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Development of KD-Propeller Series Using a New Blade Section
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(From T.S,N.A K., Vol.28. No.2, 1991}

Abstract

A new propeller series is developed using the newly developed blade section(KH18 sec-
tion) which has better cavitation characteristics and higher lift-drag ratio at wide angle-of
-attack range than a conventional section.

The radial pitch distribution of the new series propellers is variable since they were
designed adaptively to a typical wake distribution. Basic geometric particulars of the series
propellers, such as chord length, thickness, skew and rake distributions, are determined on
the basis of recent full scale propeller geometric data. The series is developed for propellers
having 4 blades, and blade area ratios of 0.3, 0.45, 0.6 and 0.75. Mean pitch ratios are varied
as 0.5, 0.65, 0.8, 0.95 and 1.1 for each blade area ratio. The new propeller series consists of
20 propellers and is named as the KD(KRISO-DAEWOQQ)-propeller series.

Propeller open-water tests are performed at the towing tank, and cavitation observation
tests and fluctuating pressure tests are carried out at the cavitation tunnel of KRISO.
Br— & curves, which can be used to select the optimum propeller diameter at the preliminary
design stage, are derived from a regression analysis of the propeller open-water test results.

The KD-cavitation chart is derived from the cavitation observation test results by choos-
ing the local maximum lift coefficient and the local cavitation number as parameters, The
cavity extent predicted by the KD-cavitation chart would be more accurate compared to
that by an existing cavitation charts, such as the Burrill’s cavitation chart, since the former
is derived from the cavitation observation test results in a typical ship’s wake, while the
latter is derived from the test results in a uniform flow.

1. Introduction sign stage and the performance analysis stage. At
the preliminary design stage, principal geometric

The design procedure of marine propeller consis- characteristics of the propeller, such as the opti-
ts of the preliminary design stage, the detail de- mum propeller diameter, expanded blade area rat-
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io and pitch ratio, are selected with the given de-
sign data using a methodical propeller series. The
methodical series data are collections of exper-
imental data of propellers whose geometries are
systematically varied.

At the detail design stage, the radial pitch and
camber distributions are determined, using a lift-
ing line theory and a lifting surface theory, to
match the desired radial and chordwise loading
shapes. At the performance analysis stage, off-

design-point performances, unsteady propeller for-

ces in a nonuniform wake field and cavitation

characteristics at the behind condition, are calcul-

ated using performance analysis programs with
the designed propeller geometry. The final pro-

peller geometry is usually confirmed through mod-

el tests.

Even though the detail design becomes faster
and more accurate due to the availability of large
and fast computers and newly developed com-
puter codes, accurate selection of principal ge-
ometry of the propeller at the preliminary design
stage is still important. It not only reduces the
number of iterations in the design process and
model test, but also determines the important
geometric characteristics of the final propeller.
Accurate and prompt prediction of propeller per-
formance is especially important at the contract
design stage, when various design parameters are
extensively varied during the initial trade-off
studies.

As the propeller design with the newly devel-
oped blade section(KH18 section) becomes popu-
lar[1,2], a new propeller series having the KH18
section is needed. Adaptation of the KH18 blade
section, especially for high speed container ship
propellers,

Is increasing, because the new blade section gives
better cavitation characteristics at wide angle-of-
attack range[3,4].

In this paper procedures for the development of
the new propeller series, are described. The new
series propellers are equipped with the KH18 sec-
tion, and have radially varying pitch distribution.
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Geometries of the new series propellers, such as
chord length, thickness, skew and rake distribu-
tions, are selected from recent full scale propeller
geometric data, so that the initial performance
prediction using the new propeller series can be
more realistic. The new series is named as the
KD(KRISO-DAEWOQO) -propeller series.

2. Design of series propellers

Radial pitch distribution of existing series prop-
ellers, such as B-series and MAU -series, is gen-
erally uniform, while a realistic propeller designed
adaptively to a ship’s wake distribution has a rad-
ially varying pitch distribution. In order to design
a realistic propeller at the preliminary design stag
e, a propeller series of which pitch distribution is
radially varying is needed. The pitch distributions
of the KD-series propellers are radially varying
because they are designed adaptively to a typical
wake distribution. The circumferential averaged
input effective wake is shown in Fig. 2, which is
predicted from a typical nominal wake of a con-
tainer ship.

Basic geometric particulars, such as chord len-
gth, thickness, skew and rake distributions, are
determined on the basis of recent full scale pro-
peller datal5]. The KD-series propellers are des-
igned with the KH18 blade section which shows
better cavitation characteristics and high lift-
drag ratio at wide angle-of-atrack range.

The propeller design method using the KH18
blade section is the same as the design method
using a conventional section, except that the
most suitable chordwise loading shape is not
known a priori. In the proposed propeller design
method, three kinds of chordwise loading shapes
(A—, B— and C-types in Fig. 1) are tested[4].

The A-type has less loading near the leading
edge so that the negative pressure peak value at
the leading edge near the wake peak region de-
crease. The cavity inception speed of the propel-
ler with the A-type loading i1s expected to in-
crease and the cavity extent is expected to de-
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Table 1 Basic geometric data for the KP 197 propeller

Propeller No. KP 197 Propeller Name KP 197
Designed by KRISO Ship Name CONTAINER
Propeller Type FPP No. of Propeller SINGLE
Diam. (Model) 254.902mm Scale Ratio(4) 30.600
Al Ao .5515 (P/D)ean .9810
Skew(°) 24.86 Rake(°) .00
Section Type KH18 Hub Ratio 1800
No. of Blades 4 Comment A+C Type
"R PID XulD () cip ) 1/ D10 5
.20 .6201 .0000 ~1.92 .2069 12.68 46.00 L0613
.25 .6891 .0000 —~3.37 2234 12.42 42.40 .0556
.30 7544 .0000 -~4.27 .2389 11.87 38.90 .0497
.40 .8804 .0000 —~4.56 .2684 10.68 32.29 0.398
| .50 9668 .0000 ~3.10 .2948 9.52 26.00 .0323
.60 1.0130 .0000 —.18 .3150 8.38 20.29 .0266
.70 1.0366 .0000 3.92 3213 6.94 15.50 .0216
.80 1.0381 .0000 8.89 .3007 5.38 11.00 L0179
.90 | 1.0314 .0000 14.45 2342 3.61 6.90 .0154
.95 : 1.0251 .0000 17.36 1757 2.60 5.00 .0148
1.00 \ 1.0173 .0000 20.30 .0000 .00 3.21 .0000

Table 2 Design points for the KD-series propellers

P/D [ Az /40| 030 | 045 | 0.60 | 0.75 |
050 | J 0.233 | 0.203 | 0.173 | 0.143
Kr | 0.1312 | 0.1559 | 0.1717 | 0.1840
0.65 | J 0.444 | 0.414 | 0.384 | 0.354
Kr | 01251 | 0.1532 | 0.1722 | 0.1882
080 | J 0.625 | 0.595 | 0.565 | 0.535
Kr | 0.1231 | 0.1527 | 0.1730 | 0.1904
095 | J 0.778 | 0.748 | 0.718 | 0.688
Kr | 01288 | 0.1596 | 0.1820 | 0.2013
110 | J 0.905 | 0.875 | 0.845 | 0,815
i Kr | 0.1418 | 0.1762 | 0.1999 | 0.2197

crease, while the cavity behavior can be easily
unstable and the possibility of propeller erosion
may increase.

The C-type has more loading near the leading
edge. The propeller with this type loading would
have a lower cavity inception speed and a larger
extent of cavity than the propeller with the A-
type loading, but cavity behavior would be st-
able., The most suitable chordwise loading shape
should be determined by considering operation
conditions of a propeller.

The KP197 propeller, which is equipped with

Table 3 Geometric characteristics of the KD-series

propellers
" K £,
r/R P(l;) f((r) D,:(Er/)A » Ol 8,0
0.20 | 0.6005 | 1.0000 0.3763 1.1832 | —1.921
0.25| 0.6673 | 0.9057 0.4103 1.0000 | —3.369
0.30 | 0.7306 | 0.8098 0.4407 0.8545 | —4.267
0.40 | 0.8526 | 0.6498 0.4948 0.6321 | —4.560
0.50 | 0.9362 | 0.5269 0.5387 0.4673 | —3.103
0.60 | 0.9810 | 0.4343 0.5638 0.3484 | —0.179
0.70 | 1.0010 | 0.3519 0.5638 0.2660 | 3.916
0.80 | 1.0053 | 0.2912 0.5325 0.1999 8.899
0.90 | 0.9988 | 0.2508 | 0.4402 0.1517 | 14.448
0.95 | 0.9927 | 0.2407 f 0.3372 0.1435 | 17.356
HO 0.9852 - | 0.0000 - 20.300
(PID)yean

* P(r)/D = WP(")/D‘

+(0.43(P/D) -—0.95)(-1%—0.683)

mean

~0.30(d ¢/ 4o —0.6)(-5~0.683)
wk [ () c(r) =£,(r)c(r)™(0.165(P| D), 0, +0.4358)/5.932
(0.2341(A4,/ 45)* —0.4013( 4/ A5) +0.7493)
sk 1 ()] c(r)™

(0.3756(A £/ A5)? —0.685(A g/ Ap) +0.448)



the KH18 blade section, is designed to have the
A-type loading at the inner radit and the C-type
loading at the outer radii of 0.7 propeller radius,
This combination of loading shape is proven to

give satisfactory cavitation characteristics throug-

h the full scale application of the KP197 propeller
for a container ship. Geometric data of the KP197
propeller, which is selected as a parent propeller
of the KD-series, are shown in Table 1.

The KD-series is developed for 4 bladed propel-
lers. Model propellers for the development of the
series consist of 20 propellers and are given the
model propeller numbers from KP201 to KP220.
The propellers have blade area ratios of 0.3, 0.45,
0.6, 0.75, and have mean pitch ratios of 0.5, 0.65,
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Fig. 1 Comparison of the chordwise loading types
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0.8, 0.95, 1.1 for each blade area ratio, respect-
wvely.

Design points of the series propellers are selec-
ted as shown in Table 2 considering the operation
conditions of existing series propellers. Geom-
etries of the KD-series propellers are systemically
varied from the reference geometry of the KP214
propeller( Ag /4p=0.6, P /D=-0.95) which has
been designed after the geometry of the KP197
propeller, Basic geometric characteristics of the
KD-series propellers are shown in Table 3 and
Fig. 3. The radial loading distributions of the KD
series propellers are controlled to have the stan-
dard loading shape of the KP197 as shown in
Figs. 4 and 5. The chordwise loading shapes of
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Fig. 2 Prediction of the circumferential mean effec:
tive velocity distribution

'} a p—
a_a0 N Y \ N %)
a. 210 AN =Y \ AN t N PO .
0840 N B e ¥ A Y z\ — /
PYY T S ot = P
048 s Sy A—7 - 4 N U _
0 ap =) =y = =
At ‘%j X
KD4—-30 KD4—45 KD4—60 KD4--75 /D

Fig. 3 General plan of KD - propeller series
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the tvpical KD-series propellers at 0.7 propeller
radius are shown in Figs, 6 and7.

The KH18 section is adopted as the blade sec-
tion of the KD-series propellers except the tip re-
gion (outer radii of 0. 95R), where the KH21 sec-
tion is adopted. The KH?21 section has the same
camber distribution as the KH18 section, but its
thickness distribution is elliptic near the leading
edge region. The maximum thickness point is loc-
ated on the mud-chord, in order to stabilize the
sheet cavities near the tip region.

Application of the KD-propeller series at the
preliminary design stage would provide a more re-
alistic propeller geometry and more accurate per-
formance prediction, provided that the wake dis-
tribution of the ship is not so different from the
selected input wake. The KD-propeller series is

expected to reduce the number of iterations in fin-

alizing the propeller geometry through the detail
design and model test,

3. Model test of the series propeller

Propeller open-water tests are performed at
the towing tank, and cavitation observation tests
and fluctuating pressure tests are carried out at
the cavitation tunnel of KRISO. The propeller
open-water test is to measure the thrust and tor-
que acting on the propeller for varying advance

7

. V.
coefficient (J, = D ).

Dependance of the open-water test results on

the variation of Reynolds number is investigated
with eight propellers which have the highest and
lowest pitch ratios in the four blade area ratio
group. It is concluded from the Reynolds number
variation tests that propeller open-water tests in
the towing tank should be performed at Reynolds
number higher than 5x 105,

Cavitation observation tests are performed in a
wire-mesh generated wake as shown in Fig. 8,
which 1s a typical wake distribution for a con-
tamner ship. Thrust identity conditions are mat-
ched for the realization of test conditions and the
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tunnel pressure is adjusted to match the cavi-
tation number. Cavitation behavior, extent and
occurrence range are sketched during the cavi-
tation observation tests.

Since the pitch ratios of the series propellers
vary from 0.5 to 1.1, flow speed in the cavitation
tunnel during the cavitation observation tests
also varies in order to match the test condition. It
Is investigated whether the wake distribution
shape changes according to the change of tunnel
flow velocity. Comparison of the wake distri-
bution in the circumferential direction for tunnel
flow speeds of 2.5m /s and 4.5m/s is shown in
Fig. 9, where two wake distributions are practi-
cally identical. In order to prevent the defor-
mation of the wake screen during the cavitation
tests, a brass tube is installed to support the
wake screen at the shaft center position.

Fluctuating pressure test is to measure the fluc
tuating pressure induced by the propeller on the
flat plate located above the propeller, where five
pressure transducers are mounted, The tip clear-

1.264R
1.080R
0.912R
0.760R
0.624R

0.504R

0.384R
0.288R

Fig. 8 iso-axial velocity curves of the simulated
wake at 4.5m/s
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ance between the plate and the blade tip at up-
right position is 7.16cm (28.6% of the propeller
diameter). The pressure measurement positions
on the plate is shown in Fig. 10, Test conditions
are selected as the conditions of the cavitation
observation test. The measured fluctuating press-
ure values are analyzed using an FFT analyzer.
The fluctuating pressure ot a full-scale ship is
predicted with the analysis results up to the 4-th
blade harmonics.

The cavitation observation tests and fluctuat-
ing pressure tests are carried out simultaneously.
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Fig. 12 Sketches of the cavitation pattern for the
KP214 propeller

The three operating thrust coefficients(K; = ‘T——;)
o

n-D
are selected for each propeller, and tunnel
pressure is adjusted for 2~3 cavitation num-
bers at each operating thrust coefficients, as
shown in Table 4.
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Table 4 Summary of test conditions and maximum fluctuating pressure values at the center pressure trans-

ducer
No Kr Cavitating - Max. Fluct. Press. No Kr Cavitating . Max. Fluct, Press.
’ (Cpax) area ° at Center ’ (Cax) area ‘ at Center
0.142 5% 0.643 0.410 0.148 5% 0.457 0.824
( 0'172) 10% 0.439 1.100 ( 0'127) 10% 0.303 2.251 |
’ 20% 0.220 2.048 ) 20% 0.199 2.997
0.131 5% 0.650 0.346 0133 5% 0.455 0.661
KP201 | 017 " 10% 0.426 L014 | KP206 | 127) 10% 0.296 1.803
' 20% - - ) 20% | 0.154 2.078
0.107 5% 0.596 0.316 0.098 5% 0.308 1.803
(0'171) 10% | 0.376 1.049 ( 0‘120) 10% 0.202 0.661
] 20% . - - ' 20% -
2 ‘ 0/
0.148 50/9 0.845 0.297 0.156 ";‘f 0.619 0.47?
(0.225) 10% 0.522 1.032 0165 —10% 0.394 1.253
) 20% 0.325 1.889 : bo20% 0.225 2.024
0.130 5% 0.645 0.358 0.135 5% 0.430 0.779
KP202 ( 0‘ 217) 10% 0.459 0.922 KP207 ( 0' 1‘59) 10% 0.338 1.356
) 20% 0.208 1.920 ' 20% 0.218 2.235 ;
5% - % .3 0.609 |
0.111 22 0.103 5; 0.374 L
(0.209) 10% 0.452 0.386 (0.149) 10% . 0.251 1.236
" 20% 0.263 1.600 ) 20% - -
N (274 —_ _ 0, :
0.156 5:({ 0.181 5:7 0.793 0.361
(0.263) 10% 0.717 ! 0.295 (0.197) 10% 0.490 0.905.
) 20% 0.536 0.810 ) 20% 0.323 1.885
0.130 5% - - 0.156 5% 0.775 0.368
KP203 (0.250) 10% 0.609 0.346 KP208 (0.189) 10% 0.396 1.384
) 20% 0.433 1.103 ) 20% 0.280 2.033 |
5% ¢ ) % .57 .38°
0111 5:) 0.757 0.272 0.142 509 0.575 0 385:
(0.239) 10% 0.567 0.439 (0.183) 10%  0.379 1.346
) 20% 0.403 1.166 ' 20% 0.283 1.973
0.161 5% 0 - - 0.208 5% 0.938 0.508
( 0' 294) 10%5 0.922 0.432 ( 0' 229) 10% 0.668 0.795
) 20%  ; 0.645 0.722 ) 20% 0.459 1.489
0, : _ _ 0. o
0.139 5/? 0163 | o;({ 0.724 0. 53_7
KP204 (0.281) 10% 0.856 0.424 KP209 | 21l | 10% 0.563 0.864
) 20% 0.606 0.740 . 20% 0.417 1.280
0.114 5% - - 0.141 5% 0.699 0.489
’ 10% 0.739 0.433 ’ C10% 0.532 0.769
(0.266) 07 0155 L 060 (0.203) | 0% oA L5
/] . . | o L O0 O
5% - - 5% - -~
0.178 10% 1.105 0.587 0.208 10% 0.787 1.664
(0.325) 2 : : (0.245) 2 : :
20% 0.789 0.674 20% 0.534 1.173
5% - - . 5% - -
0.139 o~ ‘ 0.162 o . -
KP205 (0.301) 10% 0.926 0.446 KP210 (0.226) 10% 0.653 0.759
) 20% 0.652 0.941 ) 20% | 0.439 1.665
5% - - ' 5% - -
10% - - 10% - -
20% - - 20% - -
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N Kr Cavitating [ Max. F:iuct_ Press. o | Ky Cavit«étrinig’ TMax Fluct. Press,
© (Crax) area % at Center © (Cirax) area » at Center
5% oan | 795 5% | 0248 | 2149
0156 | ?;1; - 2.';:; ] 0190 V“i(;‘; 0 ?:4 2886
"L Lol . Z. )
(0.097) e L2l . (0.079) — 200? —
LU0 70 - -
1o 5% 0.145 5% 10280 |  1.453
KP211 0.142 10% KP216 - 10% 0.165 2.984
(0.098) 20;0 o] Tl (0.080) 20—5? s &
; 2, 2, B - 2 -] - )
2 26 5% | 0.206 1.319
R 0108 s T s
(0.095) S — (0.077) - 123 | 28K
20% | 0.109 3.180 20% - -
5% | 0.656 5 5% 0.48% 0.838
1 0.185 5 o : 0.656 0.459 0.210 )aa/ .83
s (0.133) 10% | 0.353 1.973 (01100 0% | 0.279 2.623
‘ O 20% | 0.209 2252 ' 0% | 0.161 2.224
! 154 5% L 0.453 0.682 0181 o 59 o 0.432 U:ﬁll
KP212 | (oo 10%  0.267 2.253 KP2I7 | ("o 0% | 0.253 2,934
T % 047 2.854 L 20% 0.112 3.130
% 5% 0.348 | 1.328
0116 o | 0224 Lall 0.155 —— =~ e
(0.119) 10% [0191 1 2260 | (100 | 10% 0200 3,965
S 20% - - ' | 20% 0117 | 3330
’ 2, 5 L 5% 0.551 0.703
0212 oo 060 OML 0214 fl S L -
(0.160) 0% | 0436 | 2.354 (1) 0% 0359 | 3021
B 20% 10287 0 2153 | L S 0% 0208 2882
s % | 0503 .07k | o e | am 0.966 |
CKP213 | 10% | 0.348 L6z | KP218 | oo o 10% | 0.273 2.962
3 OIS e, Toar 2721 | S 0% | 080 3.196
; ! ‘
5% 51 ‘ 5% 0.404 0.772
0.156 o | 0481 LS. 0.152 |t e
(0. 147) 10% | 0.309 1.663 (0.190) me, o | 0.241 2462
] 20% 0.207 3.156 U 2% 0w 3758 )
| % 1076 ' U 5% | 05951 0.785
w20 L 5% | 0.769 0.617 oz oo |0s% | 078
(0.186) 10% . 0.497 1948 | o110y 1% 0457 1.919
. 20% 0.319 2.260 | | ) 20% | 0.261 2.513
2% 57 ; | 5% 0548 0.780
0.203 5% 0.740 0.57 L0184 }7?’ O? 1 ’) - 7 ‘
KP214 | o 0% | 0467 | 1520 KP219 | (o) | 10% 0371 2.482
] 20% 0.302 . 2138 | o 2% 10215 3.498
% 3 56¢ 4 5% o 0.577 0.703
0.169 5 0/ 0.653 0.563 i L0161 ”)Zz"""" ,),, 0.
(0.166) 0% | 0432 1391 o1 L 10% 0352 2.387
' 20% | 0296 | 2380 | . 20% | 0.214 3356
) 5% 25 | 57¢ | I | 5% | 0.681 0.905
0.266 1(0)"0/ (1 492;)4_ (1)873: | 0.224 - H(Z’f j’ﬁ(')”;xv" 19&; o
“t o L4084 Iy i
(0.208) - S = (0.158) b e
20% | 0.453 2120 | 20% [ 0.317 220 |
%  0.85 i | 5% 0.564 0.839
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Fig. 13 Distribution of fluctuating pressures on the
flat plate according to cavitation extent vari-
ation for the KP214 propeller in j, =0.68

Fluctuating pressure values are measured while
the cavitation number is lowered continuously for
the KP214 propeller at the operating condition of
Kr=0.203. As shown in Fig. 11, the fluctuation

pressure values increase as the cavitation number
decreases. But there is a deflection point when
the maximum cavity extent becomes 10% of the
blade area. The cavitation behaviour is observed
as unstable and the higher blade harmonic values
of the measured pressure at this test condition
become large. A typical sketch of the cavitation
observation test and the measured fluctuating
pressure distribution on the tlat plate are shown
in Fig. 12 and Fig. 13, respectively. Summary of
fluctuating jressure tests for the KD-series prop-
ellers operating at various test conditions is given
in Table 4.

4. Regression analysis of model test results
and derivation of the KD -cavitation chart

The model test results are systematically rear-
ranged so that the propeller series charts can be
derived. These series charts enable us to predict
more accurate preliminary design and perform-
ance. In this research, the Bp—§ curves and the
cavitation prediction curves are derived, which
are named as the KD-series chart and the KD-
cavitation chart, respectively.
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In order to derive the regression forrmula for
the propeller open-water test results, a statistical
Jegression analysis method using simple high-or-
der polynomials is adopted. The thrust and torque
coefficients are expressed as Ith order polynomial-
s of advanced ratio(J) and pitch ratio (P/D), as
shown in the following equations, These equa-
tions are defined for the group of propellers hav-
ing the same blade number and the same blade
area ratio,

Ky =ZSCHI(PIDY
10Ky =XTCUJI)(PIDY

1.0

o O D D B B o

K110Kgno
/|
R

lil7
[/
"
I\J: < 7‘
N
;
17

NN
I
I
1
/ 1
I/
-
s
VAV
I“‘l D A
VA

— |
e

Fig. 14 Regression analysis results of the propeller
open water characteristics for KD4-30

A A O 55
=
o7 \i\‘\“ Pzl
g D6~ \ > %D// ! \
RN <A
;: (l:l \\J*: - T %» P?(E\\ *\» o \ ! \
TN

S pd
7
\+
\ [
R
. /
A7
i
T
I/
77

1‘\\
N

"\:\\i\\ \~ . *

s \\i\
N
DRI NN

~ S
06 07 08 09 10 11 1.2

71/
o 7 Y
/bt
— 7
’

Fig. 15 Regression analysis results of the propelier
open water characteristics for KD4-45



86

In this research, ¢ and ¢¢ for the KD-series
propellers are calculated from the propeller open-
water test results using a least square method[6].
Using these coefficients, the propeller open water
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Fig. 16 Regression analysis results of the propeller

open water characteristics for KD4-60

KD 4—30 PROPELLER

TYPE : KT18 thickness, KC18 camber

curves are generated as shown in Figs. 14, 15, 16,
17. Its application range is shown in Table 5. The
Bp—4 curves are very useful to determine the op-

timum diameter or efficiency in the preliminary
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Fig. 17 Regréssion analysis results of the propeller
open‘iwater characteristics for KD4-75
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TYPE : KT18 thickness. KC18 camber
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Table 5 Application range of the regression formula
for the KD —propelier series

[z Ag /Ao Name P/D
0.30 KD 4-30 0.50~1.10
. 0.45 KD 4-45 0.50~1.10
0.60 KD 4-60 0.50~1.10
0.75 KD 475 0.50~1.10

design stage with minimum design parameters
(delivered horsepower Pp, rotation speed N, pro-

peller advanced velocity V). The B,—6 curves
are shown in Figs. 18, 19, 20, 21. The y-axis rep-

.- 0.5
resents Taylor’s power coefficient (B},:_A,’}; — =
A

.
13.353\/’TQ) and the x-axis Taylor's advanced

coefficient (§ = IJ_D = 30.886%), respectively.
A

Existing cavitation charts, such as the Burrill’s

cavitation chart, do not accurately predict cavi-
tation extent on propeller blade surfaces because
those are derived from
the test results in uniform flow conditions, In
the Burrill’s cavitation chart, the propeller thrust
T/A,
1
5V far

loading coefficient(z,. = )is introduced as
a loading factor, but in the KD-cavitation chart,
. can not be used, because the KD-series propel-
lers are tested in a nonuniform wake field.

The maximum local lift coefficient Ci§fiz is
introduced to express the correlation between the
propeller loading and the cavitation extent. C74z
is calculated by an unsteady propeller analysis
code (KPD2) and is defined as

MAN e

Lmax )0.8R = ( 2L s )0.8R
1.0.3R 1 0 . - URC B

SURC
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where the calculation point is selected as .8 rad- L0 ElitEsEaa =

ius instead of 0.7 radius of propeller, because cav-

itation occurs more frequently at 0.8R than at 0.

7R. 04t
The cavitation occurring lines of 5%, 10%, Chn B

20%, 30%, are derived from the cavitation obser-

vation test results of the KD-series propellers. A

typical example of the 20% cavitation occurring

™1

930 G40 000
Gy

. . . . . . . 010
line is shown in Fig. 22 with the cavitation obser- s

vation test results, The KD-cavitation chart 1s )
Fig. 22 Comparison of the cavitation prediction curve

and cavitation model test results for the 20%
cavitating area line

shown in Fig. 23. As mentioned before, the KD-
cavitation chart would provide a more accurate
cavitation prediction at preliminary stage than
those by the Burrill's cavitation chart, since the
former is derived using the test results in @ nonu- peller series, which was KH18 blade section, is

niform wake field while the latter using the test derived in the paper. Important conclusions can

results in a uniform flow. be summarized as follows :
» The KD-propeller series 15 developed for 4
5. Conclusions bladed propellers. Since the KH18 blade sec-
tion has better cavitation characteristics, the
Procedures for the development of the KD-pro- KD-series propellers are expected to have
Lov 232
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better cavitation performances compared to
the existing series propellers,

¢ Geometry of the KD-series propellers is des-
igned on the basis of recent full scale propel-
ler geometric data. The pitch distribution is
radially varying in order to be adaptive to a
typical i‘nput wake. A more realistic ge-
ometry and more accurate performance pre-
diction would be provided at the preliminary
design stage, if the KD-propeller series is
adopted.

e Bo—§ curves are derived from a regression

analysis of the propeller open-water test res-
ults. The KD-cavitation chart is derived from
the cavitation observation test results. Since
the cavitation observation tests are perfor-
med in a typical ship’s wake, cavity extent
predicted by the KD-cavitation chart would

be more accurate compared to that by an exis-

ting cavitation chart.
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