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THE INFLUENCE OF THE WIND ON THE FLIGHT OF THE UNCONTROLLABLE

AIRCRAFTS
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This article represents research of influence of wind on flight of uncontrollable flying devices. It is offered the method
of taking into account influence of permanent wind as well as baffling wind on flight of uncontrollable aircrafts stabi-

lized with rotation and empennage
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Y emammi npoeooumucs docniodicenns eniugy impy Ha noaim HeKepoSaHux TemaibHUX anapamis i nponoHyemucs
Memo0 00NIKY 6NIUBY AK NOCMINIHO20, MAK [ NePeMIHHO20 8impy HA NOLIM JeMAIbHUX anapamis, aKi cmaoinizyomo-

Cs1 AIK 06epMaHHAM, MAK i KpUIAMu

Knrouosi cnosa: wisuoxicms i cknaoosi 6impy, NOGIMpsAHA i 3eMHA WEUOKICb, ONepeHuUll peakmugHull CHapsao, Kepy-

8AHMA PYXY CHAPAOIE

1. Introduction

Exterior ballistics literature considers methods of
taking into account the influence of wind on flight of un-
controllable aircrafts [1-3].

But the results of modeling dependence are badly
coordinated with tables of gunnery. The registration of
wind for empennage missiles on the powered trajectory is
very complicated, when it’s influence is determinative.
Consequently there is a necessity to develop a new ways of
taking into account the influence of constant and baffling
wind on the flight of the aircrafts with different ways of
stabilization.

2. Formulation of the problem

The proposal in the literature [1, 3] includes that
during the modeling of the mathematical dependence for
the effect of the wind, the results are badly coordinated
with tables of shooting. Some special difficulties rise dur-
ing the registration of the wind for empennage missiles on
the powered trajectory where its influence on the flight of
the missiles will be determinative. It’s necessary to develop
a new ways of taking into account the influence of the con-
stant and baffling wind on the flight of the aircrafts with
different ways of stabilization.

3. Literature review

There are a lot of methods of taking into account the
influence of the wind on the flight of an uncontrollable
aircraft in the literature which considers information about
exterior ballistics [1-3]. But there are some literature
sources which are reviewing the constant wind for empen-
nage missiles [1, 3] only, and cross influence of the wind
on this types of the projectiles isn’t considered.

4. The influence of the wind on the flight of the
aircrafts

Main tasks of studying the influence of wind on
flight of shells are: the establishment of the mechanism of
the direct influence on the moving shell, to get schemes of
the circulation in the atmosphere and the proof of it’s effi-
ciency during the solution of the problem.

Wind is the circulation of the air in the atmosphere.

Wind is a vector quantity. As all vector quantities,
the wind is measured in direction and speed. The direction

of the wind is the azimuth of the horizon A,, the place
from where the wind is blowing, is measured in degrees.
The speed of the wind W is measured in meters per second.
The vector of the wind’s speed are usually presented
through its constituents W,, W,, and W z. The speed of
ascending and descending currents is usually low. They are
once or even two times lower than horizontal steams. Dur-
ing the preparation of the information for gunnery we can
make a reasonable conclusion, that the changes of the
wind’s speed in height stays constant during trajectory un-
der the consideration. Chaotic (indigested, turbulent)
movement of the wind put in to relative steady horizontal
movement of air masses (Fig. 1).
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Fig. 1. Variations of the wind’s speed in the horizontal
direction

It leads to the instability of (changeability) wind, es-
pecially sharply reveal near the ground line. It is accepted
to distinguish dynamic and thermal turbulence. The dy-
namic turbulence in the plains are usually reaches the
height 1000...15000 meters, but over the see its border
even lower. The intensity of the turbulence mainly depends
on the wind’s speed, roughness of the surface and the sta-
bility of the movement of the air masses. It is stronger over
cross-country and weaker over the plain and the see. Ther-
mal turbulence reaches rather high altitudes especially in
the conditions of the instability of the movement of the
considerable amount of air masses and formation of the
cumulus. Its intensity depends on the height of the Sun,
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season, and the type of the underlying surface, humidity
environment and etc.

In case of need of recoding several (at list two)
components of the vector W, its arguments (coordinates
and time), give us ground to consider atmosphere where the
flight take place as vector (in common case spetio-
temporal) field. Time component should be taken into con-
sideration mainly to the air movement low-speed aircrafts.
For majority of objects it is possible to consider that vector
space field of turbulence is isotropic with in area of space,
which investigate the movement of rockets and shells.

Wind and turbulence are accidental factors and dur-
ing the analyses of the movement of the aircraft they
should be taken statistically into the consideration. Hear we
shall amount the deterministic substitution, taking into, that
the vector of wind’s speed,

W) =W, +W(»), (M

which reflects total movement of air masses is not casual.
In the formula (1) W, — a constant component of the wind at
height y characterized continuous uniform movement of air
masses; W,,(v) — turbulent component of wind at height y.

The peculiarity of aircraft’s movement in the mov-
ing atmosphere concludes in that its speed relatively of the
Earth and relatively of the moving air masses is different.
The speed of the aircraft relatively to the Earth are usually
called earth speed, speed relatively to the atmosphere —
airy. If the earth speed of the shell (absolute) are marked by
the vector, speed of the atmosphere relatively to the Earth
(the speed of the movable movement — the wind’s speed) —
vector W and air speed of the shell (relative) — vector V, so

V.=V+W 2)
the speed of the shell in the movement relatively to atmos-
phere will be equal.

V=V -W. 3)
In the projection on the axis in the normal coordinate
system OXgYgZg vector equality (3), will have formula

VXg VkX - WXg
Vyg - kag N VVyg : 4)

If we have constant wind from the last formula and
picture 1, we will get

2 2 2
V= \/(kag W) + (Ve =W, ) +(Ve=W,) . )
If we take into account only horizontal components
of the wind

2 2
v - \/(kag W)+l (V=W ) - (6)
The Fig. 2 and u, which mean projections of the air
and earth speed of the shell on the horizontal plain OXgZg.
Using the Fig. 2, we will explain the meaning of the items
in the formula (4)
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Fig. 2. The scheme of the mutual location of vectors of the
earth speed and wind speed

Vcosv, cosy, =V, cos@cos¥ W, ;

Vsinv, =V, sin0-W,, ; @)

—V cosv, siny, =V, cos@sin¥ - W,
And we will find the module of the air speed.
14 :[(Vk cosfcos ¥ —W,, V4V, sing -, ) +(Vk cosé’sin‘}’H/Vzg)zT/2 ®)

So,
V,sin@—-W,
siny, = +—— %
14
V,cos@sin¥ + W,

<y, cosfcos ¥ —W,,

¥ ©)

Mechanism of the influence of the wind on the
movement of the aircrafts generally is the solution of the
spatial problem taking into account the angles of the attack
and sliding, which are defined in relation to the air speed is
complicated. That is why during the practice, the action of
the longitudinal and side wind are usually taking into con-
sideration separately.

The mutual arrangement of the center of the masses
and the center of rocket’s pressure are impotent during the
determine of direction of the side movement of the missiles
at the active area of the trajectory.

The influence of the side wind on the shell forms the
additional aerodynamic force R,, which appurtenant in the
center pressure (Fig. 3). The plumose static stability of the
missiles has the center of pressure which is located behind
the center of mass, close to empennage, that is why under
the influence of the moment from the force R, missile will
turn its front part toward to the wind, that its longitudinal
axis coincide the vector of air speed.
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Fig. 3. The scheme of the turning of the uncontrollable
missile against the wind (“effect flugera”)

At that the side component of traction appears Pg,
which is directed against the wind and in the case Ps>R,,
the shell will also move against the wind. Turbojet shells
will move on tha active area of trajectory in the direction of
the wind in the result of the drift, complex action of the
Magnus’s force and the side wind. On the passive area of
the trajectory in the case of P=0, the missile also as a shell
will move in the direction of the side wind. The scheme of
the side movement against the wind statically stable plu-
mose missile on the active area of the trajectory under the
assumption that the missile is inertia less is on the Fig. 4.
We will mark the horizontal projection of the center mass
speed in the starting coordinate system through
u, =V, cos@, the horizontal projection of the speed in the

relative movement — through u, according to the Fig. 4.
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Fig. 4. The scheme of formation of angles of slide during
the side movement of the rocket against the wind

u, = \ul AW+ 2 W, sin¥ (10)
V v
cos¥, = . cosdcos : (11)
u

Additional ratio for determination of sliding angle in
the relative side movement:
B, =w =Y. =P, cos0. (12)
There is the scheme of the side movement of stabi-
lized rotation of the missile on the active areas of the tra-
jectory in the case, when the side component of the traction
operates in the direction of the wind on the Fig. 5. Accord-
ing to the Fig. 5.
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Fig. 5. The scheme of formation of sliding angles in case of
side movement of the shell in the direction of the wind

u, =Ju> + W2 =2, W, sin¥ . (13)
From (7) W, =Wy =0, we get
cos¥ ,=u, 'V, cosOcos¥ (14)

and additional formula
Bo=y-Y, . 15)
Taking into account stable shell as a material point
of the changeable masse in consideration of the wind the
vector of the traction coincides with the vector of the air
speed of the center of mass, we will get cosines of the an-
gles between the direction of the air speed and correspond-
ing axes of start coordinate system.

V V _VVXC I/n'z‘ V’c _W'L‘ V V _W
Ve _ kv Lo Tk e o Trze _ ke e (16)

> >

V. V. v v V. V.

r ¥ r r r r

If we define frontal resistance using ballistic coeffi-
cient ¢ and function G(V,)., so the value can be calculated

with the help of speed V..
Er = CHr (y)G(I/}r )‘ (17)
For the shell with constant mass, the system of the

equation, which takes into account the influence of the
wind, we can wright as a common system

X=-E (x-W,);
V=E y-g (18)
F=F (:-Wz).
Using (6) we can get
O2%W, 2:W.
vr=y, 1402 Z2W (19)
Ve T Ve
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where:

SN

The speed of the shells with the constant mass is
usually faster than the speed of the wind. Throw back in to
(19) term w? 2 and W%z small in compared with one,

k k
and also factor the simplified function (19) in the binomi-
nal series and disdain the terms which consist relation be-
tween the projection of the wind’s speed W_ and speed V

which are bigger.
Ve=V,-W.xV.' (20)
G, =[1-W W’ f(V,)x] G(V,,) (2]
E, = E[1-WV. f(V,)4] (22)

Where f(V,,) we can define it with the help of
f(sz) = G’(Vr)Gil(Vr)Vr
Put under E, into (18) and disdain the quantity of

the second infinitesimal order, we can receive the formula
which takes into account the influence of the wind of the
flight of the plumose and rotatable shells [4, 5].

¥ =—Ex+ B[+ V" f(V)F W,
J=-Ey+EV" f(V, )W, - g (23)
F=—E(z-W.).
5. Approbation of the research results
Information in this article is used to produce math-
ematic models of the movement of empennaged missiles,

which can be recommended to make up the firing tables
with the shells of this type [6, 7].

6. Conclusion

1. This article offers dependence accounting influ-
ence of wind on flight of uncontrollable flying devices sta-
bilized with rotation and empennage.

2. Using combined equation of movement of center
of mass of flying devices allows to solve tasks concerning

calculation of windage both on active and passive phase of
trajectory.
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