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Abstract

A new blade section of propeller is developed to obtain higher propeller efficiency and better
cavitation performance. Eleven foil sections are carefully designed and manufactured to com-
pare the lift-drag characteristics and cavitation performances. It is expected that the developed
section behaves better in the vicinity of the ship's wake, where the angle of attack variation
is large, because of its wider width in lift-drag and cavitation-free bucket diagrams.

A propeller design method using the selected foil section is presented. Three chordwise
loading shapes are selected to investigate the influence of the lift-drag ratios on the propeller
efficiencies and cavitation performances. Three propellers are designed, which correspond to
the selected chordwise loading shapes. Two more propellers which use existing foil sections

are designed to compare the section performance.
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Table 1 Comparison of geometric characteistics of the designed hydrofoils

Item '
) \ t ‘ i ag* \ CR** Remarks
Foi
KHIl | KTu | KCi1 | —1.93 0.35 | Designed by Eppler theory
KH12 = KT7 \‘ KC7 —1.61 0.4 Identical with KH7
KHI3 | N66 | a=0.8 | —2.02 0.642 | NACAG66 thickness
KHi4 t‘ N16 \ a=0.8 —2.12 0.642 NACA16 thickness
KHI15 N6 | KC7 ~2.40 0.642 | Comparison of a=0.8 and KC7 camber
KH16 | KTi6 | KC7 —9.6 0.642 | Fwd: Modify N16(max. thick. at 0.37c)
\ Aft: Ident. to KT7
KH17 KT17 KC7 —1.90 0.642 | Fwd: Elliptic thick. is modified
| \ Aft: Modify KT7 (max. thick. at 0.5¢)
KH18 KTi16 KCi18 —2.06 0.642 | Leading edge singularity of a=0.8 is removed
KH19 | N66 0 \ 0 0.642 .
KH20 | KT16 0 | 0 0.642 Comparison of N66 and KT16
KH21 | KT21 | KCls | —2.42 0.642 | Modify KT17

e Zero lift angle of attack in degrees (R,=0.99x10%)

i H — PLE Ly 2
** Leading edge radius, CR————c /(—‘c )
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Fig. 4 Pressure distributions around the KH13
foil by panel program
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Fig. 8 Template for manufacturing hydrofoil lea-
ding edges
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Fig. 9 Sketch of the modified 2-dimensional test
section setup for hydrofoil tests

A Fo R o] EF HolE HLA Hew, ol
< TAE dAY A4 AR A9 A% A

KEEMBEE H268 F 3 W 19895 9A

33

0.025
3
SYMBOL GAP 2
o .
o.0e0 |2 0.5 mu ]
+ 0.8 mm
o d
) % x 1.2 mm
- L 4 1.5 mm 0%
X+
s ] x4+
& o.o15 [
— +3
Q) ® .+°
2 §°
o [}
i b
g o0.010 L ig“
‘ 3
@ ' g.g!w
<
o
a
0.005
0.000
-z o 2 4 & )

ANGLE OF ATTACK IN DEGREES

Fig. 10 Gap effect for the hydrofoil test

Zol Ao g, 2349 Gdule ¥ 4Y
& JAAE 249 S ALY A o) 2Tt
olg} 2L AAL 14H o2 FA A (NC) Aol A
FYE T FA o2 +39& Y3 e, 47
94 Fig. 8 Jehd Azt o] @we YRy
AU A 7+FE templated AF&3} ALHd A
£ g3a4 AFsg.

239w AL IAAQTFLF hz dE
Aulslold B delA 6EAA(RINE A&t 3
stgeh. o] 250 mmel AR L &4 23449 £%
Yol A A7) Al @ele] 250 mmolz FTIE

SEZE 2L A2 AEZELE A Aol
w, ol AA A Fom Qe /1 E HEF(60X60cm)
% Fig. 9o v A3t o] ¥4 23mmel §9 o
adBo s el 234 B AY L AFI R Azd
gt Azy FEHE] FEEEE dA KA L
DV)& o) g3t SA4SR ol & A3 92 AT
5oz g9 58 Audodstd A&sg
239 Dol F43tE ¥ R EAEE AS}E 6%
27 % Fig. 99 2a At Bde] FEFd ¥
25l ek,

2349 gel FgaE YL AR A A
B¢ 249 #5¢ AQY ot Y. B ATA
AR FAol 95wl R37] 23QbaAnte] & A
%37 skl olmA A wwiAbolo] Fig. 99 ek

2 o

ko]



34

1.2

1.0 Y Oev Py
8 SYMBOL  REYNOLDS NO. . Sog
Eos| © 0.66 X 10% s
3 + 0.99 X 108
y x 1.32 X 108

0.6
]
o
E o4
p=]

0.2 .

.
Fa IIOOOQ;.
- -0.0 et Y
%

E LT YL ]
Q 0.2
[y
™
&

-0.4 3
3 ¥
g -0.3‘ ﬂ.

'Pg!.oﬁ
~0.%
-2 - ~4 o 4 [ ] 12 16

ANGLE OF ATTACK IN

Fig. 11 Lift coefficient and quarter-chord moment
coefficient of the KH13 hydrofoil in non-
cavitating flow.

1.0
-
0.8 LJ
]
e ]
0.8 )&ﬁ‘
ot [

SYWBOL  REYNOLDS NO.

LIFT COEFFICIENT ,CL
(=]
2
&
f}i“ v

(V] 0.66 X 108
+ 0.89 X 108
X 1.32 % 10®
~0.0
»e
+
Y
-0.2 ”B+
Xe,
Phe
-0.4 ]
Mo
~-0.6
0.00 D.02 6.04 0.06 0.08

DRAAG COEFFICIENT ,CD

Fig. 12 Drag polar diagram of the KH13 hydro-
foil in noncavitating flow

0.0

LIFT COEFFICIENT ,CL
o
N
-

0.1

~0.2

~-0.3

1
041§

0.5

2 =2 41 0 1 2 8 4 5 8 7 8
ANGLE OF ATTACK IN DEGREES

Fig. 13 Comparison of lift coeflicients in nonca-
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Fig. 14 Comparison of drag polar diagrams in
noncavitating flow (R,=0.99x10%)
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Table 2 Comparison of geometric characteristics of the designed propellers
Prop. no. KP166 KP167 KP168 KP169 KP170 KP171
Diam.(mm) 245.5
P/D(mean) 0. 640 0.677 0.759 0.663 0.681 0. 640
A/ A, 0.418
ru/R 0.1524
VA 4
Rake 0
Skew 25°
Section KH18 NACA MAU KH18 ! KH18 KHI18+KH21
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