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PR—1

V. HADJIMIKHALEV, A. HAIMOV,
. K. YOSSIFOV
BSHC, Varna, Bulgaria

A CONTRIBUTION TO THE
COMPARATIVE CALCULATIONS OF
- PROPELLER DESIGN

The present written discussion presents results
from the design of the propeller, used for com-
parative calculations by the (members of the) Pro-
pulsor Committee, based on two approaches used
at BSHC.

The input data for the calculations are taken
from [1].

The aim of the investigation is to show the
validity of these approaches, in the light of the
problems raised by the Committee, related to the
disagreement of the results when different calcula-
" tion schemes are used.

Method 1 : On the lifting line stage the calcula-
tions are based on the classical approaches of

Lerbs and Wrench in the particular case, the cir-
culation is expressed by 10 terms of the classical
sine type series.

On the lifting surface stage the calculations are
based on the approaches of Pien and Cheng, ad-
ditionally taking into account the effect of sec-
tions’ thickness by sink / sources distribution.

On the lifting line stage the viscous roughness ef-
fects are taken into account on the basis of
Hoerner and ITTC—57 formula and on the lif-
ting surface stage corrections are introduced for
the camber line and the ideal angle of attack. In
the particular case, (as approved for comparison
by the Committee), the viscous corrections are
eliminated on both stages. The particularities of
the method used are given in [5] and [6].

The basic results from the calculations are
presented in Figs. 1 to 6. It is clearly seen that
at the prescribed circulation distribution (Fig. 1)
the (pitch and camber distributions) P/D, f/lc =
f(r/R) are in accordance with the results plotted
in Fig. 13 (1) for Methods 1 and 2, which are
statistical representatives of methods using cons-
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tant radius vortex wake. The obtained value of
the power loading coefficient Cpi=1.262 is also
close to that of Method 2 (Cpj=1.264) and to
the mean value of this quantity out of the 10
results presented (Cpi = 1.257).

The experience gained at BSHC in the past 8—9
years in the operation of the automated system
for screw propeller design and manufacuturing,
developed on the basis of the approaches describ-
ed above and the repeated checking in ex-
perimental practice (in model and full—scale con-
ditions) shows that the generated propeller
geometry is underestimated with respect to pitch
in the limits of 1—2% which is taken into con-
sideration at the design stage.

Method II: also represents the application of the
lifting line and lifting surface methods for the
purposes of complex geometry screw propeller
design. The algorithmization of the lifting line
method follows V. Mishkevitch’s approach [2].
Since the boundary condition for the circulation
on the hub is met—there it has a finite value,
the distribution indicated in [1] cannot be
reproduced, and that is why an optimum pro-
peller was designed (by Ivchenko—Stoyanov’s
criterion) and the results are presented in Figs. 1
to 6 as Method II.

The circulation distribution along the radius is
shown in Fig. 1. Its radial derivative is zero at
the hub and increases more rapidly towards in-
finity at the tip, as seen from Fig. 3. The respec-
tive distribution of tanf 1is shown in Fig. 4.

It should be pointed out that the presentation of
the circulation derivative in Jacobi polynomial
series [2] with a considerable number of terms,

used on the lifting line level, ensures a very
good presentation of the distribution both of the
circulation and of its derivative. On the other
hand, for calculation of the principal values of
the integrals for the induction factors, determin-
ing the induced velocities, the quadrature for-
mula of A. Komneichuk {2} is used with respec-
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tive weighting function ensuring high accuracy of
integration, proved by analytic validation. In this
sense, this solution is free to a considerable ex-
tent from the shortcomings discussed in the Com-
mittee report.

The radial distribution of the pitch and camber
shown in Figs. 5 and 6 are obtained by a lifting
surface method. The lifting properties are
presented by continuous vortex sheet distribution
of bound and free vortices along a reference sur-
face using orthogonal coordinates even for the
cases of high pitch and rake gradients. The
thickness is taken into account by sink/source
distribution. The bound vorticity is presented in
the form of double series (chordwise and radial
modes) [3], and the induced velocities are
calculated with the aid of vortex/source panels of
first order [4]. The radial induced velocities are
also included in the boundary conditions.

The differences between the distribution of the
pitch (Fig. 5) and the maximum curvature (Fig.
6) are due mostly to the considerable difference
in the circulation distribution along the radius.

A numerical experiment showed that in the case
of optimum propeller both methods (I and 1)
give the same propeller efficiency equal to 0.603.

Finally we would like to outline the following
conclusions:

1. It is definitely seen from the results
presented by the Committee that regardless
of the approaches and numerical procedures
used, the divergences in the resultant
geometry are larger than admissible.

2. It is evident that at present no approach can
be preferred to the others, neither is this the
aim of the present investigation, despite the
fact it is clear to what extent the physics is
taken into consideration.

3. Proceeding that in real practice the design of



—ret [‘]

& METH.I
6 ® METH.I1
004 dG/ dx
/J/*\\ 08
003}

A1 1T

4 08
[

002 N

A 04
wl A N \

02

Fig. 1 Fig. 2
pe— [1]
A METH.I
'VN @ METH.II
0s
16 /dx 04 S
08 4 '\\ ]:
. 08 /! 03 ' \;\‘
=)
0 f 02 £< {
02 7 0
0 M __—_#:_’ 00
8 7 .8 9 10 r/R 23 5 & 7 8 9 10 TR
Fig. 3 Fig. 4
PID
”"\\1 'F( 14 $ e
08 I B b N 003 —
4 4 o2 LA X .2
“r %
o~y
2 a0 ‘ L S A\A_
0o
2 3 4 5 6 7 .8 9 10 riR 2 5 6 .7 .8 .9 w0 TIR
Fig. 5 Fig. 6

81



a particular project is considerably more com-
plex than this idealized case, when viscosity,
roughness, optimality of loading distribution
and reliable determination of the approaching
flow for full scale conditions, it is logical to
conclude that the divergences between the dif-
ferent approaches can become considerable.

4. The improvement of the accuracy of
numerical solutions is a favourable factor for
centring the attention on the improvement of
the physical models. In this sense, we con-
sider there is a vast field for the Validation
Committee.

Finally, we would like to congratulate the Pro-
pulsor Committee for the effortes exerted in the
systemizing the possible causes for scatter of the
results, drawing the attention of the researchers
towards the most important problems hoping
that in its future work the joint efforts of the
members will bring additional light on the pro-
blem.
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PR—2

G. KUIPER
MARIN, the Netherlands.

COMMENT TO THE REPORT OF
THE ITTC—PROPULSOR COMMITTEE
OF THE 18TH ITTC

The report of the propulsor committee gives an
interesting comparative study on the calculation
of pressure fluctuations. One of the sensitive
elements in such a calculation is the wake input

and the committee advocates the use of an effec-
tive wake distribution (Fig. 1).

In the comparative calculations four participants
used the total velocity distribution to calculate
the effective wake. According to eq. 1 the use of
the total velocity distribution is straightforward,
since the effective wake is the wake distribution
which has to be used in the potential propeller
calculation to arrive at the total velocity field.
Although no distinction is made in Fig. 2, there
seems to be considerable scatter between these
four results too. This means that there is scatter
in the calculated induced velocities. This can be
due to the calculated propeller loading or due to
the calculated induced velocities at a certain pro-
peller loading or both.

The question is if there is still such a large scat-
ter in the effective wake for these four cases
when the thrust is fixed?

In the case where the nominal wake was used to
calculate the effective wake, were the total
velocities also calculated and compared with the
measured values?
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These questions can put in a wider scope. To ar-
rive from the nominal to the effective wake
distribution two iterative calculations are needed :
a calculation of the rotational propeller wake in-
teraction and a calculation of the propeller hull
interaction. There are no established procedures
for either calculation. Since the propeller calcula-
tions are very sensitive to the wake it seems ad-
~ vantageous to use the total velocity distribution
instead of the scheme given by the propeller com-
ittee. Can the propulsor commmittee give an opi-
nion on this matter?

The committee "does not encourage the use of
lifting surface correction factors for cases dif-
ferent from those on which the factors are base-
d.” It is our experience that one can be more
specific. The use of one lifting surface correction
factor for a blade section is reasonably good for
symmetrical profiles. Kerwin and Lee (1978) had
this experience also. Deviations are found in the
tip region (r/R>0.9), where the blade loading is

no longer symmetrical. The use of one lifting sur-
face correction leads to erroneous results in the
case of a non—symmetrical blade loading or
camberline. This is importatnt because the use of
new blade sections also frequently implies a
non—symmetrical camber, e.g. when “Ep-
pler—profiles” are used.

~ The blade loading in a wake varies with the
blade position. These variations can be separated
into variations of the angle of attack and varia-
tions of the loading distribution or the “effective
camberline”. We found that these variations re-
main small relative to the effects of angle of at-
tack variations.

So once the “effective camber” or the blade
loading distribution is found in the steady case,
the variations of the blade loading in a wake can
be properly discribed by angle of attack varia-
tions.

PR—3

T. HOSHINO and T. SASAJIMA
Nagasaki Experimental Tank
Mitsubishi Heavy Industries, Ltd.
Nagasaki, Japan

ON UNSTEADY PRESSURE.
DISTRIBUTION ON PROPELLER BLADES
IN NON—-UNIFORM FLOW

Comparative calculation of the pressure fluctua-
tions induced by a propeller has been carried out
by the Propulsor Committee, 18th ITTC. It was
concluded that the predicted pressure fluctuations
on a flat plate induced by a non—cavitating pro-
peller operating in uniform flow showed general-
ly acceptable correlation among different calcula-
tion methods and with experimental data but the
correlation of the predicted pressure induced by
non—cavitating and cavitating propellers
operating in non-—uniform flow was not always
good. In order to find the reason for the
discrepancies, between the experiments and the
calculations, unsteady pressure distributions on a
propeller blade must be investigated at first.

There are very few experimental data of the
unsteady pressure distributions on a propeller
blade in non-—uniform flow [1] because of the
difficulties in measuring the pressures with high
frequency response by using small transducers.
Further, the unsteady pressure distributions on a
propeller blade are usually calculated based on
the assumption of an equivalent two-dimen-
sional blade section, the lift of which is assumed
to be same as the one obtained by numerical lif-
ting surface theory.

A numerical method for solving the propeller lif-

ting surface problems has been developed in the
Nagasaki Experimental Tank MHI [2,3]. This
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method is based on a Quasi—Continuous
Method (QCM) development by Lan [4] to im-
prove the conventional vortex lattice method in
such ways as wing edge and Cauchy singularities
are properly accounted for. In the QCM, con-
tinuous loading distribution in chordwise direc-
tion is assumed, and therefore the pressure
distributions on a propeller blade in both
uniform and non—uniform flows can be
calculated directly without any assumption.

Measurements of the unsteady pressure distribu-
tions on propeller blades were recently conducted
in the cavitation tunnel of the Nagasaki Ex-
perimental Tank to confirm the accuracy of the
QCM calculation of the blade surface pressures.
In order to measure the blade surface pressure
with high frequency response and high accuracy,
small pressure gauges (6mm¢ X 0.6mmt) were
mounted in the small chamber inside the blade
in the same way as used in References [5].
Pressure hole and the chamber were made
vacuum and filled with silicon oil. Pressure
signals were transmitted through a slip ring with
32 channels to amplifiers and data were sampled
and analyzed by a mini—computer.

A
i

Fig. 1 Wake Contour Curves Simulated in
Cavitation Tunnel
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Flow field simulated in the cavitation tunnel by
wire mesh screen is shown in Fig. 1. Pressure
contour curves on the back side of the propeller
blade calculated by the QCM are shown in Fig.
2. Pressure fluctuations measured near the
leading edge of s/C=0.1r/R=0.7 are shown in
Fig. 3, comparing with the QCM calculations.
Agreement between the experiments and the
calculations is fairly good including peak values
and phases. :

Prediction of the unsteady pressure distributions
on the blades of the propeller operating in non
—uniform flow would be the base to estimate
the unsteady cavitation patterns of the propeller.
Further experimental and theoretical studies to
estimate the unsteady pressure distributions on
the propeller blade are going on in the Nagasaki
Experimental Tank.
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PR—4

FRANK B. PETERSON,
David Taylor Research Center, Bethesda, USA

COMMENT TO THE REPORT OF
THE 18TH ITTC PROPULSOR COMMITTEE

Under the auspices of the 18th ITTC Propulsor
and Cavitation Committes, two roundtable discus-
sions were held in London Heathrow on the sub-
ject of “Design, Application, and Test of Pro-
pellers with New Blade Sections”. The first
meeting was held on 15 & 16 November 1985
and attended by 8 representatives from

— Centro Esperienze Idrodinamiche
— SSPA

— HSVA

— University of Tokyo

— MARIN

— DTNSRDC

The second meeting was held on 19 & 20 June
1987 and attended by 8 representatives from

— Centro Esperienze Idrodinamiche
— CENTENA

— DTNSRDC

— MARIN

— Escher Wyss

— ARE (Hasler)

— University of Tokyo

The intent of these meetings was to assemble ex-
perts on the various aspects of this immerging
new technology. The meetings were informal and
limited in attendance to those who have been ac-
tively working in the subject area. The agenda
of the meetings was to share progress and ideas
for future direction of this new technology and
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also to discuss the key issues that should be con-
sidered in the Propulsor Committee Question-
naire on Scale Effects. The attendance and
discussion at the meetings confirmed that this is
an active area of interest for propulsor designers

and those concerened with propulsor evaluation.

The predominant analytical method used to
design new blade sections is that developed by
Eppler and Shen.  However, encouraging results
have also been achieved by empirical methods.
Experience with model scale propellers has
shown that new analytically designed two dimen-
sional blade sections must be modified to reflect
three dimensional camber effects and the blades
may need to be repitched relative to the use of
conventional sections. The most common pro-
peller design method that has evolved is to use
the two dimensional load distribution and a three
dimensional camber distribution in a lifting sur-
face computer code. Iterations are then required
to match the pressure distritubions of the two
dimensional sections. when variable thickness
and camber distributions are used then special
care is required in the fairing of the blade sec-
tions. Overall, the general trend is to design the
sections with relatively thick leading edges.

To date, it appears that the primary motivation
in the design of propellers with new sections is
to suppress either leading edge cavitation or
cloud cavitation, or to stabilize the blade cavity.
The result is typically that the leading edge suc-
tion peak is reduced and scale effects become
more significant.

One subject that resulted in considerable discus-
sion was the extensive laminar boundary layer
that can occur at model scale. This laminar
boundary layer can suppress leading edge cavita-
tion and thus enhance the scale effects. Thus the
question of how to stimulate inéeption that oc-
curs with the turbulent boundary layer on the
full scale propeller was discussed at length.
Several participants recommended use of artificial
roughness, mainly at the leading edge, to reduce
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the scale effect but the method must still be .
verified by comparison with full scale propeller
performance. Sand grains in epoxy were the
most commonly used roughness but paint and
sand blasting are also being used. Some par-
ticipants are selecting the sand grain size on the
basis of a roughness Reynolds number with a
value of 750 suggested. Certainly from the discus-
sion, it was concluded that the manufacturing ac-
curacy of the leading edge is very important.

Some full scal results of propellers with empirical-
ly developed blade sections is available and in-
dicated improved cavitation performance with
lower radiated noise. A bulk carrier propeller
with sections based on the Eppler code has had
a full scale trial but details were not yet
available.

The opinions, progress and plans that were
shared by the participants in this intensive but
informal setting were considered very valuable.
Since activites in this subject area appear to be
accelerating, it is recommended that it should
continue to receive attention by both the Pro-
pulsor and Cavitation Committees of the 19th
ITTC.

PR—5

WANG GUOQIANG
SHL, Shanghai Jiao Tong University, China

A METHOD OF DESCRIBING
THE GEOMETRIC SHAPE OF
FREE VORTEX WAKE

Two numerical lifting surface methods have been
developed and widely used in hydordynamics,
i.e. the mode function method and the discrete
vortex method. However, the common shortcom-
ing of the two approaches is that the nonlinear
effects of the wake shape are ignored and the
geometric shape of the free vortex wake has to
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be presumed.

Recently an unsteady nonlinear vortex lattice
method (UNVLM) has been applied to
calculating the hydrodynamic forces acting on
the rudder and on the rudder in combination
with additional thrusting fins (A. T. Fins)
behind ship propeller, wherein the flow separates
at tip edges [1,2]. We assume that the UNVLM
is based on potential flow theory and the viscous
effects can be represented by resonable flow
modelling Both tip edges and trailing edge wake
rollup are determined numerically by a time —
dependent vortex shedding procedure together
with the hydrodynamic characteristics.

Some numerical exapmles are performed to il-
lustrate the efficiency and the accuracy of the
method Calculations are carried out for the
hydrodynamic forces of three rectangular rudders
with NACA profile and thickness ratio
ty,/c=0.18. The aspect ratio 1=2.4, 1.0, 0.2
respectively. The hydrodynamic researches of the
rudder + A. T. Fins combination pertaining to
a 12700T merchant ship were made. A
theoretical design method for A. T. Fin has been
developed.

The comparison between calculated and ex-
perimental results for rudders in uniform flow
field is shown in Fig. 1.

The variation of the geometric shape of the free
vortex sheet at time steps t=ty,+4At, t=t,+7At,
t=t,+9At and t=t,+20At for a rudder of unit
aspect ratio and the angle of attack a=20" is
shown in Fig. 2. After t=t,+20At the further
variation of geometric shape of the free vortex
sheet makes no influence on the hydrodynamic
characteristics of the rudder.

Fig. 3 shows the calculated results of AKTp of
the rudder+A. T. Fins combination pertaining
to the 12700T merchant ship at different angle
of incidence Sg of A. T. Fin for H=0O, where
AKTp stands for the increment ratio of pro-

CN ——— the caloulated results by present method
o the experimental results
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Fig. 1 Normal Force Coefficient Cn vs. Angle
of Attack (Comparison Calculated
and Experimental Results)
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Fig. 2 The Development of Free Vortex Sheet at
Different Time Steps (1=1.0, a=20")

pulsive efficiency (if the propulsive factors keep
constant) and H is the height of A. T. Fin
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above the shaft center of the propeller. In Fig. 3
the experimental data are also given.
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Fig. 3 Variation of Increment Ratio of Thrust
AKTp with Angle of Incidence Bp

The close agreement of the calculated and ex-
perimental results shows that the UNVLM is a
valuable tool for predicting the hydrodynamic
characteristics of rudder in uniform flow field,
rudder and rudder + A. T. Fins combination in
the propeller slipstream behind a ship and that it
may be a promising beginning for accurately
describing the geometric shape of propeller free
vortex wake sheet.
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PR—6

WANG GUOQIANG
SHL, Shanghai Jiao Tong University

APPLICATION OF A NEW TRAILING
VORTEX WAKE MODEL TO PROPELLERS

The lifting—surface theory has been widely ap-
plied to the prediction of propeller performances.
However, the accuracy of computation is affected
for heavily loaded propellers or propellers under
off—design conditions due to the nonlinear ef-
fects such as trailing vortex sheet deformation
and slipstream contraction, etc. Therefore an ap-
propriate trailing vortex wake model is very im-
portant for the numerical analysis of propeller
performances.

A new trailing vortex wake model is proposed in
the SHL [1], taking into consideration the
nonlinear effects such as slipstream contraction.
The trailing vortex wake is divided into two
parts, namely, the transition wake region and
the ultimate wake region. A conical helicoid is
used to describe the deformed trailing vortex
sheet in the transition wake region, and the
ultimate wake region is simplified as K concen-
trated helical tip vortices together with a single
hub vortex.

Emanating from the trailing edge at radius r, the
trailing vortex with pitch angle 8 (r) is assum-
ed to take the shape of a conical helix, which
contracts to a prescribed radius at the end of the
transition wake region. Therefore the trailing vor-
tices form a conical helicoid.

The coordinates of a trailing vortex in the shape
of a conical helix can be written as

y’ =Ce®?’ cost’
{z’ =Ce?? sing’ M
dx’/[rp (8") dO’]=tghT
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Where C and a are constants to be determined,
BT, the pitch angle, is assumed to be only depen-
dent on the radius, rr (¢’) is the varied radius
of trailing vortex in the transition wake region.
The new wake model is illustrated in Fig. 1.

Y .
trailing vortices
* spanwise vortex and source element R
chordwise vortex element iy N
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Fig. 1 Singularity Arrangement and Wake Model .

To determine the geometry of the trailing vortex
wake, certain paraméters must be provided at
the outset, and they are chosen as follows.
r,, ‘- radius of the concentrated tip vortices;
Ow
region;
BT (r) - pitch angle of the trailing vortices in
the transition wake region;
Bw -+ pitch angle of the tip vortices in the
ultimate wake region.
Following is a concise description of how the
parameters are determined.
By utilizing some of the experimental results
given by Nagamatsu and Shimizu (2], a set of
empirical formulae are obtained as follows:

{rw () /r=1.0 ; (r/R<0.7)
ry (r) /r=1.0+ (0.001256m (R) —0.17)
(3.3333r/R —2.3333); (r/R20.7) 3

Where #m (R) is the skew angle in degree, R is
the radius of the propeller.
It is assumed for other three parameters that

-+« angular range of the transition wake -

0,y =90° )

At (1) =0.4[B, (1) —O (1) ] ®)

where B, (r) =arctg (VA/2zyr) , O (r) =arc-
tg[P (r) /2zr], and P (r) is the pitch of blade sec-
tion. '

Bw=arctg (Pjp/27R) (6)
where Pyjp is the pitch of propeller tip.

As soon as the above parameters are chosen, the
constants C and « in (1) can be determined by
using the conical helicoidal trailing vortex wake
model and the fourmulae determining the
geometry of the trailing vortices in the transition
wake region read as follows:

X’ =r-tgfr (29 —1) /a

y'= re@? cosg’

Z’ =re€l‘3,sin8, (?)
rT = rcaa’
where
a=1n (ry/r) /6y 3)

Calculations are carried out for different pro-
peller types by using the new trailing vortex
wake model and the corresponding numerical
method [1].

The caluclations include circulation distribution
over radius and chords, open water charac-
teristics, pressure distribution and the induced
velocity field behind the propeller. Some of the
numerical results are shown in Figs. 2—9
together with experimental results and those ob-
tained by other prediction methods [3.4].

Investigations on propeller design have also been

perfomed, in which Kerwin’s wake model [3]
and the new wake model are employed respective-

ly [5].

Two of DTNSRDC series of research propellers
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Table 1 Comparison of Re—design Results

for DTNSRDC Propeller 4383

originsl dats of Kerwin's wake model | the improved wake model

DTNSRDC-4383 KT=0.2366, )%:0‘0467 KT=0.2280, K°=0,046 18
r/R P/D f/e P/D fl/e ?/D fle
0.2 1.588 0.0402 1.559 0.0388 1.820 0.0407
5.25 1.539 0.0408 1.502 9.0384 1,553 0.0408
0.3 1.512 0.0407 1.471 0.0373 1.517 0.0401
0.4 1.459 0.0385 1.423 0.0349 1.461 0.0377
0.5 1.388 0.0342 1.348 0.0314 1.378 0.0337
0.6 1.298 0.0281 1.272 9.0258 1,293 0.0285 |
0.7 1.198 £.0230 1.172 0.0218 1,181 0.0228
0.8 1.088 0.0188 1.081 0.0175 1.0823 0.0183
0.9 0.988 0.0158 ¢, 985 0.0147 0.894 9.0155
0.85 0.945 0.0168 0.934 9.0113 9.845 0.0117

(4118, 4383) are re—designed for the purpose of

evaluating the feasibility of present method and
investigating the influence of trailing vortex wake
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model. The calculated pitch and camber distribu-
tions are compared with the original data. Num-
merical results show that the two wake models
make no difference in conventional propeller
design (DTNSRDC—4118). Both of them give
satisfactory propellers. However, it can be found
that the new wake model obtains better result for
highly skewed propeller design. The propeller
designed by numerical lifting—surface theory
with Kerwin’s wake model has lower pitch and
camber distribution. It means that the propeller
will absorb lower power than that of design con-
dition in practical operation.

The calculated pitch and camber distributions
together with original data of DTNSRDC pro-
peller 4118 is shown in Fig. 10. The pitch and
camber distributions of re—designed propeller
4383 which has a torque coefficient almost iden-
tical with the required value are listed in Table
1.

Finally, it should be mentioned that the new
wake model has been extended to the prediction
of unsteady marine propeller performance suc-
cessfully [6].
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GILBERT DYNE
Chalmers University of Technology
Goteborg, Sweden

WRITTEN DISCUSSION TO
THE 18TH ITTC PROPULSOR
COMMITEE REPORT

Let me first congratulate the committee to an in-
structive and valuable report.

Many investigators have criticised Betz’ and
Lerbs’ optimum critria, claiming that it is possi-
ble to get still higher efficiencies by increasing
the tip load. If this be true, the proofs given by
Betz and Lerbs must be wrong. But as far as [
know nobody has so far shown that this is the
case. It is a pity that not even the committee
has discussed the validity of these proofs since if
they are correct. Then an increased tip load will
not give any improvements. But if, on the other
hand, they are wrong then it would be easy to
correct the errors and get more reliable optimum



criteria.

The criticism is instead based upon results ob-
tained by non—linear theories for
moderately —loaded propellers, where the pro-
peller induced velocities are computed by the law
of Biot—Savart. It is easy to show that the axial
induced velocity Ua is sensitive to the pitch of
the outmost vortices especially when the tip load
is high. Since Ua directely influences the torque
but not the thrust, an error in tip vortex pitch
automatically means an error in the efficiency.
For analytic methods there is a singularity with
infinite velocities at the tips which must in-
fluence the tip—vortex pitch. In the calculation
methods used, this singularity is either ignored
or avoided by stopping the calculations at a
small distance from the tips. In either case, the
tip—vortex pitch will be wrong. These methods
can therefore not be used to check the optimum
criteria.

In the future when improved non—linear calcula-
tion theories have been developed the situation
will be different, as pointed out by the commit-
tee.

But also in this case the calculations must be car-
ried all the way to the blade tips to give reliable
efficiency values. It is uncertain in panel
methods can be used for this purpose.

PR—8

H. JARZYNA

Ship Propeller Department
Institute of Fluid Flow Machinery
Gdansk, Poland

ON THE PROPELLER GEOMETRY ON
THE LOAD OPTIMIZATION —PROPELLER
HULL INTERACTION

I would first like to compliment the Propulsor
committee on the most interesting Report.

Propeller geometry:

Following the recommendations of the XVII
ITTC Propeller Committee I have sent to all
Committee Members my paper concering the
screw geometry nomenclature. 1 would like to
thank the Propulsor Committee Members for
their consideration of my proposals. All proposals
but one have been accepted and included in the
Report.

One proposal has been left out of account. It
seems to me however that it is worth to be men-
tioned here. The definition of “warp” is concern-
ed.

In the ITTC Dictionary in English version we
can find under “warp” that it is synonymous
with skew angle, and under “skew angle” we can
read among other sentences the following: “This
angle is the same as the warp”. In the literature
one can find quite another concept of warp that
does not correspond with that in the dictionary.
My proposal is to change the definition of warp
in the ITTC Dictionary in agreement with the
concept which can be found in the publications.
Warp is the particular combination of rake and
skew giving the total axial displacement of the
reference point of any propeller blade section
equal zero

85(r) - tang(r) +tandp (r)=0

Local wap measure is the local skew angle
Qg (r), or the local rake angle 6 (r) .

Measuring warp can be done by measuring
skew, or measuring rake, used in warping. The
local warp angle is allways equal to the local
skew angle used in warping. The local skew
angle 6 (r) is the most practical measure of
warp. The rake, being the element of warping,
is then determined from the definition equation

?an&R (r)= —04(r) - tang(r)

Warp angle extent is equal to the skew angle ex-
tent used in warping.
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Load optimization. Propeller hull interaction.

My second comment is in connection with the
third part of the Committee Report under the ti-
tle "Load optimization”. In this part my paper,
related to this problem, is shortly characterized.
The fundamental idea of this paper is however
overlooked. I would like to present this idea.
The interaction between the ship hull and pro-
peller results, among others, in the resistance
changes and the thrust changes. The local
changes of these two quantities are of special in-
terest.

When speaking about changes the reference
values must be determined. The chariges of the
ship resistance, local or total, are related to the
ship resistance Ro, when towing the ship without
propeller. The changes of the propellers thrust
are to be related, in my opinion, to the thrust of
an hypothetical propeller, which is realizing the
needed motion, without any interaction with the
hull.

This reference propeller, denoted with the index
“c0”  is working in the uniform vs, produces the
thrust Tos =Ro.

The propellr diameter is Doo=Dp, the revolu-
tions per second %oo=7gp¢ being the optimum
revolutions for the given diameter Do =Dgp.
The thrust radial distribution aT oo =fco (1) is the
optimum one in the uniform flow, vs. The total
and local changes of ship resistance and propeller
thrust due to interaction may now be determined

change of resistance

Rp—R,

Rp =R

dRp(F)—dR(P) _
dRp (T) R.(T)

change of thrust

T =T
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dTg(x) —dT o (x)
dTp (x)

The position vector T, related to the hull sur-

face point, and the nondimensional coordinate x,

=tr(x)

related to the propeller disc radius, play only
role of denoting the position, where the changes
take place.
The resistance changes are characterized by the
suction coefficients, total tg, and local tg (_r')) .
The thrust changes are characterized by the
thrust change coefficients or thrust deduction fac-
tors, total t or local tp (x).
In the case when Ry=T and Rg=Tpg
(vg=const) there is allways

IR =t =t
and there is no need to distinguish between the
total suction coefficient and the total thrust
deduction factor.
Therefore in the definition formulas changing the
quantities (Rg and Tg) gives the well known
definition

The local quantities are allways different, also in
the special case vg=const

tR(T) # tT(x)

The local suction coefficient is allways different
from the local thrust coefficient. There is no
possibility to change the resistance elements
dRp (T) with the thrust elements dTg(x) in the
definition formulas of the local coefficients.

The local suction coefficient can be defined using
only the resistance elements, the thrust deduction

coefficient with thrust elements in definition can
only be used for thrust changes description.

1—tpx)= ——-(—)-(3;1,.;‘0; (::)

This new definition after being introduced
creates new possibilities to investigate the interac-
tion mechanisms.

— When optimizing the radial distribution of



propeller blade circulation in behind condition
from the point of view of propulsion efficiency
one can find in the paper dealing with this pro-
blem a secret expression (1—ty) or (1—t (r) ) . I
did not find anywhere the definition of this ex-
pression. I could not find paper where this ex-
pression is included into the optimizing process
to be active in determination of the optimum
radial distribution of the blade circulation.

It is a dead term in the whole optimizing pro-
cess. In the end results this term (1—ty) or [1—t
(r) ] is replaced freely by a constant value
(1—ty) , the total suction coefficient, or by a
function f (x) related to the radial distribution of
the local wake fraction wy.

The substance of this secret term may be iden-
tified however univocally with the new definition
given above

dT
l—tx=1—tT(x)=-a—,I-%;—(%)l

Therefore the definition of the, up to day under-
fined, expression is given.

One can prove, this was done in my paper
published in ISP, that the criteria for optimizing
the radial thrust distribution using the underfin-
ed term (1—ty) are all internally inconsistent.
This internal inconsistency will be removed after
replacing the term 1—ty by the new definition of
thrust chage coefficient, '

The internal consistency is grounded on the de-
mand, that any criterion built on the general
assumption of constancy of a quantity, say A,
has to satisfy the requirement A = const in its
resulting form.

This demand is not fulfilled by the criteria being
in use.

—One can see that the thrust change coefficient
or thrust deduction factor proposed to be used in

Warp = rake + skew with the demand that the condition X,(r)+ Xs(r)=0 1s satisfed for

each r(r,< r=<R)

(Measuring warp one can measurs skew and calculate rake or one versa)

ré,

s“eﬁ
oL
1ot
e

@
>  rake induced axial
~~ displacement

\\ skew induced axial
al Aaplacement. .

Xp(r)= rtan8e(r)

Xy (r) = rBs(r)-tanP(r)

\parent blade section

XgtXs = tanGg(r)*Bs(r)tan® (r)=0

tan B (r)==8s(r) - tan@(r)

Fig. 1 Warping the Parent Blade
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optimizing processd és a functional dependent
X

upon the function dx and the coordinate

t—tr(o=1lx, S5

and takes therefore an active part in this optimiz-
ing process. After the function G (x) has been
deteremined, G (x)=Gopt(x) the functional

1—tp(x)=f[x %ﬁ] takes the shape of

the function of x only

1—tp(x)=f[x ﬁ(’fjﬁ] =fr(x)

— Systematic calculations over some sets of ship
hull families, with different stern shapes and dif-
ferent propeller loading, result in one function
[1—tp(x)] for each case tested in computing pro-
cess. A set of resuts related to different hull
shapes, different radial distributions of (1—Wx) ,
different propeller loadings can be the basis for
an regressive analysis which can lead to the
general relation between [1—t(x)] and (1 —wx)

[1=tT(x) J=f [(1=wy), CT]

It seems to me, that further investigations, using
the new defined quantity, are included indeed in
the conclusion 1.3 of the Report.

PR—9

GU MAO XIANG
CSSRC, Wuxi, China

ON DRAFT RECOMMENDATIONS OF THE
PROPULSOR COMMITTEE

In view of the importance of new blade sections
research as discussed by Dr. Petersen for the
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design of advanced propulsors. I would like to
ask the Committee to stress in its draft recom-
mendations to the Conference or next Committee
that more intensive reserach in this direction
should be encouraged.

PR—10

K. R. SUHRBIER
Vosper Thornycroft (UK) Ltd, Portsmouth, U. K.

ON THE REPORT OF THE PROPULSOR
COMMITTEE

The Committee is to be congratulated on a very
interesting and informative report. I would like
to comment briefly on two points.

With regard to the calculation of propeller—in-
duced pressure fluctuations discussed in Section
II.2, I think it may be worth emphasizing that
we should, in general, still be careful when com-
paring the various data. The reference informa-
tion, i.e. model and/or full scale results, is for a
number of reasons frequently not as reliable as
we may wish to believe. This can also be con-
cluded from data given in the Report of the
Cavitation committee.

As to improved nomenclature for propeller
geometry (p.141/142) , clear definitions are cer-
tainly most important, in particular for skewed
propellers. Different definitions are currently in
use, especially for rake, and misinterpretations
can have rather expensive consequences. I
therefore welcome the Committee’s attempt to ad-
dress this problem and like to suggest to include

in the reply a sketch illustrating the new pro-
communication between designers and manufac-

turers.




II. REPLY BY THE PROPULSOR COMMITTEE

The Propulsor Committee thanks Professor
Jarzyna (PR—8) not only for his discussion, but
also for his previous proposals concerning screw
geometry nomenclature. We agree with the pro-
posal for the definition of warp:

Warp is the particular combination of rake
and skew that produces a zero value for the
total axial displacement of the reference
point of a propeller blade section.

According to this definition it is not necessary,
and sometimes confusing to define the measure
of local warp, because warping is a property of
the entire blade and not of a particular section.
Hence it is preferable to define warp as just
given and to speak about “warped propellers”,
but we have reservations about a warp measure.
The propeller geometry can be defined adequate-
ly with skew and rake measures.

In Professor Jarzyna’s second point, he calls at-
tention to variable interaction coeffic. nts in SHP
minimization, and specifically addresses a
variable thrust deduction fraction. We agree that
this coefficient is strictly variable and so noted in
the Report on p. 111. However the variation is
generally minor and, proper treatment is com-
plex, so in the Report we continued our discus-
sion with an assumption that it was satisfactory
to take it as a constant, in order to explicitly ex-
amine the major dependence on propeller circula-
tion distribution. We thank Professor Jarzyna for
his thoughtful comments and hope that in the
future we will see numerical calculations that
specifically address this variable quantity.

Professor Dyne (PR—7) draws attention to the
importance of the mathematical model employed
in the extremum problem, particularly the shed
vortex sheet geometry in the tip region. We

agree on its importance and look forward to a
day when an improved specification can be defin-
ed (say from detailed flow field measurements in
the tip region) so that realistic and satisfactory
solutions are predicted. Until such time, we
found that the numerically predicted efficiency of
tip—loaded propellers is greater when computed
with the non—linear (but restricted) mode-
rately —loaded mathematical model of the shed
vortex sheet, than when predicted by the criteria
based on the linear model of light—loading
employed by Betz, Lerbs, van Manen, etc.
However, we are not at all convinced that in-
creased tip loads must, or will, be appropriate in
real flow. We thank Professor Dyne for emphasiz-
ing this point.

Professor Wang (PR—5,6) describes two under-
takings that include a non-—linear shed vortex
sheet model. We are pleased to see this initial
description of his work and look forward to
reading the full report.

Dr.’s Hadjimikhalev, Haimov and Yosifov
(PR—1) provide additional information relative
to the comparative calculations of propeller
design. Results for their method I belong to
group 1 in the Committee Report and are in
agreement with conclusion 5.3.2 (1) on page 133
of Volume [I. Unfortunately, results from their
method II are difficult to compare with that in
the committee report because of the difference in
circulation distributions. It is the Committee’s
understanding that the conclusions in their discus-
sion are essentially in agreement with that of
5.3.2 in the Committee report. The comparative
calculations of design initiated by the Committee
were aimed at surveying the differences between
results based on various analytical/numerical
models. For practical design purposes, certain
empirical corrections should be used depending
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on the experience of individual designers. Here
BSHC has presented their own experience and
we thank them. Another point in their discussion
concerned the evaluation of singular integrals.
Based on the results derived by Muskhilishvili
for integrals with a Cauchy singularity, it is men-
tioned in the Committee Report that the in-
duced —velocity calculations may have a singular
behavior at the ends when the induction—factor
method is used and considers that behavior to be
of concern. However, we have not yet reviewed
the reference quoted in the discussers’ contribu-
tion, so do not make further comments.

Dr. Kuiper (PR—2) raised two questions; the
first one is on pressure calculations, and the se-
cond is on the lifting surface correction.

As Dr. Kuiper points out in the first part of his
discussion, the scatter of the various effective
velocity distributions used in the comparative
cavitation study is considerable. We agree that
the error is likely caused by the inaccuracy in
computing the potetial component of the field—
point velocity induced by the propeller. We had
hoped to receive enough replies to the question-
naire to distinguish between use of nominal
velocity and total velocity as the basis for effec-
tive velocity computations. Since few organiza-
tions carried out such calculations, this was not
possible. It is clear that work should continue on
computing the effective wake. More information
on the comparative study may be found in a
report -prepared by Committee Member C.—S.
Lee, which was available at the Conferece and
can now be obtained from him.

Dr. Kuiper provides his experience with pro-
peller design calculations, using lifting—line
analysis and lifting—surface correction factors.
The Committee notes that shape comparisons are
generally made with the same camber ratio value
at each blade section and, therefore, the camber
distribution often appears to be close to that
from lifting—surface analysis in the case of sym-
metry. However, the problem is that the camber
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ratios obtained from explicit calculations with Lf-
ting—line theory combined with lifting— surface
correction factors may significantly deviate from

‘those by lifting surface analysis for many designs

similar to that shown in figure 17 in the Commit-
tee Report.

In response to the discussions by Messrs.

Hoshino and Sasajima (PR—3), the Propulsor

Committee fully agrees with their suggestion.

The pressure distribution on the propeller blade

operating in non—uniform flow is clearly the

most important information to start the predic- ‘
tion of cavitation on the blades. But as reported

by the 17th ITTC Propeller Committee, the com-

parative study of pressure distribution on a pro-

peller blade in uniform flow led to the conclu-

sion that current efforts were not satisfactory: the

scatter between computed results by various par-

ticipants was large. We have yet to make a

similar evaluation of the capability to predict the

unsteady pressure distribution on the propeller

blade, but we do not expect improvement. In ad-

dition, the Committee has reservations about an

ability to predict the effective wake at points on

the blade in unsteady flow. Although we tried to
identify the sources of error in predicting
pressure fluctuations on the hull, the situation is
not fully understood and we thank the discussers
for their suggestions and comments.

The comments of Dr. Peterson (PR—4) are ap-
preciated as they inform the Conference about ac-
tivities under auspices of the Propulsor Commit-
tee and shared with the Cavitation Committee.
For formal and practical reasons the results of
the activities could not be in the
Report. Practical reasons have to do with the
time schedule of the round table discussions. For-
mal reasons have to do with the responsibility of
a technical committee for reviewing new fin-
dings, certainly in an emerging technology. The
Committee has given due attention to these

included

kinds of situations in recommendation 5 to the
conference and recommendation 7 for work of
the future committee. We request the Conference



note the implications of increased activities in
round table discussions and workshops. Dr. Peter-
son’s comments are an enhancement of the fin-
ding contained in the Report and emphasize
some points which need further investigation,
and are thus welcomed by the Committee.

Mr. Suhrbier (PR—10) notes that the reliability
of pressure pulse data is often not as great as

desired and we agree. For his second point, we
respond to his request for a clear definition of
the propeller geometry with the enclosed sketch,
a modification of the sketch (Fig. 20) in the
ITTC Dictionary of Ship Hydrodynamics.

We thank the discussers for their clarifying ques-
tions, suggestion and progress reports.

. COMMITTEE REPORT ERRATA

In Table 11, p.139, of the Committee Report, the third and fourth entries in
the right—hand column should read 55 (not 160) and 160 (not 161) respective-

ly.

Cited references not included in the bibliography include:

CHATTOPADHYAY SUDEB, “Study of Cavitation on High Speed Propellers
in Oblique Flow”, Ph. D. Thesis, University of Tokyo, Department of Naval
Architecture, July, 1985. (Cited on page 125 of Volume 1)

ABBISS, J. B., et al., "Experiments using a Three—Component
Laser—Anemometry System on a Subsonic Flow with Vorticity,”, U. S. Air
Force TR 80081, 1980. (Cited on page 126 of Volume 1)
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Fig. 20 (a, b and c) Diagrams Showing Recom-

mended Reference Lines and Ter-
minology or Propeller Geometry
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