MR AN T 5 %50 33 4 5 11 3 Applied Mathematics and Mechanics
2012 4F 11 H 15 B R Vol. 33 ,No. 11,Nov. 15,2012

XEHS :1000-0887(2012) 11-1366-13 © RIS A1 95 % 45 ISSN 1000-0887

X [\ 53 % 7k B2 JE) Bl 3 35 At Bh B Y
FHBBAREHE

RE®, W-G-E R

(1. % HORY TR, F 4 80 SO171B), e
2. FiFREE B2k &, K 300071)

WE. WRIETHHRE N2 4iKkE, gy K EEFEBCR Fam s i Z kB r . &
W BRI EA AR FERL, ti 2 B e 1R . ARYEFERL Green BRI JCHEM: T ALUFI /K 3% 17 1
WJa) 43 A, BT XE] B TG ( doublet panel method ). BT R AR R, 5a0ime s
FHEAE I SRR AT

X 8 W motkk; A¥aish; AmEEE; AEREOMER; kHE

RE4SES: 0351.3;0241.85 XEARER: A
DOI: 10.3879/j. issn. 1000-0887.2012.11.011
5] =

IR B B AR K A B A JA L A Y LS 2l SR R R M I AP S B e
FIFE IR A TR N, BRIE D M A T S5 I R Z 81, T A 1 ) A5 RE e R HI. K sl
TR IIZ 31 Navier-Stokes J5 R FIE Stk Jy 2 B 2. VA Jo] FEDRG Vi 78 30 ) 5B AS 4004 #E 2
BRI ] | RS A A0 A6 Bt b IR AN S L ZEHE R AR Sl 27 b X Az i BEL g A
2 T 5 54 2 T] B RH B AR T, AR St AR A Sk T A 1 SR A, S5 o T 7 Ak B BB B Y
T A A0 IR sh A TE e Y. DT i el 5 e M i 28 R A B YR ZR PE Navier-Stokes 5 R 1 f#
] DL AL R A 2R M i 2 R B Laplace TR, T, WA ) 1 B Ak Laplace JrFEf# Al
AT B 2358 Rankine VARSI S 1 A 80w 43 A 20, SRR I DL 3 b a7 16 T A
FAAY I 30 ()AL (HJ2 , Bernoulli 75 FE g LR TCIE i 2 2l i WOF AL &K1, itk 545 2
E)AHELARE FH ™ A2 0 L H R T 1) RE i DR e S o R JE @R s i /R 5 4 M O AH B AR TR R, A
H 2T T AR Y B G A S PR 7 2 ZENS B0, th 2R A2 Y A b R A R B DR A S I
PR GIE B 76 3 45D, B TR 5 T e = A FE 1, 9k % 2 1 Bt o0 902 [R) il o0 —
T, JCTE A -5 A5 F AR AR T B BB A, — B A TR T Green eREICKTH 25 A o1 R MY
BB A X B RS A 7 AR, T e SR i R E T A

« UWFRBHE. 2012-01-10; &iTHHI: 2012-06-22
EERN: BREH(1959—), B, #8, BAE R (R A, Tel: +86-23-80592910; Fax: +86-23-
80593299 ; E-mail ;z. chen@ soton. ac. uk).
AR SCHHESC G 3, AR A2
1366



%3 &= il W G-k 1367

FREEM 4R

TELANE H R EE T A BEAAREOK T Py A J] G e i o I EUE R 2 A K 2
() % . 4N, Inglis F1 Price ™ J£F [t R 1 Green pREE , BUE K T 3 4E48 5 ) J8., Hess
1 Smith"®" | Giesing 1 Smith'7' Xt 2 47K 35 J& Bl A4 H i sh 48 T 5T A th R IR M )ik, A
TR T Green PREL T ILAY AT AR Dawson ™ X JETF 7 1 7K 38 [a] B4 HY T AU B,
Kouh 252K Dawson W7 4] 24 T+ )1 7K 38 [ 81, Yeung 1 Bouger " $2H T —FhiR &
(7 K T s 53 Ay 30 7 i AN A 37 U 4, A AT 148 ] Rankine RN 25 ¥4 B 30T (9 X 1w) 534, 78
VT, IR S5 eREGIE AL A R T 5 TR fi 337 vh |, i T4k A H R T YRR AE R ER
T, Bt B ) A B 30 A AR AT — AN T AR 3 B /K 38 J) R T e s 50 4 0 0 e Ao 8 e
Gk,

SR Green PRACIEEAS AR R AIE S 0] LA 1E JUDBL A3 R 1 00 o 450K 3t o) 27 57
TRy AME R0 LIS LA JUAV, Bessho' ™! Newman'®' | Iwashita #1 Ohkusu'"’, SZF5 | HU 3R
A AR R IR R R T 5 R R A 2w RE AR

UEAEK , Chen ") Xt JCHE LA TR 20 I BB AL , 17K 38 300 53] FRIEIss (4 43 A1, B2 1 T RE AR
() H R TE. Chen 7ESCHR[ 16 ] -5 BOFE R H HI R T Green RREL, THER 7AW LAY A 3R
TIPSR, [FI 72 H B R T Green e AR 43 bt B A e M DT, AT LA T D) 3000 7 3 AR
g3, B E AL T RUE T S A

A SO K S ] 2 At it 0 A BB K 2 S FE RO — UG R Rk, o R TR A 34 S
ZAF, B0 TCHER 3N 1Y Neumann IS5 TEG A (30 SRR G0 il R 1 4 A . DA, 7 TE
TUIE SR 3 AR 2R 2 T 3 XS] 4 A 1432 SRR . AR D7 vk B JAE T, X 45 4 2 THI i
FH Neumann i 55544 48 1 T AN S IS UG ARG 7 AR AR ¥ R R R S A
B BRI Green BREASS &, wtn] LAz FIE W AG 5 L4345 Y Dirichlet 1 L4 (W[ 3%
Lamb ">’ Katz Fl Plotkin'""") , S H 5 FLAY Uk B 5 2.

1 ZRIAR A

FIEE 1 R 2 ik 3E  RITES AR U B H R TR A B s TRy, ik
UKL Z (B AR ELAE TR A A s B EE R o, BB R ol

D =Ux + ¢, y

SHER @ FERLIER WA 2 Laplace TR [

AD =0.
FI R R W _EAF RN Bernoulli Jr 2 K™ lj’
%IV<D|2+g,\/+,u,'qb: X -
S U (1)
Fooft, g IR, x 4 1 h 2R O RIS S0

Fig. 1  The profile of the fluid motion problem

ORI EEBE AL,V = (9/0x,0/ 0y ) HBREE
B R SRR T, R (1) LA I SCHR[ 16,1921 ] 5 AR5 AIFERHLE] , H 7 BT
JNEEHE 1 ' v @ 1Y Navier-Stokes J7FE 5 H.



1368 XL fia) A 7K 3 Jo] Pl A 3430 2l ok R RE I 26 T

SATHUEE B il R R TAI RYH FRAT B TR K B R TR AR A KPR (v — - 0 ) W2
Neumann 1 55544,
nvd =0, (2)
Hrn =n(x,y) FoRIBIRANI L0 K2, R TR LK c RN EH (v, ) =c(x,
y) JERMEICT LS SRS S o W R L MAR LAY B ol e A

¢ ad ad gc e
e L =0 =& u=F". 3
™ oy TR =0 vEp sy (3)

D52 (3) H1 Havelock " HiFAEE 450 [ t &1 Green PREU A S AU i B 1, by b Al A4S 3]
AANEFERT) Bernoulli J7 72 .
U b
c 0x
ML Az shHY A iR A7
vX - %
W H H R Green PREL G(¢,2) Wi EFER A HRIH A FMF(3) iR THT 2 iy a1 5
TR TE ¢ AR T 3. Chen' "' 183 T 2 4 [ K1Y Green PRELFIA .
G({,z)=Re(In({ -2) +7({ -2)),
Hrp 2 8 2 B 8, T sl R gL

T -5 =TT -+ 2 [T R T (4)

W+ u o+ u E-v+ip
B S, MICHE N KILRM, S, A S, 435l fi 2 m JCRR K K3 B 40 FF 191 . X I8
PR b AR Green PREX G, NV Gauss FUE E B, B4 ohil FE# o Fah Wi BRI
W

+ v

+tgx +ud=0, y=0

y =0.

2mo(0) = [ mV6(, s = bnV6(Eds, (e W, (5)
Horb, ds =/do” + dy® FnKIEKM S, EIGGF /NI, J0IH , X6t 1 B %L Uex FILL S, hyilt
SR W, T Green BREL G, N Gauss HUEE 2 #E

0 :LwV(ch)G({, 2)ds - L Uexn-VG(¢,2)ds, (e W. (6)
L R 0 B U JEESE) 1%

ng?chn-VG({,z)ds - 0.
JrR(S) FI(6) HiTiEHE

2m(0) = [ V6, Dds -
KU KB S, ORI I (2) , 8T AU AR

2m(0) +]
FRAR (LA T nevG(Z 2) WoKBA BRI | F TR A —YoBU 3t
1 S ¢ IAKPA R, TR, 300 24 B AT AR S, U ST U ST E IR S ()
s S, TR EIf TR

D(z)n-vG6({,z)ds, eW. (7)

v_(P(z)n-VG({,z)ds =0, e W, (8)



%3 &= il W G-k 1369

wmd(0) + [ V6L, ds =2mUE, L e W, (9)
(R T 5 F AT RV 4 TEBR K (0 8 A BRI SR T T . S 7 3B D o ) K
S, Bl @ =@ e S, b Al @ =& BRI - 2) Mg - 2) Witk K5 s,
R R £ = 1(2) -

f5+usf¢(z)n.vc(§ ’Z>d3 =
LK@ (2) =@ _(2))n-V6({,z)ds =

J (@) =@ )tV Rel in(¢ -2) ~ig(¢ - 2) ]y
FARATH A B R R AL
- (D, () =P_(z))Re[iln({ ~2z;) —iF({ - 2;) - C] +
lim(@, () - @_ () Re[iln(¢ -2) ~i7(¢ - 2) - €] -
L(t-v @ (z) —t-vD_())Re[iln(f —z) —iF({ —2) - C]ds,

Hp, CORAE 2 WKBEMESG Rz, KRS ICPRZE s AT R O T b D1 i 38 114
Kutta 2504, BRIy 0. BT, il 40 1 Y e #% 1 C )5 (5 A

Lw ¢&MWW§JMMF<¢J4>—¢J4HRebm@—%>—

1‘}’({:—2)—11n(—t)+1 +’uln(—t)]
Hodr G e, FRKE GG 2, bS] J:E’J%ﬂﬂ]ﬁ?%g LAEEE ) B R
TR
Yrlct = 2md({) +j @ () Mds (D, (2) D (5)) x

Re[lln(f—zT) —-i7({ - z;) —iln(-1¢;) +1 +Mln(—t )
,ﬁ\43,§—§+m e W, B(&

2wliet = 2w B(C) + lim j D)6 (£,2)ds = (D, (z,) = D_(2,)) x
L, {EW

R%nmz—%>—ﬁ@—%»—um—m>+l In( - 7,) (10)
Hr ¢ =¢+in € §,.
2 AR R E L

R T R BUE T I e T AR RE T ARG AR, A SCis A 7 R (10) , SR A R SR T
TFHESKELIR) 2 dEgi Az s ), Sk faf A L

1) Bt LR P, SR IR K I y = 0 5280 /K 3% 5 88 ) 2R A8
oy

i) B ICE DA S, ST GRS &L 18] 5 S N A 1

i) S, M SN EN 2, ,2,, 2,  KFIGEME 2, = 2,



1370 XL fia) A 7K 3 Jo] Pl A 3430 2l ok R RE I 26 T

B S, L5 ¢ BSR4 Hh A E SO BC AT

Zig T3
(=" (11)
S,, VAR j AN WIS TR U] 1) R i O AR o3l E R
PR e/ (12)
J ‘z —z.‘ J j

FFHRIm R HE 1, =t .
N BT (10) MBS j WU b @ R (=12, N), WA

N

2D, + DDA, + (D, (z) - DP_(z;))A, =2mUE,, (13)
j=1

/\':FI
A= dim [ eve(z,2)ds =
’ =0l eV Y panel
Re( fim [ =2y [ 5 9T =2y

{0 eW panel ; ] 0z panel; ! 0z

Ai:_Re[iln(gi_zT)_ig(gi [)—1ln(—t)+l M]n(—t)]
XHEME N L(i=1,2,--- N) IR
T u # 0, L Green PREL G BUMRINBUI JCET 520k, R4 Chen' ' $fl§Ai.ﬂFﬂAiaU\
BRI T SE R Lk, ke ky b RESHUL

A;/=ReL lim ilng_zf”ﬂ““l S j+
’ —{ileW {,’—z W+ u {, —z

Re( 2 (e et (imFje) g ikmer(imE) >1n km+l -V +.1/.,L)

1V+,LLm0 km—V'I'l/.L

Ai = Re(l ln(_ tT j + lwln(_ tTjj +
$i =2y Wt u & = 2y

k

. M .
Re(i : 2iv Z o ikn(Lim N | Tmed 4 +.1M] .
w+u k,-v+iu

— 1 Kutta 2544, ZT&BGL?%@E’J@]FLJLT“ Yz =z, =z, AT YD 1) 38 B {EAH
fi,ﬂlﬂﬁ

D, (z,) ~Py=— (D, - DP_(20)).
NI, 78 (13) Al fiif A g R BB 4

Gl

E(Da =b,, i=1,2,-, N,
Hidp b, —21TUc§ N
2w, + A, 1 <j<N,
a; ;= 21T8L.7j+A,,,] -A,, j=1,

2md,  + Ay + Ay, j=N,

iy

EPS j\]Kroneckerﬁtﬁ PRI, 28 ARSI S ¢, B REER D, (i=1,2,---,N) , AL



%3 &= il W G-k 1371

RAEOT AR P, ST E R vV, f DL EC B AT ¢ 2

v _& 2<i<N
g - ST
Mﬁﬁ,%#ﬁf@ﬂﬁﬁiﬁ’]ﬁﬁ%ﬁ%
Cp=1- U“ (14)
HIF L AOKPT ¢ = €793 Al R x iRisat:
X&) __ U __Fn’od , U
¢ gccdE Uc 8§’F @’ (15)

KHL A AR R E S (&) = Uck + &(€) , MATTRERFERUAY TR (10) 45 .

3 Joukowski UK 3 J&] [l B 11 73 AT

R T BRIEA SRR B BT T X — TR RIR I T IC R K TR 1Y Joukowski 7K 3L | 25
WA PRI 5 van de Vooran FLAHZEI) 7K 383 T i 20 (A Bl SR R
z _f AN
?_7(1_7) +1, l <72,
XH, 2 BEFDA - de/e, R a/c = A(1 +€)/c BIBTRN, PRABET RIS f/c = - de/c +
ae' /c;EXﬁﬂl%lE’J{;ij ’%zﬁl FORIKFERZA, S e Ml r F56 T RAEE, S8 i9E LR
A _(2e+1)7
c 2(e+ 1)
16 7 =2 IIIPRIE O, 28 R BEXT R AY Joukowski 327
Z f /\72 ] A

(16)

— = + 1.
¢ cf ¢

FIH F%SLE’J Kutta 5514, 38 89 (1) Jo it 44 S0 B 34y
% = 27[005(01 -0) -0sin(a)].

SR [k R 0, 38R [ ) Jo i 4N V] [n] R R
Vi 0 s 2 (6 (—€e+ (1 +e)e”)”
G =2 cos{a - 2) ! (2) A+ (r+(1+e)(e -1
HE, 2 7 = 2 BOFRIY Joukowski SEIYRT | 525 05 2z, AL EEA R 0512 7 < 2 B, J5 &k 5N
T Bl B — 0
DN, BRI A9 T RECh

VI?
Co(z)=1 - [‘ch‘z =

37 0\ .2.(80 (—e+ (1 +e)e”)” ’

2 COS((X -7) s (7) (L+e) '[r+(1+e)(e’ -1)]]"
PR JE 44 2, ARSI Joukowski U (7 =2) A1 Joukowski B (7 < 2) I RBUE X
/(1

1 -

|- cos’a
Cp(zy) = 4(1 +€)”
1

1 <7 <2,

9



1372 XL fia) A 7K 3 Jo] Pl A 3430 2l ok R RE I 26 T

4 BEIZE

iz FHASSCER 1 R 2 5 4 B SR s e KR TE R B L Fl 80l 31 30R IR /K I
h B 7K 38 B A B, BOK B M o = 5°, WSS TRIEL NV = 80, W AR WS IR T 80 , tBASH
BRI ARk IR TRIE b A L 7K T 1 2K 3 5% v s 10 1% g B

2
=2 =2
-2
1
-1
Q
¢ S
0 b e e 0
1 B e
0 0.5 1.0 o 0.5 1.0
x/c x/c
=19
1
S
=0
-1
0 0.5 1.0
x/c
2
t=1.7
1
S
N
0
-1
0 0.5 1.0 0 0.5 1.0
x/c x/e

B2 BN Joukowski BUIKH (ML) WAl « = 5°,€ = 0.8 WUAEEEE 7 B,
F I ZEL Cp RV ) B 9 53 WA (R ER) RIBIEAR (9248 1 iR
Fig.2 Comparisons of analytical (point lines) and numerical ( solid lines) solutions of the
pressure coefficient Cp, and tangential velocity for deeply submerged Joukowski
type hydrofoils of varying thickness (7, € = 0.8) . The hydrofoils (dotted lines)

operate at an angle of attack a = 5°
T ER R Y Joukowski BUKIE (7 < 2) SEATEUERAU. H THERL Green pRELAYIRIE
HH MR 5(¢ - 2) A0, PIMERXFER T, KIEAZHERHES Froude BAYZEHCL



[ S

. B2 AT BUE RN B B ST FRAY Joukowski FEAY (7 =2) FIFE Ji5 2% p5 AH R BE 25

(r=1.7,1.9) MIHEZAERTH.

-0.5
0
Cp
0.5
10 =2, h/c=0.25
0 0.5 1.0
x/c
-0.5
0
Cp
0.5
=1.9, h/c=0.3
1.0 0 0.5 1.0
x/c
-1.0 =17, h/c=0.5
-0.5
C,
"o
0.5
1.0
0 0.5 1.0

x/c

-2
t=1.9, h/c=1.8
-1
Cp
0
1
0.5 1.0
x/c
-0.5
0
Cp
0.5
=1.9, h/c=0.5
1.0
0.5 1.0
x/c

=1.7, h/c=1.8 |

0.5 1.0
x/c

B 3  Joukowski BUKILA M o = 5°,e = 0.95, FEM R Euw = 0.001 ( BIFERK
JLFRTLAZNS ) JEEE AR h/e nIARRT  KRE IR C, 1Y
FofE s (Hb  Froude B0 Fn = 1 (554 8 Fn = 0. 8(5E4k))

Fig.3 Numerical pressure coefficients C, for Joukowski type hydrofoils of varying thickness

(7,6 = 0.95) . The hydrofoil operates at either Froude number Fn = 1

(point-solid lines) or Fn = 0.8 (solid lines) at angle of attack @ = 5°,

differing submerged depths h/c and chosen dissipative number u = 0. 001

(i.e., dissipation practically ignored)
AR 3, i TEARRIRIREREE h FoK3EE T REEUESF, ] Froude %X Fn &
A R AR, P AEBCR S = 0. 001 1R/, BRI 2 72 v e S REHL T LA Z20m%

it



1374 XL fia) A 7K 3 Jo] Pl A 3430 2l ok R RE I 26 T

22]experimental data |

-0.51 o Ausman’
' — Giesing and Smith!” method
M - present method for ¢=0.001 -
-1.0la | I I I I I I I I
0 0.2 0.4 0.6 0.8 1.0

0.2 7
0 ]
Q
NS
X
-0.2F £#£=0.002
- — 1=0.020
_0'47 1 1 Il 1
-4 0 4 8 12 16
x/c
0.2
0
N
X
02 #=0.100
- — 1=0.200
-0.4 . . . .
-4 0 4 8 12 16

x/c
B4 NACA4412 FAEIY M o = 5°, Froude X Fn = 1. 03,12 IRIE h/c = 0.94 B,
FE 73 F 00 LU B I A 1 ) H R T
Fig.4 Comparisons of pressure coefficients and generated free-surface waves for a
NACA4412 foil operating at an angle of attack & = 5°, Froude number
Fn = 1.03 and water depth h/c = 0. 94

T B AE Chen''®) $2 H AGFE R0 (035 R MR ARG B, 5k NACA4412 BRI A o = 5°,
Froude ${ Fn = 1. 03, R EFE h/c = 0.94 B, A XA L5 RS Giesing'” B 45 F A Aus-
mann " ) SEECEORHEAT LR, DLIAD 4.

—0.5¢ o Ausman”Jexperimental data |
Lo —— Giesing and Smith' method |
- present method for £=0.001
-1.0La I ! ! ! I I I
0 0.2 0.4 0.6 0.8 1.0

x/c



%3 &= il W G-k 1375

0.2 7
0 i
X
-0.21 £=0.001 1
- — p1=0.010
_0.4» 1 1 | |
-4 0 4 8 12 16
x/c
0.20 T T T T
o 0
X
-0.20F £=0.100
- — 1=0.200
-0.35 1 | | |
-4 0 4 8 12 16

x/c

Bl 5 NACA4412 BRI o = 5°, Froude $ Fn = 1. 03 ,IZI%KE h/c = 0.6 I,
FE 7 ZR B0 Lo A8 B T A BRI 1 Pl R AT I
Fig.5 Comparisons of pressure coefficients and generated free-surface waves for a
NACA4412 foil operating at an angle of attack & = 5°, Froude number
Fn = 1.03 and a submerged water depth h/c = 0.6

- - Yeungand Bouger' 'method E
02+ present method for £=0.001 - >
| — — — present method for z=0.1

| = — present method for 4=0.2

= %

(1]

-0.2 B
-04+ Fn=0.7, h/c=1 B
-1 0 1 2 3 4 5 6
x/c
0.4 ; - -

- - Yeungand Bouger“”method
0.2+ present method for #=0.001

| — — — present method for 1=0.1
— - — present method for ¢=0.2

L0 s
X I -
-0.2r
3 Fn=0.9, h/c=1
-0.4 . . .
-1 0 1 2 3 4 5 6

x/c
Bl6 NACA4412 HBIM S o = 5° BBIRIE h/e = 1,
Froude HXAT AR, A LAY E H 2 10T A L35
Fig.6 Comparisons of generated free-surface waves for a NACA4412 hydrofoil
operating at various Froude number, an angle of attack & = 5° and

a submerged water depth h/c = 1
HFEHLR B < 0.002 I, TS BN AR A IE 355 6 TIRAERA S 00, AHOCHY Bl 45 R L
TAHEL 4 8RS h/e =0.94 4 = 0.001 Bf A SRR RS RE, 5 Giesing' 7 145 125 R
JE AT Y X BB L5 A Ausmann ) 75 5 A9 SEEGBOE B S 1SR . I 4 S8 T IFE H, A



1376 XL fia) A 7K 3 Jo] Pl A 3430 2l ok R RE I 26 T

F AT U A BEE R FERCR B w T, 28UTFRGPERELIE , D8 ves it A E VR B 5 100 348 Jon ot st
DB, e =0.002 B, FERLGE R0 LA AT, Fiiig shJLF 0l DUB RSP R 5 HJE 24
w=0.02,0.1,0. 208, AHER@EAECEGIEFHE, o =0. 1 B C LR T, Hit,
My — o B R E 0, SR BRI S A, A BT BER AL 1k
FiARIZ Bl A B AR,

B 5 25 T NACA4412 BB ) RBO00W LA, X e =5°,Fn =1. 03, h/c=0. 6. & 5 #fiik
THEA4BEMESRBING . 2w M 0.001 EEETHE K, I REETT Ausmann'?! ) 525
B, Chen" BB TIZBIG AR SCHAS B T [ RE 45 51

IR, L6 45 T NACA4412 BRI 0 i I8, X o =5°,h/c = 1w il Fn 2 A28
9. NI 6 TLAF th, A< 35 Yeung FI Bouger! " VR4 7145 B (K45 R W) & 43R4

5 TSRS,

AR SR FIAEH F P 2R 1 Green PREE, HEAFERL A i 22100 T K 38 J8 B A B9 i 3, 7K
ST B 3 A7 2. T SRR i R T AR E TR BT e 3h , 305 A a5l
HEFTER 2 A, P 20 A SRR T R ANOK B3R 1T HH XL 43 A, Bl IR T AR 5 A = )
A EAE. A AR BB S RS CA L s AT T A BBl A i 647 17 1
8,90 T Chen " Xt [ F 2 11 % BHLJE A S AE BN FTPE RO 1HE.

FEHLR B w0 R T WA B BR8N, 25T Havelock ™' Xt Rayleigh Ktk S5m0, 2 u
— 0 i}, Newman"*' T R BUFE B R B0, T 80 R s b [ i 10 Green pRELUIY 27 S AL O HRE.

AR SCAF RN BB SR, 5 Joukowski 7K LAY 43 M1 1 | Giesing 257 153 2 A A B A7 , LA KX Aus-
mann > ) NACA4412 SR SIS HAE AT RAFIY — Bk, A SCHE o < 0. 001 B 119 201 A
FUT, Giesing F1 Smith"7 5t ICHE B HL Bh 15 2 A0 25 SR 56 Z2 0% 0 I BUE e, #8717 s sl ke
BCREL RV BEE ) A5 e, 3R WIAE TR B32 2 v B 5 0 B A% 498 T 7 8 1 AR HIC, 10 12 3 ¥
I8N

HHLAY H H R Green PR AT A4, SRR IR HLA A R IR . 2 THEE A
HH 3R T Green PRALMIA(EMFIHIR 1 ATZREN &7 S, A Hamish F i R I A FHL e 14t 7 —
M4 SRR 0 k.

2 3% 3k ( References) .

[1] Batchelor G K. An Introduction to Fluid Dynamics[ M]. Cambridge : Cambridge University
Press, 1967.

(2] Lamb H. Hydrodynamics[ M]. sixth edition. Cambridge : Cambridge University Press, 1932.

(3] Newman J N. Evaluation of the wave-resistance Green function—part 1 the double integrals
[J]. Journal of Ship Research, 1987, 31(2) : 79-90.

(4] Inglis R B, Price W G. Calculation of the velocity potential of a translating pulsating source
[J]. Transactions of Royal Institution of Naval Architects, 1981, 123 163-175.

[5] Inglis R B, Price W G A. Three dimensional ship motion theory: comparison between theoret-

ical predictions and experimental data of the hydrodynamic coefficients with forward speed



%3 &= il W G-k 1377

(6]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[J]. Transactions of Royal Institution of Naval Architects, 1981, 124.141-157.

Hess J L, Smith A M O. Calculation of potential flow about arbitrary bodies[ J]|. Progress in
Aeronautical Sciences, 1966, 8. 1-138.

Giesing J P, Smith A M O. Potential flow about two-dimensional hydrofoil[ J]. Journal of Flu-
id Mechanics, 1967, 28(1) . 113-129.

Dawson C W. A practical computer method for solving ship wave problems| C|//Proceedings
of 2nd International Conference on Numerical Ship Hydrodynamics. Berkeley . University of
California, 1977 :30-38.

Kouh J S, Lin T J, Chau S W. Performance analysis of two-dimensional hydrofoil under free
surface[ J |. Journal of Engineering at National Taiwan University, 2002, 86 113-123.
Yeung R W, Bouger Y C. Hybrid integral-equation method for the steady ship-problem|[ C]//
Second International Conference on Numerical Ship Hydrodynamics, Berkeley, 1977 .160-
175.

Yeung R W, Bouger Y C. A hybrid integral-equation method for steady two-dimensional ship
waves| J |. International Journal for Numerical Methods in Engineering, 1979, 14 (3) :317-
336.

Faltinsen O M, Semenov Y A. The effect of gravity and cavitation on a hydrofoil near the free
surface[ J ]. Journal of Fluid Mechanics, 2008, 597 (1) :371-394.

Wehausen J V, Laitone E V. Surface Waves, Handbuch der Physik| M |. Berlin: Springer,
1960, 9.446-778.

Bessho M. On the fundamental singularity in the theory of ship motions in a seaway|[J ].
Memories of the Defense Academy Japan, 1977, 17(3) . 95-105.

Iwashita H, Ohkusu M. The green function method for ship motions at forward speed[J].
Ship Technology Research, 1992, 39(2) . 3-21.

Chen Z M. A vortex based panel method for potential flow simulation around a hydrofoil[ J ].
Journal of Fluids and Structures, 2012, 28(1) :378-391.

Katz J, Plotkin A. Low-Speed Aerodynamics| M]. Cambridge: Cambridge University Press,
2001.

Havelock T H. Wave Resistance[ J]. Proceedings of the Royal Society of London, Series A,
1928, 118(779) . 24-33.

Bondarenko N F, Gak M Z, Dolzhanskiy F V. Laboratory and theoretical models of plane pe-
riodic flows[J]. Izvestiya, Atmospheric and Oceanic Physics, 1979, 15(10) :711-716.

Chen Z M, Price W G. Supercritical regimes of liquid-metal fluid motions in electromagnetic
fields: wall-bounded flows[ J |. Proceedings of the Royal Society of London, Series A, 2002,
458(2027) :2735-2757.

Chen Z M, Price W G. Secondary fluid flows driven electromagnetically in a two-dimensional
extended duct[J]. Proceedings of the Royal Society of London, Series A, 2005, 461(2058) .
1659-1683.

Ausman J S. Pressure limitation on the upper surface of a hydrofoil[ D]. Ph D thesis. Berke-
ley : Mechanical Engineering at the University of California, 1954.



1378 XL fia) A 7K 3 Jo] Pl A 3430 2l ok R RE I 26 T

Dissipative Free-Surface Solver for the
Potential Flow Around a Hydrofoil
Distributed With Doublets

CHEN Zhi-min'* ,  W.G. Price
(1. School of Engineering Sciences, University of Southampton
Southampton SO171BJ, UK;
2. School of Mathematics, Nankai University, Tianjin 300071, P. R. China)

Abstract: A doublet integral equation was formulated for a two-dimensional dissipative poten-
tial flow around a hydrofoil submerged below the free-water surface. The free-water surface
was assumed to involve energy dissipation and thus was source of damping. A doublet panel
method was developed from incorporation of dissipative Green function approach and doublets
distribution on the hydrofoil surface. Numerical computations were implemented and derived

numerical results were in good agreement with analytic solutions and experimental measure-

ments.

Key words: panel method; potential flow; free-surface wave; energy dissipation; hydrofoil



