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Aerial Application using a Small RF Controlied Helicopter (1V)
— CFD Simulation of Rotor Lift —
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Aerial application using an unmanned agricultural helicopter became necessary for both labor saving and timely spraying.

In the previous paper, a rotor system was developed and lift capability was evaluated. The experimental results were
compared with simulated predictions using the CFD-ACE program. From the simulation, the relative velocity on the top

surface of the blade airfoil increased, resulting in the pressure drop. The CFD analyses were revealed that a drag resistance

on the leading edge of the airfoil, a wake at the trailing edge, and a positive pressure underneath the bottom surface were
observed. As the results of the simulation, total lifts of 56.8, 74.4 and 95.0 kgr were obtained at the 6, 8 and 10° of AAT
(angle of attack), respectively. The simulation results agreed reasonably up to 10° of AAT. However, at a greater AAT

(<12°) the simulated total lift continuously increased to 105 kgs, comparing with a decreasing experimental total lift due
to the lack of engine power. At a stiff angle of 18° AAT, a wake was observed at the trailing edge of the airfoil. A rated

operating condition determined from the previous paper was also verified through the simulation.
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Fig. 1 The blade element theory of a rotor airfoil.

343



LY FAYIIE ©I8T YZYAZIE (V)

st3lom EA YA MBS A5t 13 39 UrEM‘Ri
o jko A Fef gk HEg 754 94 Y F-(inlet)
O = 110709 AAE Ao, ofojxd e l“1101]/‘1 d
ofvks #5el Yol nAA o= A AE
farfield(25xchord) & 2435 ch %742 2 ?ﬂoutlet)a
AT T g EAAE AHEke] 250709 ARE YA
t}. 813 ZAxNunstructured grid)s= AR =] A) 9] B2
0% Qlsto] Hsh= 5Pl gt AxH-gAdo] v &
ofgto] et ehFrt EAlste ol nislel FRA o2 3
5 7P F e oldo] ithAaA 5, 2001).
AlEeoldell= CFDRCOIA 7 CFD-ACES ©]-43}
%th. CFD-ACEE 4|8 E v Aj(unstructured mesh)E =] gs}
= A4 4 solver2X], vl A)(structured mesh)$} A=}
gle] 23l slo] B = wAl(hybrid mesh)2] A ¢lo] 7F55h
st AEY AARE B dlA 22 7380tk CFD-GEOM
oA 3412 uhgo] B 7]E 2219 CADAY 0 B HE] o
& CFD-ACEM &2, thael AEelA Bl HE g
o g4 ThoFst WS-ZHangle of attack) ©f tidte] CFD7|H
o ofal AlEelold &% o, CFD-VIEWE o83l ZE]
T o] Bx, HEE 58 9 5 AUUTKCFD-
ACE(+) Modules Manual. 2004).
2B Edo]=elAe] B Az

1z

P

Ae e et 4
AP GRS A Esiel, Belol=el Wol A4y 2
29 AAE PANL BF RERE k- R D H 8o

— Thickness

Leading Edge—-\ \_\. / Trailing Edge

—

Chord Length

Fig. 2 Actual profile of the airfoil (SW04) used in the CFD
simulation and experiment.

Outlet
i ®
Inlet =
o)
:&: ©
Outlet
(a) flow field

- 2EYY CFD Aol -

BEE A4 5t R
3)E olgato] Ao, 2Hf
./_11\__11:_4 .g}_ 7;1]/\}31- g]_lel—r:L

KZ%(u'Z +ov 2 4+w'?) 3

K : free stream turbulence kinetic energy
u, v’ and w' : turbulence fluctuation velocities of x, y and

z directions

ke B OF 2

AHE, D A @)l Sal 8 4= Qlsick

pC K*
Bu
Cy @ k-e turbulence model contant (0.09)
p : density of air (1.1614 kg/m’)
f : ratio of turbulence viscosity to laminar viscosity (0.2)

W : viscosity of air (1.846x10” kg/m-s)

D=

4)

4 A A gohe 28 SEE 4 (59 28 57149
HEEE Foo] I y3RM SR Lro] ¢

2 g
rdN
VL= 7000 < 6o (VS ©)

vy, @ linear velocity at the rotor tip

d : diameter of rotor blade N : rotor blade speed

AAAH FHEE 6,400 rpmS 71E0E 9] AEd o))
TR UES TH 49 Zo] Bello|=g PO REH 115
#afo] 7 v—Er" ool djsto] Alket W2-Folluix 9 24t
& AR, 1 JEAE T 59 R
AlEHo 144_91 A= CFD-VIEWS £31¢] thoksl By

(b) unstructured mesh grid

Fig. 3 Construction of flow field and unstructured grid for the analysis of SW04 airfoil.
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Fig. 4 Sections of the rotor blade for the CFD simulation.
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Fig. 5 Input data along the rotor section for the CFD simulation
of airfoil SW04.
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Fig. 6 Static pressure contour plot and wall pressure distribution
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R=1,325 mm, AAT=6.).
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Fig. 7 Velocity contour plots of u- and v-velocity at the ROl section (v, = 128.1 m/sec, R=1,325 mm, AAT=6°).
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Simulated Pressure Force (Lift) Distribution
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Simulated Pressure Force (Lift) Distribution
along SW04 blade, ATT=8
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Fig. 9 Simulated pressure force (lift) distributions along the blades for the rotor SW04 at the AAT=6° and 8°.

Table 1 Experimental and simulated results of total lifts (kgr) for
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- - 86.0 - 61.0
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(a) u-velocity contour

(b) stream line of u vector

Fig. 11 Beginning of stall at the 18° of AAT.
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