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A Numerical Analysis of Steady Lifting Surface Problems by Proposal of Green Function
Considering Wave Generation Caused by Vortex System

by Tsutomu Hori*, Member

Summary

In this paper, Green function considering wave generation caused by vortex system is proposed. The
Green functions of an isolated point vortex for the various image systems present an appearance of
different wave-making properties. However, composed Green function of vortex ring has uniqueness
for the different image system. Accordingly, Green function with image system satisfying rigid wall
conditions is applied to numerical analysis of steady lifting surface problems. Then, waves are created
only by transverse component of vortex system but longitudinal one doesn’t create wave system.

The lift forces acting on hydrofoils, for example, some rectangular wings and delta wings are
calculated considering the free surface effects by means of present method. Numerical results present
the free surface effects remarkably for the rectangular wings rather than delta wings. And the effects
appear strongly as aspect ratio increases. Present analysis method is practically useful because the
ordinary computational program for the Green function of a point doublet with x-directional axis can
be applied to the present case by slight modification.
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Fig.11 Dependency of lift slope upon the mean lattice
length for the rectangular wing with A=4 in
the condition of unbounded fiuid for the vari-
ous lattice model.

VIREEERELTIEACRARESEITAILIZLY,
BEEICIRERIE s T s oA v aRlE v EN S A
BThH2, COEERSE, FOFEEZHAWTY, S8lz
WML LERFEAEL 7510200 T, BHERHREMC
b2 —EEZNET2EAIBEbRATWwS, BTH, @k
T3 -H—2ABELHEE T, 2X8FEEED
HWSEITY, SIS L 6XU SELAEEDOEY:
B2 551, aElfucT 2 EREERHFHEL, BwSEITY,
B7 A7 b B L TEEED R Lawrence D FEY
T IEREBLII NS, IOPTRELENE
BIFVTHEIENSNE, RCRFEHEREEL30
12, BLHEVIEL: WA 2ESEORSEFNVTHD, #
RS0 E s - r—rvaElia, AHESEEENCLTY
ERELERBEONEI LR, HEESFLELTETE
Trwid, 2o, Bt LTOBEEEOHER, (8)
R TFTBSICL 2 #2N2RANRERCOVWTREST
Arrizck-oTtBen

Ly tr I, cos th—cos 6 IrXe
Aay LT PO 3. 11 o
47 Js Ve X rds 4 h sin &

i Fg,—?’:{ 1 1

2

U P P A

sin 81—'0

42

(for cos @ -cos §z>0) We)
WKLo TiTho129, 2T, n, XX OER s, 25
HES PrarsBEAAOERERDL, 6, 61, 5 >

trXe

5 s @A S ERDARAZ bt (Fig. 10 1R 7) &,
BEAADHRMRI bl e, LORIBETHY, B
BroEEEAOFERELHET IBICE, ZOBER
7 rUR zEAEET A Lok b, REREORMERER
D&, G=ah LTl Lili-oTHIETE S, &
Pz, hIZHEE P2 olBRCTALEESRRETH S, (42)
ARDOEEL, FIEOSE - #FHHC YOIl 558
DFRFZT, cNEBEVLIEICLY, ERIBOEERT
B (h—0) THHEEEERIRH T2k on, ER
BEPERTREETZZ LA 2,

Fig.12 iZ, EfE2E I >WT, FHEEHIGEEET 5 2 i
L VEBEEELHES R BEOHERELREL R
TH5b, B, Fig 1l DERE» S EHER2RIET 5 €
Fook L TEEE, SHEL HI2ER (BT, Line Vortex
LEDT) THSELz6xX24 D3 « H—27 38tk 3
BAESHC T 2R ERE, ZAThOBRKEE IOV
THAETRDLLZ e #llo T3, ZORE» 5, B,
BEREE b CFESEORS TERAL 25E (BH, Point
Vortex L837) wid, BREEREL TIIZCEZ NS
CeBb0D, W sadlzfisfbL b ti—xr D .
EEEETZLTHY, FALHEMERERTEZL,
D6, EEMBIRERE LTERDHEY, #HREOCS
BETIER Lz 70 (B, Line & Point Vortex £3C
T) THRET 3, BRTH8E, BEAEEL S UKiREOEL
HBEELE®I +H—IVHETHELLER%E, Fig. 12

Point Vortex

€. —O— f=025
10 - weQee f = 0.5
(2x8) cepeeee f = 10

(3x12) o fman

(5x20)
(6x24)

Fig.12 Accuracy check of lift slope versus mean lat-
tice length for the rectangular wing with A=4
in the condition of rigid wall for the various
submerged depth.



40 ERERFERE B1B5

CHETESALR, ChERS £, =025 BEOERICE
KEEI R L SEDEVLES TR, BHBEHRATEBL
LR EAEENTEDLLE LOD, HEIBRESEI £
CThIEFOBELHEET 2, FiZ, BKEENEI R
i, z0ERHCRBELbLZTWEELETHD, HesETh
EER02YBELIEL N,

Ll Eotast x bz atd 2 Fig. 6, 7 DR LD, EBO
W) — R RBWEHEICELTE, GKonT
i3, TOBEER(1)A»50405 L5 CHERHLAL
¢ z=FfizLdicd, TOERTHEHRBIC L 5EEBEG L
BTz 255, ABCREEEIS D 2BRE2BAICEN
LT EE2{Th-Th, SEERERESLEREI 5L
EHERPErZE LB NIEEEELRL LETA SN,
FErEMET 2ERTOFE I RE VLD, SEOFHE
TREOERZHEAT 5,

3.3 KFRIEAT2HAICRIZTEERECE

KPBICEBRT2EN®, BYATARLZEERES ) —
CEES R EESICERT Ao ok D, EREETESE
BLEEESNERE LRy 5, SEETCY
ST, A Fig 12 0BBIZETE, 7 P L-FF vy
P NE o iz TRHBRELTHET 200D, 7Y —
VEEIE G it o w T, BREXSRICIESIZENT S
Z kT hiE, GNAOEAERER,

’

() g3 Rp{ [, o+ G tuatsial,_ |

=—1 (43)
DEHIcESHEZ S, PEIAE 1 B 2w T (42) =,
%2%Eowf@@$ﬁ%%wf%ﬁf%én1:&,?

LA

I (2x8) —o— f=025
18 ¢

1.0 +

0.5

0.0

Fig. 13 Accuracy check of lift slope versus mean lat-
tice length for the rectangular wing with A=4
in the case of F,=1 for the various submerged
depth.

e,
7L =10 | f=025
Present Method| —o— | —0—
67 Cal. by Li Baigi | e
Exp. by Li Baigi = 4
sk Y | Cal. by Nishiyama
(f=1.09)

Fig. 14 Comparison of the lift slope versus Froude's
number for the rectangular wing with A=4
between calculated values by present method,
Li Baigi and measured one in the case of f="
(.25, 1.

i3, I BEDBRETEERT 2 BEOERIEAZEFHED
CEET AL EERT 5,

£, SEIEVE, AR L THERTEL, B
BEYIC T, (=1,2,3, -+, Nr) 2E L7z, HIEI CO#ETIC
L0, BFESE e Icarybao—L - B2 FOEER
Hick 3« b= VGEITITR, 7Y —CEREENT
BEIEONTY, RONLXERBOFA TR LI -
— 2 WTfTh o7z, Fig. 1013, ZAEE2 23 «F—7 L5
BIL I HEOBFERFITH 3,

Fig.13 i3, A=4 OEREN 7V — P F.=1 THET
LEEHICDWT, Fig 12 L[, BLOBKEEIZDWT
6 X 24 S EIRFOHENER ZHRE I L IfNRRE & FEET
B ésm—RA73 7L izbDTHs, BEREEHES
EBLIzZOGE L, BRGNS 3 Fig. 12 L FEREI,
BAREENRCIZEHENEEZERREELL DD, IO
BEDO7LV— FETIERICEN F=025088TYH, &
B AXIOEEERNEEERZ 0. 2% Tcfa 22 228
TEEE0000, KROZ)—HREHREE
KBEWTY, FEEEITARFENTHE, 2Ok
5, SEHEBEHEMOBFRICOWTIR, 71— FHEPE
KREIC L LB, HAREHVEFSEITY, Pl
LHESETHI2BAEICDWTIE, EHLETSLEETE
HondLITHY, HEFHZOMOETLIFHETH
&y

—7, Fig. 1413, EESRIcHL THE LB HER



B AT A EBERS Y — Y EEEEAL LERENEORERET 41

Cro 87— FER—AEZBS LI bDTHD, &KEE
F=02510H\&IZ 2T, Li Baigi DHEBRRUIER
B & e L e, A OEE L, FfER 7 ) — BME xR
BL, A—048#TiTE>Twa 00, RFTRET
AREREFROBH I LBSAMERAELTWS I
25, BERBICNT2 LioFEREATHEZ7 VT X
ADBHTHEZICHIMHLTHEO—BERRFTHD,
FEIEENEEN LENBETHSEZERRLTY
Z, 7z, ERELOEBCBVTY, BEETETHE
EoAHAEHEETLLO0, BHES > ERNYICEH
T2 LOELSEEETAE, BERCEWEKERECS
WTh, FEERERMCLRSERERHALTED,

HEEORYKETLTWS, &8, 8FETIC, &
Bl L THEaN-HLUOBRY 258 TRT, BKE
EH =109 TEFERLZ HDD, RO Fig. 15, 16 £ L%
BTHLZ0BEEOBKEETHIOER S ZEFRICEE
LzweEzohsd s, BHEZEMUNIZ 1 EDR
LicBESBAELOAEICL>TH, MEL A=4BE
OB IZE L EEETOENIZO W, BHHELERED
BECHETE2L3Thd,

Fig. 15, 16 Iz, A=1,2 DHE&OERE, Fig. 17, 181,
A=2 4 D=ZARXN7 2B HEHN C.. OFtEFEREZT
T 77713, BROBKEEZ DT ZI—FHX—2A
WESELEZLOTHY, FREFNEBRRAETD Cre 128
TALRTEHERASESEDLTWE, HOF v a v
WKL FRFROSE ST, BERETOED
Bz T 2R OREEPOBRELIODTES, FIL=
BizOWwTH, Fig. 10 OB FHEPCH 3 L 512, WORA
CRTHEOSME E, Ay AECiE o BT ETICEE L

fF=05 CLQ{
f=07

f=10

f=20 1 1.7
f=0.5} Cal. by

f=10 Nishiyama 116

i
s
e ;
)
. 1
OO0 o .
o
X - N
! G
> £

A A T e Sl
= g B L R ey ' » w
........ A r—a 1.4

0.9t
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