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Numerical experiment of flow around a compound airfoil by use of vortex method

O Bz, PR, A R T EK 1-10-20, yokoi@nda.ac.jp
Yoshifumi YOKOI, National Defense Academy of Japan, 1-10-20 Hashirimizu Yokosuka Kanagawa

A numerical experiment around a compound airfoil was performed using a vortex method. The compound airfoil
consists of a front airfoil (NACAO0012 type), a fixed wing, and a rear airfoil (NACAO0012 type), and it assumes the
rudder of a submarine. In the numerical experiment, the angle of attack of the front airfoil and the rear airfoil was
changed, and the magnitude of the gap between these movable airfoils and the fixed wing was changed. The Reynolds
number was Re = 3.8x10°. The fluid force and the flow pattern were investigated. As a result, total lift was greatly
produced, when both airfoils attached the same attack angle as the same direction. It was found that the total lift with
large one where the gap between these movable airfoils and fixed wing is larger can be obtained. It was found that the

rear airfoil governs the flow of the compound airfoil.

1. #E

IHEOEIKED THE) 13RO EoBEm)L 7 a7 (et
) ORI BTS2, HiffERed v & AR IfED
ThE MWL 72D, ZDTOREDNE Z1h) BT DRGSR B
TW5. 2hEDORVHEERRTT DIChHI--> T, BETHENE
TRIET DFAUCOW RS T 5 Z LTS 70D, ABkFD 1 9
PR VBB (TR (2R T, KEZHEEDIZDIC
13, ROMBEASESZENAITHE. EplL LT, #ize
BETIIERO T DABIEZ H L CROFMEZHASE TS L
v MEOPWANTRWTY 2 HICWAED Z & X 0 RBOERZH
REFTND. O~ O BEOHIET —TTIEINE TS, <7
a DOt VOB E BB ZES W EE LI RiEcoR E
PV DEIEER AT > TE T2 O EROREEINIE LT-ZD
REER 5L, FIUTOL ~OELIC D, AT,
OEODREER (AT —, AEol-umla o) ORI
#E (NACA0012) ZZFNZHIERE L COE SOEESRE AN L
7z, ZTOEEET DY OWNOFNOBIEY 2 = L— 3 V&7
EERNTT, 7 a3 — SR IR O 51T - 72

2. HBEE

AR EBRAE R AR D ) — 2 A 7% 3 (NEG
LaVie) &5 7 I (College Master Hands; UzuCrise 2D ver.1.1.3 rev.
H) BRI TWD. AWEEfEr A TME TH L. B
I3y SRV TERBLS N, SRR <BRT K v Ak S D
AMWTTBIIAGIE =7 2R o T BRI I8 Z 22 AU <BER L D i
DT 2 Z) 2 A SIND. IEDfTTHEOREROR RS

o
W
]
1

00 05 10 15 20 25 30

Fig. 1 Shape of the compound airfoil; tandem arrangement of a
movable airfoil, a fixed wing, and a movable airfoil.
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Fig. 2 The flow pattern of a fixed wing, (a) the wing length is 880mm,
(b) the wing length is 970mm.
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Fig. 3 The time history of the fluid force characteristics, (a) the wing

length is 880mm, C=0.0035, C;=0.0, (b) the wing length is 970mm,
C;=0.0035, C5=0.0.
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Fig. 4 The flow pattern of a compound airfoil, in the case of 880mm
stay (wing) use, (a) (a1, 02)=(5°, 5°), (b) (a1, a2)=(10°, 10°),
(©) (0, 02)=(15°, 15°).
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Fig. 5 The flow pattern of a compound airfoil, in the case of 970mm
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stay (wing) use, (a) (a1, 02)=(5°, 5°), (b) (atl, 02)=(10°, 10°),
(©) (al, a2)=(15°, 15°).
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Fig. 6 The time histories of fluid force, in the case of 880mm stay
(wing) use, (a) (a1, 02)=(5°, 5°), (b) (a1, 62)=(10°, 10°),
(¢) (al, 02)=(15°, 15°), the red line shows lift coefficient.

Fig. 7 The time histories of fluid force, in the case of 970mm stay
(wing) use, (a) (al, a2)=(5°, 5°), (b) (a1, a2)=(10°, 10°),
(©) (a1, 02)=(15°, 15°), the red line shows lift coefficient.

Table 1. The value of the lift coefficient in each condition in case an angle of attack is in both airfoils, at the time 7= 5

Wing type S880 S970
(al,02) Ist 2nd stay total Ist 2n stay total
(5,5 0.3416 0.2994 0.0382 0.6792 0.1986 0.4280 -0.0097 0.6169
(10, 10) 0.9236 0.6050 0.0154 1.5440 0.8054 0.6163 -0.0420 1.3797
(15,15) 1.5383 0.8900 -0.0707 2.3576 1.3528 0.8753 -0.0726 2.1555
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9) A ARH, EOBLIR", R, B 69-683(2003), pp. 1564-1569.
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(b) al=10°, (c) al=15°.

Fig. 8 The flow pattern of a compound airfoil, in the case of 880mm
stay (wing) use, in case an angle of attack in the 1st airfoil,(a) a1=5°,
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Fig. 9 The time histories of fluid force, in the case of 880mm stay
(wing) use, in case an angle of attack in the 1st airfoil,(a) a1=5°,
(b) a1=10°, (c) a1=15°, the red line shows lift coefficient.

Table 2. The value of the lift coefficient in each condition in case an angle of attack is in the 1st airfoils, at the time 7= 5

Wing type S880 S970
(al,02) Ist 2nd stay total Ist 2n stay total
(5,0 0.0781 -0.0046 -0.0127 0.0608 -0.0026 0.0127 -0.1332 -0.1231
(10,0) 0.4992 0.0033 -0.0171 04854 04722 -0.1319 0.0479 0.3882
(15,0) 1.0562 -0.1752 -0.2556 0.6254 1.0082 0.1269 -0.3707 0.7644
5
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Fig. 10 The flow pattern of a compound airfoil, in the case of 880mm
stay (wing) use, in case an angle of attack in the 2nd airfoil,(a) 02=5°,
(b) a2=10°, (c) 02=15°.

Fig. 11 The time histories of fluid force, in the case of 880mm stay
(wing) use, in case an angle of attack in the 2nd airfoil,(a) 02=5°,
(b) 02=10°, () 02=15°, the red line shows lift coefficient.

Table 3. The value of the lift coefficient in each condition in case an angle of attack is in the 2nd airfoils, at the time 7= 5

Wing type S880 S970
(al,02) Ist 2nd stay total Ist 2n stay total
0,5) 0.1754 0.2726 0.0192 0.4672 0.1552 0.3558 -0.0271 0.4839
(0,10) 0.3802 0.7217 0.1579 1.2598 0.1830 0.5759 0.1292 0.8881
0, 15) 0.6358 1.2461 0.3531 2.2350 04768 1.1642 0.2779 1.9189
6 Copyright © 2018 by JSFM
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