] m

where points 1 and 2 are any two arbitrary points in the isothermal region. Hence,
with go = 9.8 m/s* and R = 287 J/(kg K), and letting points 1 and 2 correspond
to 12 km and 18 km, respectively, we have

Pz — P2 — E—['!-'J.H_I[?H?xElﬁ-.ﬁﬁ:’][ﬁnm‘n — [-]388-1

ps = 0.3884 x 1.9399 x 10" = 7.53 x 10* N/m”
pa = 0.3884 x 3.1194 x 107! = 0.121 kg/m*
and. of course,

T, = 216.66 K

These answers agree with the table in Appendix A within round-off error.

Gopalan College of Engineering and Management, Bangalore rajreddyhg@gmail.com [ 66



Elements of Aeronautics Basic Principles of Flight

16. Problems

At what value of the geometric altitude is the difference h — hg equal to 2% of the
reopotential altitude, A7

Solution:

lh — hel/h = 0.02 = |1 — he /R

Using Eq. (3.6), this relationship becomes
|1 = (r+hg)/r|=1-1-hg/r|=0.02
Therefore

he = 0.02r = 0.02 x 6378 x 107 = 127.56 km
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17. Problems

Given the pressure is P = 31,000 N/m’, find the pressure altitude.
From the standard atmosphere tables:

{@h=8700m P = 32196 N/n’ (lower)
@ h = 9000 m P = 30800 N/m’ (upper)

[nterpolate:

h‘I_L Pi_PI.
or
P-P
h=h + —X(h, -
L+P¢-PL(' ﬁl.}

30,800 - 32,196

= 8957 m

h = 8700 +

Hence we are at a pressure altitude of 8957 meters.
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18. Problems

7. Consider an airplane flying with a velocity of 60 m/s at a standard altitude of 3km. At a point
on the wing, the airflow velocity 1s 70 m/s. Calculate the pressure at this point. Assume

incompressible flow.
(@ 3 km P=7010x10'N/m’ p = 09090 kg/m*
Use Bernoulli’s equation for incompressible flow:
Pl. +lpV12 =J[3"z + lp]{}'
2 2
To get:
70100 + %(0.9090)(60)’ =P+ %(0.9090)(7(1)3

P, = 695092 N/m?
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