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Abstract: In order to study the stall characteristics of two—elements wingsail of merchant ships during navi-
gation, the transition SST turbulence model is used to solve the airfoil flow field of two—elements wingsail, and
the stall characteristics of two—elements wingsail are analyzed by numerical simulation. The evolution process of
flow separation on the airfoil surface can be seen from the flow change of the two—elements wingsail airfoil when
the flap deflection angle increases. With the increase of flap deflection angle, the thrust coefficient fluctuates and
increases. This is because when multiple physical parameters act together, the change of one of them will bring
disturbance to the flow around the gap. The interaction between two free shear layers also has been changed, caus-
ing airfoil stall or improving flow. For different flap deflection angles, the thrust coefficient is the largest in the
range of 75°~105° relative wind angle, and the side thrust coefficient is close to 0. It belongs to the range of opti-
mal relative wind angle. Therefore, when the angle of attack changes due to the change of relative wind direction,

in order to obtain the optimal propulsion coefficient, the flap deflection angle should be selected first, and then
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the appropriate angle of attack should be selected.
Key words: Two-elements wingsail;

cient; Numerical simulation
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Fig. 3 Definition of airfoil parameters of two-elements

wingsail
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Table 1 Parameterization of the wingsail

Airfoil parameter Size
c/m 0.35
h/m 0.7
Re 5x10°
8/(%) 0~25
al/(?) 0~20
gl% 2.4
X,/% 75~95
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Fig. 4 Calculation domain
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Fig. 5 Distribution of y* value on wingsail surface
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Fig.7 Convergence of a=6° as a function of mesh number
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Fig. 8 Flow profiles on the mid-span of wingsail
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Fig. 9 Comparison of lift coefficient and drag coefficient
between test and CFD
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Fig. 11 Lift/drag characteristics of the main wing airfoil and NACA0018 airfoil
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Fig. 12 Distribution of separated bubbles on airfoil surface

2204046-6



a3k 11l

R R VA 5T WU 2% 3 L3R 2R 2 R ) (LT 5T

2022 4F

R G R, 2 % B UL B0 0 5 E TS0 A 1A 3 ) R 2%
Jr i & gl HTE I3 R R AE L AR A

—&— Reattachment point of pressure side
—&— Reattachment point of suction side
—=— Separation point of pressure side

12 —=— Separation point of suction side

al(®)

x/c
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of wing airfoil at different angles of attack
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Fig. 16 Diagram of gap relative width change with flap

deflection angle change
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Fig. 19 Maximum lift coefficient and corresponding drag

coefficient at different flap deflection angles

Table 2 Wingsail attitude at different wind angles

Relative wind angles/(®) 5/(°) al(®)
30 5 8
35 5 8
40 5 10
45 5 10
50 5 12
55 5 14
60 15 10
65 15 12
70 25 12
75 25 12
80 25 12
85 25 12
90 25 12
95 25 12
100 25 12
105 25 12
110 25 12
115 15 12
120 15 10
125 5 10
130 5 10
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Fig. 20 Pressure coefficient distribution at different flap

deflection angles
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Fig. 21 Distribution of separation bubbles in flap boundary layer at different flap deflection angles
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Fig. 22 Turbulence intensity distribution of wingsail airfoil at different flap deflection angles

2204046-10



Fa3E W RS 7 A K5CT ULOT 3% 3L L 3730 2 o A ) B AF 2022 4F
ISR IF 9 T R W I s, 51k 5 LI N RBOLT I/ X T b s i AE &

33 RUEXT I IT = B E B KRR %R M
3.3.1  TFHBHARE Hh £k

BRI M T B3 R B R ol 0TI, A TR i AR
XT3 3 A 380 1) T BH 2R Kbl A i AR Ak i e,
23 i7s o ME 23 i rl LA Y, 78 /NI ff B A [] 7
R T R BN K BB B R, H 25 (E
AW AR K, T BN 1.4x10°(0=5.81m/s) ) 35 R 85
AR, HBE A TR RO 1 R O o AE R R A
2| 5 5 BN 1.4%10°(v=58.12m/s) I, 2% 35 £ 15 K %
14° e R  ZR A AR & 2 L4224y, T b & B 1 4
) 3 R, T 23 A3 A0 1 BT RO WRR AL, X 5
3 RY 6 TET % 43 U K /N R 4y A B R R AR 4k
EEP

—e— Re=1.4x10°
—+— Re=2.4x10°
—*— Re=5.0x10°
—+— Re=1.4x10°

Re=2.4x10¢

10 12 14 16 18 20
ol(°)

(a)
04
——Re=1.4x10°
——Re=2.4x10°
——Re=5.0x10°
03F  ——Re=1.4x10°
Re=2.4x10° /

0 2 4 6 8 10 12 14 16 18 20
al(°)
(b)
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different Reynolds numbers
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wingsail airfoil at different Reynolds numbers
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