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Abstract—In the paper construction of the experimental gas-dynamic stand for checking of the gas-
dynamic method of unmanned aerial vehicle landing is developed. Characteristics of this stand were
calculated and choose. Series of experiments for given model of unmanned aerial vehicle were conducted.
Experiments reveal that at braking of unmanned aerial vehicle into artificial airstream on its motion act
next main factors: 1) the angle of attack; 2) uniformity, velocity, and the artificial airstream motion
direction. Moreover, obtained results allow more carefully ground requirements to equipment for

implement new experiments.

Index Terms—Experimental gas-dynamic system; artificial airstream; fan propeller; mechanical belt

drive.
I. INTRODUCTION

In works [1] — [2], a description is given of the
nonaerodrome gas-dynamic takeoff and landing
(GTL) method of UAV and features of the
implementation of this method are considered. In
work [3], an exact and approximation analytical
expression for calculation of the gas-dynamic jets
parameters for gas-dynamic complex are obtained.

However, works about experimental checking of
gas-dynamic method of the UAV takeoff and
landing are absent.

II. PROBLEM STATEMENT

Theoretical research of GTL method is an
important part of development real system of GTL.

Experiments allow hypotheses checking, which
are accepted at theoretical research of GTL method.
In addition, it is difficult to create the GTL system
without experimental supporting evidence its
operability.

The purpose of the work is to: 1) check the
workability of GTL system; 2) to research of motion
dynamic of the UAV at its braking under action
from artificial airstream (AA); 3) to define main
factors, which influence on the UAV braking
distance.

III. PROBLEM SOLUTION

Block-diagram of the task solution algorithm is
shown on Fig. 1.

Description of the task solution algorithm.

1) Prepare of technical specification.

2) Synthesis of gas-dynamic system of the UAV
landing.

3) Choice of measurement equipment.

4) Choice of UAV.
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Fig. 1. Block-diagram of the task solution algorithm

5) Calculation of the executive units’ parameters.

6) Calculation of the artificial airstream velocity.

7) Condition checking about the artificial
airstream velocity.

On this stage is executed a comparison the
obtained result with required one. If the specified
condition is not satisfied, then the technical
specification correction is selected.

8) Correction of the technical specification.

9) Choice of the UAV new parameters.

10) Choice of the structure and/or parameters of
gas-dynamic experimental stand.

11) If the specified condition is satisfied, then is
executed the stage 11.

12) Matching of the system actuating elements.

13) On this stage developer calculates
kinematics and dynamics of the UAV, which
commit landing.
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14) Installation and balancing of the system. B. Descriptiopn and calculation of the main

15) Experiments conduction. elements of EGDS

16) Processing of results. Parameters of fan propeller are shown in Table 1.

A. Development Of the experimental gas_dynamic The eXteI'iOI' VieW Of the fan pI‘Opeller IS ShOWH in

stand Fig. 5.

Side view of the experimental gas-dynamic TABLEL. PARAMETERS OF FAN PROPELLER
system (EGDS) is shown on Fig. 2, where / is a rear i
column of system; 2 is thin cable (wire rope); 3 rings Diameter 0.66 m
of hook; 4 is the UAV; 5 is the central rear column Amount of blades 6
of system; 6 is the artificial airstream; 7 is a Length Oft?lade 0.27m
propeller of an axial fan; 8 is a pulley; 9 is a Average width of blade 0.085 m
secondary shaft; /0 is a main column of system; // Angle of blade inclination 30 deg
;snaerl;);l;;eu is set of pulleys; /3 a primary shaft; /4 Parameters of stand engine are shown in Table II.

_ TABLE II. PARAMETERS OF STAND ENGINE

Type Asynchronous
ah Amount of phases 3
Voltage 380V
H Frequency 50 Hz
1 Power 600 W
Rotary speed 1380 rpm
Fig. 2. Side view of the EGDS / ’
Frontal view of the EGDS is shown on Fig. 3. Satptd 3 ) & -
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Fig. 5. The exterior view of the fan propeller

For experiments the UAV Cessna 182 M24

11 . . . ..
12 (Fig. 6) is used. This UAV has next characteristics:
13 e mass m = 0.48 kg;

14— 10 wingspan Lg = 0.948 m;

wing area S = 0.128 m2;

length of fuselage 0.668 m;

cruising speed Vs = 18 km/h.
Also this UAV has electric engine, which was
not used on at experiments.
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Fig. 3. Frontal view of the EGDS

Top view of the experimental gas-dynamic
system is shown on Fig. 4.
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Fig. 4. Top view of the EGDS ) ) )
Fig. 6. The exterior view of UAV Cessna 182 M24
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For registration of AA velocity was used two hot-
wire anemometer AZ INSTRUMENT 8908.
Peculiarity of this type device is that the displayed
air speed is averaged for 2 seconds.

Proposed calculation of fan propeller parameters
based on procedure [4]. Main calculated parameters
are:

1) Helix lead H (Fig. 7)

H =2nRtg(p), (1)

where ¢ is the angle inclination of fan blade; R is the
radius of fan.

2) Volume of air, which passable through the fan
in a single revolution at ideal conditions:

Q, = HnR’. )

3) Volume of air, which passable through the fan
in n, revolutions at ideal conditions:

Q=90mn,, )

where 7, is an amount of fan propeller revolution per
second.

4) The speed of airstream, which created by fan
is calculated with help of formula:

V' =Hn. =05, 4)

where S is a fan airflow area.

Fig. 7. Helix lead H

For experimental stand is chosen an electric
motor with 1380 revolutions per minute. Adjust of
the engine revolutions for the fan may with help of
belt drive.

This belt drive allows decreasing engine speed
and increasing torque on the secondary shaft. In
addition, it allows descending the engine as low as
possible from the cross section of the impeller of the
fan to reduce the resistance of the incoming air flow
into it.

For definition of the fan propeller rotary speed is
necessary to calculate mechanical belt drive. Rotary
speed of the belt drive second shaft between the
engine and fan propeller is defined from proportion

o, /o, =D,/ Dy, Q)

where o, is rotary speed of the first shaft; o, is

rotary speed of the second shaft; D . is diameter of

shl
the first shaft; D, is diameter of the second shatft.
From (5) we can write

®, = (D, - (Dl)/DshZ' (6)

At values @, = 1380 rpm and Dy, = 0.16 m
calculated data for different types of shafts are
shown in Table III.

For calculation of the experimental stand
parameters is developed program on C++
Calculated characteristics of the experimental stand
from (1) — (6) are shown in Table I'V.

TABLEIII.  CALCULATED DATA FOR DIFFERENT TYPES
OF SHAFTS

Shaft No D, , mm ®, , rpm
1 40 345
2 58 500.25
3 77 664.125
4 101 871.125
5 125 1078.125

The information panel of input and output data
is shown on Fig. 8.

TABLEIV.  CALCULATED DATA FOR DIFFERENT TYPES
Helix lead, H m 0.35
Number of an engine prs 11
revolutions, 7. rpm 664
Air density, p kg/m’ 1.24
Volume of air, Os m’ 0.119
Volume of air, O m’ 1.35
Speed of air stream, V m/s 3.98
Power of an engine, P hp 0.86
. 2
Fan airflow area, S m 0.34
Input Data
Angle of blade impeller 30 grad
Diameter of the fan 0.6E m
Frequency of rotation ,f ps
Results f
Radius 0.33 i W 398 s
Propeller pitch(H]  |0.35 m Viplal ,5UE?7 s
s [IREE] m3st
a [as  ms Yhbpla2 [5.331 m's
Fiotation speed(ipm]  Airspeedfid.condit], més  Airspeedireal val.), més
Belt drive: #1 [4:15) 5 B3 3648
Bel drive #2 [5.5:15) |500.25 [3.38 5263 !
Belt diive #3 [7.7:16) |664.125 [13.25 7.022 |
Belt drive #4 [10.1:16] 71125 17.38 3211 Il
Bekdive #5(125:16)  [1076.125 |21.51 11.40
I
Exit

Fig. 8. The information panel of input and output data

In the information panel
represented next values:

of program are
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- Airspeed (id.condit.) is airspeed of AA without
account of the air viscosity;

— Airspeed (real val.) is airspeed of AA with
account of the air viscosity;

— Results are results of calculations;

— Vipar 1s the UAV velocity near fan with
account of friction rings of hook regarding wire yarn;

Vipiaz is the UAV velocity near fan without

account of the friction.

The value Vi is calculated with help of well
known formula (see Fig. 2)

prlazz A/ 2gAh .

After designing of the EGDS (Fig. 9), the AA
speed measurements were made at 0.2 m from the
plane of fan propeller (Fig. 10). In this case the AA
speed is ¥ = 11 m/s at number of an engine
revolutions n, = 664 rpm.

Fig. 9. Power plant of the EGDS

C. Test preparation
More precise definition

construction is shown on Fig.
introduced next designations:

of the EGDS
11, where are

Hmax

ST

Lmax " Lmn
L

Fig. 11. More precise side view of the EGDS: H
height of rear column; /. is a height of central rear

e 182
column; H is a distance between center of the fan

propeller and plane of floor; L_,  is a distance between

X

columns; L

. 18 a distance between plane of central
columns and center of the fan propeller; L, is a distance
between of the UAV nose part and center of the fan
propeller at UAV stop with help of AA; B is an
inclination angle of main column; y is an inclination

wire angle

Before conducting experiments next operations
should be performed:

1) Adjustment of the inclination angle of main
column, the inclination angle of wire rope, the angle
attack of UAV.

Fig. 10. The AA speed measurements

2) Hoist and fixing the UAV in initial position.

3) Start of power plant.

4) Start of UAV.

5) After UAV stop-ping, measurement of
distance between the nose part of UAV and plane
rotation of the fan propeller is executed.

The UAV motion towards of artificial airflow is
shown on Fig. 12.

Fig. 12. The UAV motion in the AA

D. Experiments

Experiments are executed for next characteristics
of EGDS: H =255 m; L =281 m; L= 7.6 m;
Lyiv=0.5m; Vas= 7.6 m/s.

Position of UAV at its stopping into artificial
airflow in test No.7 is shown on Fig. 13.

Measured parameters of the UAV motion into
artificial airflow for eight experiments are shown in
Table VI, where a is the UAV attack angle.
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Experiments reveal that at braking of UAV into AA
on its motion act three main factors: 1) the angle a;.
2) velocity and the AA motion direction; 3) the AA
uniformity. Two first factors define a lenth of brake
distance, and third factor — the oscillation process of
UAYV on brake distance. To improvement results of
these experiments is necessary: a) for registration of
AA parameters to apply device for measurement of
the instantaneous velocity; b) to use UAV, which is

Fig. 13. Position of UAV at its stopping covered by AA entirely.
TABLE VI.  MEASURED PARAMETERS OF THE UAV REFERENCES
MOTION INTO ARTIFICIAL AIRFLOW FOR EIGHT
EXPERIMENTS [1] N. F. Tupitsin and A. V. Bondarchuk, ”Calculation of
the characteristics of gas-dynamic landing gear,”
Test Voplal Hyin | Hy, Y, a, B, L, Electronic and control systems. no. 2(28), pp. 161—
No rr;/s m m deg | deg | deg | m 164, 2011.
S S S [2] N. F. Tupitsin and V. S. Yatskivskiy, ”Gas-dynamic
1 5 1.24 | 09 | 10°| 10°| 0 0.1 . . o 4
method for taking off aircraft's,” Electronic and
2 5 1.24 | 09 | 10°| 15°| 0° | 0.2
3 533 11 1 o T15° [ 2° T 0.15 control systems. no. 1(27), pp. 122—-127, 2011.
4 533 ll 1 11° | 30° 4° 045 [3] N. F.Tupitsin, S. O. Malakhov, and Y. O. Krymov,
- - 5 T =% - “Calculation of the gas-dynamic complex sizes,”
5 533 | 1.1 1.05 | 11° | 10 5 0.50 ;
6 533 11 105 T11° 1 15°1 5° [ 070 flelctromc and control systems. no. 1(55), pp. 87-93,
7 533 | L1 | 1.05 | 11°]20° | 5° | 0.90 018.
g 5133 1.1 105 | 11°130° | 5° | 1.05 [4] State Standard SU 10616-90 (Standard CMEA 4483-

84) Radial and axial fans. Dimensions and
parameters. Validity from 01.01.91 to 01.01.2001.

Received May 04, 2018

IV. CONCLUSION

Experiments and observations were made on
UAV dynamics of flight into artificial airflow.
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M. ®. Tyninun, I'. O. MaccajoBa. ExcnieppuMeHTa/IbHA NepeBipka razonmHamMigynoro merony nocagxku BITJIA
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OTpUMaHi Pe3yIbTaTd JO3BOJISIIOTH OUIBII PETENFHO OOIPYHTYBATH BHUMOTH A0 OOJIQJHAHHS JUIsS IPOBEACHHS HOBHX
EKCIICPUMECHTIB.
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MO3BOJISIFOT OOJIee TIIATEIHHO 000CHOBATH TPEOOBaHMS K 00OPYI0BaHHIO IS TPOBECHUS HOBBIX SKCIIEPHUMEHTOB.
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