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ABSTRACT

The following article describes a new flow
deflecting fin system developed jointly in
the GDR by the Institut flir Mechanik of the
Academy of Sciences of the GDR, Berlin, and
the Schiffbau-Versuchsanstalt, Potsdam,
during the past few years. It consists of
simple fins . of aerofoil cross section posi-
tioned torward of the propeller and is equal-~-
ly suitable for both newbuildings and vessgelg
that are already in service. Its main effect -
stems from a new way of imparting prerotation
to the water entering the propeller on the
side of the ship on which the  propeller
blades move upwards. Moreover, part of the
energy dissipated in the wake field of ‘the
hull can be recovered and used for the pro-
puision of the ship by selecting appropriate
fin arrangements and crosg sections. '

Bxperiments with the ship models invegti-
gated so far show that power savings of be-
tween 2 and 5 % can be achieved. The basic
saving of between 2 and 3 % resulting {from’
the prerotation imparted to the water enter-

. ing the propeller is independent of hull

shape.

The report degcribes the hydrodynamic con-
siderationg on which the development of the
SVA fin gystem ic based. The results of Legls
with two models producing very different wake
fieldgs are brfefly described.

NOMENCTATURE

- Thrust loading coefficiept of pro-

CTh ¢ 5 D2
= X Y - M/ v <
peller bTh = J./2 Y
D - Diameter of a propeller (m)
FD - Towing force in a self propulsion
test (N) :
d - Advance number of propeller
Jd = VA/n D S =
“n - Rate of revolution (1/s)
An - Difference of rate of revolution (%)
PD - Delivered power at propeller
: PD = 2MYn 5‘4‘-’) e
APD - Difference of delivered power at pro-

peller (%)
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P/D - Pitch ratio af propeller

Qo - Torque (Nm)
A0 - Difference of torque (%)
Ry - Total resistance (N)
t - Thrugt deduction fraction
‘ t = (T = Rp + Fp)/T
T - Thrust (N)
AT - Difference of thrust (%)
V - - Speed of ship (kn) ,
- Speed of model (m/s) '
v, - Speed of advance of propeller (m/s)
Vip - Circumferential component of velccity
(n/s) : :
W - Taylor wake frak{ion determined from
thrust identity Vg = (V - Vv, )/V
A -~ Difference of gelf propulsion test

results with and without fins in
- general (%) -

%y - Hull efficiency 7y = (1-t)/(1-V,)

?n - Relative rotative efficiency
¢ - Mass density of water (kg/mB)
INTRODUCTION

Owing to the great increase in the pro-
portion of the total running costs of a ship
accounted for by fuel, the quest throughcut
the world for ways and means of improvings
propulsive efficiency, i. e. for better uti-
lizing the energy expended, has intensified
in the course of the past two decades. ;

. Besides the "clagsical" approaches to op-
timize energy consumption, such as

. improving hull shape to reduce ship reai-
gtance and raise propulsive efficiency,

. increasing propeller efficiency and
. improving theefficiency of engines,

during the past few .years a variety of devices
intended mainly to improve. the flow of water
to the propeller or to reduce the energy dis-
sipated in the propeller jet have been devel-
oped, and in some casesg applied in practice,
to improve propulsive efficiency.
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sorted by R. Wagner in his excellent
.qeview nnd Prospects of Counter _
sropeller Development" in volume 30 of the
sanual of the .Schiffbautechnische Gesell-
wchaft 1n 1928,
&eflecting arrangements interact with the
w@peller were known to naval srchitects and
exploited over 70 years ago. Nevertheless,
inrecent years devices of this kind have
peen geveloped, patented and uged in various
wLpbuilding countries, ranging from asym-
getric sterns (Nonnecke, Federal Republic of
mrmaﬂy) through nozzles forward of the pro-

1ler (Schneekluth, Federal Republic of
fermany) guide vanes (Punson, Soviet Union)
nd reaction fins (Mitsubishi, Japan) to
side vanes on the rudder (Kawasaki, Japan),
Yo mention only a few.

practicable solutions were also gought in
the GDR. The fin system described in this
report was developed jointly by the Institutl
fiir Mechanilk (IMech) of the GDR's Academy of
sciences in Berlin and the Schiffbau-Ver-
suchsanstalt (SVA) in Potsdam and has been
thoroughly tested in model experiments. In
grinciple it is suitable for use on all
single and multiple screw ships and can also
se retrofitted to vessels that are already

numerous sources of lossges in ‘the
ound a chip and in the propulsion

nts can be divided into two broad
5. The first congista of the losses
e owing to the principles. involved
be minimized by finding the optimal
compromise for each gpecific degign. They
include, for instance, the energy of the
exizl comporent of the propeller jet and
frictional loczes on the wall, propeller and
~udier. The cecond category consists of
losses that can a2ll theoretically be avoided
slmost completely, cuch as flow separation
on the after-body, the generation of large,
energy consuming eddies and {the kinetic
energy of 1ibe tangential components of the

propeiler jet, the so called gpin losses.
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0t ine losses in ihe second category,
both [low separation and eddy generalion
are a result of hull shape and can be re-
duced or even avoided by the appendage of
reaction surfaces. Schneelkluth's nozzle {or-
ward of the upper part of the propeller disc
and Grothues' spoilers to deflect the verti-
cal component of the flow in the boundary
lajer close to the hull forward of the pro-
peller are well known and typical examples
of such devices.

Jpin losses cen only ‘be eliminated or
reduced by "unnatural" means because they
8re a consequence of energy transfer by ro-
tating parts of a %Turbine and therefore have
o analogy in nature. In performing work,
the propeller impresses a tangential conpo-
ent in the direction of ils sense of ro-
tation upon the jet.

Since the spin loss io relatively small
compared with the other losses, it was not
until a few years ago that attention turned
to it again in codnection with the efforts
going on in many countries to reduce energy
1gsses. Thege efforts resulted in various
structures designed to be fixed to {the hull,
to rotate, or t0 be supported by the rudder,
including asymmetric after-bodies, guide
‘anes atiached to the hull forwards of the

the principles by which flow—
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propeller tc s prer
tating propeil ad Grim
vane wheel, anc ction T

rudder. The eccnomics of s
{luenced by the esnergy sav
about, the menufacturing e
reliability, losses caused &7
components in the water, ths

resultant forces to the huli,
vibration and other effecis.

they tring
involved,
the additional
<ransfer of the
and energetic,

:ntegrated propul-
ion of reaction
srgy losses will’
oy shipbuilding”
nhe reduction of

It can be expected that
gion concepts using a combi
surface systemc to reduce €
be offered as standard in m
countries in future. Since
gspin losses ieveolves the le=zst technical ef-
fort, an apalysis of such icsses and of pos-
gible ways to reduce them was undertaken as a
first step towzrde an integrzted propulsion
concept. The design of devicss suitable to
reduce spin losses is baged oa a analysig of
the energy in the flow arouzd {1he after-body
and at the propeller, the cprimal arrangement
of the device relative to toe propeller, aad
the appropriate consideraticz of side-ef-~
fects.

Fig. 1 repressnis an eneTrsy analysis
showing the utilized and lo= £
Lions for & frees running B &
the Wageningern szries as a fo
advance ratioc fcT = pitch rs
calculations wers performed =2
simplified model for free-ruzni
lers. The relsziive magnitudes
and lost fractii nugt ther
garded only &z €
degree of ogrcem
and measured eIiici

Iig, 2 presenis another azmzlysis showizg
the- proporiion of energy inpmt to the pro-
peller that is zccounted for by spin losses
for three pitchesz of the saxzs propeller ac a
function of the =i coeificient,
Cph. It shows thzt gpin lossssz account for
between 4 and & % for Orph = at a piich
ratio of unity. & small fraciion of this is
recovered bw the interactioc of the rudder
with the prepu cn arrangenents even if ©o
reaction sur:l are provid=d. If such sur-
iaceg are appr iately shaz=d and posi
tioned, the Irl onal losszez they induce
can be possible so obtain = reduction in
overall resictsace. The eneTgy gain, which
inm at least 2 sc 3 % at thic propeller pitch
and thrust loading coefficient, is a resull
of the working principles involved. It is
stable and reproducible and can be obtained
both with models and full size vessels.
Owing to the higher Reynold s number of the
full size ship, the percentage gain can be
expected to be even higher than with the
model.

Conzidered on its own, this achievable
energetic gain appears to be relatively
modest. 1t is sccompanied by a number of
other positive effects, hcwever, the bene-
fits of whick can be reapsd particulary if,
the reacliion fing or guide vanes are fitved
forward of thz propeller. Such an arrang-
ement, by moéifying the flow to the propel-
ler, permits a more unifors= distribution of
the work around the propeilier disc, thus
reducing fiuctuations 1u the forces actins
on the blades, thrust eccentricity and
vibration. Mcosover, this configuration
enables the d=vice to be attached direcily
to the hull. 25 facilite3ing retrofiiting
to vessels &l : in service., 4 further
advantage ©f : forwzod

tzz fins
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propeller is
11y to det
the vertical components of +th
L v layer are reversed. The recoverable
rgy in these components can then alsc be
lized. .

To make fullest use of the potential of-
fered by the reaction fing it ig algo neceg-
gary to adapt the propeller to the modified
flow pattern. This can lead to an additional
2 % saving in energy by improving propellegr
efficiency.

DESCRIPTION OF FLOW AT TIE STERN AND
SELECTION OF FIN SYSTEMS TOR 1%WO0 ACTUAL
SHIPS

Sincz the flow of water to the propeller
depends on hull shape, it varieg greatly
from ship to ship. Ships with a fine blocl
coefficient often have an upward-directed
flow across the whole radius of the propel=-
ler disc at propeller centre level like hull
A in Pig. 3., whereas the vertical compo~
nents of the flow ofien reverse their direc-
tion near the wall of ships with a fuller .
block ccefficient, such as hull B, owing to
large eddies in the wake field on eithen
side of the ship. These energy-dissipating
eddies are caused by the shape of the frameg
of the fore and middle=~body, and they can
ucually only be slightly influenced by
siructural arrangements farther aft, includ-
ing asymmetric stern designs. The provigion
of reaction fing on the hull to generate
prerotation in the water forward of the
propeller ig also an appropriate way to
evoid at least part of the energy disgi-
pation in such secondary eddies caused by
bhull B,

The fin system developed by SVA consisgts of
simple components of aerofoil cross seclion
attached to the hull forward of the propel-
ler, The actual configuration depends on the
flow pattern caused by the hull in the water
entering the propeller digc, consisting in
general of a horizontal and, if necegsary, a
vertical fin fitted to either side of the
hull level with the prupeller shaft. In the
simplesti case, such as hull A, the fin gy-
stem consists of only a single horizontal
fin on the gide of the vessel on which the
propcller blades move upwards. The pUrpose
of this arrangemenl is to deilect the up-
ward, or energetically "incorrectly rola-
ting" flow downwards. On the obher side,

the flow already takea the energetically de-
sirable direction of its own accord. -

For bull B the f{in svstem consisty of a
horizontal fin on the "upwaid" propeller gi-
de, which deilects the Tlow downwards over
the whole radius of the propeller, and a
much ghorter fin on the other side to de-
Tlect the "incorrectly rotaiing' component
of the flow in the boundary layer close to
the wall. :

It is naturally best to use as.few Ting
as possible since the ophimization of:lhe
system and the construction of the full
scale structural components becomes in-
creasingly ‘comple:x as the number of fing

(&

increases,
HODEL WXPERIMENTS

The effects of the new fin gystem were

tested mainly by selfpropulsion experiments.,

The main criterion used for optimization wag
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minimization 6f the pow
sion, attention gimultarn
pogglible gide effecte af
characteristics. Since the
propulsion experiments was to detect differ.

ences in the region of one per cent, partice
(=]

ular care was called for. For every test
series, for ingtance, the tests with and
without fins were performed on the same day

to eliminate right from the start all exper-"
iment errors that might be cauged by differs

ences in test conditions.

‘'he results of the sell-propulsion tests
with optimal fin configurations for hulls &
and B are presented in Fig. 4 and 5, The
benefits are expressed as percentage reduc-
tion in thrust, torque and propeller speed,
and in the propulsion power calculated from
torque and propeller speed, obtained thro:
the effects of the fin system relative to
the same hull without fins.

As can be seen from Fig..4, the power
saving was over 2,5 % for hull A and varies
almost in proportion to the speed. 1t gtems
mainly from a reduction.of at least 2 % in
propeller aspeed. The fact that the thrust
remaing unchanged permits us to conclude
that the fins produce a thrust that is at
least equal to the additicnal resistance
they cause,

Fig. 5 shows that for hull B the reduc-
tion in propulsion power required is between
4 and 5 % and is almost constant Tor the
speed range investigated. This power saving
results from a reduction of =zlmost 3 % in
the necessary propeller speed, largely due
to the generation of prerotation forward of
the propeller disc, and of roughly 2 % in
the torque requirement and even in thrust.
It may be concluded from these results that
the saving in power requirement cannot be
atiributed alone to the utilization of the
better propeller inflow conditiong caused by
prerotation induced in the water flowing to
the propeller by the fing, but that, in the
case of hull B, less energy was disgipated
in the whole of the flow to the propeller
owing to at least partial suppresgion of
eddy generation as degcribed in chapter 3.

The thrust deduction fractions, wake
iractions and ralativfrotativ'efficiencies,
with which the.naval architect is more :
conversant, are shown without correction agg -
calculated from the propulsion tests in T'ig.
6 and 7. The thrust deduction fractions were
calculated for the models with and without
fins using the resistance without fins o1
other appendages. The wake fraclions were
agcertained in the customary way for iden-
tical thrusta.

It is evident from Fig., 6 that the thrust
deduction fraction, t, remains approximately
the same for hull A because the thrust does
not change, whereas the wake coefficient,
Wi, increasges as a result of the reduction-
in propeller speed permitted by the fin
system. The hull efficiency, =p =(12%)/(1 4Ip)
ig therefore correspondingly higher., The
close agreement between the values of np for
the ‘hull with and without finz is a conse-
quence of the. care mentioned earlier with
which ihe experiments were performed.

Fig. T shows that for hull B the influ-
ence of the fin system on the parameterg
characterizing the relative hull effi-
ciency are greater owing to ihe greater
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effect of the fins. The thrust deduction : ppe fin sysven

sraction, t, is gmaller as @ result of the newbuildings; put can slso ©

lovier thrust required, and the wake coeffi- to vegsels already in servic

cient, Wy, ig larger due to the lower propel- case, however, it is necessa

ler speed. The values of ny for the model whether the ropeller and p

with fins are considerably higher than for ements permit the correspon

that without them, but, as in the case of 2 to 3 % in propeller gpeed. Where new-
hull A, the values of {R are almost identical buildings are concerned,

for both versions.

savings will be even larg

ships concerned owing to

peller must naturally
pulsive arrangement wi

will yield an additional saving in power.

1 effect, the
ments, the fin
¢ fin arrazge-

: CONCLUSIONS
I+ has been shown +that the new SVA flow Apart from its pri
deflecting fin system we have described, and reduction of power Teq
which has been the subject of numerous tank gystem, owing to the asymmetri
tesis, can vield power gavings of between 2 ment, also results in more unifor
and 5 % for several single-screw ships with of the propeller digc, thus probgblyre
low thrust-load coefficients, and that these vibration induced by pre

the higher Rey=- tation.

noldt's numbers. The Bagic gain of 2 to 3 %
resulting from the generation of prerotation

in the water flow to the

propeller can theo-~

retically be obtained with the new fin

is high enough. This bas
saving that 1s indeperde

1
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| gystem for all .oips if the propeller load
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nt of hull shape.
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