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Design of Hydro-ski and Numerical Simulation of the
Hydrodynamics of Wing-in-ground Effect Vehicle

Chen Yanjun, Wu Rong, Liang Feng, Song Ge
(School of Physics and Mechanical & Electrical Engineering, Xiamen University, Xiamen 361005, China)

Abstract: In the development course of wing-in-ground effect vehicle, there remains one major technical issue, i.e. in
the process of taking off the lift-drag ratio is too small to lift the aircraft body out from the water rapidly. To
solve this difficult problem, according to the hull theory, wing design theory and the Theodore Von Karman wa-
ter impact theory, a new hydro-ski applied in wing-in-ground effect vehicle is designed, and the software CATIA
is used to draw 3D model of the hydro-ski, and the FLUENT is used to figure out the vehicle’ s hydrodynamic
characteristics. Results show that lift coefficient and drag coefficient of the hydro-ski increases as the angle of
attack increases. In addition, the lift-drag ratio curve is shown as a parabola, peaking at 5°. In the meantime,
when the incoming flow velocity is 2 m/s, the lift coefficient, drag coefficient and C./Cp, is larger than that of
the others.
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pisch # it B Flarecraft Hi3{ K 1785 T 1994 4
CHRIh,ERE 6.7 m, R 225 T A R BAL, B
ik 160 km, SEE P H 2B O A “F9 887 &
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KM EMOTEFE BN, KRBT ERKF
35, BAR BB 1 TR AT RRLS MR 5 RIS, FE AT B IR
R BIK AR AR M PR B — B, AR IR
WA BRI SR, B, AT B E R
FIAL T R 7K X A s B9 7 B o o W) R, AR B HE
PEKE KRB A THRES L, X8
RATB/NMER ML EAER CEES By I
FREReEHE . RENEBTWES MEXS
Sl XA R K R HEAT T i RS BB AT , A5 AR
BHSPCGEE KBRBEREMAKBES A DRI
Te 2 3 B A S R OK B W M BRI R AR

BT M EMALKE VITHEEY
ma A LA AR AT 8 RE —5 DF-100” R B 5%
g, AT F#EER NACAL412 ATk,
R MBS SR RG « RITAKWS
TR, 5 AR AR A R B AK R b
BAEHRBR, 7 CATIA WHE T, ®Kitd—
B EUK AR R, R AT RE B TE K P IR IT R E
W R AT R AR B T BEL He ;A A FLUENT 5K 44 %)
TR IR 3 A7 #EAT BUE R AL, BF S KR TE AR R R IR
BT AARIA T AKBRMA T B FedE .

1 KEBIMEIZIT

Hi38 3R AT DF-1001 76 2 [ 53 72 7, SR B 3R
BB B AT AR K3 DK SRR E S
O AT CAT SRR e . B L, ik mRa
B3R AT AR PLBR A, M E ML TEBOR PR
R FEBRBR L, EHARELD,

1.1 KREREMEILIT

KB RIT EENREGKBEKFBTHE
FAURB/NEKFBETHOBEAIEF. XTib
M EM DF-100 M 5MES BRI (ML 16. 15 m, #l
B 4.91 m, 5 10. 98 m) K BHBR K EKIEE
A 1.45 m,

BRJEE R A OLE (X Bk, ) 2R 5
MNEBRFAFEE AN LFEESERIEE, ZHHE
T 2K, ZE A T 2 080/0 » R B RRL T /) o XA )
TRELEHERNEZANFABL, AHTFREENHE
B MAKBHRITERFTRAUBKERAER, B
RUTT RBR 5 L 3 B KRR B R FHBH L , e K AR
BREEMMHEMMEHERMN 5% 5B E
34.5%.,

2 B A 7E S B B K AT B, HAR X R BE (O %
ANERCOMERBR, MEE—-RFHLTE
R A X B BE B 12%, B b AR SC R A T R B
B12%.,

FIXT 2 BE () X K AR B FRL AT M BE A B K B B
W 7E— RE Y6 B A, M EERRK, T WK, B
FBREZ K, BLRR 7 i3 R BEE R, BT DA AE K
BEAETF. B KBOMENT EREINE NA-
CA4412 B/, B/ KB AL B (X, 5 38/ B
Ji. BRIGHWER NACA4412 BHWE 1 iR,

£ 1 EAM NACA4I2 BEUEHWSH
Table 1 Aerofoil NACA4412 revamped parameters

% #  C/mm C/% Xc/% 1% X%
B & 1 000 12 25.0 4. 00 40. 00
B B 1 450 10 34.5 1.24 34. 69

1.2 XRETEMEDILIT

TKARE BB R BT R XK AR K 3 A RE L
REAH RME K, EiNENECIERT,
FRBRNEHRERBEARIARENER, ERES
7 A B0, T RE AT 2% 3l AL A0 4R e 3% T 38 % FG okt
i BER 5 5% , BH 7 38 R A BE B 5 98 e oy 3R AT A
FA7E SR A B I8 55 2 . B A aE A K i B %
BT LA B R, 45 H DL T 458 KB E Y
REBER=ZMRRHE AT CNE T+ A, Xt
% /I T R B v E R B e RRAK BIR

T AKRAR BV LKt 2 B8 e
RIBFZ LK ER K B LR BLUA RETE & H1 58 A
KEBKEKBBFTRENEE. BOEKBKE
3 A & S|

{ _0.5°

AL AR ER ;s HKBRBIER.
TEW R R4 K BE LT 7 B, HH I
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B1 AEReEREURESSERE N EE

Fig.1 Main view and cross-section of hydro-ski
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B2 sKARZE CATIA TH=40E
Fig.2 3D view of hydro-ski in CATIA

2 TEXERMNERS

AR B R 1 BB Tk, B B A L AR
JE AR E AR 7 AT PIAR R 2

MR BB kAR, IR CATIA AF &L
R B X IR G E 3 i), Sk AR TR E
K, KB KE D=1.5 m, REH B RXHEKHR
A4 DX4DX6 D6 mX6mX9m), HF
IKRRETE R RS, £ T KRR KR BEA R LK i
ETERBA B A S7E 2 KR P AR R 43 i R P R 45

(o) IHLE

AL RIAE R4y . ARSCRA VOF AL IR =R A
AFKBRAL, #l0: Yk HREAN 1 DA, BK
MESHEREEREN KB DHEE., 4
REGBRBWE 4 Bz, KEHRER S mE 5
B .

B3 BRI E I PR 4

Fig. 3 Grid division of whole computational domain

B4 HRARHHRE

Fig.4 Boundary condition settings

5 K LREME
Fig. 5 Surface mesh of hydro-ski

3 ZdEkEAsh HEEER

kA A3 FLUENT R & % A7 E N-
S HE, AT EBUKBRIEAKFRKS) TfetE X F
ERmRS. ERMEERN 2.10.20 F140 m/sh,
T M 0°,3°.5°.8°,12° . 16° R i A8 4k , ++ B SR # K
BEIKSI T,

EKRBHBARERN1IDM2DWEHT . H
H DRKBHEBERZEK, B 1.5 m, FIFH FLU-
ENT K% 4387, BF R M BE 2.10.20 H1 40 m/s
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Fig. 6 Relationship between lift coefficient and

H7 ARRMREETKBEEIRBEESTAMXR
angle of attack at different approaching velocity Fig. 7 Relationship between drag coefficient and

angle of attack at different approaching velocity
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Fig. 8 Relationship between L/D ratio and angle of

attack at different approaching velocity

M 8 AT LLE H - KR T EH L RE TR B ZE AL B
MEWMYR . ERMA S LELEEBRKE, FHERR
B2 m/s KIER T, HABEKERX,

4 & it

(1) FEE R E R K, KBIF S R
R RS A R R BE B/, T FHPH LLTE 2 m/s
AL EMEERFTER, AN, ERARKAK
T 7 FR B BE ) R B Rl A T I 1 K T B
KsEEFAHLKERMYR, BERA S ELEB &
KfH.

(2) B EMIE T, ZEKBREHT
REFABEE EZLTSE CHENLSRERE
KT

B % 3k

(1] #RockE, 46, BE. B CTHERREEE R REET]
iR EAR, 2011(1): 8-10.

Lin Wenxiang, Wu Rong, Tang Wen. Development review
and prospect of wing-in-ground effect craft[J]. Aeronautical
Science & Technology, 2011(1); 8-10. (in Chinese)

(2] Sftsg. s CATARETELI]. w7 &, 2008 78-87.

Ma Shiqiang. Development perspective of ground-effect ve-
hicle[J]. Naval Air Force, 2008; 78-87. (in Chinese)

[3] MW MR KTHNEIHZEAL]L ARES,
2005(3): 12.

Fu Qianshao. Aerodynamics principle of ground-effect vehi-
cle[J]. Contemporary Mility, 2005(3): 12. (in Chinese)

[4] Kirill V Rozhdestvesky. Wing-in-ground effect vehicles[]J].
Aerospace Sciences, 2006 211-283.

[5] ®HEE, EH3E, ABR. SHRXHMMBEM STERAREE

B m)]. MAR 2, 2005, 9(2): 18-25.
Gao Xiaopeng, Dong Zushun, Zhu Jianliang. Influence of
cavitations on the performance of wing-in-ground-effect
craft strut ski[J]. Journal of Ship Mechanics, 2005, 9(2):
18-25. (in Chinese)

(6] EAJr, BHFE. ABRTEMBEM LK B R ATREBEITR

B, BETRKEER, 200002): 32-36.
Tan Dali, Dong Zushun. Application prospects and design
concept of hydro-ski in wing-in-ground-effect craft [J].
Journal of Naval University of Engineering, 2000(2): 32-
36. (in Chinese)

(7] #A. BWFEBERYZHI]. KRERER, 2000(5): 52-53.
Han Shi. Deciphering the riddle of “the caspian sea mon-
ster”[J]. Space Exploration, 2009(5): 52-53. (in Chinese)

(8] ZFHi. ZAMBCAHEAZRABILII] ATHER 2,
2011, 19(5): 22-31.

Li Xianda. Review on key technologies to develop practical



%33

BRIk R 5 « IR MR SN R T Rk 3 1 e 4tk B B AR 301

[o]

[10]

[11]

[12]

[13]

WIG craft[J]. Frontier Science, 2011, 19(5): 22-31. (in
Chinese)

EARR, AFE, EXYH, . HFAKRERBTHOHEILER
S5gmatill]. LR S5HEA, 2008, 27(6) . 766-769.
Wang Yonghu, Shi Xiuhua, Li Wenzhe, et al. Modeling
and cushioning analysis of oblique water entry with high ve-
locity[ J]. Mechanical Science and Technology for Aero-
space Engineering, 2008, 27(6): 766-769. (in Chinese)
EEE. MIEEIM] db. Sis T ARk, 2006. 46-
47.

Wang Xiyang. Conspectus of aeronautics{ M]. Beijing: A-
viation Industry Press, 2006 46-47. (in Chinese)
IBM/DASSULT. CATIA V5 RIS 3 4 (D[T].
CAD/CAM S#iiE {5 84k, 2003, 7: 120-121.
IBM/DASSULT. Generative shape design examples of
CATIA V5(1)[J]. CAD/CAM and Manufacturing Infor-
mation, 2003, 7; 120-121. (in Chinese)

IBM/DASSULT. CATIA V5 @ REAEEHLM I
CAD/CAM S35 B4k, 2003, 8 106-109.
IBM/DASSULT. Generative shape design examples of
CATIA V5(2)[J]. CAD/CAM and Manufacturing Infor-
mation, 2003, 8; 106-109. (in Chinese)

IBM/DASSULT. CATIA V5 @ REAMEBH LGOI

CAD/CAM 53l {84, 2003, 9; 101-103.
IBM/DASSULT. Generative shape design examples of
CATIA V5(2)[J]. CAD/CAM and Manufacturing Infor-
mation, 2003, 9: 101-103. (in Chinese)

[14] FMik, E+2%. CATIA V5 R21 24 B FABEESHS
HEEMBAEIM]. b5, BEREH R, 2013,
Qi Congqian, Wang Shilan. The basic tutorial of 3D digital
modeling and dynamic simulation with CATIA V5 R21
[M]. Beijing: Tsinghua University Press, 2013. (in Chi-

nese)

fEEE -

BR#E (1989 =), L, MM A&, TEMA F . CAD/
CAM. i3 €475 -

R BA61),.B.p%E. FEMAFA: CNRLE K
fo3h 5 ¥R AR LR — Rl 3 TR

B (988, B, MEMALE. FEHRE K M. CAD/
CAM 3 RATER TR R,

RO, B ML, FEHFEF A CITHE
.

(%4 B Hig)





