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Development of Aerial Application System Attachable to Unmanned Helicopter
— Basic Spraying Characteristics for Aerial Application System —

T. G. Kang C. S, Lee

D. K. Choi

H J.Jun Y. M, Koo T.H. Kang

In order to develop an precision aerial pesticide application system to be attached to an unmanned helicopter which can
be applied to small lots of land, this study analyzed the flowing and spraying characteristics of the spray droplets by the
main rotor downwash by setting the application conditions at the flight altitude of 3 m, the diameter of main rotor of 3.1
m, the boom length of around 2.8 m, and the spraying rate of 8 L/ha. The results of this study are summarized below.

Through analysis of the covering area ratio of the spray droplets by main rotor downwash by nozzle type, boom with
tilt angle and height, it was found that the covering area ratio of the twin flat-fan nozzle of around 25% was more uniform
than other types of nozzle, also boom with 10° tilt angle and spraying height of 3 m was shown to be the appropriate
conditions for aerial application of pesticides. It was found that the nozzle position to minimize the scattering loss of spray
droplets due to vortex phenomenon at both ends of the main rotor was around 10 cm from the end of the main rotor. An
application test for the aerial pesticide application system attached to the HUA-ACEI unmanned helicopter developed by
the Rural Development Administration showed that the range of covering area ratio of the spray droplets was 10-25%, and
the spraying width was approximately 7 m when over 10% of covering area ratio was considered for valid spraying.

Keywords : Unmanned helicopter, Downwash, Covering area ratio, Spray droplets

1. N B

WTOiﬂﬂlﬂ ZHoR A Ao SRR st

B A 2 sG-S TR el ti-&sk] flste] i
FA FARES A A7kS st Aab|ee] dAE] o
a1 JtkSeok et al., 2006). TA FAHE- Ak 219 F 1)
WA F2 9 AAERS =ol7] flst F5Aio)A]
A2 TESE SollA] soks s R e FokE
27t AA 7]9)ehs Aflolth HE FAlel wEY E7t

MrN

2oy £

¢

29] 5-15% oldE Al A<lel Feljatir )
1— oﬂ U‘]—E}- 71 10‘] 0]"}.4 z]—o‘j o7 Z 1
e RDA, 2004). Egt ¢-2uete] sofdas
clekalsnba) o 2 xjwHukEl 9 ujalk = £alsko] Wol 317

X *&i

Boks A7k 4 Qe A EQ] A%AE(Ultra Low-Volume
;ULV) W21 9] 21803 - Al 7] A7 |0 Desich mbA
A AR ] s o, 2] 719 W S8, &

BT W APAR ALY AN Tl 5 s 5
RIS o] 48 FTPAAAZ Adslo] 59T

This study was supported financially by the Agricultural R&D Promotion Center(ARPC). The article was submitted for publication on 2010-06-30,
reviewed on 2010-07-22, and approved for publication by editorial board of KSAM on 2010-08-05. The authors are Tae Gyoung Kang, Chai
Sik Lee, Duck Kyu Choi, Hyeon Jong Jun, Agricultural Researcher, KSAM member, Department of Agricultural Engineering, National Academy
of Agricultural Science, Young Mo Koo, Professor, Bio-Industrial Machinery Engineering, Kyungpook National University, and Tae Hwan Kang,
KSAM member, Agricultural Science & Technology Research Institute, Chungbuk National University. Corresponding author: T. H. Kang,
Agricultural Science & Technology Research Institute, Chungbuk National University, Cheongju, 361-701, Korea; Tel: +82-43-261-2605; E-mail:

<lamokth@yahoo.co.kr>.

215



PAUAZEIZ OI8Y YBYRNAY THY() - YBYIAIAY P2S AY 7= 2REY -

A2 RIS ST Ao =N BakEe] F4
1l 71AA AR S 2T = o} 3t Koo and Soek 2006;
Park et al., 2007). WA A28 7HEE 913 A=A o
2813 DGPSE o] &gt AAIZF u] WA 7\]/\%‘9] ks
T AR A T A v A9l 58 SulE 2Ig o
&7] FAE FEA W AAA A "”7](Chung et al,
1997; Fulton et al., 2001; Molin et al., 2002) 5 B2 A5+
7 BaE L glont FRIFeFHE o] &8 WA AlxE A

+ wu|gk AAolrk

& TRIFFHE o83t 7S A FAA = ol
A-g3to] FaHE] S 9 Al FFHA 5 28 HeAvE
grjj=lo] 7k Q= F ﬂO]‘:K oo et al., 2006). F-Q1&2]F
E1§ 01_9_8]- I:ﬂ—xﬂzq—?j% T}
AA|E Qe %1%+ qolﬂ% @Zﬂ“ﬁx}ﬂ EEAEE 20|
o kst A S AYSE-S AlTsh, @At BA
#go] 7hsstal, @aragel o3 AFaat Fom, ©F
71 A7k st Sl 4ol Flueck

WbA 27k BASIE Aslo] FFssha, Hlek 2k
o Al Downwash)o] 2|t 7Hele AELoR RAEE
o131, AHESIAS] WIS 2 %9 4 o] A1kl ok
592] 729 AUAA AFE-10 Lha) 02 A% 7y
& BUE AT 5 Y FE 20 ket AFFAAeT
BE olg e Alme WAlEel Ao Agaic

mebd 3 Aol AAzEAe) S8 Tade e
Ay g wAAAE 732 Qfony FRluFE)
ool 2] Alfel et 71 BEEAL BAETA sk

}_

Rl Fy FaE AR RS FRldEEH
o] H|BI&E 20~25 knvh, HIB T Flda]FE o] H¢l
H Al g8l F-2Hd e A53S Holgk shax =
S fAE e Eolel 3 mE Ak

TR FE ] AA| Thssh T AR 9} okl s
sto] FHlf 20 kg o], & Aoz ARE= oFdo]
FH AR ohrEo] EeE Ae Haslel] 919
Q1= E] 274 3.1 m2 90% A== A3 1, %
& AFQ] AT WRA(ULV)Q 8 Lhas 7%
A4 25 A0 T A H*xﬂ

2 Ahustart sl

O S

rO
nﬂi-r;oﬁéﬁnghrﬂrﬁ

O:

-

Jr?.li_,_{ﬂ
e e

o
[> oX H

g&o] w2 A 2 ?Jﬁo 100 (m Lﬂﬂq =S M4 }
7] Slate] Fg, AP weE 9 Y w20 24, £

$7), wve 9 BRARE S4s

2 25U AE5A7(MALVERN Mastersizer-S, Eng-
land) = -5 ?47401 Wé% iz Lol HE] 30 em A2
3724 7(VMD) © % L}

=[REI IR AR PAP QRSB

A rC ﬂ 1Ea}ﬂﬂa‘r 2 HYT T AFE oA EAA
2]71%-& ©]4-3to] Threshold %k 80%= AHElate] 1 ol
Al 3 em oJuje] )37 E9IARe] o)A Re] 7Hg w7}
AA)7E o] F= Zto® Aesigith

wZo| BEek ul Buyg] =443 937} 6.5 cmdl
PCAA FHAER % 3 m, o] 3 m, FAHEE 10°Z A
Asto] T3 dEelA e Eo] 871%0® SejdEy] 4
=5 AAEitE Tk 34871 HAZ A70] 5 cm, Ho]
13 cm Q1 Y& 0= ALl EFFE =ZolA rd
Eo] ZPAEe] Yatete] 348710 SR s 342
27} 0.01 g Q1 AAA-S(OHAUS, E-2100S, U.S.A)E 34}
B S4sl0] FEgow #AEES Atk

HE Aol BofEar Qs tEA 2 Zel] Wl
S, 7)o, Sevo)E PEE toR BEERUEE BE
&, Huiske, BEQ A7)ang 9 FAE 1”kete] Ads)

o3
A

4. 8 A

AR O] 2 Zoli= velzE 47 3.1 m o] 90%
9 28 me A7} 7 W] $9 A sfol A
sttt 9] s L 71E0 % 30°, 0= 1.7~3.5 m
M AT F U B A9 24709 B $H 5
== AL

B MRl 2P 2253 AE” BA

=

Qe W] ARel] o8 R 5
6 Sslel Faldelsiell s Baw A wej
SBAY A AGAR, sIelarle] 5 sl
ol PP 37 kW VSIS A L 4
248 fA0R AH U4247)% 0|8 6}312111 ez
Bl 27 30 m 2 ARk 19 19 5 13} 2ol Al
stiet

1) olol 26| Mgel B4 T 2
Rl el 0|8 sobiel 44

ful

o] wAZEol|A] A E st npgtel] oJgh $
o] =uAT HEAo] st oFaEs FHusl & 4 Stk
wba] Fo1dle]FE Q] HQlRE F&5IES EAI5ke] bt



Fig. 1 Application characteristics test equipment by dawnwash of
main rotor.

Table 1 Specification of application characteristics test equipment

Dimension Rotor diameter | Rotor RPM Motor Power
(HxWxL, cm) (cm) (RPM) kW)
240x100x100 310 800 3.7
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Fig. 2 Equipment for measuring application loss of spraying
droplets by vortex flow and downwash.
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Fig. 3 Equipment for measuring vertical flow of spray droplets.
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D, +Dy,+Dy++ o «+D,: Area of sprayed droplets

: Covering Area Ratio
A ; : Total area of water sensitive paper
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Fig. 5 Spraying system attachable to unmanned helicopter (H.U.A-
ACEl)

Table 2 Specification of spraying system using unmanned helicopter

Unmanned helicopter model H.U.A-ACEI1
Diameter of main rotor (mm) 3140 —||-_ E:%Q| l=] Ol Mo E /g
Maximum output of engine (kW) 23
Engine displacement (cc) 342 =20 EEA B Ade 32 SA4S 833 40 U
Weight (kg) 65 ERf AT
Amount of liquid chemical (L) 30 X 304 B vlel Zo] AHE-ZE 0.4 MPa, A4S =
Spraying width (m) 7.5~8 I 2 &2 BFEo] 0.6 MPa duj 5917 o] 100
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Table 3 Particle size and discharged rate according to nozzle type

J. of Biosystems Eng. Vol. 35, No. 4.

Spraying pressure (MPa)
Nozzl It S le (°
ozzle type em 04 06 08 pray angle (°)
Particle size of spray (/) 104 91 87
Fan spray nozzle - - 76
Nozzle discharged rate (mL/min) 130 170 210
) Particle size of spray (/) 115 103 98
Twin flat-fan nozzle - - 88
Nozzle discharged rate (mL/min) 390 510 610
Particle size of spray (um) 118 104 92
Cone nozzle - - 63
Nozzle discharged rate (mL/min) 220 290 340

Table 4 Specification of pumps

Pump type Maximum delivery pressure Maximum dis‘charge rate Power Total weight
(MPa) (L/min) W) (kg)
Rotary vane pump 1.5 3.7 60 2.0
Magnetic gear pump 0.3 4.0 30 0.7
Diaphragm pump 0.8 2.0 45 0.5
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Fig. 8 Spraying distribution of cone, fan and twin flat-fan nozzle.
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Fig. 10 Flow of spray droplets in front view.
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Fig. 11 Spraying distribution rate of twin flat-fan and fan nozzles by dawnwash
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Fig. 12 Application loss of spraying droplets with setting distance of nozzle from end of main rotor by downwash of main rotor.
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Fig. 13 Application loss of spray droplets by vortex flow from end of main rotor.
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