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Adoptability Review of a Rotor Airfoil (SW05) to an Agricultural Unmanned Helicopter
Using CFD Analysis

H. K, Jung

Y. M. Koo

The task of chemical spraying has been seriously considered as an irritating and annoying job for Korean rice farmers.

An agricultural unmanned helicopter was suggested to solve this problem so as the farmers to have more decent farming
condition. The objectives of this study were to analyze the adoptability of an experimental rotor blade (SWO05) using the

CFD simulation and also to compare the simulation results with experimental results.
The simulation results showed that the induced power of this rotor reached to 57~63% of total power and the profile
power was about 37~43% of total power. Therefore it can be concluded that this rotor's performance characteristics were

not so efficient for the size of unmanned helicopter due to the low induced power and high profile power relatively
compared with ones of conventional rotors. The comparison with experimental results showed that the tested lifts were less
than 70% of simulated ones at the grip pitch of 12° and decreased to 40% at the 18° grip pitch. Therefore, it can be
concluded that the rotor was too oversized to be used for a 15.4 kW (21 PS) engine.

Keywords : Rotor lift, Drag, Induce power, Profile power, CFD analysis, Unmanned helicopter
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dt

Vi dD

Fig. 1 Flow velocity of airfoil (V;: linear velocity, #: pitch angle,
v =V, sinf, u= V] cosf, dL: derivative of lift, dD: derivative of
drag).
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Fig. 2 Dimensions of the experimental airfoil and its profile (unit: mm).
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Fig. 3 Unstructured triangular mesh near airfoil and far field (a:
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Fig. 4 Rotor blade sections allocated for the CFD simulation and
their mean radii of the SW05 blade (unit: mm).
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Fig. 5 Static pressure contour plot and wall pressure distribution along blade surface at the RO1 section (¥, =130 m/sec, R=1,397 mm,

grip pitch = 18°, AAT =12.5°).
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(b) v-velocity
1,397 mm, grip pitch=18°, AAT =12.5°).

HA H1 g HA 29 gAY o7t Eoledles g

SATHAF- L= A A= AD).

4. =% ¥

T8 72 29 F7E 18, 160, 140, 1209 we] v}
g9 Aol & vlmsgled 237 ALFS ey 49
ol AR 2E9 7z} 73 i) Ads= JH Y F
7HEE AR B4 v 23 94 1209 9= Ro1#
RO2 TR kst o] dA3) Haslo] Ro3oIA
R12 77 o= e B%S BYlvh & J7 I3} 120
o o RO1F RO2 T7H) FAolAe) whezke 7k 7} 6.50,
6.9°% SWOSZE= W52 e 93] Zo] 7oolsl7t HH
Fgol A gatA] stk

F 16000
F 14000
- 12000
r 10000
r 8000
r 6000
r 4000
F 2000

181+ i, cP1s
14 - —»— Lift, GP16
—e— Lift, GP14
12 —e— Lift, GP12
4 Drag, GP18
#  Drag, GP16
+ - Drag, GP14
+ Drag, GP12

Lift & drag at each section, kgf/10cm
Lift & drag force at each section, N/'m

ol R ) *
'."F!tig:: + -2000

"

200 400 600 800 1000 1200 1400 1600

Rotor radius, mm
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Fig. 9 Total induced power and profile power for SW05 at different
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Table 1 Percent share of profile and induced powers (kW) at different
grip pitches for a pair of blades

Grip pitch (°) 12 14 16 18

Profile power 6.1 16.8 244 32.7
P (37.2%) (40.9%) (42.0%) (42.6%)

Induced power 10.0 242 337 441
P (62.8%) (59.1%) (58.0%) (57.4%)

Total power 16.1 41.0 58.1 76.8
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