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FURTHER COMPUTER-ANALYZED DATA OF THE
WAGENINGEN B-SCREW SERIES

by

MW.C. QOSTERYELD and P. VAN OOSSANEN %)

Summary
In this paper the open-water characteristics of the Wageningen B-series propellers are given in
polynomials for use in preliminary ship design studies by means of a computer. These polynomials
were obtained with the aid of a multiple regression analysis of the original open-water test data of
the 120 propeller models comprising the B-series. All test data was corrected for Reynolds effects
by means of an ‘equivalent profile’ method developed by Lerbs. For this Reynolds number effect ad-
ditional polynomials are given. Criteria are included to facilitate the choice of expanded hlade area
and blade thickness, Finally, a number of new type of diagrams are given with which the optimum

diameter and optimum RPM can easily be determined.

1. Introduction

In preliminary ship design studies in which the
shipsize, speed, principal dimensions and pro-
portions are fo bhe determined, the application of
computers is rapidly increasing. Here, the
hydrodynamic aspects, including resistance data,
wake and thrust deduction data and the propeller
characteristics are of importance.

In this paper the characteristics of serew pro-
pellers are given in a form suitable for use in
preliminary design problems. These character-
istics are gbhtained from open-water test results
with the Wageningen B-screw series [1]*%).
B-geries propellers are frequently used in prac-
tice and possess satisfactory efficiency and ade-
quate cavitation properties. At present about 120
screw models of the B-series have been tested.

Some years ago the fairing of the B-screw
series testresulis was started by means of a re-
gression analysis, In addition, the test results
were corrected for Reynolds number effects by
using a method developed hy Lerbs [2]. Pre-
liminary results of these investizations were
givenby Van Lammeren et al [3] and by Qosterveld
and Van Oossanen [41].

The fairing of the B-screw series test results
has now been completed. The thrust and torque
coefficients Kt and
pressed as polynomials in the advance ratio J,
the pitchratio P/D, the blade-area ratio AE/AO,
and the blade number Z. In addition, the effect

*) Netherlands Ship Model Basin, Wageningen, the Netherlands.
**) Numbers in brackets refer to the list of references at the end of this
paper .

of the screws are ex-

of Reynolds number and of the thickness of the
blade profile at a charaecteristic radius is taken
into account in the polynomials. As such the foll-
owing relations have been determined:

Kp=f,(J.P/D, Ap/Aqg, Z. R, t/c)

Kq=f(0. P/D, Ag/Ag. Z, Ry, t/e) @

2. Geometry of B-series screws

A systematic screw series is formedby a num-
ber of screw models of which only the piteh ratio
P/D is varied. All other characteristic screw
dimensgions such as the diameter D, the number
of blades Z, the blade-area ratio Ag/Ap, the
blade outline, the shape of blade sections, the
blade thicknesses and the hub-diameter ratio d/D
are the same. These screw series now comprises
models with blade numbers ranging from 2 to 7,
blade area ratios ranging from 0.30 to 1,05 and
piteh ratios ranging from 0.5 to 1.4.

Table 1 gives the overall geometric properties
of the original Wageningen B-gzeries. The re-
quired coordinates of the profiles canbe calculat-
edby means of formulas, analogous to the form-
ulas givenby Van Gent and Van QOossanen [5] and
Van Ocssanen {6], viz.

Yigee = V1lmax ~t.e.)
. forP < Q
yback:(vl+V2)(tmax‘tt.e.)+t.-e..} -

(2}

and
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Table 1
Dimensions of Wageningen B-propeller series.

Dimensions of four-, five-, six- and seven bladed
B-screw geries.

8./D=A-B.2Z
CI' 7

r/R T A—E/,A_O- ar,/or br/cr AL B,
0.2 1.662 0.617] 0.350 | 0.0526 0.0040
0.3 1.882 0.6131] 0,350 | 0. 0464 0.0035
0.4 2.050 0.60L | 0.351 | 0.0402 0.0030
0.5 2,152 0.586 | 0.355 | 0.0340 0.0025
0.6 2.187 0.561 | 0.389 | 0.0278 0.0020
0.7 2.144 (0.524 | 0.443 | 0. 0216 0.0015
0.8 1.970 0,463 | 0,479 | 0. 0154 0. 0010
0.9 1.582 0.351 | 0.500 [ 0,0092 0,0005
1.0 0.000 0.000 [ 0.000 | 0.0030 0,0000

Dimensions of three-bladed B-screw geries,

sr/D:Ar—BrZ
cp -
r/R 5 i7a a /oL | bp/e, | AL B,
E "0

0.2 1.633 0.616 | 0.350 | 0.0526 0, 0040
0.3 1.832 0.611 | 0.350 | 0.0484 0.0035
0.4 2.000 0.599 | 0.350 | 0.0402 0.0030
0.8 2.120 0.583 | 0.355 | 0.0340 0.0025
0.6 2.186 0.558 | 0,389 | 0.02Y8 0,0020
0.7 2.168 0.526 | 0.442 | 0.0216 0.0015
0.8 2.127 0.481 | 0.478 | 00,0154 0,0010
0.9 1.657 0.400{ 0.500 ! 0. 00092 0.0005
1.0 0, 000 0,000{ 0,000} 0, 0030 0.0000

A B, = constanis in equation for Sr/D

a, = distance between leading edge and generator
line at r

br = distance between leading edge and location of
maximum thickness

e, = chord length of blade secticon at radius r

Sp = maximum blade section thickness at radius r

POSITION OF GEMERATOR LINE
POSITION OF MAXIMUM THICKNESS
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taax

- Yauc
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l PITCH GR REFERENCE LINE

p==1 p:0 peat
LE = LEADING EDGE
TE = TRAILING EDGE
MT = LOCATION OF MAX{MUM THICKNESS
DI = LOCATION OF DIRECTRIX

Figure 1. Definitionof geometric blade section parame-
ters of Wageningen B- and BB-series propellers.

Yiace = Vilmax 1 e.)

_ : ¢ . }for BP0
Ypack = V1V Cpan "t e The.

(3)

From Figure 1 it follows thau
Yigea® Yback = vertical ordinate of a pointona
blade section on the face and on
the back with respect to the pitch

line,
bax = maximum thickness of blade sec-
tion,

Y% oo 159 e, = extrapolated blade section thick-
ness at the trailing and leading
edges,

Vi, Vg = tabulated functions dependent on
r/R and P,

P = non-dimensional cocrdinate along
pitch line from position of maxi-
mum thickness to leading edge
{where P=1), and from position
of maximum thickness to trailing
edge (where P = -1).

Values of V; and V, are given in Tables 2 and
3. Thevaluesofty o andt; . areusually chosen
in accordance with rules laid down by classifica-
tion societies or in accordance with manufactur-
ing requirements. In conjunction with the geo-
metry of this propeller series, it is remarked
that at the Netherlands Ship Model Basin modi-
fied B-series propellers are now used and design-
ed, whichhave a glightly wider blade contour near
the blade tip., These propellers are dengfed as
‘BB’ propellers. For the sake of completeness,
Table 4 is included which gives the particulars
of this series, The performance characteristics
of these BB-series propellers may he consider-
ed identical with the original B-series propellers,
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values of Vq for use in equations 2 and 3.
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Values of VZ for use in equations 2 and 3.
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Table 4
Particulars of BB-series propellers.
‘ c
/R i /el by/e
5 5 r/Cr | P/ Cp
D -AE,/AO 8
0.200 1.600 0.581 | 0.350
0.300 1.832 0.b84 | ©.350
0.400 2.023 6.580 | 0,351
0.500 2.163 3,570 | 0,355
0.600 2.243 ¢.552 | 0.389
0.700 2.247 0.524 | 0,443
0. 800 2.132 0.480 | 0.488
0.860 2.005 0.448 | 0.498
0. 900 1.798 0,402 | 0.500
0.950 1.434 0.318 | 0.500
0.975 1.122 0.227 | 0.500
a, = distance between leading edge
and generator line at r
hr = distance between leading edge
and location of maximum
thickness at r
e, = chord length at r

3. Analysis of model test data

The open-water test results of B-series pro-
pellers are given in the conventional way in the
form of the thrust and torque coefficients K., and
K., expressed as a function of J and the piteh
rsﬁio P/D, where:

T
Kmn = 4)
T ;3112]34
Q
Ky = {8)
QTELS
Va
I°op ©
in which

T = propeller thrust,
Q = propeller torque,
p = fluid density,
n = revplutions of propeller per second
D = propeller diameter,
Va = velocity of advance.
The open-water efficiency is defined as:

S

J
Mp = 2 {7)

L

The effectof a Reynolds number variation on the
testresults has been taken into account by using
the method developed by Lerbs [2], from the char-
acteristics of equivalentblade sections. This me-
thed has been followed also in References7, 8, 9
and 10.

In the Lerbs equivalent profile method the blade
sectlonat 0.75R is assumed to be equivalent for
the whole blade. At a specific value of the ad-
vance coefficient J, the lift and drag coefficient
Cp, and Cyp, and the correspending angle of attack
a, for the blade section, are deduced from the
KT’ and -values from the open-water test,

Reynolds number effects are only considered
to influence the drag coefficient of the equivalent
profile. It is furthermore assumed that this in-
fluence is in accordance with a vertical shift of
the’ Cp-curve, equal to the change in the mini-
mum value of the drag coefficient. This minimum
value is for thin profiles composed of mainly fric-
tional resistance, the effect of the pressure gra-
dient being small,

According to Heerner [11], the minimum drag
coefficient of a profile is:

t
C =201 +2-
Drnin. Cf( 200 . 75R) @)
in which;
0.075
Cy = B (9
0.4342 -
[ an(Rn0_75R) 2]
where
C sz +{0.75mnD)?
R _~0.758 ¥ VA TG 10
ng,75R v R

Cplis the drag coefficient of a flat plate in a tur-

t
bulent flow and the term 1 +2-

€0.75R
the effect of the pressure gradient; Co 75R 18 the

chord length at 0.75R and v the kinematical vis-
cogity.

On setting out the minimum value of the drag
coefficient as obtained from the polar curve for
each propeller on a base of Reynolds number, a
large scatter is apparent as shown In Figure 2,
When this minimum value of the drag coefficient

represents
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Figure 2. Uncorrected value of minimum drag coeffi-
cient of equivalent profile of B-series propeilers.

A
is setout against

A
for each pitch-diameter

ratio, itis seen that below a specific value of the
blade area-blade number ratio an increase in the
Cp. . valueoccurs, For apitch-diameter ratio
equgﬁld 1.0, this is shown in Figure 3. The ex-
istence of such acorrelation of the CDm‘ value
with propeller geometry points to the faot that the
scatter in Figure 2 is not entirely due to Reynolds
number effects and experimental errors. It is
obvious that the drag coefficient is influenced by
a three-dimensional effect. It is necessary,
therefore, before correcting for Reynolds number
according to the given equations, to subtract this
three-dimensional effect from the Cp, . value,
An estimation of this effect was obtained by ap-
plying regression analysis of which the results
are given by Van Oossanen [6].

Thethus obtained lift and drag coefficients were
sach expressed as a function of blade number,
blade area ratio, pitch-diameter ratio and angle
of attack in polynomials by means of a multiple
regression analysis method. By applying this
process inreversge, thrust and torque coefficient
values were then calculated. The basis for this
reverse process was formed by calculating C
and Cp coefficients from the C{ and C p polynom-~
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Figure 3, Three-dimensional effect on minimum drag
coefficient of equivalent profile of B-series propellers.

ials for specific combinations of Z, Ap/A,, P/D,
« and R, . The resulting values formed the input
for the development of a thrust coefficient and a
torque coefficient polynomisl. The thrust and
torgue coefficients were then expressed as poly-
nomials in the advance coefficient J, pitch ratio
P/D, blade area ratio AE/AO and blade number
7 and with the aid of a multiple regression anal-
y8is method the significant terms of the poly-
nomials and the values of the corresponding co-
efficients were determined, For R, = 2x106 the
polynomials obtained in this way are given in
Table 5. The choice of a Reynolds number value
of 2x108 for the characteristics on the model
scale followed from the fact that the correspond-
ing CDmm' values is an average of all model
Chppin. velues.

4. Reynolds number effeet on propeller
chararaeteristics

In formulating the minimum value of the drag
coefficient as a function of the Reynolds number
(seeequation 8), itis posaible to calculate thrust
and torque values valid for full-seale by correct-
ing this Cp-value.

This was performed for Reynolds numbers
equal to 2x107, 2x108 and 2x10° for a selected
grid of 3, P/D, Agp/Aq and Z-values. Together
with the values for Rn = 2x106, these K and KQ
values formed the input for the determination of
a K and Kg polynomial for E§he additional
Reynolds number effect above 2x10°, These poly-

255
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nomijals arc given in Vable 6. The actual value
Lo be substituted into these polyhomials is the
common legarithm of the actual Reynolds number,
Thus if Ry, - 2x107, the valuc lo be substituted is
T.3010,

To demonstrate how the Reynolds numboer ef-
fect is dependent on the number of propeller
klades. the blade arcaratio. the pitch-diameter
ratio and the advance cocfficient. diagrams have
been prepared each of which gives the effect of

one of these paramelers on K- and Kg wiih in-
creasing Reynolds number, The effect of the num-
er of blades is shown in Figure 1 while the of-
fectof the expanded blade area ratie is shown in
Figure Figure 6 gives the effeet of the pitch-
diznmeler rativ and Figure 7 shows the effect of
the advance coeflicient J. The resulls shown are
for the propellers grouped around the B5-75 (£ -
5. Ap/An-0.70} propeller with a pitch-diameter
vatio of 1.0, working at an advancocoefficient

5.

aqual lo 0.3.

Table 5
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Table 6

Polynomials for Reynolds number effect

{above R = 23:106) on K and Kg-

0. 0003534825

-0. 00333758(AE/AO)J2

-0, 00478125(AE/AO) (P/D)J2

+0. 0002571 92(log R -0, 301)" - (AéZ/AO)J
+0. 0000643152¢ogR,-301) (P/D)°. a2

.0000110626{iogRy-0, ?01)2 P/JJ)6J2

-0, 0000276305 (logR, -0, ?01)22(AE/AO)J2

+0. 6000954 (loglt, -0.301) L(AF/AO ) (BTN
+O.0000032049(10gﬁ -0, 301y z2( (Ap/Ap) ( P/
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bor effect on thrust and torque cocflicients.
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It should be noticed that the increment in
KT (M{T) and the increment in KQ (AKQ) present-
ed in Figures 4 to 7 are relative to a Reynolds
number value of 25165, The value of the Reynolds
number is determined by equation 10. Strictly.
therefore, the LK and AKQ values for a
Reynelds number equal io 2x108 should equal
Zero. As shown in Pigures 4 to 7. this is not the
case. Thisisdue to the difficulty in multiple re-
gression analysis methods to préscribe that the
resulting relalion musthave a specific value for a
particular combination of values for ihe indepen-
denl variables.

5. Effect of variation in blade thickness on
propetler eharacteristics

The effect of blade thigkness on the thrust and
torque coefficients can he detlermined in an
analogous manner asused lo delermine the effect
of Reynolds number as described in section 4.
A change in the {/c~value of the eguivalent pro-
pelier blade section at 0.75R is again only con-
sidered to influence the value of the minimum
drageoeflficient. Thus, as was the casein analys-
ing the effect of Reynolds number, the drag co-
efficient of the equivalentblade section as a func-
tion of angle of attack (or advance ratio) is shift-
ed vertically upwards or downwards in accord-
ance with the change in the value of the minimum
drag cuefficiemCDmi . This siteation, there-
fore, leads to the idea lﬁiaL lhe effect of a specific
change in the t/c-value al 0.751 can be repre-
sentedby a specific change in Reynolds number,

The polyhomials given in Tables b and 6 are for
a blade lhickness-chord lenglh ralio equal to:

{0.0185 - 0. 00125Z)7.
2.07T3 Ap/Aq

Yoy gsR” (@)
By rearranginhg eguation 8, 9 and 10 a change in
this value of t/c can be shown to correspond to a
new value of the Reynolds number given by:

142(t/e)
0.75R
—exp|d. 6032 4+ I
1+2(t/e} § 75

1
ki
ng, 75R

(InR ~4.6052)

). 75R ‘
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Figure 7. Influence ofadvance ratio on Reynolds number
effect on thrust and torque coefficients.

where
= effective Reynolds number for a

1
R
ng, 751 .
° change in (t/c)

0.751
and

(lfc)é n5p - DNew t/c value at 0,75R.

Thus, when it is assumed that an increaseor
decrease in blade seclion thickness (relalive 1o
gquation 11) does not influence the effeclive cam-
ber and pitch, the effect on thrust and torgue can
be ascerlained by calculaling an effective new
value for the Reynolds number according to equa-
tion 12 and then determining, by means of the
nolynomials presepiedin Table 5 and Tahble 6, the

associated values of KT and KQ,



6. Choice of blade area ratio based on cavitation
criteria

Areasonable indication as to the required blade
arearatio of fixed pitch propeliers can be obtain-
ed by means of a formula given by Keller [12],
viz:

AE (1.3+0.32)T .

K (13)
Ag (®,- P ). D2

v

where
T= expanded blade area ratio,

Z = number of blades,
T = propeller thrust in kg,
P0 = gtatic pressure at centre line of propeller
shaft in kg/ m2,
Py = vapour pressure in kg/mz,
K = constantwhich can be put equal to 0 for fast
twin-screw ships,
K = 0.10 for other twin-screw ships,
K = 0.20 for single-screw ships.

7. Choice of characteristic thickness chord length
ratio based on cavilation criteria and strength

In a number of previous studies [13,5], itis
shown that the minimum allowable blade section
thickness based on sirength criteria does not give
the largest margin againstcavitation when opera-
ting in a non-uniform velocity field. In a propsl-
ler design the proper compromise between the
conflicting charactere of thick blade sections
(having a large cavitation-free angle of attack
range) and thin blade sectlions (being free of ca-
vitation at low cavitation numbers at shock-free
entry of the flow) must be made.

For every type of thickness and camber dis-
tribution used, there is only one optimum t/c-
value for a specific value of the cavitation num-
ber. For propeller blade sections with an elliptic
type of thickness distribution the optimum t/c-
value, giving the largest cavitaiion-free lift co-
efficient range, can be approximately given by:

(t/€)gpy =0 3o - 0.012 (14)

where
v = cavitation numher of the hlade section in the
vertical upright hlade position.
Relaticn 14 is only valid for small blade sec-
ticn cambers and values of the cavitation numhber
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between 0,1 and 0.6. A handy formula for the
value of the cavitation number of the blade sec-
tion at 0.75R in the vertical upright blade posi-
tion is:

., 200+20(h-0.375D)
v2 +(0. 04ND)?

(15)

in which
h = distance in meter of propeller shaft to ef-
fective water surface,
V = velocity of advance of propeller in m/seec.,
N = revolutions per minute,
D = propeller diameter in meter.

The resulting thickness-chord length ratio of
the equivalent blade section at 0.75R must also
possess satisfactory strength properties. Many
methods have been devised to determine the mini-
mum scceptable value of the blade thickness at
various propeller radii. However, in this pre-
liminary design stage, in which the only interest
of the naval architectis focussed on a parametric
study todetermine overail propeller parameters,
itis guite sufficient to use a very simple formula
to ensure that the chosen t/c-value is not too
small. In this regardit should be noticed that for
normal merchant ships equation 14 always leads
to larger t/c-values than, e.g., the t/c-value
for the B-series according to eguation 11.

A simple formula for the minimum blade thick-
ness at 0, 75Rcanbe derived from Saunders [14],
viz:

3] (2375- 1125P/D)PS

in feet,
D = propeller diameter in feet,
Pg = shaft horsepower per biade,
N = revolutions per minute,
8, = maximum allowable stress
pounds per square inch {psi).
In this formula the bending moment due to the
cenirifugal force effeci is neglected, which is
correct only for propellers with zero rake. The
additional formula for the chord length for de-

in

n = -+
tmmG.TBR D[0.0028 0.21 ) )
. +
4.123ND(8, 12.788)
(1)
v where
tmino.TER = minimum blade thickness gt 0.75R
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termining the minimum value of /e al G.75R is:
2.073Ap/ A - D
Co rer =~ ——Q == amn

z

8. Diagrammatical representation of polynomials:
determination of optimum diameter and
optimum propeller revolutions

For many purposes,
alone’s disposal diagrams giving the character-

it is still useful 1o have

istics of opon- water iests. Itwasg. therefore, de-
cided to mzke a new set of diagrams for the 13-
series based on the KT and KQ polynomials given

n Tables 5 and 6.

Figure & gives the Kp KQ J diagram of the
B&-7a propeller for a Reynolds numbar of ax108.
For thecase that the opiimum prepeller diameter
is to he caleulated when the power. the votative
propeller speed and the advance velocity is spe-
cified, use is genarally made of the variables BP]
and 5 defined as:

I i

1
- ;-1
5-N-D-Vy

=N'P (12)

in which
N = number of propeller revolutions per minule.
P = shaft horscpower in britigh units (1P =
T6kegm/sec. )

V, 7 advance velocily of propeller in knaots,
Sinee the value of Bp] and § are dependeni on
the system of units used. il {s appropriate to
reptace these variable by the non-dimensional
variables Bin/'i-J"S-”'1 and J°1 respectively.

such that:
T / -
01730 B = Koy
P W

and (L)

0. 0098756 71

B . 7%

172

Figure §, K -Kg-ddiagramol B5-75 propeller aceord-

Ir = propeller diameter in foet, tng to pelynomials given in Table 5 (R, 2 x 109).
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Figure 9. KQ]"'“I A N diagram of B5-75 propeller according to polynomials given in Table 5 (R, -2x 105

for determination of optimum diamaoter,

10
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The squareroot of B i5 adopted since then a
linear scale canbe used in the resulting diagrams
for this variable. Figure 9 shows the result for
the B5-75 propeller for a Reynolds number of
2x108,

Inthe case that the optimum propeller speed is
to be determined when the power, the propeller
diameter and the advance velocity is specified,
use can be made of the power constant Bp o de-
fined as:

1/2 -1

-3/2
-D .VA

B, =P

- (20)

in which the variables P, D and V4 are defined
as in eguafions 18, This power constant can be
replaced by the non-dimensional expression
KQ1/4-J'3/4 as follows:

T o 1/4 .-3/4
1.75‘/13132 Kg'/*J

Here also the square root of B, _ is adopted since
then a linear scale on the horizontal axis can be
uged in the resulting diagram. Figure 10 shows
the result for the B5-75 propeller for a Reynclds
number of 2x10%. At the Netherlands Ship Model
Basin, diagrams of the type shown in Figures 9
and 10 have been prepared for all B-geries pro-
pellers for a Reynolds number value of 2x106,

A diagram giving the values of the pitch-dia-
meter ratioc P/D, the open-water efficiency 1,
and J"l, corresponding to the value of the opti-
mumdiameter, based on KQ1/4-J'5/4, is given
in Figure 11. Figure 12 gives the analogous dia-
gram for the value of the optimum number of re-
volutions. Both diagrams are for the 5-bladed
B-geries propellers.

(21)

12

9.
1.

2.

10,

11.

12,

13.

14.

. Lammeren, W.P A,

. Gent, W.

References

Troost, L., 'Open-water tegts with modern propel-
ler forms’, Trans. NECI, 1938, 1940 and 1951.

Lerbs, H,W., 'On the effect of scale and roughness

on free running propellers’, Journsl ASME, 1951,
van, Manen, J.D. van and
Oosterveld, M.W. C., The Wageningen B-screw
secies’, Trans. SNAME, 1969.

. Oosterveld, M. W. C. and Ocssanen, P. van, 'Recent

developments in marine propeller hydrodyna-
mics’, Jubilee Meeting of NSMB, 1972.

van and Qossanen, P. van, 'Influénce of
wake onpropetler loading and cavitation’, Paper
presented at 2nd Lips Propeller Symposium; May
1873, International Shipbuilding Progress, 1973.

. Oossanen, P. van, 'Calculation of performance and

cavitation characteristics of propellers including
effects of non-uniform flow and viscosity'
Doctor's thesis, Delft University of Technology,
1974: Netherlands Ship Model Basin, Publication
No. 457, 1974,

. Lindgren, H., ‘Model tests with a family of three

end five bladed propellers’, Fublication No. 47,
58PA, 1961.

. Lindgren, H. and Bjarne, E., "The S8PA standard

propeller family open-water characteristics’,
Publication No. 60, SSPA, 1667,

. Newton, R.N. and Rader, H.P., ‘Performance data

of propellers for high-speed craft’, Trans. RINA,
1961.

Schmidt, D., 'Binflugs der Reynoldzahl und der
Rauhigkeit auf die propeller-characteristik, be-
rechnetnach der Methode des Hquivalenten Pro-
fils'. Schiffbauforschung 11, 1972,

Hoerner, 8. F., ‘Fluid dynamie drag’, Published by
the author, 1971.

Keller, J. auf'm, 'Enige aspectan hij het ontwerpen
van scheepsschroeven’, Schip en Werf, No. 24,
1966.

Ocssanen, P. van, ‘A method for minimizing the oe-
currence of cavitation on propellers in a wake’,
International Shipbuilding Progress, Vol. 18, No.
205, 1971.

Saunders, H.E., 'Hydrodynamics in ship design’,
Vol. 2, page 620, published by the Society of Naval
Architects and Marine Engineers, 1957,



