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Non-linear theory for supercavitating foil

by Takashi Gotu, Member, Hiroharu Kato, Member,
Hajime Yamaguchi, Member

Summary

This paper presents the non-linear theory of a supercavitating foil section, where the transient flow
model is applied. The calculated model is based on the Hess & Smith method. The shape of cavity was
obtained by the iteration.

The calculated result of a cavitating flat plate agreed well with the exact solution by Wu. The theory
was applied to the several cavitating foil sections and compared with experiments. The results agreed
well with experiments for the supercavitating as well as partially cavitating conditions except for the
following cases;

(1) For the foil whose trailing edge is open, the effect of cavity from the trailing edge should be
taken into consideration. Therefore, it is necessary to make the pressure of the trailing edge be the
same as the pressure in cavity.

(2) Appropriate modification is indispensable for the foil with cup at the trailing edge. In this case,
the separation at the trailing edge of back side of the foil might be important factor for this revision.

The theory has been extended to the foil between two parallel walls, and the cascade.

WCHEZEAEGL2A VT Tulin®, BESSHE2E VL

1. # 1 L .
= B, REEY o DIBERS D 7228, 1O 1t Hess &

HRDODRA—1N—F 2 EF—v a3 VEHBRIIIT LA VSRR
WCTH-Tz, 1953 EK Tulin® 2 & > THDTITH b T
LA, SHEEGRC &> TS offisfTebh, E8E
BEPREAMFEEAOTEROBROBNHE SN T
Wb,

INETOR—NR—F v EF—> a L BOIFGHER
LU Tid Furuya?, Sato®D b D E53h 398, 25 idnd
NOFAB/REEAOTHE 0, FERROBR IZER
THLORRERLNESES 2RERTobhER S
BOEWSHEAND o1, —F, WAF Y EF—vavE

Y HEBHE WELEEREAYRER)
*OREKELYE

FRZE FR4ETHBH
KEBHERICB O THE FR4E11A9, 10H

Smith i%, transient flow model Z B\ T BB O KE
FERPTILRL> Ty EF 4 BIR, ENSGHICE
BELEBN I CAIHBEERREL T3, 2222
TRIUAODAWR AR A1 —Fr 5~y 3 VEDEH
HCECHRL, ERELHET AL 0:>T20RY
HEREL, BHROHKESEELD, AAEOBVw a5
LDORFEEZENET B,

2. I8 £

KPR T, Hess & Smith D BEREHEE2F v EF —
va REBObLDIHDTHERT,

2.1 HEEXR

Fig. 1 D& > i~ mic x 8, #h e EEIzy e
EDEOHR, xEEE20:72, BOEESIIxEED
Aok,

NI -El ectronic Library Service



The Society of Naval Architects of Japan

238
i | [
FLOW el
_.___._,_.-—-&-—.-o——o——"-"‘
A e T T R TL2 LTSS IR LF T - X
Wi
L

Fig.1 Coordinate System and Discretization of
Boundary

2.2 EEATORE
WE L g% Fig. 1 R & i, BgELE, ®
Hitg, BEETEOEC D AORMHET 2, ZIK,
KIESOEEY (Xi, Yo £ TR,
Zr=Xr+iYe
S;=Zin—Z;

Cj:%(z,'ﬂ‘*‘z,')

Thd, BEHLIC—HERES ORE H LM m;, SR
Stk —AEBAS DW@AME y RS R D L, EERZTO
EERABEE W(2) i}

(1)ERFSHEBROBE, (Fig.2-(2))

W(z)= Uu,+——-2 m; =t 1S4 In=2—5

S 2= Rj+1

(1)

TEz 5615,
(2) TR0 EOHE (Fig. 2-(b))

W()=Unt 2 m {—251}+ Lol

sinh{%;)%z—zj)}
sinh{z—@(z— z,~+1)}

X1n

115 1 cosh{{g(z-z)}

+3 S; 8 cosh{-ZEb—(z—Z‘:)}
L alisl 51nh{-27;(z'"zj)}
27 g S; In Slnh{%'(z z,n)}
5l N cosh{TJZ(z—?j)} } (2)

SJ T
cosh{ 55 (z zm)}

TH5 25605,

(3)§§U®f%é (Fig. 2-(¢))

_ 2 1Sid ., 1 1S5l
W(z)=U-+2 ’”{ 2 T ox S,

sinh{—”b—(z— Zj)} :l

sinh{—g&’ z,-n)}

a1 IS, 1 1Sl
tr 2052 Tom S,

(3)

. sir}h{%(z—zj)} }
Sinh{-%(z - Zj+1)}
TE5z 605,
2.3 BREHR (R—/i—FrETF—>3a>)
Fig. 3R T &5, BREFL L TUTDD DEEZ,
BRSO HE C; THARGAZ DX S,
(A) BERENENEF
Fig. 3 DEHEH T, HLOFASRIOEE BT
%, $%bb
IAW(c;)xS}=0
(B) HEH—EXMH
Fig. 3 D SHETIF, MEOKE S DD —EE Uc i

(4)

FLOW
-—%
(2) An Isolated Poil in Infinite Flow Field

LLLL AL SLSL L L SLLSLLL Ll

FLOW il

FTITTIVI7ITI 77777777 79 797777777777

(b) 4 Foil betveen Parallel Falls

Ld

() & Cascade in Infinite Flow Field

Fig.2 Calculation Models

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

A=N—F ¥y V57— 3 VEOIERHER 239

Y4 i
< U _,
T — i )
_zﬁW7ﬁzzzzzZ% =
(4) 4....
(D) (B)

Fig.3 Boundary Condition of Supercavitating Case

FELw, Thbb,
Re{W(c;)x S;)}=U. ' (5)
(C) FvEF—va gl
FrE7—>a YORIZE VT, Fig 3D SBEEAE
IROBIWEICHBOFAE L2 LS50 T 2, Z20ESD
ES5EPnr¥seL,
In{W(cn) X Sn}=0 N (6)
(D) THEE*+ E7 1 FiHEHE
BHFSR ORI AAsn BB THOES LRG3 &
21295, BE&Z (TE) TADKSDES S mE T3 L,
In{W(cmn+1) X Sm}=0 (7)
BERFHF(A)~D) 22 PhBSO L THEIRE S =
LD, (n+2) HORM my, v, Uc BT 3 (n+2) &
DEIT—RAEBRAMSZ 603, 7, FrEF—va v
CRNVA~ADHBERXZEVAZ LR TRD S
n3,
&—ﬂ:<my_1

g="—20
%pUﬁ U-

(8)

> g
L—t_bu

P, EBEFDOER

P ¥y ET7—v 3 HOEN

o MEEE

BIGRE, HIIRES2 R0 31, EASHsEEEIC
bLIzORIT 5, LorLahs BHEEHRNELTH 3
ZHIDEETRERAOMBLRE TS, HEXTFS
JEMBTERY, ZOEMUTICRTREHE L ) BHE
wmERERD 3,

2.4 BERBIZRORE & £ OMERH

Fig 4-(a)IZRT I CF v EF—vavERE( &
L, EA—E8RRIGOME 2 BE& e L<, BEic m, y 5
fizs<, Fig. SOBREMFEDL LIz m, y DA E s 23K
B, (1), 52 (2), (3)RT &V FE—EHOEES
DHL[UTBT S X,y FAOHHE u, v; KD 2, 251 &
RDORIHO X BIBIEZ 12, 2OME = H vilw 2 3
IOEHUABARE VBT, IhEHl 2 EAREE
RET 2, OHERBELITOEN— RS RIS
DFEOEHHTRIRERD 2, 21 Fig. 4-(b) Th
%o DEWHEHBE L VBRTOWE % Fig. 4-(b)wBhh iz

End of Pressure Constant Ares

(0

End of Pressure Constant Ares

g ‘“"“““’%%\

Fig. 4 Method of Calculation

m;, ¥ SIS X B EHRCHE & —REFEIC X D Fig. 4-(c)ic
RTESkD 3,

ZOBRBBICET—EHO x CBEEEL TR X
—=N=F P U7 —¥a YAFEOEFR E T 5, Fig. 4-
(R T LI, m;, y it ZOTHEBRD LicE &
LBY, £ ITFig 30EREMEDY L1, my, y DHEERK
Db, EREARCERSOFABHEO A E—KT 3
IOEHLIBAR LY RBT, 2D £ TREHENED
REHLTWB0T, JURKZED2EKRT, Z0OH L
SERNFEMLTCAL—Y Y I U, O cE
m, y MEBERUCI E2BEVELHHEREE2 KD 2,
2 ORPNZFAB OB RO HER 2 Fv T RGO
REMEERL,

y=vx (a1+ aox + asx®+ auz®+ asz*) (9)

2.5 BREHFX BIFrETF—>3)

B+ rEF—v a VBB 3 BRESG LT 5
o7 Fig. 5 IR T L3 1c o7z,

(A) BEEh &M, (B)EA—EEM, (C)FrET7 4
T A RERME (EH—EHORE X=Xe B CHREH
A REICFAT), (D)Kutta OFtHEME,

HHEBBZCRORER A —/S—F v E 57— 5 LEFER
#7323, '

2.6 F¥ETFAHBRUEE

KAEE CITb - ERIZ Lk 2 EESAIAWLE R —rs—F
YET =Y a BBV TRF v EF 4 3B 5 H
TRIEBDLL DT, ZRIMIEL * v 57 1 Bl

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

240 HASHFESHXE 125

Br LE L UCEHBE2To 7, FrETF—va VRERT
i3, FrEF—va vEsaSRE SR TRERL T
zbDEEZOND, ZDID X2Xe T, RO
EfEICE T % Rayleigh O HER

TR )3 (dRY_PP

R=gt 9\ at 0

5 (10)

P

T KRR
s R
s RIS DO FADEE
y  RIEEEDE S
P; fABEDOESN
2, BUERCROT, R=0 %225 %FrET—¥3
UGB (Inex) LT 5 (fig. 6 1R T) o 727 L, LOHD
HBRATRITTEE > TVRADT, RO X WCERTLL
THWw 2,

t=0 25 ORBOBBERY S (BRI, BEEEZ
U (BEmw) e7aud, KAV IO,

as’ _
dt

R, S #®ZET, U »—Hi#E U. THEKRITELTIN
2R, S ULEDbLT L,

- BRS ~  B

(11)

vp AR oo dU o dR oy (dRY:
2UR & +ou G R G5 +3U (a,s)
=—0— Cp (12)
2
LU
v,
Y
B) (O (D)
----- fotm N parallel {
X
(D)
Fig.5 Boundary Condition of Partially Cavitating
Case

Fig. 6 Modeling of Cavity Collapsing Resion
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Fig.9 Comparison of CL between Present Non-linear-
ized Theory and Exact Solution by Wu
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