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Abstract

Oscillating hydrofoils are widely used in the fields of wave energy, tidal energy utilization, and bi-
onic propulsion. This paper analyzes the hydrodynamic performance of multiple hydrofoils during
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oscillation and swing. First, a three-body model composed of three hydrofoils was established as
the analysis object, and then the time-averaged Reynolds model combined with polyhedral grid
technology was used to realize the numerical simulation method of the three-body hydrofoil os-
cillation process. On this basis, the hydrodynamic characteristics of the hydrofoil in the swing an-
gle range of +20° and the flow velocity range of 1~10 m/s are simulated and analyzed. The results
show that under different swing angles, the high velocity area is mainly distributed in the vicinity
of the two airfoils at the tail. As the swing angle increases, the maximum pressure changes less and
the minimum pressure gradually increases. As the incoming flow rate increases, the maximum
pressure and minimum pressure both increase. Through the analysis of the lift and drag force
curves of different working conditions, with the increase of the swing angle, the lift force of the
two tail hydrofoils changes little, and the lift direction is opposite. As the swing angle increases,
the lift force gradually increases. As the incoming flow velocity increases, the lift and drag of all
hydrofoils increase, and the increase in lift gradually accelerates.
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Figure 1. Computational domain and boundary conditions
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Table 1. Calculation condition setting

=1HEIRRE

T BB KFHEE m/s B E /s
+5
THA 1 +10 5
+20
100
1
THH 2 +10 5

B PR BRI B 58 SRR 58 SOREFE 8 FE 9 BE A I R AR AL 1A 73 BERR 8, TSI 8] 4 A2 2h 8 11

TARN T NIK, 5 FE RN EN SR RE 53538 997.561 kg/m® Fil 0.00088 Pa.s.
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sl IR R 2%, DA R AE v S, BRI TSRO B B & T R R IR R A
AT AR o SR B AR 5 A BB AL R BN R e T A i . B AUE U ik
B EA R R s #EAT AL AR B, WTAER IS B RREmAE R, (E0 TR R IR E R B . K
UL BB KRR AT SRAE, AR5 RUEE T B R AR AR A . AR T B AU IR R 2,
EAPRTE R E S WP IERINAT & TREH IR, k-e BEAYER 5 B O T SR AR 30 7 2 e
J 2 AR, HORS FEAE TR T 12 52V A R T SR R . RNG k- i AL AE k-e BT P BEAE |
BEAT 1k, BRI TSR HERE . AR SCAERT Y SST k-0 BERLRAE ke B k-co B (15 RE - 04
BEAS R, AT k-e ARRLAE ST BE [ T SH I th BE S A7 R0 UT RO HERR L

3.2. XISy

W By S SIS R E S A Py, ES WAL T RGN, THE P R MR E S M
R DXIEEAT A2 AL B, B8 XA 100 S 2 RO S XA EAT AR A VT B30, SIETULTE 55 DX A 8 O A 2 ) PR
Wfe BAcHe, R EE S A KRS 2 R SR AR LA IR KR 35, ATk G0 T W0 K Mg 3 i 7 A= 1)
WIS ALTE o

Mg/ RS E RN 0.01 my BARMMNAGZERN 0.002m, HFRELFRZH NS E, F—EAR
JEPURS JEBE Sy 0.5 mm; % H B RS DXIEAT AN B PR NS, A% RSH 43 008 2 mm A1 4 mm. POAS
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Figure 2. Meshing
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T 5 PR OGS E B R X ICEAT I, e PN AN R RS (0 X3k, o 2 2 A IX 3 ] A0 RS
TR, EEMEIEARST N 2 mm, HXEBREE T 5 BURE.

4. HHERR S
4.1. FEHEzNAE TASKRANDFHERR

O3 RS AN 100°/s FEESN B A£5 . £10°, £20°F) T . $E50 A A+5 1 4 AN fr E
MR = B 3 s, Hod e=0.05 s B ZIA+5 1250/, Hirai B3, Himmcr )b r-4
B, MDA BARE A7, R X 2 o A e A 2 FBRAL 3 KT, HIKE 61557 Pa;
t=0.15 s N Z-5°$250f, B i gEsh, Himm )= mmE 7, S e r= AR mE
71, R XIRF L AR 2 FIE A 3 K, HACEAN-58462 Pa; ¢ = 0.1 s %, BEALEIEZH
N ORI R B, ERE X F B A A 3 2 AR 3 FRqh, LR RA I A IR R, RTZkAh
MF= AR . AR E F1 0 A LB T = 0.05 s I ZIRA 2 5RMHBABAK, +=0.15s I %A 3
EsRmB iR, e X BR8P~ T BRI 5

Solution Time 0.05 (s)

Pressure (Pa)
-61557. -42840. -24124. -5406.9 13310, 32026.

(a)r=0.05s
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Solution Time 0.1 (s)

(b)t=0.1s

Solution Time 0.15 (s)

(c)t=0.15s

Figure 3. Contour of pressure and velocity at 5° swing: (a) 0.05 s; (b) 0.1 s; (¢) 0.15 s
3. KB SRR TAENZENSEEEE: (2)0.05s; (b)0.1s:(c) 0.15 s

RSN B L5 I 4 AN SR B 2 B 3 AR, Horb e = 0.05s I ZD8+5° 15, HIA
AL B PR3, 75 F Y 2 A3 AL 3 Ay SIS I T S A 7 AR 3 v LT I 00 s e DX 3K T T
BORTEN 121 mis; t=0.15 s N ZDN-5¥280f, HIaRima B8, ER 2 B 3 L MAIMEET
AT AL AR s, HA0 T () s X T 1, ORE N 12.1 mys; = 0.1 s IS %1, FEALA,
BN M 0o R A7 B, PRI A i X 4, RRE & B B4R S50, 30T ) v I DX 38K T 1
Fel KIE 0 11.7 m/s F111.6 m/s; AFEIBTZ, St s o0 A X Iaa 20 T 380 2 fIEAY 3 Ji g X 4

BN FE 1070 4 DS SURA B 1 ) = BRI EE 2 BB 4 Fros, Horb o= 0.1 s IS ZID8+10°4530 /1
Ho1a) e Ay B 855, Hlm N AR R ), IR AEBARE D), SR X R 3 B A e R
B2 AR 3 KM, HACEHN-74773 Pas t=0.3 s B ZA-1074830#, HmF b B85, Fwmm )
FEAR R R T B TR )AL = AR A R g, e e X 3 Ay AR AR 3R A 2 R A 3 R, Fefik R —71986
Pa; +=0.2s %], BAMFENAN O WP E, SIUEXRIEMMAIERE 2 fEA 3 KW, HE
PRI AN A E I, BT IMU= .

Solution Time 0.1 (s)

(@)t=0.1s
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Solution Time 0.2 (s)

a : .
1187 -s4108. ~37008. 7 % 15048, 28687 o211,

(b)¢=02s

Solution Time 0.3 (s)

(c)t=03s

Figure 4. Contour of pressure and velocity at 10° swing: (a) 0.1 s; (b) 0.2 s;(c) 0.3 s
B 4. KE 10BATARNZENSEEZE: (2)0.15(b)0.25;(c)03s

BN NE10°I 4 A g AR B R BT = B 1] 4 AR, Horb =001 s IZD8+10°483h /1, HIAl
AL B PR A, 75 F Y 2 AN 3 AL 3 Ay SIS I T 3 A 7 AR 3 v A, LT 00 s e DX 3K T T
BRI 129 m/s; 1= 03 s B ZIN-1074530 /0, Hiad o B8, R 2 fEA 3 T MIMIGER
RO ZRAL = AR i i, HA i (00 s XK T 10, R 12.9 m/s; 1= 0.2 s I %I, FAYLL
AR M2 O (R RO, PON3E 7 A v Aok X 38, ARAE & B RS0, 100 T P v Jt ke [X 38K 18 T
FLBRORUUE T3 914 11.43 m/s F111.39 my/s; AN [ 21, 1ok 53 A1 X A6 4 T A 2 F A 3 {2 X 4k

BB B 2071 4 D BALAL B (1) e ) = BRI FE = B ] 5 B, Horb o= 0.2 s I ZI8+20° #3830 f
Ho1a) e A B 45 S, Ham N AL AR Ry, SRR AERARE D), m AR X 3 B A e R
A2 FHEA 3 SR, HRAKEA-114900 Pa; 1= 0.6 s B ZIA—10°4830 £, H e fr B 3E20, Ha ko)
FEAEREE DT, IR AR S, SRR X R B AR R 2 ME A 3 R, RIKEN
—104800 Pa; t=0.4s I %, BAMRBES M 0 WFRELE, SREXRFE S MERL 2 FIEA 3K
T, HAEW BRI NN A mE, TgsMu= 8%

Solution Time 0.2 (s)

-
p ‘ .
Pressure (Pa).
-86409. 7914, -29419.

~1.1490e+05 ). = ). =923.73.
[ L B . - .
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Solution Time 0.4 (s)

(b)t=04s

Solution Time 0.6 (s)

s+ QN
—

Pressure (Pe)
2042, 2566+ 27092,

104800405 78421 - 2 712.71

(c)t=0.6s

Figure 5. Contour of pressure and velocity at 20° swing: (a) 0.2 s; (b) 0.4 s;(c) 0.6 s
B 5 KE20BATARNZENSEEZE: (2)0.25;(b)0.45;(c)0.6s

FEB A E 2071 4 S g A7 B A T 5 N P 5 AR, b = 0.2 s IZIDN+20° 483 f, A
WA B RSN, 7EFEAL 1A R ) AT SR AL = AR B IR, BORKIREN 14.2 m/s; £= 0.6 s B %920
B, Hin o B8, EREA | W HE (D) EET AT S AR B R, BOKIRIE N 13.7 m/s; 1= 0.4
s WZI, BEAMREZEIMN 0°HIRIEAE, P A miidE X, R % B RSN oL, T R
XK T80, o KR 78 12.0 m/s A1 11,9 m/s.

X EAN R PR BN A B =M A IR 5 /K BRI B KR X S T AR B, 7R 30 A 207 B 55708 # P 4%
B XA —FE, X 3BT KMAEESN A 1 )RR A 2 13 Bt A T, mAN A
BT, FA 1R R B G R B A B A 2 A 3 X .

4.2. FEIRRE THEKBKINNFHEMR

RIMIEEA 1 /s I 4 A IAATE ) = EIRR = B 1] 6 Bios, Hod e= 0.1 s IS Z5+10°323)
1, Hiraf B8, Hlmmcr )= A8 @k, S CEm) = A BRE A, @l XIS 2 A
FEFRA 2 FNFA 3 FH, FAKEN-29318 Pa; t=0.3s B %I A-10425h 4, HidabcEE5), HilmEk
M= A8 7y, B ICF AR A BARE Ty, SRR X R AR A 2 FI3AY 3 R, RIKEN
—28923 Pa; = 0.2 s %, BAMBIEINAN O HIFNAE, mREXREE S AAERL 2 IR 3 £
T, HAEW R BIA N A m i, AT s =K% .

SRPTTEIE N 1 mys Bt 4 4L 807 B R = A 6 AR, ok e = 0.1 s ’ZIDv+10°#280 /4,
AL E RS, HA i () FET AT AL A B L, SN 1.70 mvs; 1= 0.3 s I ZIA-10°423) £,
Horprp e B EE, HAWT (ST BTG = AR RO, BN 1.64 m/s; =02 s BFZI, AN
ARSI 0 R Rl AL B, BOUEE = AR i X3, AR & B AOFR BN IGO0, ST ) e A X R T 15 T,
BORTUE S AN 1.22 m/s F1 1.24 m/s; AFEINZ, H/ MRG0 e BT 2%, HAER R,
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(a)t=0.1s

(b)t=02s

(c)t=03s

Figure 6. Contour of pressure and velocity at inlet velocity of 1 m/s: (a) 0.1 s; (b) 0.2 s; (¢) 0.3 s
B 6. KIRRE | m/s IAERZIENSEEZRE: (2)0.15;(b)0.25s;(c)03s

KFUHEER 5 /s B 4 A BB B ) e 77 = BRI FE = B 7 iz, Horb = 0.1 s BFZID8+10°4%3))
1, Himra i E428), Hlmcr )= 8@k, S Em) = ABARE A, @l X 25 A
ERA 2 FIFAL 3 L, WAL N—74773 Pa; t=0.3s %1015/, HEdac B85, Hilm E
M= Bs 77, B CF DAL= R BARE 7T, SRR XIS EA 2 fIEM 3 K, HIKEN
~71986 Pa; = 0.2 s %, BAMFEIEINMAA O HITAINE, SIREXBELZESMERR 2 FEA 3 £
T, HAEW BB NN A mE, AaTg =K% .

KVIEE A 5 m/s B 4 A HAINT B T = B 7 A EGR, Hd =01 s BZI8+10°#30f, H
RS B AR E), TEFRAY 2 R AY 3 Je Ay HMINFEUT AT B AL = AR s i it ELAC T T 00 s 9 T DX 3K T 7
I, SKRIEA 129 m/s; £=03s NZA-1074830 1, Hiadaf Bz, £ 2 MEA 3 KAMm5MIU
ST AT AL AR R s, ELAO L)) A X AR TR, AR 12.9 m/s; 1= 0.2 s B %], 3
BN AR O R IO, PRI A i X e, ARYE & B MRS iE 5L, 0T ) ol X 3K T
B, HEORRES AN 11.43 m/s F1 11.39 m/s; AFRIRZ], & oA X 4hr T3 8 2 fiE A 3
[IE{ES
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Solution Time 0.1 (s)

(@)t=0.1s

Solution Time 0.2 (s)

a : .
Pressure (Pa)
Samian R ronte -2868.7 24211,

R el

71187 54105,

(b)t=02s

Solution Time 0.3 (s)

(c)t=03s

Figure 7. Contour of pressure and velocity at inlet velocity of 5 m/s: (a) 0.1 s; (b) 0.2's; (¢) 0.3 s
7. RAEE 5 m/s FEREIRZIE H SEEEE: (2)0.1s; (b) 02 5; (c) 03 5

KFHEE A 10 m/s I 4 A ST B (115 ) 7 AR T = B 1) 8 B, Hod e = 0.1 s I Z8+10°42
Bff, B BB, FORmmCN )b A s m R S, R A BARE S, SRR KR 2
RIERR 2 FIRA 3 KM, HBACEN-348750 Pa; =03 s BZIA-1074E5h 4, Brdah B8z, Hid
TR =R e Ay, TR M)A = AR ), SRR X I R B A 7E LAY 2 FIBEAY 3 R, &l
JE 346190 Pa; t=0.2s B %), BAMREIESN AN 01 B, Sl e X3 R By AT 7E LAY 2 Fr Ay
3K, HAEMBRIAAM-A SR, w4k,

RURIEE N 10 m/s B 4 4SBT B RH S 2 B ] 8 AR, ot e = 0.1 s BT Z8+10°#E30 1,
Hora) B A, B R ), (EFEAL 2 FFAY 3 M AN EE I AT S A = AR B e, ELAG (T ) e i XK T
T, mARIEN 266 m/s; =03 s MZIA-10°#3h#, HEhas B85, E328 2 MM 3 FMah
M FET /T Ak = AR e i dde, ELAA T (b)) itk X 3K 15 T, S KIdoh 26.5 m/s; ¢ = 0.2 s BFZ,
AR O IR AL, PRI A s X Ak, ARYE & B RSB, T A s A X 3K
T, HECRRE 508 21.9 m/s 1 21.8 m/s.
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(a)t=0.1s

 Time 0.2 (5)

(b)r=02s

()t=03s

Figure 8. Contour of pressure and velocity at inlet velocity of 10 m/s: (a) 0.1 s; (b) 0.2's; (¢) 0.3 s
8. RMEE 10 nv/s FIARINZIE N SREZE: (2)0.15;(b)0.25;(c)03s

43. HEKBZHER
RV 545 RIRTUAS R 28 £ FE TR B N R ECOR T JAEE oh2k, anfd o A1 10 o

3000 600

—=— Airfoil 1 —a— Airfoil1
—e— Airfoil2 —e— Airfoil2|
—a— Airfoil3 —A— Airfoil3
1500 - ././ 450
z 3
8 o 8 300
S S
e e
= (o))
5 ©
- o
-1500 _ 150
-3000 T T T T 1 0 T T T T 1
0 5 10 15 20 25 [ 5 10 15 20 25
Angle (deg) Angle (deg)
(@) 7+ (b) B

Figure 9. Lift and drag force under different swing angles

9. FEHEENAE THIFHFIE S
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HIP O WL, EAFRESIMETOUN, BREZESAENER, BN, HIEn i d ARk
B R LRGN, R 2 AN 3 [T AR, B 1T IR K. A 2 MM 3 71
EXIARAG, YIRS R Shia Zhid B2 A AR A L B B AR, AR AR AN 3R BT

JIHTE
8000 800
—a— Airfoil1 —=— Airfoil1
—e— Airfoil2 —e— Airfoil2
—A— Airfoil3 —a— Airfoil3
4000 600
=3 =
> =3
g 0 8 400
w i
= g
[a}
-4000 — 200
-8000 T 0 .
0 3 6 9 12 0 3 6 9 12
Velocity (m/s) Velocity (m/s)
(@ 77 (b) BTy

Figure 10. Lift and drag force at different incoming flow velocity

B 10. NESRARE TBIFA AN

HIP 10 WTRAE B, EAFDRAUER TOUN, FEFREERIE R, AR AT R 3ok, Bt
I MIRE I M0 o R A 1 K ANTRIR I N B 2 ANEEY 3 f PEL ) R R AR, TR 1 M
g, RMIASO R oA 1 = AOK A BEARBE ) B ZOR AR IR A R E, SR LR BOK .

5. &t

i30T A AN [ FR B Ay FEAR TR L T RUA AT T, B EILL R 4518

D) EARFHESIAE TN, 530 AR B o AT L R, R B XSO R X, IR
DM+ ARIATE DX A R BOH R, L U s A e A0k X 3 3 A 7 P A e B SR R PR X I B
ARG R, KIS BN, Sl (55 ZHiHE K

2) AEAFRGUE L THLN s A7 o0 ARG B o A A L I, R B XSO R X, v IR
DM+ ARIATER DX A R BO R, L v U s A0 e A0k X 3 3 0 A 7 P A e B 3R AR PR X I B
RIS HIHE K, e KIS AT AR /N S 70 (R ¥ A A R R L A1 K

3) JERD A BT S ANBE Ty dh 2 b, BEAE PR S A LRI ORBE B8O, BEL 04 T 1 3 P
WK BEEBRENMERINR, RERME T AR EN, WRAT TR R, ERREEE RS AR
I3, HTH Bk, BEE RITE L RGO, I AT AN 38K, HIE Rk BB A k.

EHEWH

& 2% TOUAIT T L <5 30T H 55 B(No.61402070503); G BE TR 2 [ 5 4 K27 A8 B3 B ML I Zvt-Ja B3 B
(N0.20191049702018); 1 g @ A F A Bk 45 9% & T 4 %5 Bi(N0.2019TVA076).
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