I 2 5 o B 97

:nu

Eﬁ I J. of The Korean Society for Aeronautical and Space Sciences 43(2), 97-108(2015)
DOLhttp://dx.doi.org/10.5139/JKSAS.2015.43.2.97
ISSN 1225-1348(print), 2287-6871(online)

AW7E 9= 33 B A 239 ST 371l A A ¢

NFEs, A

7 7

Numerical Study on the Side-Wind Aerodynamic Forces of
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ABSTRACT

In the design of sailing yachts, para-glider, or high-sky wind power, etc., the analysis of
side-wind aerodynamic forces exerted on a cambered 3-D model is very important to
predict the performance of various machinery systems. To understand the essential flow
physics around the three-dimensional shape, simplified rigid-body models are proposed in
this study. Four parameters such as free stream velocity, angle of attack, aspect ratio, and
camber are considered as the independent variables. Lift and drag coefficients are
computed with CFD technique using ANSYS-CFX, and the results with the visualization of
post-processed flow fields are analyzed in the viewpoint of fluid dynamics.
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Fig. 1. The Skysails system with a parafoil
(http://www.skysails.info)
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Fig. 2. Simplified models: T(triangle) and
R(rectangle)
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Table 1. Parameter set of each case
G| SFP | i | b | o | i
T-Base T 5 30 800 | 3200
R-Base R 5 30 800 | 3200
T/R-V.5 TR 25 30 800 | 3200
T/IR-\V2 TR 10 30 800 | 3200
TR0 | TR 5 30 800 | 3200
T/R-th60 | TR 5 60 800 | 3200
T/R-th0 | TR 5 0 800 | 3200
T/R-L15 TR 5 30 800 | 2400 Fig. 4. 3D modeling
T/R-L2 TR 5 30 800 | 1600
TRWS5 | TR | 5 | 30 | 40 | 320 2.3 =&l uo2iolH
TR-W25 | TR 5 30 200 | 3200 2 AFdA AHES FE SetrEe oed
Fag=
V., -+ 4% (free stream velocity)
¥, 6 S W37 (side angle of attack)
; L ... £9 HU F(max. width of sail)
P2 W .. 73¥ Zo](camber length)
\ | of MerEHERYE TAANE A4ES 4
— - g3tk he FAEE £ EFolE TITh
Lift forc Caml:‘forzi| &l ] = 24 (Reynolds number):
pV, L
Re, = 3)
Drag force s
Z % 9] (Aspect ratio):
Top view AR= % @
Fig. 3. Definition of aerodynamic 7 ¥ & (Camber ratio):
forces and angle of attack W
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0.900 0.540 Table 4. Aerodynamic forces of
0.895 0.535 triangular model
0.890 0.530
0.885 0.525 Drag Lift
0880 | /—_ﬁ— 0520 (N) (N) Cp G
U 0875 0515 (§ T-Base 30.14 67.23 052 0.89
a0 //_I ot TV5 | 978 | 1677 | 0% | 088
0.865 -+ 0.505
oo | ¥ Pt TV2 | 15657 | 26930 | 052 | 089
0.855 _';_' Eﬂ mew;f ent | 0495 T-the0 8326 4807 1.10 0.63
0.850 ‘ ‘ —ogmoeee® 1 o490 Th90 | 11372 | 000 150 0.00
200 400 600 800 1,000 1,200
- TL15 | 2948 | 5077 | 03 | 067
T C I T-12 20.29 35.01 027 046
T-W5 38.03 65.81 050 087
Fig. 7. Validation of computation T-W25 | 3661 6336 048 084
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) [E ] = —'+E e o Fig. 8. Comparison of steady and unsteady
wall function)& AH&-3te] y & HdHSIHA computation: R-Base case
y" = max| L AyCVE 1106 )  Apgats @A w @ad os) =AHEe
+ fe) 2~
a y =10°] AAA] A2 FEAS & F Utk
A71NAM Ay Az AAl A7]ela, C,9k k Aol Ae= olsly] Yste] =¥ gA
= A7 i B Aot 3R 2 olUA g (convergence test) S AT =, 714 A

(turbulent kinetic energy)E <Jv|gtth. 2] (6)ll
Ayt <11.069] 99 ANSYS-CFX FHEZoA

Table 3. Aerodynamic forces of
rectangular model

Dra Lift
N | N @ | G
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Fig. 9. Coefficients vs. Reynolds number
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Fig. 10. Coefficients vs. angle of attack
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ANSYS
Velocil hias
Streamline 1
6.725e+000
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3.375e+000
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L
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Streamline 2
7.749e+000
5.818e+000
3.886e+000
1.955e+000
2.393e-002
[m sr1]

300000

200000

Velocil
Streamline 1
7.386e+000
5.550e+000
3.714e+000
1.877e+000
4.118e-002
[m sr1]
%
3000.00 (mm) )
-
(e) R-W.25(0 =30°, CR=0.0625)
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Fig. 11. Velocity field and streamline of rectangular model
Re, =1.08x10° AR=1
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7.519e+000
5.6556+000
379164000
1.9286+000
6.3826-002 s
[ms*1] 3 =
et —
L
o o 1500 ()
—0 R0
—_ano° _
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ANSYS ANSYS
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| e = I
— = e == Al
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1.689e+000 L \ £ 7 7» : - V 1.618e+000 S
\(\ B
4.962e-002 Z 7.641e-003 A\ 2
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Lt L
. o w000 ) . o S0 )
o o T =
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ANSYS ANSYS
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7.1066+000 6.7486+000
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= — —
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150000 300000 (mm)

225000
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150000 300000 ()

25000

(e) T-W.25(6 =30°, CR=0.0625)

Fig. 12. Velocity field and streamline of triangular model
: Re, =1.08x10% AR=1
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Fig. 15. Comparison of the vorticity, |V x V|
Re, =1.08x10°, §=30°, AR=1
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