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ABSTRACT

The mechanics of the flight studies the forces acting on the aircraft in
flight, and the reaction of the aircraft to the action of these forces. All
aircraft are equipped with a control system that allows the pilot to
maneuver and release forces from the control levers on each of the
three axes. The aerodynamic moments required to rotate the aircraft

are usually realized by deflecting control surfaces that change the

curvature of the profile. Control surfaces are located as far as possible from the center of

gravity in order to create the maximum control moment.

KEYWORDS: Coefficient of aerodynamic lift, the angle of inclination of the trajectory,

aerodynamic drag coefficient of planning, the angel of decline associated with the

aerodynamic efficiency, the angle of trajectory planning.

Usually there are three independent control systems and three control surfaces

- A rudder that controls the movement around the normal axis;

- Elevator, which controls the movement around the transverse axis;

- Ailerons that control the movement around the longitudinal axis

(differential spacing of the spoilers is also used).

One surface can participate in the control in two axes

- Elevons - a combination of elevator and ailerons;

- The handle of the V-shaped tail, combining the functions of elevator and rudder direction;
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- Differential stabilizer. When both halves work synchronously - pitch control, when

separately - by roll.

The control moment is created by creating an aerodynamic force on the corresponding

surface.

The magnitude of this force is determined by the velocity head (~\V?High-speed pressure) and

the angle of deflection of the surface.

The control aerodynamic force can be created

- Deflecting the trailing edge, which will lead to a change in the curvature of the profile;

- Turning the whole surface;

- Reduce the lifting force and increase the resistance by tearing the flow with an

interceptor.

When the curvature of the profile (wing, stabilizer or keel) changes, the aerodynamic force
changes on it. The figure shows the effect of the aileron deflection on the lift factor of the

wing section.

Cy

s,

Fig 1: Angle of attack.

Controlling aerodynamic force can be created by turning the entire surface entirely. This
scheme is often used for pitch control with the help of a one-way stabilizer. The elevator in

this case is absent.

1. INTRODUCTION
Spoilers are devices for reducing the lift force of the wing profile, by breaking the flow over
its upper surface. They are used to controlling the roll, rising on that wing, where the ailerons

are deflected upwards, and like air brakes, rising on both hemispheres synchronously.
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Ailerons

Hinged moments

The aerodynamic force acting on the control surface tends to rotate this surface relative to the
axis of rotation in the direction of the force. The moment of this force will be equal to the
product of the force on the arm from the center of pressure to the axis of rotation. This
moment is called the hinge moment. The magnitude of the force is determined by the surface
area, velocity head and angle of deflection of the surface.

Hinged moments =fx d

To deflect the control surface to the required angle, the pilot must overcome the hinge
moment by applying force to the control lever in the cab. Thus, the amount of force on the
control lever is determined by the hinge moment from the steering wheel (non- booster

control).

2. Initial data of the Research
Problem Number |
For glider, flying at a height of H = 1 km and has a G = 500 kg f;
S =12m?% Cyp = 0.015; Aoy = 14 :
1) Determine the value of C, and V (speed glider) steady decreasing at an angle of
inclination of the trajectory & = —5°7;

2) Determine the value of C, and V (speed glider) steady decreasing at an angle of

inclination of the trajectory &,,;,.;
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3) Determine the minimum vertical upstream speed Vy ., , necessary for horizontal flight

glider.

Problem Number 11
Determine the minimum angle of planning when engine thrust P =0 proper planning speed of
the aircraft TU-124 at a height of H = 2000 m, if it is known that the aircraft drag coefficient

at this mode is equal to 0.042, the effective extension wing 4., = 6.15, and the specific load

on the wing mg/s = 304 ;—gz.

Problem Number 111

Determine the derivative C5 and the angle of zero lifting force ¢, of the aircraft, ifat = 0/,

Cyo =0.05andat = 4',C,,, = 0.43.

Problem Number IV
Aircraft at altitude of H = 0 has a velocity ¥, , How many times is it necessary to increase the

speed at altitude of H =10 km, if the weight of the aircraft G and the lift coefficient force of

C, o remain the same.

Problem Number V
Prove Mathematically and Graphically that, the required thrust does not equal to the force of

resistance for the aircraft and the car?

Problem Number VI
The Heavy-weight of the aircraft is P = g = 0.2, K=10, V=200 m/s.

1) Determine the slope of the trajectory 0, the vertical component of the velocity V..

2) Estimate, Which will have a greater impact on the increase of 0 :
a) an increase of K by 10%;
b) an increase of P by 10%?

3. Solutions

Decision for Problem Number |

1) The equations of motion of a glider in steady planning:
G+=Sind—X=20
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Y—-—G=Cos=20

planning speed

|' 2+ G
Veian, = | ’

'\ql o= S o= x.-'ll C})Z Plan. + Cr:iz Plamn.

The angel of decline associated with the aerodynamic efficiency

1 1 1
tan 8 = E Jtan(—5°) = ——= == — tan(5°) = ——;

K K
1
:tanﬁztg50211'4;
K:&: = — = Cy _ Cy —=11.4;
“ C-‘*'OJ“HE};E; 0.015 +% 0.015 + 0.0227 = C2

Coefficient of aerodynamic lift C; — 3.86 « C;, + 0.66 = 0;

—b ++vb? - 4ac
2a '

Cyn=

| 2
Cy =2+ Ml'(s'fﬁ) —0.66 =1.93 + 1.75 ;

-
£ &

Cy; =1.93 + 1.75 =3.68
Cyy; = 1.93- 1.75= 0.18 (Acceptable)

Aerodynamic drag coefficient of planning by the formula

Cipran. = Coo + P 0.015 + — = 0.0157
T = Aer T 4
[
: | 2+G _ 2x500x9.81 _ m
planning speed Veian. = | | 1112x12x0.187+0.01577 63.83

- :
| '0’7‘5’7“\- Cy PE@T:,+C.J{ Plan.

2) The minimum angle of inclination of the trajectory of sustainable planning will be at the

maximum aerodynamic quality:

Then; 8 ,,;,, = arctan —— = arctanq?ll = 2.1°%;
- -
K, 05« | ter LR
e | Cwo 1 0.015 T
\

Cpkpon = |Coo * 70 = Ags = V0.015 X 7t X 14 = 0.81.
’ \
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Coefficient of parasitic drag when & ,,,;,,
Cyx,, =2 % Cyp =2x0.015 = 0.03

planning speed

, |' 2+ G ||' 2 % 500 X 9.81 .
Pland min — ! =7 3 = ‘ne12 + nn3z - T
0P =5 VChran ¥ Cloan, 4 111212 x V0817 + 0.03 s

3) The minimum vertical upstream speed required for steady level flight the glider will be at
glider flight at maximum aerodynamic quality:
Horizontal flight speed of the glider

] 2*G || 2+=500=9381 m

_ | _ = 30.1
= 5= C., . 1. * = ().
VP 5 e 1112127081 s

The angle of trajectory planning

1
Bnin = arctan K = arctan 771 2.1°
The minimum vertical speed V;, = V = Sin6=30.1 = Sin 21° = 1.1
Decision for Problem Number |1
rand 1 0.5 p 1
antmin = i Knay = — ;A= ;
min Koox Max .\,-" Co 4 Hﬂgf
Ciq = 2C;p at a'mi'rt
A Con = —2 = 0.021
0 2
I'_ EE—S—
C:&O | i
Cy 1most advantageous = || Y = NI'C‘.\;O * T = Aef =+0.021 x T X 6.15 = 0.636
N
0.5
K‘ma:{' _ T — 15166
[0.021

\ X 6.15
w tanf = L = 0.06
HAmin T 15166

Bin = arctan 0.06 = 3.77° ~ 3.8°

|I 246
Veign, == | [~3 2 ’
_\J o= S o= A/ C{; Plan. + C;Pia'ﬁ.
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G k k
— g R g
5= 304 /mz ; p=1.007 /mS Then,

| 2 =304 m
Vorgn => | , - - =30.77— = 110.79 km /h
4 1:007 % |/(0.636)% + (0.042)> s
— |
. 126 =Cos & |2 X304 X Cos 3.8° m
Vir (speed reduction) == Nll C, p-S = \}' 0636 <1007 30.77? =110.79 km/h

Result: V,,,,, (Planning Speed) = V., (Speed Reduction)at zero thrust.

Decision for Problem Number 111
The derivative C3; is defined by the formula:

ACyq  0.43-0.05
A 4—0

Cy = = 0.095 Gradian™?

Where, ACy, is the change in the lift coefficient force of the aircraft Cy,, when the angle of
attack o is changed from (0" = 47);

Aa — Change the angle of attack.

“The calculation is made for a degree measure of the angles of attack, if the angles are

assumed in radians, then the value of Cfﬁ must be multiplied by 57.3”

b2y,
Cy=Hel) >/'
o443 S
o $
o.05
ol
I 4° -
/ Aok

Fig 2: The calculation scheme for the solution of Problem I1I.

To calculate the zero lift angle, we will write the formula for determining the lift coefficient

of the aircraft on the linear part of the dependence C,, = f(c):
C_va = CET = (a — 660)

Hence, we determine the angle of zero lift:
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o Ca_, 043
o= ey T 0005~

Where, @ = 4 — is the angle of attack of the aircraft;

Cyq = 0.43 —is the lift coef ficient of the aircraft at a = 4"

Decision for Problem Number 1V
When the altitude of the flight is increased, the density of air decreases, so that for constant
weight and A constant lift factor, it is necessary to increase the flight speed.

For the altitude at H = 0 we have;

Pr=0* Vi=o

_— 5-
2 r

Where, Cy, — is the lift coef ficient force at altitude of H = 0;

G = C_va *

k
Pr—o = 1.225% — is the air density at the altitude of H = 0;

Vy—p — the speed of flight at the altitude of H = 0;

S — is the wing area of the aircraft.

For the altitude at H =10 000 m we have;
G = CJ_.Q . Py =10000 ; Vszmooo

Where €y, — is the lift coef ficient force at altitude of H = 10000;

a-S'I

k
Pr—g = 0.413 % — is the air density at the altitude of H = 10000;

Vi=10000 — the speed of flight at the altitude of H = 10000.

When we equate these equations, the weight of the aircraft does not change.
Prr=0 * Vii=o - 5} _ [C'_,_.a . PH=10000 * Vi~ 10000

C.n =
va 2 2

"S,

Or
[,DHzo = ngzo] = [.DH=10000 * VH2=10000]F

Whence, we get;

—
Vi—10000 _ I| Pa=0 ||1.225 _ 172
_ - _ ~ 0. - -
Vi=o \ll Pr=10000 0.413

Result:The flight speed should be increased by 1.72 times.
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Decision for Problem Number V
The required thrust equal to the force of resistance for an aircraft and a car is determined by
the formula:

Where, C, — is the coef ficient of aerodynamic resistance;
C, — can be taken as 0.05.
p — is the density of air;

k
p — can be taken to be 1.225 %

S — is the calculated area. For an airplane and a car we take 40 m?

In this case we obtain:

Ve 1.22 = V2 .
«5 = 0.05 tT*ﬂrD =122V~

*

P=X=C, "

Let's perform a trial calculation:

The car The aircraft

km km
—On Speed 50 W —0On Speed 600 W
P=X=122%13.92=236N. P=X=122x166.7> = 33889 N.

km km

—On Speed IODT —0n Speed 650 e
P=X=122x%x27.82 — 043 N. P =X =122 x 180.57 = 39747 N.
Acar = Voo - Vsg = 943 -236 = 707 N. | Qaircraft = Veso - Veoo = 39747- 33889 = 5858 N.

Result:

The ratio of the required thrust for the car and the aircraft at the same speed increased by

km
P

ﬂﬂ:’rcrﬂft _ 5858 _ 33
Arar 707

As we see at high speeds, the increase in resistance is much higher than at low speeds. Hence,
the curvature of the right side of the curve is sharper in the plane than in the car, since the

airplane is moving at higher speeds than the car.
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P, H

the aircraft

the car

-

—

\

100 km/h 700 km/h

0

Decision for Problem Number VI

With a steady set of heights, the equations of motion of the aircraft have the form:
P-X-G*sin6=0

Y -G*cos06=0

Where, P- is the thrust of the engine;

X- is the drag force of the aircraft;

G- is the weight of the aircraft;

Y- lift of the aircraft;

0 - is the angle of inclination of the trajectory Moving to the horizon.

G

Fig 3: The scheme of forces at climbing.

WwWw.wjert.org 502




Sherif. World Journal of Engineering Research and Technology

The aerodynamic quality of the aircraft is determined by the formula using the second

equation of motion

K_Y_G*COSQ Or X — G*cos@_
—x~ T x U'tT Tk
G = cos @ .
P—T—G*sn‘lé’: 0;
P— (COSQ + Siné’) =0;
_ a g
F— (COS + siné’) =02 — (Ciso + siné’) = 0;
cos @
= ( 10 +sin6’) = 0.2
0 5.7° 5.8° 5.9°
f 0.1988 0.2005 0.2023

Thus, the angle of inclination 6 = 5.8°.
We can simplify the function f, taking cos@ = 1 due to the smallness of the slope angle of

the trajectory.

1 :
(ﬁ-l- smﬁ") =0.2

&8 = arcsin0.1 = 5.74°
As we see a simplified solution, has an error of about 1% compared to the exact solution.

Vertical component of speed V,, =V = sinf = 200 X sin5.8° = 20.2m/s

Increase K by 10% K =11.
g = arcsin0.1091 = 6.26°

Increase Thrust-to-weight ratio by 10% P = 0. 22
g = arcsin0.12 = 6.89°

Result:To increase the angle of inclination, it is more ef fective to increase the thrust by 10%

4. CONCLUSIONS

1. In order for the aircraft to move uniformly and rectilinearly, the following conditions
must be met:

e The sum of all forces directed upwards should be equal to the sum of all forces directed
downwards,

e The sum of all forces forward is to be equal to the sum of all forces directed back, and

e The sum of all the moments must be zero.
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If these conditions are met, the aircraft will be in a state of equilibrium.

d}‘ag A
Y Thrust required for
balancing drag
—_— Y
X P -
flight trajectory
G
N

2. In a rectilinear horizontal flight, four forces act on the plane - lift, gravity, traction and
drag.

e Gravity is applied at the center of gravity and directed vertically downwards. Gravity is
also called the weight of the aircraft.

e Lifting force is applied in the center of pressure (CP), is located in the symmetry plane of
the aircraft and is directed at right angles to the flight path (the direction of the incoming

air flow).

3. In this Research, 1 assume that the thrust is directed in the direction of the flight path
(although this is not entirely true), and the drag is in the opposite direction.

4. The condition for uniform horizontal flight is the equilibrium of these forces. The lifting
force must be adjusted to match the current weight of the aircraft, and the engine's thrust
is selected to compensate for drag.

5. Horizontal empennage (stabilizer and elevator) is designed to create the force necessary
for balancing the pitch moments arising from the displacement of pressure centers and

gravity.
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