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Abstract. The problem of calculation of navigation range and the flight duration, different from estimated technical
range by the accounting of operational features in balancing, influence of atmospheric flight conditions and the specific
features influencing aerodynamic resistance of unmanned aerial vehicle is considered.
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1. Introduction

Calculation of range and duration of flight is the
necessary  section  defining  flight technical
characteristics of aircraft.

In numerous sources [1, 2, 5] in which methods
of calculation of range and flight duration are stated,
the problem of calculation is set as an assessment of
technical range under the set conditions of
simplification of a task.

Generally range and duration of horizontal flight
is defined at realization of the maximum
aerodynamic quality, or aerodynamic perfection.

Navigation range differs from technical by the
accounting of losses from Dbalancing and
meteorological factors.

The most exact are variation methods of
optimization of range and durations of flight [6, 7]
providing optimum modes of piloting of unmanned
aerial vehicle.

2. Analysis of Research

In all methods aerodynamic characteristics are set in
the form of constant coefficients of forces and the
moments.

Specific features of balancing, such as the
balancing resistance, hydro-meteorological
conditions of flight — a rain, snow a wind usually
aren't considered.

Balancing resistance changes aerodynamic
quality and moment characteristics of unmanned
aerial vehicle.

The accounting of balancing resistance on
balancing polars, received as a result of aerodynamic
researches in tunnels or finally confirmed in flight

tests, will significantly specify calculations of range
and flight duration.

The calculation of distance and duration of
horizontal flight of an aircraft with propeller engines
is calculated by the following equations:

_3,6" K0, dm
Lrn_gn.q[2 Ce m’ (1)

17 Kn, dm

zng CeV m '’ @)

I

where mjand m, — the mass of fuel at the beginning

and at the end of flight;
K — aerodynamic quality;
v — flight speed;
Ce — specific fuel consumption which develops
the engine on a power unit at hour.
Kilometre and hour fuel consumption define
depending on screw efficiency in a form:

— Ce (i)
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meo3en, Vv
Or for horizontal flight:
Ce mg
=——=2V
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Tam = 36npr K

where npr — efficiency.
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Modes of flight define dependences of power on
speed and flight height (Fig. 1, 2):
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Fig. 1 Settlement FTC in horizontal flight for the mass
unmanned aerial vehicle 150 kg provided that the
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Fig. 2. The polar of unmanned aerial vehicle with the
blowing screws

3. Solving this problem

Economic speed corresponds to the minimum power
and therefore to the minimum hour fuel
consumption, and the maximum duration of flight.

For horizontal flight economic capacity is
determined by a formula:

N :P.V:% 2mg =141 Cx \/(mg)3 3)
ek hf K prS 5 ,—Cy3 \/p—S ,

where & _ coefficient of power .
JO?

Dependence (3) allows defining influence of
specific features of aerodynamic resistance on
duration of flight of the aircraft. It is an important
component at determination of navigation range and
flight duration.

Value of coefficient of resistance taking into
account various factors shows in:

Cx, =Cx, + ACx, + ACx,

met 2
where
ACx, = f(8,;,0,,8;,9,,) —balancing resistance;
ACx,, — resistance from meteoconditions (a

rain, a wind).

Balancing resistance appear when maneuvering
or as individual from a difference in thrust of the left
and right engines, a difference of weight of fuel in a
torsion boxes, centring changes in the course of
flight.

This type of resistance can reach 10% from the
full resistance (Fig. 3).

Resistance from meteoconditions arises at
influence of a wind, torrential rain, hoarfrost on a
wing surface.

Resistance from a wind arises at slanting blowing
of a glider, as leads to growth of balancing
resistance.

According to dependence (3) economic capacity
is directly proportional to resistance, but in the
presence of additional resistance speed required for
horizontal flight at constant thrust, decreases:

. 2P
“\p(Cx+ACX)S

Thus, the curve N = f(V) is displaced up and to

the left.

For preservation of former speed it is necessary to
increase thrust, or to fly at a smaller speed, unmanned
aerial vehicle on a mode of economic power
corresponds to a minimum on a curve N = (V).
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Fig. 3. The polar of the unmanned aerial vehicle with the influence of the deviation of the controls and with the
blowing of screws for the conditions:
a — angles of deflection of the elevator:

1-8,=0";2-38,=8;3—-08,=18;4-§,
b — angles of deflection of the rudder:
1-8,4=0";2-84=—11";3-8,4=-20";4— 38 4 =-25;

ru

1:230;;

¢ — angles of deflection of the flaps:

1- 8f=0 32— 8f=10 33— Sf:ZO 34— 8f=30 ;

d — angles of deflection of the right flapper:
1-8,=0"32-8,=-7:;3-8,=-17;4-8,=-265
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Practically piloting on duration of flight possibly
only by means of automatic keeping of speed of
flight with a set accuracy.

According to (1) and (2) ranges and duration of
flight depends on aerodynamic characteristics of K
and K/V.

To Kiax value corresponds to flight conditions on
the most favourable angle of attack that is steadily
realized in practice of flights.

K/V value has a maximum which depends on
height of flights (Fig. 4).
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Fig. 4. Dependence of aerodynamic characteristics
K, K/V

To flight on the maximum duration corresponds
to the maximum K/V value.

At the height of H=0, the speed of the horizontal
established flight 25m/s, at the height of 3000 m
28 m/s.

These speeds have to correspond to economic
power and be realized practically on angles of attack
big the most favourable angle (Fig.5).

In Fig. 6 parameters and characteristics which
need to be considered at calculation of optimum
navigation range and flight duration are
schematically shown.

Balancing of the plane determine by a deviation
of the wheel, the corresponding speed of flight and
centering (Fig. 7).

On balancing polars (Fig. 8) we determine
settlement resistance for horizontal flight of
unmanned aerial vehicle.

Results of calculation of range and duration of
flight are given in Fig. 9, 10 taking into account a
deviation of an elevator, a rudder, flaps and flappers.

The maximum range is reached at the most
favourable speed at height 8000-14000 m; the
maximum range when flying at the earth with the
released flaps — 12.7 h.
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Fig. 5. Characteristics of speed in horizontal flight for

the average weight of unmanned aerial vehicle at:
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Calculation is carried out for the flight weight of

150 kg.
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Fig. 7. Balancing Spr deviations with constant speed of an elevator at various centring:

a78f=0 ;
b8, =10";
cfo=20 ;
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Fig. 8. Balancing Spr deviations at a constant overload of an elevator at various centring:
a— 6_/ =0";
b— Sf =10°;

¢, d— 8/- =20
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Fig. 9. Calculation of the maximum range and flight duration angels of a deviation of an elevator and a wheel of
direction:
a, b — an elevator :

1-8,=0";

2-3,=%8;

3-8, =18";

4-8,=23;

¢, d —a wheel of the direction:
1-38.,4=0;

2- 8,4 =-11%;

3= 8,y =—20";

4- 38,4 =-25
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Fig. 10. Calculation of the maximum range and flight duration of angels of a deviation of flaps and the rigt flaperon:
a, b—flaps:
1- 5/» =0°;
2-8,= 10°;
3- Sf =20°;
4-38, = 30°;
¢, d — the right flaperon:
1- 6‘ q= 0°;
2-8,= -7°;
3-8, =-17";

4- Sﬂ =-26,5
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4. Conclusions

1. Operational range of flight of unmanned aerial
vehicle taking into account balancing losses is

reached at height 8000 m (6, =07).

2. To increase in operational duration of flight of
unmanned aerial vehicle taking into account

balancing losses by means of flaps (Sf:10°,

Sf =20°) at all considered heights of flight.

3. Itis similarly observed the maximum losses of
operational range of flight of unmanned aerial
vehicle when balancing in the cross direction.

4. Unmanned aerial vehicle balancing in
longitudinal, cross and lateral motions leads to loss
of height of flight on a practical ceiling and only the
deviation of mechanization of a wing — flaps leads to
some increase in such heights.

The greatest losses of height of flight on a
practical ceiling also it is observed when balancing
unmanned aerial vehicle in the cross direction
(Fig. 9, ¢, d).

5. The given approach can be used at the initial
stages of development of unmanned aerial vehicle
for a quantitative assessment of indicators
operational ranges and flight durations taking into
account balancing losses.

6. Results given in Fig. 9, a, b and, would show that
speed at which is reached the greatest possible
operational range and duration of horizontal flight are
various and the difference of speeds can reach 15 m/s.

The specified speeds, according to Fig. 5, are in
limits the most favorable and a little big speeds of

flight. the treated result testifies to possible further
optimization of the sizes Ly, s and Ty s.

Taking into account shown flight conditions, such as
time of arrival of unmanned aerial vehicle in the
specified point, at the appointed time, and also at taking
note of a condition of the atmosphere (a wind, a rain).

On the basis of the provided data the problem of
optimization of flight of unmanned aerial vehicle is
solved by variation methods [3, 4, 6].
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