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Abstract

The hydrofoil in the swinging state is widely used in the fields of propeller, wave energy capture
and bionic propulsion, and its hydrodynamic characteristic is one of the factors that must be con-
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sidered in the design of the device. In this paper, the hydrodynamic characteristics of the flapping
hydrofoil under different swing angles and different incoming flow speeds are simulated and ana-
lyzed. First, the NACA0012 airfoil is established as the analysis object, and then the hydrodynamic
calculation method of the flapping hydrofoil is obtained by using the polyhedral grid and the dy-
namic grid technology. On this basis, the hydrodynamic characteristics of the hydrofoil in the
swing angle range of £20° and the flow velocity range of 1~10 m/s are simulated and analyzed. The
results show that as the swing angle increases, the maximum pressure changes less, the minimum
pressure gradually increases, both lift and resistance increase, the speed of lift increase gradually
decreases, and the speed of resistance increase gradually increases. With the increase of the in-
coming flow velocity, the maximum pressure and the minimum pressure (negative pressure) both
increase to varying degrees, the lift and resistance increase, and the increasing speed gradually
increases.
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BEPRE T RKRIE ) Z N T B R HENE SR . IR RESH SR (7 A HE D S5 U . A8 S8 2 M U T
Anderson S5 \AE TR TR R S8, TR W ERUIZIRE T ik B IHE ) REGEAT 1 SRt T, [
AT TANFEIOR T R[] AESESh I AR SN SRR R R T T, Young SRR A BUE T i
BT T RIESZIB SIS N R, R DLR a4 1 LA K 38 52 2 1A T g AT g S 25 AR T ik 57 e R
#[2]. Ashraf S5 N\ (7 SO 1 X PR 38 RYAAE R AR AL AOHE D AMERE SR, B AL JE ARy 8 TR 1
Hoiah thoeHHE TR [3]. Xiao S8 NI 5 Mt 1A RSO A8 3R RS R v A P DA HET 4
RANAHEREPEREMITEM[4] . XEAE AR T 4K B W ottt SRR, IF sttt 7N AR B AT sl 48k
[5]e X4 AE[6]R ] RANS KA a8 i BUE U 1 AR IR 52830 T KR IKBh A tkRe, IFRTT 1 H R
BT OKEIEREBARA R . EWSE 7 WA 5 T (3R K BEAT 1 =4ERUE 7 1B, 04T 1B
T B R BR EE K BB T PERE IR o 1) S5 (8] R FHY L 288 U A% 45 15 2 I Ml A% 34 1) 5 VR S B
THEBKE BB, T 7KL A FITRE 55 s R BN SRS T2 BRI R DA 0RE, IR A 7R E
RIFLEL . K EBR[9]THEE T K BAE A FIZE ZHCT KRB IERE, 70 7K SREOHET UL R TR ke, BREX
TIKBEAEA R T T A RE B — RO - #6779 A [10] AR IUAN [T i ¢ 45 K 2 X ) = 47K 389 50 R ik
1T 7RSS, 73t T OKBEAEAFIRZNIEE T KB Ik fE .

EIRHE T RS K 3 E ERG RS i B A KR P B, W KR AR LA 0 A, (R S
SIAAB T RZIRENE BN KN S 7387, B ST RHZ AR B0 T AN [ #3: 3 # 2 AN AR FEE R 520 fee T )T
7o KR TN AR —ES%.

2. JLimiEE
2.1. KEJLf
AR AT R K BEARTYR A NACA0012 7Y, b SRy [ e BT 2k Il [/ 405 1), J U AR RS an B 1 Bl
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Figure 1. Hydrofoil geometry
B 1. KEJLARE

22. iWEIR

T, SRR E RS T N E R e, RE N AEE R R R EW
BERe f BT RS, B P R R SO RS R IR, BIKRSE 1 h AN ERATmEsh. Bk
FITHRE LA 1 fis.

Table 1. Computational cases
Fz1LGHEIR

A=) IKEIEA() SR E (mis)
1 +5 5
2 +10 5
3 +20 5
4 +10 1
5 +10 5
6 +10 10

AR R B 8 SR EL, 8 SR B A I RS0 2 B R . DL T #E 30 f FE 457 £10°,
+20°, $EINFAEE 100°/s, THEERDN 4 MRS FARN TR, FLEE RS TR E 4 i) h 997.561
kg/m? i1 0.00088 Pa-s.

3. HEER
3.1. #&=Hl5E

ARG M I T2 3 B AE = s, B RSP, shEsriE e AR R S E e . R
Jid B = KRR N T BRI E— NI RGN, ARBHAT AR AR, R
PR EEANAR o FE IR 1 2 I AR ZE RN AN HE (A A S o B PR REANAR o AR X — I, A5 H N T )
AR AR AR T AR A, PR R TR R

op -
5;+v(pv)=o (1)

Horb p NIAKRERL, tIfTa], VORI . ShEFIE R UMIE RGN 184 16 TR RO
T, BORGEN LS ERAL. ZERERE T G, R rEeeRIE 0.
o(pu) +V-(,Du\7) I Oty 4+ 9%

+pf 2
ot x ox oy a P @)
o(pv - 0 0 0
ﬂ+V~(,ovV):—a—p+ Dy Tw sz+pfy (3)
ot oy oOx oy oz
o(pw - 0
(o )+V-(pwv)=—a—p+arxz+ Tyz+arzz+pfz 4
ot oz oOX oy 0z
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Gy /& H1JZ L FE B BE T P AL it B BE - G A2 IV ST P AL BB RE, Y BT AE T R4 i e o
PR U LRI, C Cor Con AFE, Ml ao /& k J7HEAT & TTREATIHHA Prandtl £

3.2. {HEME

FAI A CFD /K30 /11 RE R A k-¢ Realizable Jifs i B, ¢ B BN VR /) 230 4k Ao o3
R R TS P, G 1 B Sk S B Y B I (A (483N TH IR K R E Oy 1.8 m, Horhs
FENCBEEHIZ 04m, KM OESEZAN L4m, BEEHMESAR AN 0.4m.

ST R Y 2 AR A, WS R EE 5 S S RS R & A P 4, EEPRSAL T A& 2
P, TR S XA T B8 A 1) X AT P2 AL B, B S S I R 1S U AT 4 T 5, SeBily
S DX A% AR 5 DA TR R A JE A e, DRI B 2 A o K BN R 37 SR R LA AR R B e 3%, AT ik
G 1 IR KR IS B0 1T = A A A T

Wk AR RSP E R 0.00 m, BEAERME ML E N 0.002m, HERELAZHAS)E, £ 2Lt
JEPIRE SR EE S 0.5 mm, 5% H B RS DXIBEAT PN B R N A, A% ROSE 43 0008 2 mm A4 mm. RS
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@ (b)

Figure 2. Mesh: (a) Mesh of computational domain; (b) Mesh of boundary layer
2. WEME: (a) HEEME; (b) AFEMIE

HE 2@ AE R, 1 50k oot 58 MRS XTI, Hoar AN E RSN Es XK, H &
B A% X3 ] 0 RSF AR K
4. HEERS3H

THRANE LR R B SR b, i Fol E . min gt IR E R
4.1. PEIKEZARAFHYE

SRR 5 mis. RSN ALY 100°/s BF$RE) 1 B 9+5°, +10°, +20° 1) Lk,

— A NSRS 4 DN IRLLE IR A BN 3 fror, e t=0.05 s I ZD+5° 1R 8 f, HLA
vhiE)fr B RS, W (R ) A A e sy, i () E BRI S, AR 9-14 kPa; t=0.15s
I Z08-5° ¥zl ., HIarpa A EaEsy, Hmm( )~ A5 sy, B ) ARk 7, fik
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JEJ18-14kPa; t=0.1s flt=02s %], RIS AY O W PIaI AL E, PRI AR X, AR
FEIREN GO, W AR XK T, Hf K /17073 9-5.8 kPa #1-5.9 kPa; AR %I, Hig K
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Figure 3. Pressure contour of hydrofoil at 5° swing: (a) 0.05 s; (b) 0.1s; (c) 0.15s; (d) 0.2 s
3. kB S EEATAERZENZE: (@)0.05s; (b)0.1s; (c)0.15s; (d)0.2s

T EEAE t = 0.05 s B, HA [ (N OU) S BT SO = AR B, SR E R 7.19 mis; t=0.15s
I, FC T () SR T S AL A O B, BRIy 7.10 mis; t=0.1s Al t=0.2s B ZI, Bfuly™
A X A, HE/MNUEGA S MIER A%, AR RS A RIR.

—ANESAN 10 BB A 1 4 AN SR E R = B E 4 FoR, Hdt=0.1s BZIh+10#830 /A, H
T P AL B A, LT (00 5 300 T A AN 75 T () 3000 5 AL = AR R IR 71, BAK I J1R—41 kPas
t = 0.3 s BZIN-10"#85h /A, Hidh AL &8, ol m ()5 it S ab AT o (i) ek 5 2 b r= A4
BURIE 1, BRI S N-42kPa; t=02s Ml t=0.4s B %], BAN BN ORI RIALE, WNkREE
RS, HREE S RO, 35 TR X ok T, HaR AR 4338 -6.8 kPa Fli—7.2 kPa; A
[FIS %, Hdg K a2 o A A AT 2% .

WAL t= 0.1 s AW () FEUT AT S A= AR ORI, RN 9.83 mis; t=0.3s i,
AT () ST T AR AL AR RO BT, BoRIE Y 9.69 mis; t=0.2s Al t=0.4s B %, EARAHEIEZ)
AN ORI AL B, PR A R X, A Z], HR/NMNUEGA RN %, B E%"
AR

—ANESARN 2078530 £ 4 AN SURALE I I ) = BIE 5 B, Horb t=0.2s IS Z5+20°48 30 A, H
11 o ) A7 BB 5, A0 T (S 0) 0T Rl Ak AN T (00 5000 S5 Ak = AR B I 7, B AR R /7 9—144 KPa;

t = 0.6 s IZIA-20"485h 4, Hrdahr B8, Hodmm () ST ar g ab fTs i (i) i 5 &b r= 4
BURIE F1, ARIE /1 9-149 kPa; t=0.4s flt=0.8s %], BAEMEES AN O HIPRIGE, Bk
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AR XK, AR B KRS SO0, T T AR XK T3, M AR s 20 7 9-6.2 kPa A1-6.1 kPas
AR Z], H K I Ia 28 5 A e AL 2% -

Solution Time 0.1 (s) Solution Time 0.2 (s)

Pressure (Pa) Pressure (Pa)
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[ I - .
(a) (b)
Solution Time 0.3 (s) Solution Time 0.4 (s)

Pre: (Pa) Pressure (Pa)

ssure
-41648. -31095. -20541. _9987.9 565.47 11110 -7183.0 -3294.1 594.74 4483.6 8372.5 12261.

(c) (d)

Figure 4. Pressure contour of hydrofoil at 10° swing: (a) 0.1 s; (b) 0.2 s; (¢) 0.3 s; (d) 0.4 s
4. KB 10 EEATARNZENERE: (@0.1s; (b)0.2s; (c)0.3s; (d)0.4s

Solution Time 0.2 (s) Solution Time 0.4 (s)

Pressure (Pa) Pressure (Pa)
-1.4375e+05 -1.1296e+05 -82167. -51375. - -20582. 10210. -6244.0 -2564.4 1115.3 4795.0 8474.6 12154.
[ I . ] [ I I |
(a) (b)
Solution Time 0.6 (s) Solution Time 0.8 (s)

Pressure (Pa)

-1.4869e+05 -1.1693e+05 85171, -53413. -21656. 10101 61129 _2463.8 B it e PP 8483.4 12133

() (d)

Figure 5. Pressure contour of hydrofoil at 20° swing: (a) 0.2 s; (b) 0.4 s; (¢) 0.6 5; (d) 0.8 s
5. JKE 20 BEiZA TARNZIENZE: (8)0.2s; (b)0.4s; (c)0.6s; (d)0.8s

[9)]
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WHEELE t = 0.2 s I, HIWEH(CR ) SEIT BTGB A BOCR P, KN 15.81 mis; t=0.6s
I ZI—20° 4580 ff1, FA i (M) SEE AT ST AL AR RO B, B K34 16.05 m/s; t=0.4s F1t=0.8s
WZI, BN A ORI RIS, B4 mE X s AFE %), N R & A e #
BMEI%, HEREERIR.

A LA BUANFR B M B2 E R, P RR AL B BB BT B 3 B AR KA, e R 3 R A TR A Bl e
FEROR, BNBUf RO S, [R5 i T G A 125 30 A B 1 38 KT 34

4.2. ARIFER AT

Sy THEARSN M EE10°, $RBNAEE Y 100°/s B, SRIAEEN 1 mis. 5 mis F1 10 m/s =FRRES K
BB GARB BRI .

SKPUHESE 1 mis B SR B (1 K 1= B 6 fras, Hot t=0.1s B % 9+10°4%30 /1, Ll (a7 B
230, HIRE ()b A8 m 7, S )= A BT ST, A J728-6.8 kPa; t=0.3 s I ZI4-10°
3, B Ar BB 5, Had i CE )~ A8 m 77, BTN )AL= AR B E 77, Bl E 718-7.2 kPa;
t=02s M t=04sH%|, BEMEIES M O B IEALE, PRI AT XK, #R95& 3 142305,
5 T ARG s X 3 T30 i, HE AR R 340 i 9—369.49 Pa #1-389.43 Pa; AR ZI, Hifse KK JItB 20 A
TERMAIZ .

Solution Time 0.1 (s) Solution Time 0.2 (s)

Pressure (Pa)
9 1

-6808.1 -4020.5 ~1232." 554.6 2.2 7129.8
|
(@)
Solution Time 0.3 (s) Solution Time 0.4 (s)

Figure 6. Pressure contour at 1 m/s inlet flow: () 0.1s; (b) 0.2's; (c) 0.3s; (d) 0.4 s
6. KAt 1 mis FIARRIRZIEAI=E: (@)0.1s; (b)0.2s; (c)0.3s; (d)0.4s

SR FZ 10 m/s I SR (7 B ) I ) 2 BN 7 o, Herb t= 0.1 s I, HCaandn (8 ) 523 i 40728
BURIE T, AR5 7175185 kPa; t = 0.3 s I, Hall i (b M) FE 3 By 2 Ak = AR BUIR 5 77 BRAK 5 7775193 kPa;
t=02s M t=04s %], PRI, RIS HREREEL, Wi RS XEO Wi, Hix
{5 7373 51 9-27 kPa F1-29 kPa; AN %, M A Kk Fj a4 A S BT 2.
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Figure 7. Pressure contour at 10 m/s inlet flow: (a) 0.1 s; (b) 0.2 s; (¢) 0.3 s; (d) 0.4 s
B 7. Sk 10 m/s BRIRRIRZIEADEE: () 0.1s; (b)0.2s; (c)0.3s; (d)0.4s

17926. 33405. 48885.

AFEFGE T, AR E NS, LR E R 207 A AR FE A I PRI, B U
SR, BTSRRI A

43. IRBZHER
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Figure 8. Lift force and drag force of the hydrofoil at different swing angle: (a) Lift force; (b) Drag force
8. TRIEHAE THAAFIES: (@) F71; (b) BA

HIPS 8 FTLAE B, 1 5°~20°VE Bl W ARSI LI 0L T R R 30 A EZISEK, THI AR 22038 K,
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Figure 9. Lift force and drag force of the hydrofoil at different flow velocity: (a) Lift force; (b) Drag force
E 9. TRIEE THFANMET: () #7315 (b) FES

HI 9 AT, 7E 1 mis~10 m/s SR FZ THL R, BEEEFZ MG R, THOMIE iR, Bt A
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M, THEAE R i T RSN N B 77 S S D% R AT RO A R 2 T
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ST i K SR IR 3 £ FE AR P FE F PR 8, 81 F &

1) (ERRHEAN AL TIL T, R A P S AT TR, Wk 0 [ B R [ H, B30
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2) ARSI E T8 T o S KA K, K FE IR FE (SR R R RS K

3) kR ) TR AT RIS 2 50 H7, B30 i 15 5°~207 i FEL Ay K, oy ML 13 K,
TGO RE RN, B BB LB MR K B AT R F 1-10 s SFRI R, T A1 RIS
Bk, ELBOMAHREE A

E&WE

B & TR AT IS 4 70 H %2 B(No. 61402070503); IR TR 24 H R R A A Gl I Zrit R 9% B
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