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Abstract

Horseshoe vortices generated around the juncture between the ship and her appendages often
lower a performance of the ship by increasing the appendage drag and making a non-uniform
wake on the propeller plane. This paper investigates numerically how the fillet around the
juncture of the leading edge influences the juncture flow and the appendage drag. Computation
has been made by solving Navier-Stokes equations with MAC method and the flows are at the
Reynolds number of 5000. Five fillets with different height-breath ratios and curvatures are
chosen as test models to find out the effects of the shape of fillets on the appendage drag and
wake. Computational results show that fillets with a smaller height-breath ratio and/or with a
concave curvature has smaller appendage drag and more uniform wake.
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(c) Perspective view

Fig.5 Trajectory of horseshoe
vortices

Fighs 2E8] F49]9] 344 f49 25E B
ot &7} &A Jehdiz] Asted Alzke 223ty
BF3 itk olE FEL £2ES & T
Ao o] gold AT AFo] fle YAEo]
At A dojzl &mAe] oF FAele HAAME
ARE Aol o] 3 Fojrh o|FA Ao
Zk QlAES AHEL f3o] AN Bl
T fri(streamline)®} 2t} o] IYPo2RE F
dpeac ¥ TEReEro AHE FUT
2 & ok F wgredas AYEA0RA vt



30 a4

02

2 %"Q ‘:Hié]tagi -‘T‘—E‘] ﬂ?ﬂ ‘310%—} _’_‘_E—_L’;l% 1'501; Aé%.% % %5}' ] 0. SDUZL‘J o) XFOJ§PJ

goAs FR2 Ps FRIAL 20 gy g gD aM sEge] Agshs g

ozt FAHW FHE T3l A dA viker 9 pahol 2;4534 chdoll tig Hele Lheh ]

0.25)& zherh Eo] WgeeR AESS by glato] 22 Aolrk WA C yapy B C apom =
™

£ Agsel Aesht FRAIME Y ol

L o= 1ol gol7kAl AEstH ~E]
02)5 teth old Hiale] ¥ WHFHQEAE & Ade] HasL asrEAsl He Hae] wlaol
E3 Wg ue} dgstel 2ESS] Sid 2AlA " etre AT er e
= @-}"1]5101 _f?‘_%i 01%—1‘&\:}. f.:E‘;i %}oﬂk] ‘E’WL "lj*’\]% E\’}ﬂ < z%k% 7><L'L\f :}z‘°ﬂk]-°'] C 1F(2D) 5’1
Zld 5 HE 7PtoldlM F BB H AR C pemiz Biol e 2349 2E wwe| &
o H 2 e 43 e 2E3E °“%’4**M S UERITT ¥ 4+ ok & Fig6e A
FRAME FeomwH "old olFst UL o) sege) pagors 2egel Fgohe Y
2 £ Slth oje} zo] wpREo2RE<el °5°1 o] olgsl J& Wiz k& BeiFCh thil obay
Solb Roho uigels WM ANCRFHL wo) pogg g3 geozie Bz &
S AUAE 7B FE] AYAA HH oz SR 1A A wo} HuoA (o mEBE] A
Aste] 2B FANN vk d@Hel 7ML agie 59 AAF FAQLEA E2d wrx
CHR). HohollM dz] Hojad XollAje £EZioA z7bste) 2200623l A Ho o wpa sl )
g §E5% 2ES] delM HuEoew FH 22 Mol 7L o] oA AERY $5& uhy
Fole 2y {57 o9 ug B3 {5 7} Aels]7] gio i g% ukale] z-ulakof )iz
sl PHEig?). olAT 2=al SdoINel % yp ppge) =y duel 4E pEziE 9

A HES F2 FF G Lohs Wl
AE 82 QolubAl eprhs)

ol = E
- 4= qlrp sbH clderEEEe wal Lo

9
= i

Hhola 27} 7 Aol wel Folx]

S
0
£
N

t
L

3.3 H&sl & 82X R

SRR Y

Fig6e 2EZo]| &3te o vizgyd 2

reatde] W] B¥E Bl Fu gk o FRALEER

HAM Cyamy B Capemes A7 EO] zolrel LR

- e \\'\\\\ \ \\ \
~EZ U9 Fo| nlAHBSY D Ao

0.15 . . .‘__,\\\\\\\\ \

’ O \
&\\ ......_\\\\"‘¢‘|

010 I Copizn) 1 e \\\\ ’ /
- . "“\}l‘ l'//: g
1 i) u 4

C 'x‘ /

%20y | ,,‘ /

0.05[ - ooy /
L 3 11111 ‘.__
N 99_1(,20) ) :.zoI”nl.«: - Io.u T se0  :on :.20 1.00

0.00 05 210 15
Fig.6 Spanwise distribution of Fig.7 Velocity vectors on the plane

sectional drag coefficients of n=2

Journal of SNAK, Vol. 34, No. 1, February 1997



Fillet @-&ol H&R F99 G0l njile &

Fig.8 Pressure distribution on the plane
of n=2

F7heke o)y F2 2EZ AURAY 43
2xo] ajoje] 7|98k Fig8e 7=2 o 42l gt
AT wol 73 ot o H 2ANN xe)
Mgt whe ¢4y Wb Huels "ol el
%, A 2Rl

=3
han |
& o] Hatolx
A

Q.
o @
A

o
N
Ir

ow Fusl A

st HowRE z=037438 LEg z}
A Abebich. o] gl Aol

< Folol #ARQle] YAE o FHAT
A= 1 g& Fig6ollA daozvy He
Rol Al e S e AHgsRCh
=) b

KBERB@AE 34 & B 1 9% 19974 27

31

Table 1 Comparison of the drag
coefficients of the strut
with plate and without plate

Caw Ca Ca
w/o plate| 0.02700 | 0.00618 | 0.03318
002857 | 0.00710 | 0.03567

w/ plate

(105.8%) | (114.9%) | (107.5%)

+* Drags are for the strut of height 0.3L
and coefficients are nondimensionalized

by 0.50U%L*
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Table 2 Particulars of fillet forms

fillet| fiilet| fillet| fillet fillet
No.l| No.2| No3| No4d No.b
h; 6 é 0.56 é é
b; {058 6 |1.638 ¢ 8
he¢/bs | 20 | 10 | 031 1.0 1.0
radius | f0¢ | flat | flat |concave | convex
of
curvature| ()| ()] ()| (1.58) | (—1.58)
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Table 3 Effects of the fillets on the
drag coefficients of the strut

Caw C. Cq
w/o fillet | 0.02857 | 0.00710 | 0.03567
Fillet No.1 | 0.02830 | 0.00744 | 0.03574
Fillet No.2 | 0.02740 | 0.00763 | 0.03503
Fillet No.3 | 0.02641 | 0.00675 | 0.03316

Fillet No4 | 0.02771 | 0.00691 | 0.03462
Fillet No.5 | 0.02709 | 0.00795 | 0.03504

** Drags are for the strut of height 0.3L
and coefficients are nondimensionalized

by 0.50U%L*
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Table 4 Variance of the flow velocity on
the plane of x=2.0
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Fillet
No.3
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No4
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