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SUFMARY

Systematic tests with supercavitating propellers have been
carried out. The results are shown as design charts, per-
formance curves, cavitation limits and empirical corrections
of the design method.

Influence on the performance of profile modifications,
shaft inclination and interaction between propeller, rudder
and hull is shown.

Cavitation observations and measurements of thrust, torque
and pressure fluctuations at model tests are compared with

corresponding measurements in full scale.

RESUME

On a mis a l'éEpreuve une série des hélices supercavitantes.
Les résultats principaux sont pré&sentés sur des diagrammes
de conception, des courbes de performance propulsif, des
contours de régimes différents de cavitation et des facteurs
de corrections pour la méthode théorique de calcul de con-

seption d'une hélice.

L'influence sur le performance d'un modification de la forme
de profile,d'une inclination de 1l'arbre et 1'interaction
hélice-gouvernail et hélice-coque est mise ené&vidence.

Les figures de cavitation, les caractéristiques globales et
les fluctuations de pression sur la coque obtenues sur mod&le
sont comparées avec les résultats correspondants obtenus a

la mer.




1. INTRODUCTION

The Swedish interest in supercavitating propellers started
in the late 1950s. Some early designs showed that the design
procedures for such propellers were less accurate than the
design methods for conventional propellers. The information
was also rather scarce on the influence of parameters such
as blade area ratio, hub diameter and design thrust on pro-
peller performance. To increase the knowledge in this area
a systematic investigation of supercavitating propellers was
started at SSPA, sponsored by the Defence Material Adminis-
tration of Sweden. Since the Swedish SPICA-class torpedo
boats are fitted with supercavitating propellers, the re-
search work has later been extended to include also correla-

tion studies between model- and full scale tests.

2,  NOTATION

A(Xl) = coefficient for camber distribution

C(Xl) = coefficient for thickness distribution

CL = lift coefficient = CLO+ CLa

CLo = camber part of lift coefficient

CLa = angle of attack part of lift coefficient

D = propeller diameter

D(Xl) = coefficient for thickness distribution

J = VA/n-D = advance ratio

JF = advance ratio for incipient face cavitation
at o = 0.6

JSC = advance ratio for supercavitation at o = 0.6

KP = 2p/pn’D? = dimension-less pressure amplitude

Ko = T/pn’D" = thrust coefficient

KQ = Q/pn’D® = torque coefficient

1 = profile length




]

number of revs

pitch

pressure amplitude

static pressure in ambient flow
vapour pressure

torque

D/2

thrust

profile thickness

advance velocity of propeller

inflow velocity to propeller blade section at
0.7 R

r/R

chordwise coordinate

profile face coordinate

gas content for water

gas content for saturated water

profile angle of attack

hydrodynamic pitch angle

water density

(po-pv)/;pvg = cavitation number for propeller

(po-pv)/;pvo..,2 = local cavitation number
at radius 0.7 R
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3.  PROPELLER GEOMETRY

The starting point for the series was a parent propeller
designed for

J = 0.814
KT = 0.113
o = 0.58

The blade area ratio for this propeller was chosen as a
compromise between a small wetted surface and small angles
of attack for the profiles. The conflict between these two
demands is to some extent illustrated by equation (1). The
profile thickness is here expressed as a lift part and an

angle of attack part [2].

t(xl) = CLlC(Xl) + alD(Xl) (1)

The first term of the equation is independent of the blade
area ratio. In the second term, however, it is necessary to
increase the angle of attack if a smaller blade area is
chosen and the thickness is kept constant. A larger angle
of attack means a higher drag, thus a smaller blade area
ratio does not always give a lower drag. In Fig 1 the blade
shape of the parent series is shown together with some other
shapes considered.

The propellers were designed with a wedge shaped profile as
this was considered to have the best performance. Thus the

"three term" distribution was chosen for the face. The "three

term" thickness distribution was considered to give too thin
leading edges so the TMB "two term modified" thickness dis-
tribution was chosen for the series [2]. A "three term modi-
fied" distribution should of course have been more appropri-
ate to a "three term" face. The designation is however be-
lieved to be of less importance once one has left the theo-
retical distribution.
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Until now nine propeller models,

including the parent propel-

ler, have been designed and tested at SSPA. Some data for

the propellers are shown in Table 1.

The basic series is an advance ratio variation of the parent

propeller. Other parameters investigated were hub diameter,

thrust coefficient and blade area ratio.

The propellers re-

presenting these latest variations were manufactured with

adjustable pitch and tested at several pitch settings.

SSPA parent
KMW Spica I
Newton-Rader [1]

Venning-Haberman [2]

A0

b Tl T 171
/D025 02 015 01 005 O 005 01 015 02 025 14/D
Fig 1. Comparison of different blade shapes




1
Prop Design point Ap/Ay | Xy |Adj | Tested
No 5*““1(*'1‘ = ""O‘“‘“ }pltch ;t
1 0.7D
P1426 | 0.814 | 0.113| 0.58] 0.5 |0.19 No 1.166
P1439 | 1.15 ( " " “ | No |1l.446
P1440 | 1.6 " " " s | No |1.74
P1441 | 0.6 " " " | * | No |0.982
|
J |
P1411 | 0.814 | " m | w 10.3]| Yes |1.005
| | | 1.185
| | | 1.440
| | 1.7
‘ 2.0
P1436 | 0.814 | 0.05 " " 10.19] No |0.97
P1478 | " 0.18 . " ﬁ * | Yes |1.0
| ‘ B
E | [ 12
j ! 1.4
i 1.7
p1428 | " 0.113 i 0.6 | " No ]0.953
P1693 | " " . & | Yes | 1.144
} | !1.440
; !1.70
Table 1. Extent of propeller series
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4, DESIGN PROCEDURE

The design procedure follows the method outlined in [2,4].
Thus the radial 1lift distribution is calculated by the
Goldstein «k-method [3] using an optimum circulation distri-
bution. The blade sections are then designed according to
equations (1) and (2).

y/1 = A(X])Cp /K, (2)

The thicknesses are also determined by the demand for ad-
equate strength. For all propellers in the series the maxi-
mum stress level calculated by the beam theory [4] is

100 N/mm’ at the design load for a fullscale propeller

with a diameter of 1.2 m.

The lifting surface camber corrections k according to Lud-

wieg-Ginzel are taken fvom [5].

The final pitch distribution is then calculated with equa-
tieon (3.

P/D = nxtan(si+a)-[up/o)co1 (3)

|

where A(P/D)CO are corrections due to non zero cavitation
number [2].




5. TEST PROCEDURE

All tests were carried out in the high speed test section of
the cavitation tunnel No 2 at SSPA [6]. The propellers
were located upstream of the "z-drive" dynamometer. Tests
were performed in homogenous flow and at 8 degrees shaft
inclination. The propeller models were tested at 1l cavi-
tation numbers in homogeneous flow o = 0.25, 0.3, 0.4, 0.5,
0.6, 0.7, 0.8, 1.0, 1.5, 2.0 and at 3 atm absolute pressure
in the tunnel. The water speed was kept as high as was
possible from power limitations. Thus most of the tests
were run at 11 m/s, but also 9 m/s and 7.5 m/s were used

at high cavitation numbers. The air content of the water
was kept constant throughout the series of tests at about
40 per cent of saturation (a/as = 0.4)

The cavitation patterns on the face and the back of the
blades were photographed at four different advance ratios

at each cavitation number.

6. TEST RESULTS

At the analysis of the test results the main interest was
devoted to cavitation numbers around ¢ = 0.6. Thus design
charts were made for o = 0.6 for the parent series (Fig 3)
and for the three propellers with adjustable pitch. For the
parent series design charts were also made for ¢ = 0.4 and
0.8 (Figs 2,4).

The propeller characteristics which form the basis for the
design charts in Figs 2-4 are shown in the Appendix. Further,
these characteristics have been interpolated from the results
for the four tested propellers of the parent series. This
interpolation was made by hand, as attempts to do the work
by regression analysis and by Lerbs'equivalent profile

method were unsuccessful.
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7. CAVITATION PROPERTIES

When designing a propeller it is important to be able to
estimate the cavitation behaviour of the propeller. First,
the risk for erosion can often be estimated from the cavita-
tion type and secondly, the way of improving the design is

dependent on the cavitation pattern.

Face cavitation is very erosive and should be avoided, if
possible. The limits for incipient face cavitation for the
propeller series have been determined by studying the cavi-
tation photographs. In Figs 2-4 the limits for the parent
series are shown as shaded curves. Fig 5 shows an attempt
to give the limits for all the tested propellers in one
diagram. The advance ratio for incipient face cavitation
was almost independent on the cavitation number for o <0.8.
This result was also shown by Newton-Rader [1]. Thus the
curves of Fig 5 are valid for 0.4<0 < 0.8. The simple para-
meters show a rather small dispersion for the design pitch.

P/D - Jg
CLo
8
r l O | Parent series
Filled points : Design P/D A | Larger hub 1 Xp=0.3
Open points : Other tested P/D O | Larger K 1Ky =018
V | Larger blade area : Ap/Ag=0.6
1 e O | Smaller Ky Ky=005

o

Face
L cavitation

1.0 1.5 20
Pitch ratio 0p 7

Fig 5. Conditions for incipient face cavitation
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The propellers which were tested at other pitch settings
than the design pitch show that the best margin against face
cavitation is obtained at design pitch. It is obviously im-
portant to have the correct pitch distribution in order to
avoid face cavitation. Thus the risk for face cavitation on

controllable pitch propellers is very pronounced.

Attempts have also been made to find parameters defining the

conditions when the propellers are supercavitating.

In this case, the propeller is considered as supercavitating
when the sheet cavitation starting at the leading edge is
extended beyond the trailing edge. This is the working con-
dition for which the propeller is designed. Thus the risk
for erosion is very small. First the 1ift coefficients cal-
culated by Lerbs' equivalent profile method for the super-
cavitating conditions were plotted against the local cavi-
tation number at radius 0.7 of the propeller radius. The
scatter of the points was, however, considerable. A smaller
dispersion was achieved when the angle of attack part of the
lift was used instead of the total 1lift. This lift coeffi~-
cient was calculated as:

“ra = 1" St (4]
Hhes CL = 1lift coefficient calculated by Lerbs'
equivalent profile method
Cio = camber part of the profile 1lift coefficient

according to the design calculations

In Fig 6 the angle of attack part of the lift is pnlotted
against the local cavitation number at radius 0.7 for condi-
tions when the propellers were supercavitating. The relation
between the parameters in Fig 6 is fairly well represented
by a straight line.

14

E P 3h




o Parent series
a Larger hub Xn=03
0O | Larger Ky Ky=018
V | Larger blade area : Ap/Ag =06
O | smaller kg Ky =0.05
Cla!
o]
0.08 T
Filled points 0=0.4
Open points - 0=0.6
Half tilled points - 0'=0.8
v
0.06 { A
° ©
Super -
cavitating
qb
0.04 Q
v
o! 0
002 A
([ ]
a
o
0
n 0.05 010 015

Local cavitation number 0p 7

Fig 6. Conditions for supercavitation

8. CORRECTION OF DESIGN PROCEDURE

As pointed out in [2] the main drawback with the design
method used is that the cavitation extension is not estima-
ted. As a result of this, a partially cavitating propeller
designed according to this method will match the design con-
ditions well. On the other hand, a supercavitating propel-
ler will be considerably underpitched because of cavity-

% blade interference.
for this effect.

More modern design methods [7] account

g By use of the design charts made for the tested propeilers
a pitch correction complementary to that of Eq (3) can be
& estimated. Such a correction is shown in Fig 7. The para-
G
i 15
.
+
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meter used is based on ideas on the cavity-blade interference
outlined in [8] and is inversely proportional to the gap be-
tween the upper surface of the cavity and the face of the
next blade.

In [8] this gap to chord ratio is shown to be proportional
to the advance ratio divided by the blade area ratio. To

get the parameter of Fig 7, the cavity thickness was then
assumed to increase proportionally to the squared thrust
coefficient and increase inversely with the local cavitation
number at radius 0.7. In Fig 7 all results (except that for
the propeller with larger hub) are shown to follow the same
curve.

Ap/D
0-3 ' '
O | Parent series
& | Larger hub :Xhp=0.3
O | Larger Ky :Ky=0.18
v | Larger blade area : Ap/Ag=0.6
< | Smaller Ky : Kp=0.05
0.2 5
Cc
2
o
(8]
L
£
X
o
0
0 0.1
Ap/Ag- Kt?
J-0p7

Fig 7. Pitch correction for blade cavity interference
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Using this curve, the final nitch for the propeller should

be:

1

% e | ¢
P/D = nxtan(Bi+a) LA(P/D) COJ + AP/D (5)

where the last term is the correction for cavity-blade in-

terference.

9, INFLUENCE OF DESIGN PARAMETERS

One of the main purposes with the systematic series was to
investigate the influence on propeller performance of diffe-
rent design parameters. In Figs 8 and 9 the efficiencies
for the tested propellers are compared on the basis of
OFE%/J. Two criteria are used, namely the maximum effi-
ciency for constant KT/J"and the efficiency at the condi-
tions for supercavitation. The reason for these two compa-
risons is that the cavitation pattern of the propeller is
very important. Many propellers have unfavourable cavita-
tion (face cavitation) at maximum efficiency. At the point
of supercavitation the risk for erosion on the blades is
however very small. This is therefore a more fair point of
comparison, especially when comparing supercavitating propel-

lers with more conventional propellers.

The comparisons are made for cavitation numbers o = 0.4 and
0.6. Also the thrust coeffcients are compared in order to
give a view of the difference in propeller diameter. 1In
Figs 8 and 9 the parent series is shown to have the best ef-
ficiency in all diagrams and over almost the whole range of
OWKE/J. At very high propeller loadings the propeller with
higher blade area ratio is somewhat more favourable.

17
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In Figs 8 and 9 results for a propeller (Ap/Ag = 0.6 xh=0.3)
independent of the series are also shown. This propeller
appears to have lower efficiency than the nropeller in the
series with blade area ratio 0.6 (but hub ratio = 0.2). Also
the hub variation within the series gave lower efficiency
for the propeller with larger hub, especially at supercavi-

tating conditions at o = 0.6.

The propeller with higher and lower design thrust than the
parent series have also lower efficiency in the whole load-
ing range. The propeller with higher thrust has however a
smaller optimum diameter and could be advantageous when a

very compact propeller is needed.

10.  COMPARISON WITH OTHER PROPELLERS

The performance of the parent series has been compared with
beth the high speed propellers of Newton-Rader [1] and with
some more conventional high speed propellers of SSPA design
[9]. The SSPA propellers have Naca 16 thickness and Naca

a = 0.8 mean lines and a radial circulation distribution
with rather unloaded blade root and tip. The comparison

is shown in Figs 10 and 11 in the same way as in Figs 8 and

L

Photographs of propeller cavitation on Newton-Raders propel-
lers are available only for one propeller. The advance ra-
tio Tor supercavitating condition has therefore been esti-
mated from the torque characteristics as the point where k0
is almost independent of advance ratio. For SSPA conven-
tional propellers the cavitation extension was estimated
from photographs. The method used for Newton-Raders pro-
pellers was however used also for the SSPA propellers as a
test of the method. The agreement between the “kQ-method“
and the "photograph-method" was found to be rather good.
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The maximum efficiency for the different series is shown
to lie in a very narrow range, especially ato= 0.6. For
medium and high loadings the Newton-Rader propellers of

AD/AO = 0.71 have the highest efficiency. When supercavi-
tating on the other hand the parent series has about the
same efficiency at o = 0.4 and a much better efficiency
than Newton-Raders propellers at ¢ = 0.6. The propellers
of conventional design have, as expected, low efficiencies
when supercavitating. The thrust coefficient is also very

low for these propellers.

For hiuh speed propellers working on inclined shaft, root
erosion is a serious problem [10]. Erosion tests in the
cavitation tunnel using the paint technique for the parent
propeller on 8 degrees inclined shaft did not however show
root erosion in any loading condition. The supercavitating
propeller is therefore believed to be advantageous also at
rather high cavitation numbers, when an erosion free propel-

ler is important.

11.  INFLUENCE OF PROFILE SHAPE

The thickness for the propeller series was chosen according
to the TMB two-term modified distribution [2] where the
thickness in the leading edge part of the profile has been
increased relative to the Tulin two-term distribution in
order to increase the profile strength. The influence of
this thickening of the profiles was investigated on one pro-

peller.

To improve the backing characteristics of the oropeller a

modified trailing edge was also tested.

The modifications were carried out on the parent oropeller
and tested in two steps. First the trailing edge was made
more profile like on the back side, according to Fig 12.
Then the fore part of the backside was made thinner to agree

with the Tulin two-term thickness distribution. The results

of the tests in the normal range of advance ratios are shown
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in Fig 12. It is evident that the profiled trailing edge
improved the propeller performance in the low speed range.
The reason for this is probably a larger mean line camber
and a smaller separation zone due to this modification. It
is interesting to note that the high speed performance is
only slightly inferior to that of the original profile.

The Tulin two-term profile is shown to improve the efficien-
cy in the high speed range. The improvement is, however,

moderate considering the rather large reduction of the pro-

file thickness.

In Fig 13 the stresses in the blade are shown to increase
about 100% when the thickness distribution is changed from
"two-term modified" to "original two-term". These stresses

were calculated using a finite element method [11].

Fig 14 shows the complete distribution of the principal
stresses on the suction side of the parent propeller with
the original two-term thickness distribution. The maximum
stresses are shown in the root sections. The elements near
the leading edge have positive stresses on both sides. Thus
the fore part of the blade is working as a shell and the
loads are transformed into membrane stresses. This is prob-
ably thereason for the rather moderate bending stresses in the
blade. In [17] the maximum stresses in a supercavitating
propeller blade is shown to appear about 20% of the chord
length from the leading edge at radius 0.7. 1In order to
achieve this calculations on the parent propeller have

also been carried out with a simulated plastic deformation
of the leading edge. The modules of elasticity have been
reduced to 5000 kp/mm? and 10 000 kp/mm’ for the elements
close to the leading edge. In this way only a smailer part
of the loads is transformed into membrane stresses. Now
the maximum blade stresses avoear at the 20% chord also on
the parent ovropeller. The difference between the propeller
in [17] and the parent propeller is mainly the blade shape
and the camber. These parameters can obviously be important
for the distribution of stresses in the propeller blade.
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12, INFLUENCE OF SHAFT INCLINATION AND
CLEARANCE TO BOTTOM AND RUDDER

Systematic propeller data from tests in homogeneous flow are
often used for design of propellers for small high-speed
craft. The agreement with full scale results is however
sometimes rather poor [13]. The reason for this is often
the influence of shaft inclination and small clearance to

boat bottom and rudder.

12.1 INFLUENCE OF SHAFT INCLINATION

All propellers in the systematic series have been tested
also at 8 degrees shaft inclination. In Fig 15 some typical
trends for the parent series are shown. Results for two
advance ratios are shown. Ip is the advance ratio for in-
cipient face cavitaion at o = 0.6 in homogeneous flow. In
the same way Jsc is the advance ratio when the propeller is
supercavitating at ¢ = 0.6. Results for non-cavitating con-
dition and 0 = 1.0 and 0.5 are shown. For small cavitation
numbers the typical influence is a few per cent increase in
thrust and efficiency. The torque is however not influenced
very much. The effect is stronger for high advance ratios
(JF) than for lower (JSC). Tests with conventional propel-
lers in cavitation tunnel have shown results of the same
magnitude [12]. The results are, however, not quite con-
sistent with results shown in [1].

12.2 INFLUENCE OF VERTICAL CLEARANCE

For a heavily cavitating propeller the vicinity to a solid
boundary like the boat bottom can influence the propeller
characteristics. Results of tests with a supercavitating
propeller with different vertical clearances to a plane
above the propeller are shown in Fig 16.
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Tests were carried out in homogeneous flow and with 12
degrees shaft inclination. As shown in Fig 16, the results
showed a considerable scatter. The trend is, however, quite
clear. Thrust and torque are reduced when the clearance

is reduced. Shaft inclination does not seem to modify this
effect. Accordingly, for each cavitation number, a common
mean line has been drawn for all the points using the method
of least squares. A vertical clearance of about one propel-
ler diameter seems to be necessary in order to avoid this
reduction of thrust and torque.

12.3  INFLUENCE OF RUDDER ARRANGEMENT

With a rudder located in the propeller slipstream the pro-
peller influence on the rudder characteristics is large. If,
however, the rudder is mounted close to the propeller, also
the rudder influence on the propeller characteristics is
considerable. In Fig 17 some results from the cavitation
tunnel are shown. The height of the rudder was about one
propeller diameter and the mean chord was 1.7°D. The thick-
ness/chord ratio for the tested rudder was about 10 per cent.
As shown in Fig 17, the rudder has caused an increase of
both thrust and torque. The effect is more pbronounced when
the rudder is close to the propeller and for the cavitating
propeller. All tests showed a small increase in efficiencyr
probably due to a reduction of the rotational losses in the
slipstream. In [14] a very small rudder (height less than
half the propeller diameter) was tested close to the propel-
ler and here almost no effect was registered. In [15] re-

sults of the same magnitude as in Fig 17 were shown.

Tests with two rudders located behind the propellers but
placed beside the slipstream showed quite different results.
Under these conditions thrust, torque and efficiency for the

propeller were reduced by a few per cent instead.
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12.4  INTEGRATED EFFECT

When making propeller designs for high speed ships with
heavily or supercavitating propellers it is very important
to test the propeller with the complete arrangement. This
is verified by examples where almost the same propeller

was tested in full scale with quite different results. An
examination of the propeller arrangements, which were en-
tirely different for the two propellers, gave the results
according to Fig 18 at model tests.

The results of Fig 18 agree very nicely with the results of
the measured mile tests in full scale which gave 1.0 for
shio A and 0.82 for shin B, compared with tests in homo-

geneous flow.

13, COMPARISON WITH FULL SCALE OBSERVATIONS

Full scale tests with observations of cavitation are import-
ant for the development of model testing technique. On the
Spica class torpedo boats very thorough full scale tests
have been carried out. The tests included cavitation ob-
servations, thrust and torque measurements and measurements

of pressure fluctuations and vibrations.

In Fig 19 comparisons of the cavitation patterns in full
scale and at model tests are shown. At model tests it was
observed that for partially cavitating propellers a small
roughening of the surface, created by painting the propeller
with a thin spray paint, can change the cavitation pattern
considerably. The cavitation of the painted propeller is
shown to consist of smaller bubbles than that of the polish-
ed propeller. When the propeller sections are working near
shock-free entrance the cavitation extension is larger for
the painted propeller than for the unpainted one. When the
propellers are near or at supercavitation the differences
are small (compare J = 1.1 and J = 1.0 in Fig 19). The

cavitation pattern in full scale is shown to consist of
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small bubbles in a similar way as the cavitation on the

painted propeller.

The model tests were run at Reynolds numbers at 0.7 radiusof
about 3.5°10° and the full scale tests at about 2-107. The
reasons fordifferences in cavitation pattern is believed to
be due to the different boundary layers. With a slightly
roughened surface the boundary layer at the model tests
creates more full scale-like cavitation at large advance
ratios. Similar scale effects for the Newton Rader series

are indicated in [16].

Cavitation extensions at the full scale tests are compnared
with extensions at model tests with corresponding propeller
arrangement as the full scale ship (same shaft inclination,
same relative clearance to bottom and rudder). Unfortunately
the photographs from the model tests were not very good and
the extensions are better commared from the sketches accord-
ing to Fig 20. The agreement between the extensions is shown
to be rather good.

FULLSCALE o = 0.65 MODEL o = 0.60

J=110 Face

i' "t
= - o
h - = st o
° ¢S o %
-90 °
J=083 Face P=0° J=0.80
Fig 20. Comparison of cavitation extensions. Full

scale - model tests with complete arrangement
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Measurements of thrust and torque from these tests are com-
pared in Fig 21. 1In full scale the variation in propeller
loading at constant speed was achieved by varying the thrust
between the center- and the wing -propellers. (The ship has
three propellers). The agreement between full scale and
model tests is shown to be rather good for the center pro-
peller at medium loadings. This was alsc the propeller simu-
lated at the model tests. The full scale tests with lightly
loaded center propeller gave obviously misleading results,
probably due to negative wake fraction caused by the race of

the highly loaded wing propellers.
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Fig 21. Comparison of propeller characteristics.
Full scale - model tests with complete arrangement
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14, MEASUREMENTS OF PRESSURE FLUCTUATIONS

Also the pressure fluctuations in the plate above the propel-
ler were measured at the models tests. Comparison of these

results with full scale results are shown in Fig 22.

The non-dimensional amplitudes at the model tests are shown
to be somewhat smaller in the high speed range than those
of the full scale tests. The reason for this could be that

only the center propeller was present at the model tests.

At the model tests also an equivalent propeller of conven-
tional design was tested. In the high speed range this pro-
peller excitesonly about half the amplitudes of the super-
cavitating propeller. Thus the supercavitating propeller is
favourable from erosion point of view but the vibration
excitation forces are considerably higher than for a conven-
tional propeller.

Kp=—%L2 Dimensionless pressure amplitude
pn“D
015 r ;
—_— = ~ )
/
Fullscale / e
Super cav.
T prop.
0.10+
A 7Y
j Conv.lprop.
0.05r - —
~N-— Model tests
(AD /AO =1.05
O Blade frequency , n values
O Blade |frequency , n value of 5% |largest
OL A Raw sjgnal,, mean vallue of 5% lurgﬁ
15 20 25 30 35 Vg(knots) 40
Ship speed
Fig 22. Comparison of pressure fluctuations in boat
bottom. Full scale - model tests with complete
arrangement
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15, CONCLUSIONS

The purpose of the systematic series was:

1 to form the basis for a good prediction of propeller
performance

2. to show the influence of different design parameters
on the performance

s to show the interaction between propeller,rudder and
hull

As shown above, these goals have been reached in the follow-

ing way:

1 Design of a propeller with the geometry of the parent
series can be made according to Figs 2-4 and the
Appendix of this paper

2\ The cavitation performance can be predicted by the
use of Figs 5,6

3. Design of a propeller with another geometry can be
made according to [2], corrected for cavity-blade
interference effect of Fig 7

4. Influence of design parameters as hub diameter,
design thrust and blade area ratio are shown
in Figs 8, 9

5% The requirement for an efficient erosion free propeller
at low speeds o0 < 0.8 is well fulfilled by a propeller
from the parent series

6. The performance of a heavily cavitating propeller is
influenced by interaction with rudder and hull and
also by shaft inclination. To get a reliable pre-
diction of the performance it is necessary to test
the complete propeller arrangement

s At partially cavitating conditions the cav1tat10n
- patterns and thrust and torque are influenced by the
boundary layer on the blades. Full scale-like cavi-
tations patterns at model tests are obtained with pro-
pellers with a slightly roughended surface

8. Pressure fluctuations induced by a supercavitating
propeller are considerably hHigher than those induced
by a propeller of conventional type.
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APPENDIX
GEOMETRY AND CHARACTERISTICS OF THE PARENT SERIES

The geometry of the parent propeller series SC 3.050 is
briefly described in chapter 3. The more exact geometry
and the propeller characteristics are, however, shown in
this Appendix. The profile shape with the "three term"

face and the "two term modified" thickness distribution is

defined in Table 2, equation (1) and Figs 23 and 24.

y e
X|
l
Distance from \ Face Camber Profile thickness
leading edge "3-term" t(X1)=CLlC(X1)+a1D(x1) (1)
X Y/y |
1 max ! C(xl) D(xl)
l
0 e [, 0
0.025 0.01547 | -0.0075 0.0031
005 0.03324 -0.0168 0.0057
0.1 0.08825 -0.0395 0.0101
U2 0.25903 -0.0789 0.0173
03 0.47851 -0.0975 0.0222
| 0.4 0.69628 -0.0929 ; 0.0246
i 05 0.88252 -0.0718 1 0.0257
} 0.6 0.98453 -0.0378 ; 0.0259
0.7 0.98567 0.0059 f 0.0256
0.8 0.83954 0.0569 { - 0.0247
0.9 0.52034 0.1121 3 0.0230
0.95 0.28769 0.1396 J 0.0220
| 1.0 0 0.1670 J 0.0209
Table 2. Profile shape




|
Radius 1.0 0.95 0.9 0.8 0.7
X
? la _ 1f
L 2= 0 0.1291 0.1591 0.1825 0.1845
Radius 0.6 0.5 0.4 0.3 0.25
X
-13""=1—Df 0.1791 0.1700 0.1600 0.1491 0.1441
Table 3. Blade shape of the parent series Xy = 0.19

The blade shape is tabulated in Table 3.

The interpolated propeller characteristics of the parent
series at 0 = 0.4, 0.6 and 0.8 are shown in Figs 25-33.
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Fig 24.

Parameters defining the profile thickness.
Lift coefficient and profile angle of attack
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