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VOORWOORD

Het fysisch-mathematisch onderzoek op het gebied van scheeps-
voortstuwers ,dat bij de Universiteit Groningen onder leiding van
Professor Sparenberg wordt uitgevoerd, heeft reeds stof geleverd
voor een aantal lezingen en artikelen.

Met de theoretische aanpak die in deze publikaties gehanteerd
wordt, kan een aantal eigenschappen van voortstuwers verklaard
worden, onder andere het feit dat een straalbuis het rendement
van een schroef kan vergroten.

In het eerste rapport ,,Over optimale schroeven met een straal-
buis van eindige lengte”, gepubliceerd in de ,Journal of Ship
Research’ van juni 1969 bespreekt Sparenberg deze mogelijkheid
om het rendement van een licht belaste schroef te vergroten door
een mantel toe te passen. Aangetoond wordt dat het gunstige
effect van een mantel, bij de toegepaste lineaire theorie, af-
komstig is van zijn eigenschap om de tip wervels van de schroef-
bladen gelijkmatiger te verdelen. Ook wordt aangetoond dat de
speling tussen schroefbladen en mantel, om een optimaal rende-
ment te bereiken, zo klein mogelijk moet zijn en dat dus, bij
verwaarlozing van de viscositeit, een schroef met een mee-
draaiende vaste ring het gunstigste is.

In dit vervolg op de genoemde publikatie wordt de invloed
van de ,,optimale mantel” op de ,,0optimale schroef” behandeld,
geillustreerd met numerieke resultaten van de berekeningen. (Dit
,,Deel II”” is ook reeds verschenen in de ,Journal of Ship Re-
search’ van december 1970).

De aandacht moet er op gevestigd worden dat het effect van
viscositeit en cavitatie (nog) niet in de hier toegepaste theorie is
opgenromen. Natuurlijk kan men voor het werkelijke ontwerpen
deze effecten niet buiten beschouwing laten, maar de lineaire
theorie met de daaruit verkregen numerieke resultaten kunnen
ons inzicht geven in de invloed van een aantal parameters die de
werking van de schroef bepalen.

Ondertussen worden de werkzaamheden voortgezet met het
verder uitwerken en toepassen van een dragende vlaktheorie om
de geometrie van de schroefbladen met de meedraaiende mantel
te berekenen.

Ook zal te zijmer tijd voortzetting op experimenteel terrein
noodzakelijk zijn.

HET NEDERLANDS SCHEEPSSTUDIECENTRUM TNO

PREFACE

The physical-mathematical research concerning ship propulsion,
carried out at the University of Groningen under the leadership
of Professor Sparenberg, has already resulted in a number of
papers and articles.

With the theoretical approach used in these publications a
number of properties of propellers can be explained, among
others the fact that a duct can increase the efficiency of a propeller.

In the first report “On optimum propellers with a duct of
finite length” published in the Journal of Ship Research of June
1969, Sparenberg discusses this possibility of increasing the
efficiency of lightly loaded propellers by using a shroud. The
favourable effect of a shroud is, in the linear theory used, shown
to come from its property to spread evenly the tip vortices of the
propeller blades. It is also shown that the clearance between
propeller blades and shroud, for optimum efficiency, should be
as small as possible and consequently, neglecting viscosity, a
propeller with a fixed rotating ring is the most favourable.

In this sequel to the publication mentioned, the influence of the
“optimal shroud” on the “optimal propeller” is treated, illus-
trated by numerical results of the calculations. (This “Part II”
has also appeared in the Journal of Ship Research of Decem-
ber 1970).

It must be noted that the theory used here does not (yet) in-
clude the effects of viscosity and cavitation. These, of course,
cannot be omitted for actual design purposes, but the linear
theory with the numerical results derived from it can give insight
into the influence of a number of parameters which determine
the effect of a propeller.

Meanwhile the research programme is carried on with the
further development and application of a lighting-surface theory
to calculate the geometry of propeller blades with rotating
shroud.

Also, in due time, continuation by work in the experimental
field will be necessary.

THE NETHERLANDS SHIP RESEARCH CENTRE TNO




CONTENTS

page
Listofsymbols . . . . . . . . . . . . ... .. ... ... 6
Semmary . . . . . . . . . . . e e e e e e e 7
Introduction . . . . . . . . . .. . ..o 7
Numerical results and their discussion . . . . . . . . . . . . . .. 7
The numerical method . . . . . . . . . . . .. ..o 9
Acknowledgement . . . . . . . . . . . . . .. ... 10

References . . . . . . o . o e e e e e e e e e 10



T Nz MRS X oA >SN

& F

LIST OF SYMBOLS

ratio between angular velocity and velocity of advance, w/V
relaxation factor

grid length in p-direction

grid length in {-direction
number of blades

number of iterations

quality coefficient

auxiliary velocity of the “frozen’ vortex sheets
working area of the propeller
total number of iterations
thrust of the propeller

velocity of advance

radius of the propeller blades
radius of the hub

radius of the shroud

tolerance

propeller efficiency

helicoidal system of coordinates
specific density of fluid

solution of differential equation
do/du

angular velocity

Note: The quality coefficient g is the inverse of ¢ used in Part I, {1].




ON OPTIMUM PROPELLERS WITH A DUCT OF FINITE LENGTH. PART II.*)

Drs. C. A. SLUPER and Prof. Dr. J. A. SPARENBERG

Summary

The theory developed in the preceding report [1] has been further adapted to investigate the case of a propeller with a duct that is
not rotationally symmetric, a case that actually can only be realized when the duct rotates with the screw.

To reduce the computing time a method to give a faster convergence of the iteration process is introduced.

Numerical results are given for the quality coefficient of optimum ducted propellers with systematically varying parameters. The in-
fluence of the number of blades, the advance ratio, the clearance between blade tips and shroud and the hub diameter on this quality

coefficient is shown.

1 Introduction

This paper is a continuation of [1} in which the theory
of the optimum ducted propeller and the underlying
ideas about quality and efficiency are developed. For a
number of cases we will give the quality coefficients,
which are a measure for the hydrodynamic quality of
the propeller. It should be noted that here the quality
coefficient g equals the value ¢~ ! of [1], this has the
advantage that now 0 < ¢ < 1. When ¢ = 1 we have
a good propeller, when ¢ ~ O the propeller is bad.
Even in the case that g = 0, it is possible that the effi-
ciency is high. This depends on the thrust which the
propeller has to deliver. When the thrust tends to zero
the efficiency increases and tends to one for all fixed
values of g. However, when the thrust is increased the
decrease of the efficiency of a propeller type with a
larger value of ¢ will be less than the decrease of the
efficiency of a propeller with a smaller g. When two
propellers deliver the same thrust, have the same
velocity of advance and the same working area, the
one with the largest value of g will have the highest
efficiency.

The shroud in our case is not rotationally symmetric

and can be realized only when it rotates with the screw-

and has suitable profiles along the relevant helicoidal
lines. Its influence on the efficiency of the propeller is
optimal. This means that when a shroud of our type
has not much effect, certainly a conventional shroud
cannot have more effect when it has the same dia-
meter, irrespective of its length. In the case of zero
clearance we have an optimum ring-propeller of which
the ring is not rotationally symmetric. For ring-
propellers with rotationally symmetric rings, measure-
ments are given in [2}, where also regions of appli-
cability are discussed.

Because in the case of optimum ring-propellers con-

* Report TW-82 of the Department of Mathematics, University
of Groningen.

centrated free vortices are avoided, it will be possible
that these propellers, from the point of view of de-
pression of noise, will be also favourable.

Finally we stress that all our considerations neglect
viscosity. For practical applications the influence of
viscosity is present. It will be interesting to investigate
to what extent viscosity is important and how it inter-
acts with our results based on potential theory.

2 Numerical results and their discussion

We use in correspondence with [1] the symbols listed
on page 6.

The quality coefficient g, used here, equals ¢~ for ¢
given by formula (36) in [1]. This quantity is defined as
the ratio of the kinetic energy left behind by a suitably
chosen actuator disc and the kinetic energy left behind
by the propeller under consideration. The actuator
disc is such that it has the same velocity of advance,
thrust and working area as the propeller. From [3] it
follows that

0<g<l (M

The efficiency n of the propeller has the value (formula
(35) [1], with g changed into ¢~ 1),

T -1
= 1+—‘ 2\
! ( ZeqFVz) @

where ¢ is the specific density of the fluid. For g =1
this formula gives the efficiency of the actuator disc.
Before giving the numerical results we will discuss
the meaning of a two-sided infinitely long cylindrical
hub in optimization theory. From [}] it is clear that
there is no difference in the treatment of the shroud
and the hub. Both for shroud and hub we demand
that infinitely far behind the propeller, in the optimum
case, the normal velocities on the cylinders behind



them are zero. This means that we can equally well
interpret the hub as a shroud but now at the inner
radius of the blades. Then both on shroud and “hub”
we have to choose suitable profiles lying along heli-
coidal lines, so that the desired optimum vorticity is
obtained.

The propulsion unit is shown in figure 1. The
working area of such a propeller is the frontal area of
the shroud, which is zero and further lies between the
radii R, and R,. Therefore it seems natural when R,
is fixed, to take for the working area

F = n(RZ—R}) 3)

Fig. 1. The infinitely long hub interpreted as *“‘inner” shroud.

However it is stressed that some arbitrariness re-
mains in the definition of F. When we want to change
R, in order to investigate its influence on the value of g
it is clear that we must take

F = nR} 4)

because now vorticity can be shed within the whole
cylinder with radius R,. In other words we consider the
class [3] of propellers with prescribed V, T, R, R, and
variable R, with

0<R,<R, <R, )

In the following we choose for F the value given by
equation (4).

Table 1. Values of g-10% Influence of the clearance between
blade tips and shroud. (aR;/aR, = 0.2)

aRjaR,
aR, m 1 10125 1.025 1.05 1075 11 oo
2 2 558 373 363 331 317 308 290
5 581 467 448 433 427 424 416
3 2 722 561 523 493 479 471 441
5 733 643 628 617 613 611 586
4 2 807 632 617 584 570 563 551
5 812 713 702 693 690 689 686
5 2 856 698 685 656 644 638 631
5 858 771 76t 754 753 752 749

I

From table 1 it is seen that with an increase in
clearance the value of g drops sharply to its value for
a propeller without shroud. In the cases considered
here for a Rj/aR, = 1.05 the value of g for aR,/aR,="0
is already approximated. This means that a conven-
tional shroud of which the clearance is 5% of the blade
length will have little influence on the efficiency of the
propeller, even when it would be very long. In the
following we will give results for the two cases, zero
clearance and infinite clearance. In the latter case the
shroud has disappeared. In terms of the dimensionless
quantities aR; and aR,, these are denoted respectively
by

aRy/aR, =1 and
(o)
aRjaR, = ©
Table 2. Values of ¢g-10%. Influence of the hub diameter.
m=2
aR,/aR,
aR, aRjJaR, 0 01 02 03 04 05|
2 1 523 539 558 563 550 516
oo 277 285 290 282 257 217 I
5 1 853 862 856 826 774 699
oo 639 647 631 609 555 479
m=3
aR,/aR,
aR, aRaR, O 0.1 0.2 0.3 0.4 0.5
2 1 578 579 581 575 556 518
(=] 416 417 419 412 391 351
5 1 866 867 858 827 774 699
(=] 758 759 749 719 666 591

|

Table 2 consists of two parts. The first refers to i
screw with two blades, the second refers to a screw
with five blades. We have calculated g for several values
of the hub diameter. It turns out that for both cases the
optimum does not occur for a hub with zero diameter,
it generally occurs in the neighbourhood of aR,/aR, =
= 0.1 or 0.2.

From table 3 we see that by decreasing the number
of blades the quality factor decreases. However, the
decrease in the case of a ring-propeller, is much slowex
than in the case of a propeller without ring. This mean
that from the point of efficiency the number of blades
for a ring-propeller can be taken smaller than for A
conventional one.

Also in this table we see that it is certainly not
necessary to determine the optimum value of aR,/aR,
very accurately; a value of about 0.2 will be satis-
factory for a good propeller. We stress however that]
it is difficult to interpret this result because the real hub!




Table 3. Values of g 10%. General survey.

m

aR, aRy/aR, aRjJaR, 1 2 3 4 5
2 0.1 1 509 539 560 572 579
oo 190 285 345 387 417

0.2 1 544 558 568 576 581
oo 190 290 350 390 419
0.3 1 558 563 568 572 575
oo 179 282 344 384 412
3 0.1 1 691 713 726 732 736
oo 304 438 512 558 589

0.2 1 713 722 728 731 733
oo 302 441 513 557 586
0.3 1 709 712 715 71T 718
oo 283 425 498 542 570

4 0.1 1 793 806 813 816  8I8
oo 402 553 626 668 692

0.2 1 802 807 810 811  8I2
oo 397 551 622 662 686

0.3 1 784 786 787 788 788
oo 371 527 599 639 662
5 0.1 1 855 862 864 866 867
oo 514 647 706 738 759
0.2 1 853 856 856 856 858
oo 504 631 697 729 749
0.3 1 826 826 826 827 827
oo 472 609 667 699 719

is not infinitely long or, in other words, cannot be
represented by an optimum “inner’” shroud.
3 The numerical methed

To solve the partial differential equation (20) in [1],
which reads

0 0 9?
—p—+(1+p*)—rolp = 7
{ﬂauﬂéu ¢! Mac’} ( )
we cover the region aR, < p < aR, 0 < { < n/m

with a rectangular grid of pivotal points. The grid
length in u direction is 4 and in { direction is k. Then
we replace the differential equation by finite-difference
equations and solve these equations by means of
iteration. We find

(n+1) (n) ./
——(pl .
AL a (.2 1+i2h2>
1+ih - o
{ : (o el +

+(2+0.50)0(7, ; +(i2=0.5)0i" ) —

L 1+
— 2(!2 + T“)(Pf,}}

@)

where f is a relaxation factor and ¢{") is the value of
o (jk,ih) after n iterations, (see figure 2).

(r+1) m (n),
® i, P ? i+,
("+1) () (n)
1,4 A ? i
\
{(n+1) (n+1) (n)

i1, -1 ® - P 141, j=t

Fig. 2. Scheme of the grid points.

The iteration process is continued until

(n+1)

max o’} V'~ o) <e ®

[y}

where ¢ is a prescribed tolerance. The values of &, k
and ¢ were determined in such a way that the quality
coeflicient ¢ did not alter more than 0.5%, when A, k
and ¢ were divided by two.

When f = 1, equation (8) reduces to the normal
iteration scheme for solving equation (7), however,
the choice | < f < 2 decreases the total number of
iterations N considerably. We give the example
aR, = 0.8, aR, = 4.0,aR; = 44, m = 5, where N has
been determined as a function of f for 4 = k = 0.1

and ¢ = 0.00002:

f 1.00 1.10 1.20 1.30 1.40 1.50 1.60
N 351 305 265 231 201 174 150
f 1.7 1.80 1.85 1.88 1.90 1.95 2.00
N 128 107 70 68 91 111 972

It turned out that in the case of zero clearance in spite
of the optimum relaxation factor the computing time
was much higher than in the case of a finite sht, even
when aR /aR, = 1.05. This is caused by the fact that
the values of ¢ are prescribed then at only one side of
the rectangle, i.e. { = n/m.

To avoid unnecessary computing time we proceed
as follows. Introduce

oo (L, 1)

y(,pw = Ep

(10)

then we have

‘12 a ~2 a 2 -
l[l (0 <p>=_(_n_2 0___i_2l/,> (1)
il 0,u o’ au 1+p” ou 144
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and we obtain by differentiation of equation (7) with
respect to p the following partial differential equation
for y

2
1+ 'f 29 'f+3"+” 6y, e ¥ =0(12)
o du 1+u au 14
Although equation (12) is more complicated than (7),
the boundary conditions (figure 5 in [1]) are simplified
and guarantee a much faster convergence of the itera-
tion procedure. In fact they become

fi_ll_u 2u

o ;ms {=0, aR,<p<aR, (13)

and .
{ =n/m, aR, € pn < akR,
YW =0, p=aR, O0<{<nm (14
p=aR, 0<{<nm

The successive values of d/("’ are computed by means
of

(¥ 1) _ ) S
Hfar
lp i (2,2 B l_izhz . 2(1+12h2)>
1+i%h® k?
1+i2h% . n
{ k2 l/’f,)+1+¢f J+ll)
2 0.5i(3+i*h?)
2 (n)
o+ )+
2 05i3+hH)\
# (- O Ny
1+i“h
. 1—i2h? 21+ i*h? )>
- 2% - + "” 15
( 1+i%h? k2 Vil (15)

From these equations we can calculate y and dy/0u at
each grid point.

In order to find again the desired ¢(0, 1), necessary
for the computation of g (¢~ *, formula (36) in [1]), we
have to carry out some integrations along the sides

of the rectangle. From equation (7) there follows

62
_(zp = ____aRz,, 2<¢+aRhé-p>1
6{ #=aRn l1+a Rh @[1

p=aRp

Integration of 0*¢/d(* along u = aR, gives 8¢/6(
since we know

u=aR,, (=0 (17

Again by integration of d¢/d{ we get ¢ since we have
o(n/m, aR,) = 0.

We then know ¢(0, aR,) and complete the procedure
with an integration of Y along { = 0 to obtain ¢(0,x).
The same can be done at u = aR, = aR,, hence we
were able to check the results obtained by this method.
It turned out that the accuracy obtained here was
equal to the accuracy of a direct computation of ¢,
however, the number of iteration scould sometimes be
reduced by a factor 10.

Finally the quality coefficient is computed from (36)
of [1], which we rewrite as

2m R
q9=-—= I 101(0, x)dp (18)
na’R} ok |

where ¢, is the function ¢ calculated in the manner
above, with u/a = 1.

4 Acknowledgement

This research has been encouraged by a grant of the
Netherlands Ship Research Centre TNO.

References
1. J. A. SPARENBERG, On optimum propellers with a duct of
finite length. Journal of Ship Research, June 1969.

2. L. A. vaN GUNSTEREN, Ring propellers and their combina-
tion with a stator. Marine Technology, October 1970.

3. J. A. SPARENBERG, A linear theory for optimum lifting sur-
face systems, Journal of Ship Research, March 1970.




PUBLICATIONS OF THE NETHERLANDS SHIP RESEARCH CENTRE TNO

PUBLISHED AFTER 1963 (LIST OF EARLIER PUBLICATIONS AVAILABLE ON REQUEST)
PRICE PER COPY DFL. 10,—

M = engineering department

Reports

57 M Determination of the dynamic properties and propeller excited
vibrations of a special ship stermr arrangement. R. Wereldsma,
1964,

58 S Numerical calculation of vertical hull vibrations of ships by
discretizing the vibration system, J. de Vries, 1964.

59 M Controllable pitch propellers, their suitability and economy for
large sea-going ships propelled by conventional, directly coupled
engines. C. Kapsenberg, 1964.

60 S Natural frequencies of free vertical ship vibrations. C. B. Vreug-
denhil, 1964,

61 S The distribution of the hydrodynamic forces on a heaving and
pitching shipmodel in still water. J. Gerritsma and W. Beukel-
man, 1964.

62 C The mode of action of anti-fouling paints: Interaction between
anti-fouling paints and sea water. A. M. van Londen, 1964.

63 M Corrosion in exhaust driven turbochargers on marine diesel
engines using heavy fuels. R. W. Stuart Mitchell and V. A. Ogale,

64 C Barnacle fouling on aged anti-fouling paints; a survey of pertinent
literature and some recent observations. P. de Wolf, 1964.

65S The lateral damping and added mass of a horizontally oscillating
shipmodel. G. van Leeuwen, 1964.

66 S Investigations into the strength of ships’ derricks. Part I. F. X.
P. Soejadi, 1965.

67 S Heat-transfer in cargotanks of a 50,000 DWT tanker. D. J. van
der Heeden and L. L. Mulder, 1965.

68 M Guide to the application of method for calculation of cylinder
liner temperatures in diesel engines. H. W. van Tijen, 1965.

69 M Stress measurements on a propeller model for a 42,000 DWT
tanker. R. Wereldsma, 1965.

70 M Experiments on vibrating propeller models. R. Wereldsma, 1965.

71 S Research on bulbous bow ships. Part I. A. Still water perfor-
mance of a 24,000 DWT bulkcarrier with a large bulbous bow.
W. P. A. van Lammeren and J. J. Muntjewerf, 1965.

72 S Research on bulbous bow ships. Part II. B. Behaviour of a
24,000 DWT bulkcarrier with a large bulbous bow in a seaway.
W. P. A. van Lammeren and F. V. A. Pangalila, 1965.

73 S Stress and strain distribution in a vertically corrugated bulkhead.
H. E. Jaeger and P. A. van Katwijk, 1965.

74 S Research on bulbous bow ships. Part I. A. Still water investiga-
tions into bulbous bow forms for a fast cargo liner. W. P. A. van
Lammeren and R. Wahab, 1965.

75S Hull vibrations of the cargo-passenger motor ship “Oranje
Nassau”, W. van Horssen, 1965.

76 S Research on bulbous bow ships. Part 1. B. The behaviour of a fast
cargo liner with a conventional and with a bulbous bow in a sea-
way. R. Wahab, 1965.

77 M Comparative shipboard measurements of surface temperatures
and surface corrosion in air cooled and water cooled turbine
outlet casings of exhaust driven marine diesel engine turbo-
chargers. R. W. Stuart Mitchell and V. A. Ogale, 1965.

78 M Stern tube vibration measurements of a cargo ship with special
afterbody. R. Wereldsma, 1965.

79 C The pre-treatment of ship plates: A comparative investigation
on some pre-treatment methods in use in the shipbuilding
industry. A. M. van Londen, 1965.

80 C The pre-treatment of ship plates: A practical investigation into
the influence of different working procedures in over-coating
zinc rich epoxy-resin based pre-construction primers. A. M. van
Londen and W. Mulder, 1965.

81 S The performance of U-tanks as a passive anti-rolling device.
C. Stigter, 1966.

82S Low-cycle fatigue of steel structures. J.J. W. Nibbering and
J. van Lint, 1966.

83 S Roll damping by free surface tanks. J. J. van den Bosch and
J. H. Vugts, 1966.

84 S Behaviour of a ship in a seaway. J. Gerritsma, 1966.

85S Brittle fracture of full scale structures damaged by fatigue.
J. J. W. Nibbering, J. van Lint and R. T. van Leeuwen, 1966.

86 M Theoretical evaluation of heat transfer in dry cargo ship’s tanks
using thermal oil as a heat transfer medium. D. J.van der
Heeden, 1966.

S = shipbuilding department

C = corrosion and antifouling department

87 S Model experiments on sound transmission from engineroom to
accommodation in motorships. J. H. Janssen, 1966.

88 S Pitch and heave with fixed and controlled bow fins. J. H. Vugts,
1966.

898 Estimation of the natural frequencies of a ship’s double bottom
by means of a sandwich theory. S. Hylarides, 1967.

90 S Computation of pitch and heave motions for arbitrary ship forms.
W. E. Smith, 1967.

91 M Corrosion in exhaust driven turbochargers on marine diesel
engines using heavy fuels. R. W. Stuart Mitchell, A, J. M. S. van
Montfoort and V. A. Ogale, 1967.

92 M Residual fuel treatment on board ship. Part II. Comparative
cylinder wear measurements on a laboratory diesel engine using
filtered or centrifuged residual fuel. A. de Mooy, M. Verwoest
and G. G. van der Meulen, 1967.

93 C Cost relations of the treatments of ship hulls and the fuel con-
sumption of ships. H. J. Lageveen-van Kuijk, 1967.

94 C Optimum conditions for blast cleaning of steel plate. J. Rem-
melts, 1967.

95 M Residual fuel treatment on board ship. Part I. The effect of cen-
trifuging, filtering and homogenizing on the unsolubles in residual
fuel. M. Verwoest and F. J. Colon, 1967,

96 S Analysis of the modified strip theory for the calculation of ship
motions and wave bending moments. J. Gerritsma and W. Beu-
kelman, 1967.

97 S On the efficacy of two different roll-damping tanks. J. Bootsma
and J. J. van den Bosch, 1967.

98 S Equation of motion coefficients for a pitching and heaving des-
troyer model. W. E. Smith, 1967.

99 S The manoeuvrability of ships on a straight course. J. P. Hooft,
1967.

100 S Amidships forces and moments on a Cg = 0.80 “Series 60”
model in waves from various directions. R. Wahab, 1967.

101 C Optimum conditions for blast cleaning of steel plate. Conclusion.
J. Remmelts, 1967.

102 M The axial stiffness of marine diesel engine crankshafts. Part I.
Comparison between the results of full scale measurements and
those of calculations according to published formulae. N. J.
Visser, 1967.

103 M The axial stiffness of marine diesel engine crankshafts. Part II.
Theory and results of scale model measurements and comparison
with published formulae. C. A. M. van der Linden, 1967.

104 M Marine diesel engine exhaust noise. Part I. A mathematical model.
J. H. Janssen, 1967.

105 M Marine diesel engine exhaust noise. Part II. Scale models of
exhaust systems. J. Buiten and J. H. Janssen, 1968.

106 M Marine diesel engine exhaust noise. Part III. Exhaust sound
criteria for bridge wings. J. H. Janssen en J. Buiten, 1967.

107 S Ship vibration analysis by finite element technique. Part I.
General review and application to simple structures, statically
loaded. S. Hylarides, 1967.

108 M Marine refrigeration engineering. Part I. Testing of a decentral-
ised refrigerating installation. J. A. Knobbout and R.W.J.
Kouffeld, 1967.

109 S A comparative study on four different passive roll damping tanks.
Part 1. J. H. Vugts, 1968.

110 S Strain, stress and flexure of two corrugated and one plane bulk-
head subjected to a lateral, distributed load. H. E. Jaeger and
P. A. van Katwijk, 1968.

111 M Experimental evaluation of heat transfer in a dry-cargo ships’
tank, using thermal oil as a heat transfer medium. D. J. van der
Heeden, 1968.

112S The hydrodynamic coefficients for swaying, heaving and rolling
cylinders in a free surface. J. H. Vugts, 1968.

113 M Marine refrigeration engineering. Part II. Some results of testing
a decentralised marine refrigerating unit with R 502. J. A. Knob-
bout and C. B. Colenbrander, 1968.

114 S The steering of a ship during the stopping manoeuvre. J. P.
Hooft, 1969.

115S Cylinder motions in beam waves. J. H. Vugts, 1968.




116 M Torsional-axial vibrations of a ship’s propulsion system. Part 1.
Comparative investigation of calculated and measured torsional-
axial vibrations in the shafting of a dry cargo motorship.
C. A. M. van der Linden, H. H. 't Hart and E. R. Dolfin, 1968.

117S A comparative study on four different passive rolh damping
tanks. Part IL. J. H. Vugts, 1969.

118 M Stern gear arrangement and electric power generation in ships
propelled by controllable pitch propellers. C. Kapsenberg, 1968.

119 M Marine diesel engine exhaust noise. Part IV. Transferdamping
data of 40 modelvariants of a compound resonator silencer.
J. Buiten, M. J. A. M. de Regt and W. P. H. Hanen, 1968.

120 C Durability tests with prefabrication primers in use of steel plates.
A. M. van Londen and W. Mulder, 1970.

121 S Proposal for the testing of weld metal from the viewpoint of
brittle fracture initiation. W. P. van den Blink and J. J. W. Nib-
bering, 1968.

122 M The corrosion behaviour of cunifer 10 alloys in seawaterpiping-
systems on board ship. Part I. W. J. J. Goetzee and F. J. Kievits,
1968.

123 M Marine refrigeration engineering. Part II1. Proposal for a specifi-

cation of a marine refrigerating unit and test procedures. J. A.

Knobbout and R. W. J. Kouffeld, 1968.

The design of U-tanks for roll damping of ships. J. D. van den

Bunt, 1969.

A proposal on noise criteria for sea-going ships. J. Buiten, 1969.

A proposal for standardized measurements and annoyance rating

of simultaneous noise and vibration in ships. J. H. Janssen, 1969.

127 S The braking of large vessels T1. H. E. Jaeger in collaboration with
M. Jourdain, 1969.

128 M Guide for the calculation of heating capacity and heating coils
for double bottom fuel oil tanks in dry cargo ships. D. J. van der
Heeden, 1969.

129 M Residual fuel treatment on board ship. Part III. A. de Mooy,
P. J. Brandenburg and G. G. van der Meulen, 1969.

130 M Marine diesel engine exhaust noise. Part V. Investigation of a
double resonatorsilencer. J. Buiten, 1969.

131 S Model and full scale motions of a twin-hull vessel. M. F. van
Sluijs, 1969.

132 M Torsional-axial vibrations of a ship’s propulsion system. Part IL
W. van Gent and S. Hylarides, 1969.

133 S A model study on the noise reduction effect of damping layers
aboard ships. F. H. van Tol, 1970.

134 M The corrosion behaviour of cunifer-10 alloys in seawaterpiping-
systems on board ship. Part II. P. J. Berg and R. G. de Lange,
1969.

135S Boundary layer control on a ship’s rudder. J. H. G. Verhagen,
1970.

137 M Torsional-axial vibrations of a ship’s propulsion system. Part ITI.

C. A. M. van der Linden, 1969.

The manoeuvrability of ships at low speed. J. P. Hooft and

M. W. C. Oosterveld, 1970.

Resistance and propulsion of a high-speed single-screw cargo

liner design. J. J. Muntjewerf, 1970.

142 S Optimal meteorological ship routeing. C. de Wit, 1970.

143 S Hull vibrations of the cargo-liner “Koudekerk”. H. H. 't Hart,
1970.

144 S Critical consideration of present hull vibration analysis. S. Hyla-
rides, 1970.

146 M Marine refrigeration engineering. Part IV. A Comparative study
on single and two stage compression. A. H. van der Tak, 1970.

147 M Fire detection in machinery spaces. P. J. Brandenburg, 1971.

148 S A reduced method for the calculation of the shear stiffness of a
ship hull. W. van Horssen, 1971.

149 M Maritime transportation of containerized cargo. Part I1. Experi-
mental investigation concerning the carriage of green coffee from
Colombia to Europe in sealed containers. J. A. Knobbout, 1971.

151 M Maritime transportation of containerized cargo. Part L.
Theoretical and experimental evaluation of the condensation risk
when tramsporting containers loaded with tins in cardboard
boxes. J. A. Knobbout, 1971.

124§

125S
126 S

1388
141 S

Communications

11 C Investigations into the use of some shipbottom paints, based on
scarcely saponifiable vehicles (Dutch). A. M. van Londen and
P. de Wolf, 1964.

12 C The pre-treatment of ship plates: The treatment of welded joints
prior to painting (Dutch). A. M. van Londen and W. Mulder,
1965.

13 C Corrosion. ship bottom paints (Dutch). H. C. Ekama, 1966.

14S Human reaction to shipboard vibration, a study of existing
literature (Dutch). W. ten Cate, 1966.

15M Rgefrigerated containerized transport (Dutch). J. A. Knobbout,

1967.

Measures to prevent sound and vibration annoyance aboard a

seagoing passenger and carferry, fitted out with dieselengines

(Dutch). J. Buiten, J. H. Janssen, H. F. Steenhoek and L. A. S.

Hageman. 1968.

Guide for the specification, testing and inspection of glass

reinforced polyester structures in shipbuilding (Dutch). ‘G.

Hamm, 1968. ‘

18 S An experimental simulator for the manoeuvring of surfiace ships.
J. B. van den Brug and W. A. Wagenaar, 1969. |

19 S The computer programmes system and the NALS lanhuage for
numerical control for shipbuilding. H. le Grand, 1969.

20 S A case study on networkplanning in shipbuilding (Dutch). J. S.
Folkers, H. J. de Ruiter, A. W. Ruys, 1970. !

21 S The effect of a contracted time-scale on the learning ability for
manoeuvring of large ships (Dutch). C. L. Truijens, W. A. Wage-
naar, W. R. van Wijk, 1970.

22 M An improved stern gear arrangement. C., Kapsenberg, 1970.

23 M Marine refrigeration engineering. Part V (Dutch). A. H. van der
Tak, 1970. .n

24 M Marine refrigeration engineering. Part VI (Dutch). P. JiG. Goris
and A. H. van der Tak, 1970.

26 S On optimum propellers with a duct of finite length, Part Ii.
C. A. Slijper and J. A. Sparenberg, 1971. |

16 S

178




