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I. GENERAL

1. MEMBERSHIP AND MEETINGS
The 18th ITTC appointed the  Powering
Performance Committee with the following
members:

Prof. R. Bhattacharyya

Dr. G. Collatz

Dr. A, Garcia-Gomez

Mr. Y. Guo

Mr. J. Holtrop (Chairman)

Prof. K. Nakatake

Dr. R. L. Townsin

Dr. K. G. Varsamov
At a preliminary' meeting following the 18th
ITTC in Kobe, those members present elected Dr.
Townsin as Secretary to the Committee.
The Committee experienced the sad loss of Dr.
Ginter Collatz, who passed away on 1989-01-13.
The Powering, Performance Committee is grateful
for ali the work Dr. Collatz has done within
the scope of the ITTC and greatly miss his Qo=
operation and contributions.
The Powering Performance Committee found Mr. P.
Schenzle prepared to take over Dr. Collatz's
position and the Executive Committee formally
confirmed Mr. Schenzle's membership during
1989.

The following technical committee meetings were

held:
1. El Pardo January 1988
2. Varna October 1988
3. -Shanghai April 1989
4, Ede December 1989

In conjunction with the meeting in Shanghai in
April 1989, a joint meeting was held with the
ITTC Resistance and Flow Committee. A final
meeting with a minimum attendance was held in
Newcastle upon Tyne in March 1990 to prepare
the final report.

2. RECOMMENDATIONS OF THE 18TH ITTC
Recommendations of the 18th ITTC for the Future
Work of the Committee:

2.1 Form Factor
The Committee should prepare practical
guidelines for determination of 1 + k from
routine tests. In cooperation with the
Resistance and Flow Committee, the effects of
flow separation and surface tension on the

model measurements should be considered
carefully and advice given as to how these
effects may be minimized.

2.2 Appendage Drag

The Committee should work towards a solution to
the problem of scaling model hull appendage
drag.

2.3 Effect of Hull Roughness

A revision to the ACp formulation should be
considered which can be applied in assessing
the effect of hull roughness in both the ship's
trial and service conditions.

2.4 Propeller Characteristics

The Committee should examine the relevant
studies made on propeller performance studiles
with particular reference to the applicability
of new findings to routine testing and with

respect to the physical bases involved.
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2.5 ITTC Performance Predic;ion Method

The Committee should continue to monitor the
use of the 1978 ITTC Method and to examine any
Particular attention should

problems raised.

be paid to refining the analysis procedure for

twin screw ships.

2.6 Performance of Ships in Restricted Water
The Committee should continue to review the
progress made in predicting performance in
shallow and restricted waters.

2.7 High Speed Craft

The Committee should cooperate with High-Speed

Marine Vehicle Committee to develop a method of

power prediction for high speed craft.

II. REVIEW OF RESEARCH INTO POWERING PERFORMANCE

OF IMPORTANCE TO THE ITTC.

INTRODUCTION

The ITTC Powering Performance Committee has
traditionally been dealing with the problem of
the relationship between a certain hull form
and the power to be installed. Model
experiments to predict this relationship are
still believed to be the most accurate means,
particularly if the form at hand is not
sufficiently related to experience with similar
cases tested earlier.

The Powering Performance Committee believes
that in many cases the activities of the member
institutions of ITTC are determined by the
nature of the contracts between ship owners and
ship builders. The contractual clauses
concerning speed, power and revolution rate are
referred to an often unrealistic set of
circumstances compared with the performance of
the ship in service, because of the perceived
need to verify satisfaction of the clauses

using speed and power trials. It is believed

that under the pressure of these contractual
clauses ships can be produced which are not

optimal designs with respect to their service

performance, to the disadvantage of their
operators.
Model test institutions sometimes play an

unsatisfactory role as a consequence of the
nature of the contract, because the best of
their services on offer e.g. hull optimisation,
are not being fully used, or even worse, their
efforts are focussed on optimising a hull form
for conditions which will only be encountered
during the speed trials.

Should this combination of legal, commercial
and technical issues be considered by ITTC?

The Powering Performance Committee recognizes
that work on statistical standards for
referencing model test results and the growing
possibilities of examining alternative designs

by means of CFD, prior to model experiments,
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are positive contributions to the success of
many model experiment programmes, and are to be
encouraged.
1. QUESTIONNAIRE ON EXPERIENCE OF THE ITTC-
1978 PERFORMANCE PREDICTION METHOD
1.1 General
The Powering Performance Committee has
circulated a questionnaire to the ITTC member
organizations to monitor the use of the ITTC-
1978 Power Prediction Method. In this
questionnaire the member organizations were
invited to indicate problem areas and their
experience, and to suggest specific needs for
improvement.
21 member institutions responded to the 81
questionnaires sent out. 4 of these replies
were left aside from the evaluation because the
respondents were not actively engaged in towing
tank experiments in the field of ship
propulsion. From the remaining 17 institutions
who responded it appeared that 5 use the method
in more than 10 per cent of the routine model
propulsion tests, 4 institutions do not use
the method at all aﬁd 8 institutions use the
method for a minor part (1-10 per cent) of the

tests., From the comments given it appears that

those who use the ITTC-1978 method restrict its
application mainly to single screw conventional
hull forms. Very few institutions attempt to
apply the method to twin-screw ships.

At this point the Ccmmittee wishes to express
its thanks to all those who respohded to the

questionnaire.
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1.2 Summary of responses and comments.

Below a summary is given of points to be
improved in the ITTC-1978 method according to
the respondents to the gquestionnaire:

1.2.1 Formm factors: How to determine them
accuratelx, effects of shallow water, effects
of varying draught, what to do in case of flow
how to derive form factors of

separation,

special vehicles, high speed craft, scale
effects on form factors, buldb effects.

1.2.2 There is an apparent need

Appendages:
for a method to treat the appendages in
extrapolation.

1.2.3 Cp/Cy/Cyp: The range of applicability

and the level of these coefficients for

deviating ship types and the gathering of
accurate full scale trials by the ITTC, should
be pursued., Pay more attention to unexplained
differences between specific towing tanks.
1.2.4 Frictional resistance: Reconsider the
flat plate friction and the formulation of the
hull roughness effect.

1.2.5 .Reconsider the wake scale effect.

1.2.6 Reconsider scale effects on the
propeller open water performance and assess the
effects of irregular inflow in open water
éonditipns.

1.2.7 ‘Preferenee for more flexibility to match

the method to practical approaches in use for:

propeller design, testing stock propellers,
scale effect corrections expressed in a manner
prevailing in Japan (e4 and Cy).

1.2.8 Define a unique tow rope unloading

force.
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2, THE USE OF FORM FACTORS
2.1 Introduction

Form factors as a modification of William
Froude's original approach to the extrapolation
of model test results have become gradually
accepted in the work of ship model basins.
studies for the ITTC

Correlation Powering

Performance Committee made at various

institutions have shown that the scatter of the
model-ship correlation factors Cp and Cy were
reduced if a form factor was introduced in the

extrapolation of the model resistance and

propulsion test results. The difference in the

spread of the correlation data was small

however, and, in practice, the change from the
classical Froude method to the form factor
methods was difficult. Although the form
factor methods have become practical tools in
many institutions there is not a universal
enthusiasm for their use, At previous ITTC's

reasons for reluctance to introduce form

factors have been extensively discussed, and it

is appropriate to review them here.

2.2 Previous Discussion of Practical Fomn
Factor Problems.

2.2.1 =

15th ITTC: The use of a form factor

determined from low speed resistance
measurements in the range 0.12 < Fn < 0.20 was
recommended using ‘Prohaska's method with the
most suitable exponent for the wave making
resistance. Practical problems with partially

immersed bulbous bows and effects of wave-

breaking resistance were recognised, but real

solutions were not offered. Possible Reynolds

and Froude number dependency of 14k were

ascertained and discussed but their impact on

the use of 14k in routine experiments was

ignored. In the discussion, attention was

drawn to effects of surface tension on the form

factor through its influence on the wetted

surface area, (Kafali). Other contributions

doubted the lack of consistency introduced with

the form  factor, (Nethercote) and the

confidence that the new methods employing 1+k
are really superior to the older ones in which
form effects are only implicitly incorporated,

(Moor, Crago).

2.2.2 - 16th ITTC: As in the 15th ITTC

several practical problems concerning the

determination of 1+k were reviewed, but also
here, a general solution of these problems was
not given, although several good suggestions

were made to preserve consistency and accuracy

of 1+k. A pre-fairing of rough data points on

Prohaska's basis may show rogue points to be

deleted in the further analysis. Hughes'

proposal to determine 1+k could be adopted if

linearisation in the plotting according to

Prohaska is insufficient. The suggestion was

made, however, that  Hughes!' method is

equivalent to determining the level of Crn/Crm

at the point where the model resistance

coefficient has the same tangent as the flat

plate friction 1line. Essentially, Hughes

determined the form factor from the point where
Cpy attains its minimum value, (see e.g. the

contribution by Jourdain at the 18th ITTC).
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The Performance Committee of the 16th ITTC
wrote that a disconcerting variability is shown
by 1+k analyses of geosim test results. On the
other hand the lack of consistency and accuracy
of 1+k is suggested to be of minor importance
by pointing out that an error of 10 per cent in
k results in a deviation in the predicted shaft
power of only 2 per cent at nmaximum, Some
attention was paid to how the use of form
factors of appended ship models may contribute
of the drag of

to an appropriate scaling

appendages. A possible Froude number effect,
as derived by Hogben, was checked against a
constant form factor but this amendment did not
result in a more consistent method.

2.2.3 - 17th

ITTC: The report of the

Performance Committee reviewed again the
practical problems frequently encountered in
the determination ot‘.fom factors. Solutions
were not offered but reference was made to the
experience of.the staff in judging test data,
the simplicity of the graphical procedure
involved and the benefits of the method asz a
ﬁhole, by which more cons;stent results can be
obtained than with procedures without form

factors.

In contributions by Harvald and Crago the lack

of consistency, accuracy and uniqueness of the
form factor was expressed. Apparently, the
need for a standard form factor procedure was
great, but there was not yet a procedure to

cover all the influences which may give rise to

discrepancies in the form factors.
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2.2.4 <« 18th ITTC: Both in the report of the

Resistance and Flow Committee and in that of
the Powering Performance Committee attention
was pald to several aspects of form factors.
The possible effects of form factor increase
due to surface tension effects, particularly
around small models, were discussed. ‘An
inspection of reported trends as to Reynolds
number influences on the form factor did not
reveal a distinct tendency and therefore the
approach of a Reynolds number independent 14k
was recommended for routine tank work. A need
for a more fundamental approach in the form
factor procedure was expressed to resolve the
several practical problems involved.

2.3 Practical guidance

In reviewing the use of form factors in routine
tank work it becomes clear that despite the
merits of

reducing the dispersion in the

correlation, a new factor of uncertainty is
introduced which appears t¢ be a nuisance in
many test programmes. Most of the uncertainty
arises from the problem pf’ how 14k can be
determined accurately from low speed resistance
measurements. Since 14k may vary considerably
from one hull form to another, even when forms
of equal principal dimensions and equal global
form coefficients are compared, there 1s not
much prospect for using statistical
formulations of the form factor because then:
effects

of the individual hull form are

ignored. Correlation analyses in the past have
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shown that individual experimental form factors

are to be preferred from an accuracy viewpoint.

On the other hand the statistical evidence is

not such that statistical formulations of 14k
are to be rejected for ordinary ships in many

cases.
Below several cases are considered where a
consistent approach in the form factor choice
is most important:

2.3.17 Hull form optimisation testing

Since form factors are difficult to determine
with accuracy in some cases, there is a danger
in & particular case that a wrong conclusion
mav be drawn about the effect of a given hull
modification. Thus there is an argument that in
order to avoid the occasional serious error of
conclusion resulting from this, it 1is better,
to use a

at least in an initial analysis,

constant form factor, even though it is
realised that the modification, if intended to
reduce viscous resistance, is changing the form
factor. In the event that the modification is
clearly affecting only the wavemaking, then a
constant form factor is appropriate of course,
even though errors in determining the factor
may suggest a difference. If the modification
is safely judged to be indifferent as regards
other

the wave making, wave breaking, and

components of Reynolds number independent
pressure resistance, the difference in form
factor can be determined from test points at
higher Froude numbers under the approximation
that the wave resistance is equal for both

variants:

ky-kp = (Rp1-Rpp) 05V2Cpy
It is therefore concluded that if hull form
changes are studied, the predicted power
savings could be judged first on the basis of a
constant form factor. Well chosen form factors
should eventually be established and introduced
to make an accurate prediction of the absolute
level.

2.3.2 Optimum Trim and Draught Variation Tests
A similar problem exists when small changes in
the draught and trim are studied by model
Strictly

experiﬁents. speaking, for each

condition a new formm factor should be
established, but also here the uncertainty in
determination may hanmper

the form factor

consistency in the results obtained. Moreover
the assumption of equal wave resistance is

certainly not true here and effects of bulbous

become

bow and immersed transoms may

predominanp. The choice of the form factor
should be made with great care, taking into
consideration that, if the bulbous bow is well
immersed and there is no transom effect, 14k
should vary smoothly in relation to the draught
or trim.

It is concluded therefore, that for this type
of model testing, the form factors can be used
only if their mutual relation is well preserved
by cross fairing and proper interpretation of
typical resistance phenomena such as bulb waves
and transom immersion.

2.3.3 Tests in which Flow Apparently Present
First of all it is of utmost importance that
the occurrence of flow separation is detected,
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eg using hot film probes [1] or visual
techrriques. This is a separate problem, not
discu{:sed here, but an assessment of scale
effects should be considered because,
particularly at low speeds, separation may be
more excessive and unfortunately the low speed
points are those used to determine the form
factor. The issue of whether or not a scale

effect on the additional drag induced by

separation is present will be a matter for

careful consideration from test to test,

Definite rules are difficult to give but a few

general guidelines can be drawn up:

- Much depends on the interaction between
stern flow and the propeller action. If
this seems to be present, e.g. if 1+k from
the load variation test differs
essentially from 1+k from the resistance
test, the 1+k derived from a combination
of a load variation test at one speed and
a pr6pulsion test can be considered for
the extrapolation. In an evaluation of
form factors Lauro and Miranda [2] have
included 14k values derived from
propulsion and load variation tests. They
come to the conelusion that it is
worthwhile to explore further the benefits
of form factor determination from
propulsion and load variation tests.

- Twisting of boundary layer flows on
relatively slender forms is a common
phenomenon, sometimes referred to as a
form of separation. Experience with this

type of flow and hull form shows that the
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form factor method is adequate to account
for the attendant viscous pressure drag
and no special steps need be taken.

On very  bluff forms  however the
separation-type phenomena are of a
somewhat different nature, giving rise to
high viscous pressure drag. Part of this
so-called separation drag coefficient can
be constant with Reynolds number change
and hence, whilst the remaining part way

be extrapolated by a form factor in the

usual way, the effective overall extra-

polation should be equivalent to using a
form factor less than that determined from
léw speed tests to avoid an overly
optimistic powering prediction. Given this
dilemma, a form factor might be used which
is derived from full forms which do not
suffer from severe separation problems. At
least in this way some consistency is
preserved. See also discussion by Minsaas
of [3].

Some ships have very simple forus,
resulting in chines, knuckles, holes,
protrusions and mis-aligned appendages.
Sometimes skegs are off-set to improve
steering performance or course stability
in towed operation. 1In all these cases as
with the separation on the full ferm ship,
the form factor to be wused in the
extrapolation of model test results should
be lower than that according to the low
speed resistance test. As a first

approximation a statistical form factor



for a streamlined hull form of the same

main. dimensions and form coefficients may

be used.
2.3.4 High Speed Craft
The presence of deeply immersed transoms when
at rest and the multitude of various appendages
poses problems which are typical for this class
of vessel. Next to the form factor problem is
the influence of the Froude number on the area
of the wetted surface and the velocity defect
under a planing craft. By convention, tests on
such craft are extrapolated without a form
factor.
Another problem is to obtain a reliable form
factor from the low speed tests for a transom
type ship, which might be considered a med ium
speed vessel e.g. a frigate, in a condition
where the transom does not clear. A current
practice is to do either an additional low
speed resistance test with the model
sufficiently trimmed by the bow specifically
for Vthe form factor determination, or to
estimate the additional drag caused by the
transom immersion by means of an empirical
‘formula. Some good correlations have been
obtained with this approach and confidence is
gained when the form factors obtained by both
procedures agree. Fortunately, the effect of
inaccuracy in t+k is rather small for this type
of ship.
2.3.5 Ships with Streamlined Flow-Oriented
Appendages

This is - an important issue and a separate

section, II.5, later in this Report, is devoted

to the problems.

2.3.6 Special Devices

Nowadays much research work is undertaken in
the field of energy saving devices, e.g. of
various types of duct, fin, stator and rudder.
The scale effects on these propulsive elements
must certainly be accounted for separately.
Apart from the scale effects on the action of
the element itself there is the consideration
as to whether or not there is influence on the
flow along the hull. Some devices are
intentionally designed to affect flow. This

factor

would require 'ultimately a form

adaptation because, essentially, the viscous

hull resistance is affected and some greater or
smaller part of the power gain is caused by
this effect. It is, however, extremely
difficult to determine reliable form factors
due to the complexity of the device. Most
probably, the best form factor estimate can be
made by the assumption of equal wave resistance
at higher speeds at equal Froude number when
results

comparing load variation test

extrapolated to the zero thrust condition.
Since the devices show a great variability each
case has to be judged individually.

2.4 Fundamental issues on form factors

A better understanding of the form factor
concept can only be achieved when the funda-
mental problems associated with the form factor

are treated in depth as suggested by previous

Conferences.
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2.4.1 Effect of Reynolds number
Current form factor methods assume that the

form factor is independent of the Reynolds

number. Significant data from various
experimental facilities suggest that this
assumption, while very convenient from the

practical stahdpoint, may not be correct since

viscoué pressure resistance may not be a
constant fraction of the frictional resistance
over the entire range of Reynolds number
covering both the model and full-scale ship.

A systematic effect of the Reynolds number is
not detected, however, in much of the available
experimental data because surface tension and
stern flow separation cause an increase in
resistance, which in turn causes an inérease in
the form factor for the smaller model sizes.
Our knowledge in the area of viscous flow and
separation and its relation to viscous resist-
ance of an arbitrarily given ship hull form as
a function of Reynolds number is still not very
satisfactory. Moreover, there is a- lack of
experimental data at high Reynolds number, thus
preventing us from making any conclusions
regarding the effect of Reynolds number on the
form factor. The general assumption that the
form factor is indevendent of Reynolds number
can be used for routine work in predicting
full-scale resistance from model test data.

It has also been found that the form factor
increases with an increase in model size, which
may be attributed to the presence of laminar
flow during tests with small models. Since

laminar flow may cause too low a value for the
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form factor, resistance test data at very low
speeds should be judiciously scrutinized. For
all speeds the effectiveness of the turbulence
tripping should be preserved, a matter of
interest particularly for testing small ship
models.

2.4.2 Effect of Froude number

The effect of the Froude number on the form
factor cannot be determined without an
extensive model testing programme on geosim
models.

At past Conferences the validity of Froude's
After performing wave

law has been questioned.

analyses it was found that considerable
differences did exist in the wave pattern
resistance.

This fact alone may suggest a speed effect on
form factor. However, changes in sinkage, trim
and wetted surface méy be responsible for the
major part of variation of form factor with
speed.

If the wave resistance coefficient of two
models, 1 and 2, which are different in size,
is the same at equal Froude numbers, the form

factor at various speeds could be obtained

from:



2.4.3 Effect of surface tension

Professor Maruo and his associates studied
surface tension effects on model resistance.
Consistent differences were found to be present
between the resistance data collected with
intact surface tension and those collected with
surface tension reduced by applying surfactant.
It was observed that bow wave breaking was
significantly less prevalent with lower surface
tension and as a result the total resistance
- was decreased. This indicates that the value
of the form factor was also reduced. It was
also noted that surface tension effects caused
a significant increase in resistance for
smaller models.

Bogdanov et al (1989) have shown that for ship
models larger than 6 metres in length, effects
of surface tension may be neglected.

2.4.4 Effects of tank blockage

The tank blockage effects is also a factor to

be considered when determining the form factor.
A blockage correction must be made before the
form factor is determined for a specific model

tested in a particular towing tank.

According to Millward, whose results are
referred to in Section II 9 of this report, the
error made by using the form factor measured in
the normal debth of water in a towing tank as
the deep water form féctor is not more than 0.5

per cent.

ship models.

3. PROPULSION TESTING

Experience with the ITTC-1978 method or some
elements of it has been reported in open
literature. In [Y4] Nawrocki presents the
results of a series of geosim tests of a high
block ship in comparison to full scale results.
The model tests results were analysed by means
of the ITTC-1972 and the ITTC-1978 method. The
scale factors ranged from 24 to 180 and
involved 4 models from 1.56 to 11.9 m in
length. The results of the resistance tests
showed that good agreement was found beﬁween
the results of the -largest three of the four
models if the ITTC-1978 method was used, the
results obtained with the smallest model were
left aside as being too inaccurate. Propulsion
tests were carried out with the two largest
In the tests the unloading force
effect of the

was equal to the scale

resistance. This implied that in the ITTC-1978
method the propeller load was comparatively
light and this raises the question of whether
the thrust deduction was measured with the
required degree of accuracy. Good agreement
between the effective wake fractions of the two
models was reported. The same holds for the
speed power relation in connection with the
results of the full scale trials. In the paper
it is concluded that the minimum size of a ship
model of this form is governed by the flow
conditiéns and the avoidance of laminar flow.

In [5] Mewis shows that the use of the form

factor in hull form variation experiments leads

to erroneous conclusions as regards the choice
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of the best hull form. The difficulties
encountered in assessing accurate 1+k figures
from the experiments hamper a proper comparison
being made from a number of tests with a
modified form. Mewis' conclusions are well in
line with the guidelines for the use of form
factors included in this report of the Powering
Performance Committee.

In [6] it is pointed out that for the self-
propulsion point of the ship the conditions do
not matech those on full scale. Model
propulsion tests ought to be carried out at an
arbitarily chosen 1load between the -self-
propulsion point of the model and that of the
ship.‘ In a following paper, [7] an interesting
proposal is made to make the ITTC-1978 method
consistent as regards the possible effect of
the propeller 1load on the effective wake
fraction and the thrust deduction. Moreover,
it is proposed to replace the simple assumption
that the wviscous component of the effective
wake fraction is proportional to the viscous

resistance coefficient, by a more ratiocnal one.

Cen and Lin introduce as a wake scale rule:

wgzWg + (Wy=wy) H Cyo/HpCon )P (14/ ToCrpy)
QT

Here H 1s the boundary layer shape parameter
defined as, H=1/(1-u.1ufcv) and n is an

coefficient

empirical depending on the

propeller arrangement. For single screw ships
the value n=0.6 is proposed. The authors claim
improved correlation and a practical: substitute
to define more accurately loading effects in a

consistent manner, thus making the loading
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during the self-propulsion test of an arbitrary
nature. It will be of interest to verify the
empirical coefficients from some load variation
tests and to check statistically the accuracy
of the

predictions by an analysis of a

sufficiently large sample of correlation data.

In [8] Grigson has made a correlation study of

model experiments with full scale measurements.
In the latter, the speed through the water was
measured with thé Dutchman's log. Supported by
a review of the accuracy, the author gives a
re-appraisal of the Dutchman's log for large
ships in mid ocean. Grigson concludes that due
to uncertainty of the correlation allowances
for ecodomical light ballast conditions, full
scale trials as presented should be carried
out . In the presented study the ITTC~1978
method has been used with some adaptations as
regards the form factor, the hull roughness
formulation, the propeller roughness effect and
the effective wake scaling. The analysis
points to a substantial increase of the

propulsive efficiency with increasing trim in

iight ballast.

Another method to measure the performance of a
ship underway is the methodology of Abkowitz

and Liu. In [9] they system

apply a

identification technique to the propulsion

characteristicsA of a ship. The procedure
involves the acceleration/deceleration of the
ship and the instantaneous recording of the
propulsion parameters - speed through the
water, torque and propeller rotation rate. The

heading and rudder angle are measured also,
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windmilling propeller for a period. The

authors thus determine from the zero thrust
condition the true resistance of the ship using
a calculated correction of the drag of the
Application of this

windmilling propeller.

method aboard the Exxon Philadelphia has
produced results which could be compared to
some morel test data. T+ appears that the
thrust deduction factor t and the effective
wake fraction of the actual ship are 0.296 and
scale these

0.256, respectively. On model

figures zre 0.216 and 0.384, This points
towards an extremely large scale effect on the
null efficiency. It will be clear that moré
experience with this method should be gained
before an evaluation of its practical use can
be made. As 1in all methods the accuracy
depends on the accuracy of the instrumentation
and the accuracy by which these instruments,
can be

here the standard ship instruments,

calibrated and validated.

Another novel technique by which the propulsive
characteristics can be determined 1is ‘the
procedure of Schmiechen. In [10] a brief
outline of the procedure 1is given with an
application on the model scale. The procedure
involves the instantaneous measurements of the
propulsion parameters in a quasi-steady test.
The Powering Performance Committee would like
further explanation of this proposal especially
concerning its implementation. Nevertheless,
the Powering Performance Committee has the

opinion that this method should be tried and

evaluated in order to see if by this method
more accurate predictions and a sound basis for
the design of propulsors can be acquired.

In [11) S.I. Yang utilises the propeller load
variation test in the optimisation of hull
In a similar manner the same author

forms.

employs the 1load in the

variation test
determination of the required propulsive power
for a ship in waves, [12]. The wave and wind
added resistance is incorporated in the load
variation test and the effect of the added drag
on the propulsive efficiency is automatically

taken into consideration.

Goranov et al, [13] found that in measuring the

propulsive performance characteristics over a

range of static trims, the propeller load

variation test was useful. In this test

programme, the variation of the form factor as
determined from the load variation test was
similar

also determined. Results of a

programme to determine effects of trim are

reported in [14].

In a working paper [15], summarised in [16],
Grigson has demonstrated that the traditional

concept of analysis of the self-propulsion

experiment is insufficiently accurate when

dealing with results of model tests on full

forms. By analysing the propeller 1load

variation tests Grigson observes that the

characteristics of the propeller open water
propeller

test cannot be matched to the

characteristics as measured in the behind

condition by assuming a constant effective wake

fraction. 1In other words, the wake fraction is
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highly dependent on the propellér loading.
As in a previous paper, Grigson addresses the

problem of the proper value of the unloading

force to be applied in the model propulsion
test. By dimensional analysis of the kinematic
similarity of the flow around the propeller, a
condition is advocated which implies equal J
and almost equal K as well. This concept
leads to simple scaling rules for the propeller
rotation rate, the towing force and the thrust.
It involves, however, propulsion testing with a
propeller which is underloaded from both the
viewpoint of the conventional self-propulsion
point of ship and from the viewpoint of the
propeller hull interaction.

As to the of propellers and

interaction
rudders, results of a systematic experimental
study were published by Stierman, [17]. For
several rudder configurations (t/c=0.12 and
0.18 and three propeller rudder clearances) the
effects of the rudder on the propeller thrust
measured in

and torque coefficients were

combination with the longitudinal rudder force.
The full range of practical pitch ratios and

covered in the

propeller loadings were

experiments. The polynomial representation of
the results facilitate their use in parametric
studies. *An important future prospect for
model ship corrélation is to derive a more
accurate formulation of the effective wake
fraction because, by means of the presented
formulae, the rudder effects on the classical
propulsion factors, w, t and n, can easily be

determined.

248

y, CORRELATION STUDY BY MEANS OF THE ITTC-
1978 POWER PREDICTION METHOD

4,1 Introduction

A statistical model-ship correlation study has

been made using the ITTC-1978 method. In this

study attention was paid to:

The scaling of the appendage drag by means
of the form factor concept and the Beta
factor method.

- Testing the level and scatter in the power
prediction if an alternative roﬁmulation
for the effect of the hull roughness is

introduced. .

- The introduction of a correlation
allowance.
- An examination of the effect of the

introduction of a Froude number influence
on the form factor.
A sample of 217 ship trial measurement points

and the resistance and

corresponding model
propulsion tests were analysed and reported in
1983 and 1985 [18, 19, 20). The trial data and
model test results were taken from the files of
MARIN and included all kinds of new single and
twin-screw ships. The trials were run in the
period 1970-1989. The sample incorporated the
greater part of a sample analysed in 1983 and
1985 Reports [18,19,20].

The sample covered 144 data points of single-
screw ships and 73 data points of twin-screw
ships. As in the correlation study carried out

in the period 1983-1985 the scale effect on the
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appendage déag was accounted for in most cases
by applying the form factor to the resistance
test results with all appendages fitted. In
Performance

the report of the Powering

Committee o( the 17th ITTC it was shown that
this procedure leads more or less to the same
average level of the power correlation
coefficient CP for twine-screw and single-screw
ships. Also some calculations were made with
the Beta factor method to account for the scale
eftect on the appendage drag.

In Ll anaiysis the power correlation
coetticient Lp, the rotation rate correlation
at speed identify CN and the rotation rate
correlation coefficlent at power identity Cyp
were calculated. These coefficients are the
ratios between the wvalues measured at full
scale and the values predicted from the model
experiment.

In the table below the results of the previous

and the present correlation analyses are shown

in per cent:

Comparison of the statistical results shows
good consistency. The difference between the
average levels of the propulsive power
predicted for single and twin screw ships
(which was 3.6 per cent in the 1983 sample)
reduced to 2.5 per cent. The small changes in
standard deviations .and average values are
considered the result of natural variation
rather than a reflection of a long term trend.
The large overlap in the two samples, the short
period involved and the limited sample size
prevent any of these trends being ascertained
from the present data.

4,2 Scale Effect on Appendage Drag

The first specific item dealt with was the
scale effect on the appendage drag. A commonly
applied method is the Beta factor method. In
this method the appendage drag measured on
model scale is reduced by multiplication with a
factor Beta prior to scaling the resistance of
the appended hull; In this study the full Beta

range from 0 to 1 was examined.

Single Screw Twin Screw All ships
old new old new old new
Sample size 135 144 55 73 190 217
Stand. dev. 6.9 7.0 7.9 8.7 T.4 7.7
C
P
Average 101.9 101.0 98.3 98.5 100.8 100.2
Stand. dev. 2.7 2.5 3.5 3.7 3.1 3.1
C
N average 100.5  100.3 99.2 98.6  100.1 99.7
Stand. dev. 2.0 1.9 2.1 2.2 2.1 2.1
Cnp
Average 99.9 100.0 99.9 99.2 99.9 99.7
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The resistance of the hull was extrapolated by
means of the form factor derived for the bare
hull. The results are shown in Fig. 4.1 where
Cp apd the standard deviation of Cp are plotted
as a function of Beta.

Apparently, for Beta equal to 0.44 the average
Cp coefficient of single and twin screw ships
agree for this particular sample. This
corresponds almost perfectly to the Beta value
where the standard deviation of the sub-sample
of twin-screw ships attains its minimum. The
next test was to see 1if a more accurate
prediction could be made on average by using
Beta=Cpg/Cpp

with the best

in compafison possible

empirically chosen constant Beta value:

Single Screw

Average St.dev.
Beta=optimum Cp 101.3 7.1
(here 0.4) Cn 100. 4 2.5
Cyp 100.0 1.9
Beta:ch/CFm Cp 101.0 7.1
Cn 100.3 2.5
Cyp 100.0 1.9

The figures shown in the above table indicate

similar values using Beta as Cpg/Cpp and using
the optimum constant value.

As discussed in Section II.5 of this  Report,
the scale effect on the drag of streamlined,
flow oriented appendages can be. accounted for
by applying the form factor in the analysis of
test results of appended ship models. The
effect of the increase of the form factor,
expressed as pk.F was analysed by varying the
Here Ak is the increase of the form

factor F.

factor due to fitting appendages as derived
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Twin Screw All ships
Average St.dev. Average St.dev.
101.7 8.8 101. 4 7.7
99.2 3.6 100.0 3.0
98.7 2.3 99.6 2.1
98.5 8.8 100.2 7.8
98.6 3.7 99.7 3.1
99.2 2.2 99.7 2.1

from the model test. The factor F was varied

between 0 (no scale effect on

the appendage
drag at all) to 1.5. For F=1 the scale effect
on the appendage drag is/accounted for by the
form factor method in the usual way and the
results in the aforementioned table pertain to
that condition. The viscous scale effect on
the resistance was based here on the wetted
4,2 the

surface of the hull only. In Fig.

" level of Cp and the standard deviation of Cp is

shown as a function of the multiplication

factor F.
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If no scale effect is considered on the
appendage drag (F:O). the average Cp of the
twin-screw ships is about 8 per cent too low.
At Fz1 the difference between the average Cp
values of single and twin-screw ships is
reduced to 2.5 per cent. At F=1.3% the average
Cp of single and twia screw ships agree. Also
plotted are the standard deviations of the
power correlation coefficient Cp. Because the

appendages do not play an important role in

single-screw ships the standard deviation of Cp
hardly varies by varying F. For twin-sorew
ships this 1is different and apparently a
minimum standard deviation of Cp is achieved at
F=1.15, Similarly, the minimum standard
deviation of all the power correlation
coefficients is attained at F=1.25.

The reasonable correspondence between these F-
values suggests that the scale effect on the
appendage drag when accounted for by the form
factor procedure can be successfully applied if
the increase pk for fitting the appendages is
multiplied by a factor F with values in the
range 1.15-1.35. In the following correlation
calculations an F-value of 1.2 was used, thus
adding 20 per cent to  the experimen;ally
determined iﬁcreaée of the form factor due to

The correspondiﬁg

fitting appendages.

statistical parameters are:

Twin Screw All ships

Single Screw

Average St.dev. Average St.dev. Average St.dev.

Cp 101.2 7.0 100.1 8.8  101.0 7.6
Cy 100.3 2.5 98.9 3.6 99.6 3.0
1.9 98.9 2.2 99.7 2.1

Cxp 100.0
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4,3 Change in Roughness Formulation

The analyses with the ITTC-1978 method

presented so far used the original Bowden-
Davison formula. Because this formulation 1is
now known to be not an accurate hull roughness
penalty predictor correlation analyses were
Bowden-Davison

made with the formula of

replaced by the formula of Townsin et ail,
[21,51].

This formula reads:

3
10°8¢p = 44 [(aHR/L)/3 - 10 Rm1/3] 4 0,125
Unfortunately, the available sample of ship

trial data does not include roughness
measurements and so an average hull roughness
(AHR) of 150 ym was adopted, thus conforming to
the standard figure used in the original ITTC-
1978 method. The use of an average value of
AHR for the whole sample would be permissible
only if the hull roughness is not correlated to
the main dimensions of the ship or any other
relevant parameter in model-ship extrapolation.
The conclusions rely therefore on this implicit
assumption. Because of the absence of
roughness data in the correlation study it was
examine similar

considered useless to

alternative formulations for the hull roughness

effects as reviewed in e.g. the report of the

17th ITTC Powering Performance Committee. The

statistical check therefore serves mainly two

goals:

- A check of the average level of the power
predicted by a physically more justified

252 roughness penalty predictor.

- A check of the standard deviation of the
model-ship correlation coefficient as a
result of the introduction of a Reynolds
number influence in the hull roughness
effect.

As regards the second point it is notgd that it

is not only the formula of Townsin et al which

includes an influence of Reynolds number: all
alternative formulations express an increasing

ACp with increasing Reynolds number, whereas

formula

the Bowden-Davison supposes ACp

independent of Rp.

Below are the average values and the standard
deviations of the correlation coefficients of
all the ships in the sample in per cent:

St .dev.

Average
CP 109.2 10.5
CN 101.4 3.5
Cyp 98.6 2.1
These figures show that by inserting the

formula of Townsin et al both the average level
and the accuracy of the power prediction is
affected significantly. Apparently, the level
of the power predicted reduces by about 8 per
cent due to the lower levels of the ACF values
found from Townsin's formula.

The increase of the scatter in the power
correlation - coefficient Cp suggests that the
Reynolds number effect in the roughness penalty
prediction formula of Townsin et al is opposite
to some trend in the data. It was ascertained
earlier that some trends with regard to speed
and/or length were hidden in the power
correlation coefficient Cp if the data are
analysed by the original ITTC-1978 method, [3]

see earlier.
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.4 A correlation allowance additional to
roughness effects.

Apparently, the correlation data requires that
an additional model-ship correlation allowance
is used in combination with the roughness
allowance to preserve consistency and accuracy
in the extrapolation of model test results.

A statistical analysis was used to test whether
the speed influence in the model-ship
correlation is depending on Froude number or on
Reynolds number. In addition an attempt was
made tc formulate a correlation allowance with
the best possible combination of speed and
length.

For the ITTC-1978 method with the appendage
drag scaled by the form factor, including an

increase of the change in 1+k by 20 per cent,

The coefficients A, B, C and D were determined
such that the standard deviations of the power
correlation coefficient Cp attained their
minimum value. The coefficients Cy(1), Cp(2)
and CA(B) are chosen such that the average Cp
corresponds to the value found in the original
ITTC-1978 method. The correlation allowance Cp
was determined from thé correlation sample with
both single and twin screw ships.

These data show that a Reynolds number
correction as in formula (4.1). is more
effective than a Froude number based
correlation allqwance to reduce the standard
deviation of the Cp coefficient. Even better
is the third formula insofar as it reduces the
standard deviation of Cp almoét to the 1level

obtained with the original formula of Bowden-

and Townsin's formula substituted for that of Davison.
Bowden-Davison an analysis was made by
investigating:
CpzCp(1) + Log (Ry) x A ..... v (41
CA=CA(2) +FpXx B Loiiiieees el (802)
CasCa3) x Ve x LD Ll (%.3)
(V in m/sec, L in m)
Average St .dev. Optimum Coeff.
Cy depending on R, 'Cp 101.0 8.3 Cp(1) = 0.00568
Cy 99.8 3.1 A = =0.0006
Cyp 99.7 2.1
Cy depending on F,  Cp 101.0 9.9 CA(2) = -0.00024
Cx 99.6 3.3 B = 0.002
Cnp 99.8 2.2
Cp depending on Cp 101.0 7.7 CA(3) = 3
L and V Cy 100.0 3.0 C = =1.4
Cyp 99.8 2.1 D = -1.3
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In the ITTC-1978 method the substitution of a

theoretically supported hull roﬁghness penalty
predictor is only successful if accompanied by
the introduction of a model-ship correlation
From the

allowance of an empirical nature.

data base studied the following correlation

allowance was established as the most accurate
of the three for use in addition to the hull
roughness penalty prediction formula of Townsin

et al:

Cp = 3y=1-8 1 =%3 (v in m/sec, L in m)

The choice of the form of eqns. 4.1-4.3 has a

certain arbitrariness and subsequent

calculations have shown that expressing C, as a

function of Rn raised to a power 1is also

effective.

C
Aver,

ITTC~1978
Bowden-Davison

No Froude effect
on l+k

With Froude effect
on 1+k

101.0

100.1

ITTC~1978 Townsin et
al and derived correl-
ation allowance

No Froude effect

on 14k

With Froude effect

on 1+k

101.0

99.8
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4,5 Froude number influence on form factor

The next study was to examine how the level and
the spread in the CP figure changed if a
certain Froude number influence on the form
factor 1+k was assumed. To this end the
following Froude number effect on the form
factor, as derived by Holtrop from a random
sample of 399 model resistance tests, [221, was

introduced in the extrapolation of the tests:

Fpy Y F, Y
0.100  0.9300 0.35 0.5625
0.125 0.9395 0.4  0.3800

©0.150  0.9513 0.4  0.2844
0.200  0.9500 0.50 0.2200
0.250  0.8744 0.60 0.1000
0.300 0.7500 >0.8 0.0000
14k = 1+Y k(0)

P
St.dev. Aver.

7.6

7.5

(R
7.6

Here 1+k(0) is the form factor of the bare hull

as determined from low speed resistance

measurements by Prohaska's procedure.

C Cyp

N N
St.dev. Aver., St.dev.

99.6 3.0 99.7 2.1
99.4 3.0 99.8 2.0
100.0 2.9 99.5 2.2
99.7 2.9 99.7 2.1
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Apparently, the introduction of a Froude number

influence on the form factor reduces the
standard deviation of the power correlation
coefficient by about 0.1. Because this Froude

number effect on 1+k was derived from model
experiments only "and independently from full
scale data the reduction found in the spread of
Cp, though of minor magnitude, is considered
important for further analysis and its
significance should be checked statistically.
It is noted that for ships with appendages the
Froude number effect on the form factor was
extended only to that part which reflected the
hull shape form effect.

4.6 Conclusions

From this correlation study using the ITTC-1978
method it appears that the scale effect on the
appendage drag can be well accounted for by
either the Beta method or the form faetof
method with equal accuracy in the prediction.
The analysed data sample suggest either a Beta
value of 0.4 or an increase of the form factor
for the appendages increased by 20 per cent.
The differences in acqﬁracy with the wusual
values for Beta and the more common form factor
approach‘are however quite small.

The Bowden-Davison formula can be replaced by
the formula of Townsin et al, but then an
additional correlation allowance has to be
added to achieve the same level and certainty
in the ©power prediction. A suitable

correlation allowance was derived from the

analysed sample.

The correlation data suggest that a minor
improvement of the accuracy could possibly be
certain

obtained by the introduction of a

Froude number influence on the form factor.
The effects are however quite small and further
research in this area is needed before such a
Froude number influence can be adopted.

5.  SCALE EFFECT ON APPENDAGE DRAG

Since the time of Froude it is recognised that’
effects are on the drag of

scale present

appendages fitted to ship models. Since then
it is customary to scale only 50 per cent or 60

per cent of the measured model appendage drag

in order to account for scale effect. The
fraction of the appendage drag being included
in the extrapolation to full scale is usually
Beside this

referred to as the Beta factor.

procedure there are other methods with

comparable or even better accuracy. In
addition, the case should be considered where
the characteristics of the scale effect on the
appendage drag is less obvious e.g. when
appendages are blunt or not well aligned to the
local flow.  Also the matter of accurate
measurements of the appendage drag on model
scale should be addressed.

In the case of well-streamlined, flow-oriented
appendages fitted to a ship there are four

principal ways to predict the full scale

resistance:
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- Extrapolation of the resistance of the
bare hull to which a fraction Beta of the
model appendage drag has been added. For
Beta a constant value in the range 0.4-0.7
is wusually applied. Alternatively, the
measured appendage drag can be scaled by
some friction formulation depending on the
Reynolds number based on an equivalent
length of the appendages.

- Addition of the theoretically computed
resistance of the appendages to the
resistance obtained by extrapolation of
the bare hull resistance test results,
[23].

- Application of the form factor concept to
the results of resistance tests with
appended ship models.

- Caleculation of the scale effect on the
appendage drag by a theoretical method and
reduction of the model resistance measured
on an ;apﬁended ship model by this scale
effect prior to scaling.

In the Report of the Powering Performance

Committee of the 17th ITIC some of the merits

and disadvantages of three of these methods are

reviewed. A positive point for the first and
two last methods is the experimental basis by
which the complexity of the flow is represented
on the model scale, Moreover, effects of

unwanted misalignment are accounted for in a

reasonable manner, in particular if the scale

effect on the appendage drag is calculated by
the last method for well oriented apbendages.

It is expected fhat induced drag caused by mis-

alignment is not subject to scale effect and
256

then the procedure of the last method: 1is

important. Then only that part of the
appendage drag is considered which is related
to the frictional drag of the appendage.

A prerequisite for the first and two last
methods is that local flow conditions at the
appendages should be made representative of
those on the full scale ship. This refers
particularly to the type of boundary layer on
the appendages, the scale effect in the local
flow field upstream and a properly represented
propeller action, if relevant. This leads to
the conclusion that testing appendages on model
scale is appropriate only if sufficiently large
model sizes can be used. It further emphasises
that determination of form factors from low
speed test points on appended ship models is
hazardous and that testing appendages which are
fully embedded in the boundary layer on the
hull may lead to doubtful results as regards
the drag of these appendages. It further
suggests that it is worthwhile to consider
turbulence tripping at the leading edges of the
appendages. The second method does not require
these prerequisites, but then the problem of
the accuracy of the calculations and the
assumptions about the flow field just upstream
of the appendages are limiting factors.
Available calculation methods, of which some
have been reviewed by the High Speed Marine
Vehicle Committee of the 17th ITTC, are known
to be inaccurate, particularly for exposed
raked shafts, Because, in testing ship models

with respect to propulsion, most of the

appendages cannot be dispensed with, no further
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attention is paid to the computational

procedures.

As regards the empiricai methods, either based
on the form factor concept or on a separate
scaling of the appendage drag by the Beta
method, the distinction should be made whether
or not there will be scale effect on the
appendage drag. Blunt appendages with
separation of flow will behave differently from
those which are streamlined and flow oriented.
The first type will show an appendage drag
depending on the speed squared, whereas the
latter are subjected mainly to frictional drag
and therefore the resistance of these
appendages will depend rather on the speed to
the power 1.8 approximately. In [24] an
attempt was made to discern between these two
types of appendage by plotting the appendage
drag coefficient Capp_m on the basis of the
friction coefficient of the hull Cpp. The
scatter in the data prevented, in most cases,
the establishment of a proper relationship
between Capp-m and CFm' For the f‘om factor
method, it is essential that the increase of
the form factor Ak for f'itting appendages is
established because of thej extrapolation of the
test results with the appended model. If the
resistance components are made non-dimensional
by using the bare hull wetted surface area the
following approach can be made:

Ak = 0

(For blunt appendages with separated flow)

Ak = (Cm(appended)-cm(bare hull))/Cpp

(streamlined appenda.g’es)

The first rule supposes that scale effect is

absent, whereas the second supposes that the
appendage drag is proportional to the
frictional resistance of the hull over the full
range of Reynolds number and that the wave
resistance of the bare hull and the appended
model are the same. .Both rules have their
limitations. At low Reynolds numbers the
appendage drag may be affected by laminar flow
and at higher Froude numbers (Fn > 0.4 say)
the wave resistance may be influenced by the
presence of the appendages. The above for-mulae
for the increase of the form factor may be
generalised for a mixture of both blunt and
streamlined appendages. Then in this general
case Ak could possibly be obtained from:

Ak = d(Cqy, (appended)-Cqy (bare hull))/dCg,

with lower limit O and upper limit Ak according
to the rule for streamlined appendages. This
procedure avoids the need for low speed testing
with appended models to determine the form
factor. On the other hand, this procedure
requires that both bare hull and tests with an
appended model are made, as with the Beta
method. If the accuracy of measuring the drag
of the appendages is preserved by using large
models and turbulence tripping at the leading
edges of the appendages, a comparison can be
made with the low speed form factor according
to Prohaska's procedure, as a check.

It is noted that the use of the form factor
method with Ak wequal to the rule for
appendages, is

streamlined flow oriented

equivalent to the use of B = Cpg/Cpp
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For the Lucy Ashton, the values of A Cpg/p Cop
compare with that obtained using B = Crs/Cpp as

is shown in the following table

ACpg / B Copp

MODEL

LENGTH 121 16" 20"

SPEED , ~

KNOTS BOSS* BRCK* B8  BOSS* BRCK®* B  BOSS* BRCK* B
8.0 0.48 0.52 0.50 0.52 0.56 0.56 0.56 0.58 0.59
10.0  0.54 0.51 0.52 0.57 0.56 0.57 0.60 0.58 0.60
12,0  0.57 0.47 0.53 0.60 0.52 0.57 0.62 0.54 0.60

* values of A Cqgq/ A Cpy from Lackenby's paper [25].

In the statistical analysis of a sample of
correlation data (see Section 4 of this report)
it was concluded that using the ITTC-1978
method for this éarticular sample, the lowest
scatter in the power correlation factor Cp was
attained by increasing the Ak values by 20 per
cent if the form factor method is used and by
using values for Beta in the range 0.4-0.45 if
the Beta method is used. These Beta values do
not fully agree with the suggested value of
Crs/Cpp, the latter being rather more of the

order 0.6. Nevertheless, the level of the

scatter in the power correlatﬁon coefficient is:

almost the same for B equal to Cpg/Cg, as for

the optimum value of B.
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6. HIGH SPEED CRAFT - EXTRAPOLATION AND OTHER
PROBLEMS

6.1 Prediction of Ship Performace from Model
Experiments.

At the last ITTC, a recommendation was given to

the Powering Performance Committee that it

should cooperate with HSMVC to develop a method
of power prediction for high speed craft.

Power prediction methods for high speed craft,

following three approaches, are nominated:

- ITTC-1978 method---present method extended
to twin-screw ships.

- Tentative Modified ITTC method---modified
method to account for the special
phenomena of high speed craft.

- Propulsion Test method---this method uses
a suitable tow force including various
scale effects.

In thig section, the first and second are

the third is

described in detail, whilst

explained in the report of the HSMVC.
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The present ITTC method evaluates by specific

equations the scale effects on frictional
resistance, propeller characteristics and
effective wake fraction, and also the

correlation allowance Cj and air vresistance
effect Cpp. The flow diagram of this method is

shown in Fig. 6.1 where all symbols are
referred to the manual in the last report of
the PPC.

As to the applicability of the ITTC-1978 method
to high speed craft which are limited to semi-
displacement or semi-planing boats, the last

report of the PPC concluded that the ITTC-1978

method is applicable with due consideration

given to the physical aspects of the problems

involved.

(Resitance Test) (Seli-Propulsion Test) (Propeller Open Test)

R Ty Qyy Ny =K e Kon
(Hadel PO,
Ca=Cry=Cpyl1+k] . l Hedal P.0.T)
Krue Kon
— Rg, Fp(S.F.C) ——
t=m Jme Kot —08Ky, 8Kg
TH l (Seals E.)
LACTRIE
Crs : Wis—
S+S K
=2%9 _
( 5 {1+k)CFs -jé —*—*——1T———- Js~K1s. Kgs.
Kyg/Jd
+ACe+Cp*Cas }) J1st Kirs. Kors Full Sesls)

r_

(Full SCO'e]ns.Ppg.Ts.OS.PE.nD,T]"
Fig.6.1 Flow Diagrea of ITTC 1878 Method

In previous reports of the PPC [18th ITTC) and
the HSMVC [16th,17th ITTC] the following items
to be considered for high speed craft were
noted:
cavitation effect of propeller
. change of wetted surface area
. effect of shaft inclination
scale effect of the effective wake fraction
. appendage resistance
. change of trim
. validity of the form factor
spray resistance
Among the above ;tems, the last report of PPC

factor approach is

stated that the form
unsuitable, i.e. k=0 and the scale effect of

effective wake fraction is negligible, i.e. WTS
= Wy

(Resistance Test) (Self-Propulsion Test) {Propeller Open Test)
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Fig.6.2 Flow Disgrea of Tentative Modified [TTC 1978 Method
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Based on the above considerations and flow
diagrams in Fig. 6.1 and in reference [26], a
tentative, modified, ITTC method is proposed as

Fig. 6.2 where suffix C means the value in the

cavitating condition. In this method, the
change of wetted surface area is not
considered, because Tanibayashi [27] and
Tsukada et al [28) confirmed that such an

effect on propulsive performance 1is rather
small in the moderate to high speed range.

The upper half of Fig. 6.2 predicts the
propulsive performance in the non-cavitating
condition of the propellers and the lower half
refers to the cavitating condition with shaft
inelination. Although a definite data base is
not given here, one can obtain the propeller
characteristics in the cavitating condition by
cavitation tunnel experiments or according to
Gawn [29], for example.

As to appendage resistance, much more work
should be done including each component and
their interference effects [28], although
Tanibayashi [27] showed that the values of the
appendage resistance coefficient obtained by
experiment and calculation are nearly of the
same order.

Because the data from speed trials and model

(L =  4.0m) of a

pp / semi-

experiments
displacement, high speed passenger boat (Lpp =
23.2m) were published by the Shipbuilding
Research Center of Japan (SRC) [30], the ITTC-
1978 method was applied to that boat in the

following conditions:
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1. Standard condition : ITTC-1957 friction

line, k=0, Wpg = Wpp, AKT=AKQ=O. Cy and
Cpp are considered using the given
equations and appendage resistance is

included in the total resistance.
2. Effect of MKy and OKg : AKp and AKq are
obtained by equations. Others are same as
1.

3. Effect of wTs : wTs is obtained by

equation.
y, Effect of Cpp Cpp=0-
5. Effect of CA : CA=CAA = 0.

6. Effect of Cpp : Cp=0, Cpp = O.

7. Effect of k : k=0.90.

The predicted results [31] are shown in Figs.
6.3 and 6.4, Fig. 6.3 shows the comparison of
delivered horsepower predicted under the above
conditions against ship speed and Fig. 6.4
shows '

corresponding comparison of rate of

revolutions of propeller.
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Fig.6.3 Comparison of Delivered Horse Power
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Predictions under conditions 5 and 6 agree well
with the trial results. It becomes clear that
Cp gives too high a value and the scale effect
of drag coefficient of the propeller blade ACp
becomes negative when the representative chord
length C is less than 0.7398m. Tentative
values, Cp = AKy = 8Kg = 0 and Wpg = Wpp may be
safely assumed for the semi-displacement boat
with small scale ratio. The effect of
cavitation seems small below the speed of 35
knots for this kind of boat according to
reference [28]. The effect of Cyp is also
small.

The tentative modified ITTC method means the
ITTC-1978 method with cavitation influence, in

—

which Cy = OKp = &Kg = 0 and Wpg = Wpy are
adopted. This method should be applied to
various kinds of semi-displacement boat over a
wide range of ship speed accompanying ‘the

cavitation effect.

6.2 Recent work

In order to develop the power prediction method
for semi-displacement high speed craft,
reliable speedrtrial and towing tank data are
necessary. The Shipbuilding Research Center of
Japan [30] reported the improvement of lines of
hard chine type passenger boats with one and
two propellers. fhey showed also the
effectiveness of analysis methods without form
factor between trial and experimental data.
Tsukada et al [28] checked the effects of
change of wetted surface area on the running
condition and cavitation of the propeller with
inclined shaft and on the propulsive
performance, and concluded that these effects
are rather small in the case of the boat
studied and over its speed range, say Fn<1.2,
in spite of the vvariation of wetted surface
area and effects of propeller cavitation.
Tanibayashi [27] also checked quantitatively
the influence on effective power of running
trim and form factor based on the data base of
Nagasaki Experimental Tank, and compared the
appendage re;istance between experiment and
empirical formulae proposed by Hadler [32] and
by Peck [33]. Tanibayashi showed ¢that the
change of effective power is less than 5% even
if the wetted surface area changes by 20% from
the area at rest, and we may take the form
factor k=0, and the experiments and proposed
formulae give the same order of appendage
resistance. Nakatake and Kataoka [31] proposed

a tentative, modified ITTC prediction method

through direct application of the ITTC-1978
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method to trial and experimental data for the
hard chine, high speed passenger boat which is
the samé one as in reference [30]. They
tentatively assumed a form factor k=0,
correlation allowance C, = 0, scale effects of
propeller AKyp = AKQ = 0 and the same value of
effeoctive wake fraction between model and full~
scale boat.

An extensive experimental study on a systematic
series of round bilge hull forms has been
reported. Robson [34]) described the aim and
scope of the project, using 35 models typically
for naval combatants and showed some results on
hull resistancé with emphasis on seakeeping
quality. Sinnema and van Walree [35]
introduced many kinds of software developed and
MARIN, which can

used at predict the

perfbrmance, motions in waves, seakeeping
~ quality of semi-displacement high speed craft,

'SES, catamarans and hydrofoils.

Osumi'and Kih;ra [36] proposed a simple power
‘prediction method for high speed craft‘ranging
from displacement type to planing craft, which
uses only the waterline length and displacement
at rest.

Two - papers features

reported particular

concerning high speed craft. Savitsky [37]
measured the wave form behind the planing hull
stern and gave a regression formula for the

R

wave height on the centre line. Dong and Shao
\[38]'investigated experimentally the effect of
stern trimming plates on resistance and

attitude of  semi-displacement, round bilge

models and showed that appropriate length and
262 ' '

installation angles of trimming plates could

possibly reduce resistance by 3%-10%.

7. HULL ROUGHNESS

7.1 Introduction

The Resistance and Flow Committee (Rfc) also
have an interest in the rough surface drag
phenomenon. It was decided that the RFC would
concentrate on the physies of rough surface
drag whilst the PPC would consider the more
practical issues of estimating the roughness
penalty, especially for new ships and the
implication for the ITTC model to ship
correlation allowance.

The PPC encouraged the setting up of an
International Workshop on Marine Roughness and
Drag under the auspices of the RINA in London
but since this was held on March 29 1990 only'a
few of the papers were available at thettime of
writing this section.

7.2 Measuring Hull Roughness

Hitherto there has been very nearly exclusive

use of one height parameter R.(50) and its

averages, mean hull roughness (MHR) and average

hull roughness (AHR), measured by one
instrument, the original BSRA wall gauge which
developed into the Hull Roughness Analyser.
The procedure for a hull survey has been
standardised and is well known [39].

All authorities agree that for a hull surface
which has deteriorated noticeably in service, a
height measﬁre alone, is inadequate to

correlate with its added drag and some measure

of surface texture is required. Accordingly
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developments of the Hull Roughness Analyser

have been designed in which the stylus

instrument will record the surface digitally
for subsequent statistical analysis either ‘'on-
the-spot' or later in the laboratory [40,41].

Grigson has proposed [42] that the process for

estimating added drag from sample surface

recording be short circuited by taking an

adequate number of surface replicas and

measuring their roughness functions directly in

some suitable 1laboratory rig: the vexed

question of the correlation between surface
roughness

statistics and the consequent

function is then avoided. This procedure may

prove impractical however for routine

assessments under the usual pressure to flood
the dock immediately after painting when curing

is only partially complete.

7.3 Correlation of Added Drag with Surface
Statistics
Townsin and Dey have suggested [43] that for

relatively smooth painted hull surfaces,

characteristic of new ship finishes, Ry (50) and
its averages are adequate to correlate with

their added drag.

By a re-analysis of published studies of

painted surfaces by Musker[4l4], Todd[45],

Walderhaug[46], Johansson[47], Dey[l48], Okuno,
Musker and

Lewkowicz and Nicholson[49],

Sarabchi[50] they also  showed [43] a

corre%;tion between the measured roughness
functions and a roughness Reynolds number for
the generality of hull painted surfaces, Qhere

the equivalent height is given in terms of the

spectral moments mp: ‘
h = m, y my/m,; ceens eqn.'(7.1)
put the spectral moments have to be calculated
with a long wavelength cut-off which itself is
a function of mm, at 50 mm cut-off.
It is shown in ref. [U43] that for the surfaces
with R (50) 230um the correlation of the
roughness function with R¢(50) is as good as
with my ¥ my/my-
7.4 Estimating the New Ship Roughness Penalty
In ref. [43] further support is provided for an
approximate formula previously published [51]:
103acp = 44{ (AHR/L)1/3 - 10Ry=1/3] 4+ 0.125
vees. eqn. (7.2)
The support comes from work by Johansson [UT]
who calculated the added resistance ACp for a
containership and a tanker wusing his own
measured roughness fUnctions;‘from ealculétionq
by Kauczynski and Waldé}ﬁﬁuz* [52] }of

Johansson's tanker, which show that all but the

roughest of their 7 surfaces predict a similar

penalty to that calculated by Johansson and

eqn. (7.2); from recently released reports
[53,54] of tests at MARIN on 9 replicated and
laboratory painted hull surfaces, the smoothest
8 of which, when extrapolated to R, = 109 for a
closely

length of 100m, gave ACp values

represented by eqn.(7.2); and finally, from
work by Baba and Tokunaga [55], who used the
method of Sasajima and Himeno [56] to
extrapolate to a length of 220m at 15 knots,
results of their own rough‘flat”plate tests,
those of Todd [45] and flumeﬂtesﬁs on rough

plates reported by Townsin et él (571, all of
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which when plotted as ACp against (h/L)l/3 were
closely represented by eqn.(7.2).

All the above work confirms for the smoother
painted surfaces the linearising influence of
(h/L)L/3 limited

which otherwise has

theoretical justification; demonstrates the
importance of a Reynolds number influence; and
confirms the level and slope of eqn.(7.2).

7.5 Roughness and the Correlation Allowance
The original Bowden and Davison formula [58],
adopted as the ITTC Correlation Allowance, was
derived from model tests and loaded trials of
10 single screw ships from 15Tm to 267m in
length and with AHR varying from 144 um to 211
pm. Whilst the 10 ships were selected for the
accuracy of the model tests and trials, the
roughness surveys were less satisfactory. This
deficiency 1is explored by Townsin [59] by
adding results from 7 sister tankers [60], one

of which is one of Bowden's 10 ships, and

reanalysing ;heir roughness surveys, which were

contemporary with the surveys of Bowden's

ships.

The reanalysing and supplementation [59]
confirms the level of the ITTC Correlation
Allowance (see fig. 7.1) and the linear trend
of C4 with (AHR/L)1/3, Bowden's formula is a

plausible interpretation of the extended data.
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If eqn.(7.2) is used to calculate the roughness
influence in this case, the remainder of the
generally

allowance,

correlation Cp-LCF,

reduces with increasing Reynolds number, see
Fig. 7.2 from [59], but the data is dispersed,
of the

partly due to the 1inadequacies

roughness surveys.
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Fig. 7.2 has. added to 1it, here, the Reynolds
number dependent correlation allowance, CA-&CF,
when ACp is calculated by eqn.(7.2), and which
was derived from the MARIN data base by the
correlation study reported in section 4.

The ITTC Correlation Allowance C,, which at
present is the Bowden and Davison formula with
AHR set at 150 um, could be replaced by the sum
of eqn.(7.2) for ACp which accounts for the
roughness and

103(Cy - 8Cp) = 5.68 - 0.6 1og Ry | eqn.(7.3)

Eqn.(7.3) is virtually suggesting a small
change in slope of the ITTC extrapolator, In
section 4 it was shown that an improvement on
eqn.(7.3) could be an allowance -in terms of L V
raised to different powers which implies a
small F,, influence; however a small change to
the slope of the extrapolator seems open to a
more reasonable physical argument.

Bearing in mind that the interrogation of the

MARIN data base was without benefit of any

roughness measurements and that the correlation

allowance is only based on a few ships, even
with the supplementation of [59], two issues
stand out clearly:

- the measurement of hull roughness by the
standard procedure should be seen as an
important integral part of any ship trial

- there is a pressing need for more model to
ship correlation

~analysis including

adequate assessment of hull roughness,

The Committee's view is that, whilst the
present Correlation Allowance may be replaced
by eqns.(7.2 and 7.3), no further progress can
be made until the above two requirements for

more roughness and trial correlations have been

met.
The Committee's view is also that, whilst
Fig.7.1 reaffirms the present Correlation

Allowance, (and AHR is put equal to 150 um},
where roughness measurements are available, as
they should be, it would be better to use

eqns. (7.2 and 7.3).

8. SCALE AND ROUGHNESS EFFECTS ON PROPELLER
CHARACTERISTICS

8.1 Introduction

The previous ITTC Powering Performance
Committee stressed the need for further work in
this area because in routine power and rotation
rate prediction on the basis of model tests, an
accurate assessment of these scale and
roughness effects is essential for accuracy.
The current ITTC-1978 power prediction method
incorporates a simple correction rule based on
scale effects on the drag of the section only.
The simple ITTC-1978 method appears to give
unreasonable figures for scale effects when the
ratio situation

scale approaches 1, a

encountered if relatively small full scale

propellers are subjected to model testing.
Moreover, the ITTC-1978 rules for propeller
scale effect ignore the difference in extent of

the laminar flow over the propeller blades at

model scale.
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Essentially, there are two approaches:

i

to control the flow over the propeller

blades by e.g. turbulence tripping, and to

define a scaling procedure based on
turbulent flow.

- to develop a more accurate scaling
srocedure than the ITTC-1978 rules,

accounting in a;better way for the mixed
type cf flow.
3oth approaches require that the scaling rules

incorporate the effect of the different
*eyncids nuzber on the 1ift.

e wriprinz the flow to turbulence, it was
asreluded earlier that such methods should be
-reztesd with care and that these procedures are
rst yet recommended for application in routine
practice.

The most popular turbulence tripping technigue

is the roughening of the leading edges of

propeller blades using carborundum grains.

This stimulation technique has succeeded in

reducing the scale effect on cavitation

inception, but the full scale propulsive

characteristics still can not be deduced

directly from tests on the roughened model

propeller.
In general, as a result. of the turbulence
tripping, the thrust coefficient Kp decreases

and the torque coefficient Kg increases.
The results of model tests with turbulence

scale

still require

stimulation techniques
correction to predict the full scale propeller
characteristics. Unfortunately, such a

correction method is not available as yet.
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The roughness added to the modél propeller
surface increases the propeller section drag
and decreases the section 1lift due to the

decambering effect of boundary layer

stimulation [61,62]. So far there has been no
certain answer for the questions of whether the
drag of a proughened propeller section is the
drag of the turbulent section at model Reynolds
number and of whether the 1ift of a roughened
propeller is the full scale propeller 1ift
coefficient.

The Committee recommends that further studies
as e.g. [63], are carried out and results o:
model tests with turbulence tripping ©ve
correlated to full scale trials to support the
development of a scaling procedure. Another
prerequisite for the introduction of leading
edge roughness 1s a consistent application
technique.

8.2 Influence of R on Cp for Smooth

n

Propellers
The problem of the Reynolds number influence on
the 1ift coefficient C; has been discussed in

several past ITTC PPC reports. Nevertheless,

at present, this problem is far from being

solved.
The collected experimental data, the progress

in calculating viscous flow characteristics

around rlat-pressure profiles and the power of

contemporary computers allow scale effect

evaluation, regarding both Cp(R;) and Cp(Ry)

relationships. A  theoretical method for

calculation of the scale effect including

influence of R, on both CD and CL is presented

in [64].
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The method refers to a flat section hypothesis
and the mutual interaction between potential
outer flow and boundary layer viscous flow
around the treated propeller blade section.
Fig. 8.1 presents calculation results for the
CL(Rn), Cp(R,) relations valid for a NACA-66
az0.8 profile. It is evident that with the
transition from ideal to viscous flow there is
a variation of both dCj/dg and ¢,. It must be
noted, that the above calculations refer to

hydrodynamically smooth full-scale propeller
blade surfaces, i.e., any machining or other
roughness is not taken into account. The main
difference of the above procedure in comparison
with the ITTC-78 approach is that the former
predicts greater scale effect on Ky and ng
coefficients (through consideration of CL(Rn))
and minor scale effect on Cp(R,), whilst
according to the latter the scale effect is
mostly attributed to Kq(R,) variation (through

consideration of Cp(R,) only).
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Figure 8.1 Hydrodynamic character-
istics of NACA-66m Profile
(a =0.8, t/c = 0.5,
6c = 0.0l —~ .—ideal fluid

A similar theoretical approach is presented in
[65] in which is developed a modification of
the familiar Lerbs equivalent profile method
using propeller lifting line theory. According
to the author his 1lifting line equivalent
profile method is theoretically more correct
and moreover it is insensitive to the choice of
the approximate relations and the value of the
equivalent radius needed. Therefore, it can be
used irrespective of the propeller geometry,
loading and Cp/Cp distribution.

In the 15th ITTC PPC report for corrections due

to scale effects on the 1ift Aucher proposed:

where b is a function of c¢/D, Z and Jy.

Another approach formulated in the'Report is to
determine ACL separately, and further to derive
anin AKTL and AKQL corrections using the
The main disadvantage of

obtained ACy value.

the above approach is the difficulty in
obtaining correct ACL values.
On the basis of the theoretical calculations,

performed in [66] it seems possible to obtain a

direct practical equation for the ACy,
correction [62], for a family of profile
sections. Making an approximation to the

results from systematic calculations a
formulation is proposed in [62] for ACy, for
this specific series of profiles, The
approximations are valid for profiles with mean
line NACA-66, a=0.8 and thickness distribution
NACA-66-m  and

0<t/c<0.10,  0<60€0.03, -

0.1<C;<0.3, Rn>10%. ACp is given by:

8C, = Crg - Crm
267
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equations
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Ls amd ch are calculated from

involving viscosity and profile thickness
allowances on both lift curve gradient and zero
1ift angle. Solution of the equations 1s

facilitated by an equivalent profile

assumption.

Thrust and torque corrections are calculated by

the formulae proposed in [4]:

pKpp = (0.733 + 0.132 J2) Z (e/D)DCL/A .. (8.3)
MKy = (0.117 + 0.021 J%) Z (e/DIDCy/A .. (B.4)
where A = /1.0 % 0.180 (F/D)°

Finally full scale propeller hydrodynamic
characteristics are derived:

Kpg = Kpp - (8Kpp + AKpp) v (8.5)
Kgs = Kgm - (8Kgp + 8Kg) ... (8.6)

The corrections AKpp and AKQD are calculated in
accordance with the standard ITTC~78 procedure.
It should be noted that the above procedure
does not take into account the influence of
propeller surface roughness on profile 1lift

coefficients.

8.3 Influence of Full Scale Propeller Surface

| Roughness on Propeller Performance.

As with the problem of relating painted hull
. roughness to the associated drag penalty, the

measurement and definition of the roughness
characteristics of a propeller blade surface
are equally as important as the determination

of the roughness function to which they relate.

Propeller surface roughness has characteristics

different from painted hulls and requires
separate study, see Mosaad [67]. A standard
procedure for measuring average propeller

roughness (APR) has been proposed [68] which is
a radially weighted equivalent to AHR. The
268

same reference also providés a simple method to

estimate power penalties either from
measurements of propeller surface roughness by
stylus instrument or estimates of condition
using a Rubert comparator gauge. Use is made
of Lerbs' equivalent profile method to convert
the enhanced section drag into a power penalty.
The paper alsc discusses the vexed question of
calculating the effect on power of a rough
propeller working behind a rough hull. The
weakness of the work lies in lack of‘rbughness
function data for propeller surfaces to which
need ref, [67] responds.

Valuable experimental information is presented
in [69,70]. Experimental results with rotating
bronze disks having variable surface roughness

are approximated regarding the roughness

function. R

o is adopted as the basic roughness

height parameter.

Using the approximated roughness functions,

theoretical calculations based on Lerbs'

equivalent profile method are made to obtain

the influence of surface roughness on the
propeller hydrodynamic¢ characteristics. The
results compared with the standard ITTC-78

procedure may be summarised in the following

table:
TABLE 1 ng/ng %
Model Full scale
Ra':O Ra=2. 5um Ra=70um ITTC-T78
100 107.3 105.9 102.2 103.2
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The roughness function has been approximated by
the following egquation :
B(hug/v) = 5.2 - 1/K_ln[l + Cy hug/v

+ Cp hug/v exp(-C3 bu,/\})] e (80T
where h - roughness parameter (in this case

equal to Ra)

U, - dynamic velocity in the boundary
layer

v = kinematic viscosity coefficient

¥ - Karman's constant

¢y, Cp, C3 - empirical constants,

characterizing the influence of the

specific roughness.
Constants C; through C3 for different propeller
blades surface conditions are presented in
table 2.
The efficiency of the propeller of a tanker,
"Pobeda", has been calculated using the above
roughness conditions [70]. Additionally,
surface fouling with height h = 4 mm has been
included in the calculations. As a result it
is concluded that the efficiency of the full
scale propeller with roughness conditions in
accordance with table 2 is higher than the

model propeller efficiency because of the

Reynolds number scale effect. Only in the case
with fouled blades is the efficiency lower than
the model efficiency.

Since much of the inspection of propellers is
carried out underwater, the technicians
assessing the surface condition use the Rubert
propeller roughness comparator throughout. The
Rubert ’gauge has becéme widely accepted in
recent years as the most practical field
measurement tool presently available. The
technical surfaces A-F (smoothest-roughest)
have been extensively measured and correlated
with values in Rq, R,, Ry and R, as well as
Musker's h' [68,71L

An extensive literature review with practical

examples of the influence of the machining and

in-service roughness on the propeller
hydrodynamic characteristics are presented in
[72,61,68].

An interesting and extensive study of turbine
blade roughness is reported in [73] by Acharya
et al. This work has direct relevance to
propeller surface roughness but only a limited

of the rough

account of the top ography

surfaces is provided.

TABLE 2

propeller blade surface

condition Ry [um] Cy Cy C3
new propeller, polished
in radial direction 2.50 0.74 -1.042 1.666
newly cast propeller 3.18 6.05 -6.665 1.100
after dry-dock polishing
in arbitrary direction 5.00 0.53 -0.951 1.666
in-service propeller
with cathod deposition 2.55 1.58 0.18 1,110
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\j 9.  SHALLOW WATER EFFECTS ON THE PERFORMANCL
OF SHIPS

Since the 1last ITTC only a few publications

have appeared concerning ship performance in

restricted water and extrapolation of model

test results to full scale.

The influence of shallow water on the nominal

wake and its components is investigated in (74}

for Series 60. The results show that:

- the nominal velocities are reduced with
decreasing water depth, the reduction

being predominant for the axial velocity

component ;

fraction Wd

- the displacement wake

r
(subscript "r" denotes real flow) is found
to increase with decreasing water depth.
The application of potential flow
techniques with account taken of depth
restriction in order to estimate wake
fraction Wdj (nin denotesAideal flow) is
found, Ato be appropriate for the

preliminary estimate of displacement wake

fraction in real flow (see Table 1);

TABLE 1
H/T Wwd . Wd
o 0.114 0.112
2.0 0.127 0.127
1.5 0.143 0.145

The frictional wake fraction Wge is found to be
almost independent of water depth at H/T > 2.0
and subjected to significant depth influence at
H/T <€ 2.0 i.e. has shown an attitude similar to
the form factor dependence on water depth, Fig.

9.1.
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A relation between Cpn and Wp in deep and
shallow water is proposed:

WF_ (1 - WF) (1 +k) CF,

;Fh (1 - WFy) i (1 + ky) CF,
where kp = £(Fp)

Its structure is based on the assumption of
equality of the viscous resistance coefficients
determined by a 3-D extrapolator and from
measurements in the ultimate wake.

An experimental investigation of scale effect
on wake and wake components (displacement Wd,
and frictional WF) at the propeller disk is
reported in [75]. A series of three, fine-form,
geosim models (of Series 60 - Cg = 0.6 hull) to
scales X = 15, 20 and 26 are used. The tests
are conducted at relative depths H/T = «, 2.0
and 1.5. The results show, that in the
transition from deep to shallow water the
influence of scale effect on wake fraction

(nominal and effective) decreases (see Figs.

9.2,9.3) at H/T = 1.5 being insignificant (see

Fig. 9.4).
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Similar tendencies of nominal wake dependence
of scale in shalloﬁ water, are outlined also in
[76]1. The experimental investigation was made
on two geosim models of an HSVA hull, to scales
40 and 33.3, at three relative water depths H/T
= 4,0, 2.0 and 1.5. It is concluded that for
H/T > 4.0 the shoal influence on nominal wake
is insignificant, which allows the
implementation of appropriate ship-model wake
correlation

procedures elaborated for deep

water conditions. Whether any scale effect on

the thrust deduction fraction exists in shallow

water is difficult to appreciate, as reported.

in [77], because of the considerable

experimental scatter.
In ([78,79] the

velocity stability at the

propeller disk in shallow water, is

investigated. Low frequency local velocity
pulsations amounting to 20% of its mean value
in very shallow water, are observed. This
indicates ‘that the

measuring period at

propulsion tests, especially at H/T < 1.5

should be taken as large as possible,
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Miyazawa [80] presents an experimental study of
a bauxite carrier operating in a shallow water
region at full load and in a ballast condition.
The author comments that change of thrust
deduction for full load condition with respect
to the water depth is not monotonic, which
seéms to disagree with the generally held
opinion. On the other hand, in the ballast
condition, the effect of shallow water on
thrust deduction is not obvious. The wake
fraction increases in both full load and
ballast conditions, as depth increases.

The effect of shallow water on the form factor
has been measured and analysed by Millward
[81]. From seven ship models of different form
and fullness, run both in deep and various
shallow water conditions, the form factors were
determined from low speed resistance tests. A
regression analysis provided the folléwing
simple relationship for the increase of the

form factor as a function of the draught/water

depth ratio, irrespective of the form
coefficients and other characteristics of the
hull form:

Ak = 0.664 (T/H)1-72
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0. REVIEW OF VALIDATION

—

Towards the end of 1988 the ITTC Validation

Panel circulated a document [82] to the

technical committees of the ITTC with

guidelines for analysis of the uncertainty in
prediction for typical areas of concern to the
members of the ITTC. According to the Powering
Performance Committee an assessment was needed

of the accuracy of the classical problems of

speed and rotation rate prediction from model

tests.

The task outlined in [82] requires

determination of a confidence range for the

predicted on the

values basis of the

experiments. In the present case the

predictions concern basically two parameters:

- The speed the ship will attain through the
water at a certain power supplied to the
shaft.

- The rotation rate at which this power is
absorbed by the propulsor.

Some work in this area was done by member

organisations [83] and also in previous

committees some work was presented and

discussed on the subject of error transfer from
measurement to predicted values of power and
shaft rotation rate by various extrapolation
procedures, [84]. A review of possible errors
in this type of work was presented to the 15th
In [85] the same manner of

ITTC in 1978, [85].

analysis is followed as intended for the

present task. This survey 1led to the

unsatisfactory conclusions that the total error

in the correlation factors could not be

explained by the measurement errors, both on

model and full scale. Apparently, the
shortcomings of the numerical model used to
extrapolate the model test results to well
detined conditions for the ship (including e.g.
hull roughness effects) is an important error
source. The sample used was small and error
data coarse and incomplete.

An attempt has been made first to determine the
uncertainty in the model resistance coefficient
Crm- The example chosen was a Series 60 model
of 2.5 metres tested in the Towing Tank of
Kyushu University. The results of this
analysis show that each individual data point
should have to be presented with a margin for
uncertainty and that by doing so an appropriate

value of the form factor can not be chosen for

this particular small model, Fig. 10.1.

{Numerical example)
F %0.0994, R =62.9691, C =4.7667x107°
S.150.419r, S.=4.449r
B 221.269r, B 3=1.769r(in this case =0). B ¢=0.0l9r
S24.469r. Bs1.269r. U.aa®12.179r
4C.=0.8711x1077

Qos [oR1e] 015 Q20 02% 0.30 035 Qac

e £y

Figure 10.1
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Further problgms encountered are associated
with the identification of the errors and their
sources. There appears to be a need for
simpler procedures for this work.

Next, a study was made of the uncertainty of
the speed and rotation rate of another typical
[861,

example. The results of this study,

pertain to a model of a bulk carrier and
further studies are needed to cover the type of
hull forms and propulsors investigated nowadays
to produce data with a wider scope of
applicability.

For the routine model experiments examined, the
error sources were reviewed. A factor which
makes error examination more complex is that
even by subdividing the sources of error, the
magnitude of the errors involved can only be
because the experiment

estimated coarsely

involved is neither repeated a sufficient
number of times to check statistically the
total error, nor extended with supplementary
measurements of parameters which are governing
the errors of various kinds.
Other problems encountered in preparing the

list of error sources are the effects of

agccuracy enhancement through a gradual
adaptation of correlation coefficients to
compensate for systematic errdrs which are
permanently preéent in measuring and

extrapolation systems and the data handling
through which some random.errors are reduced.
Curve fitting effects and statistics of
correlation allowances have been left aside

from the analysis because their magnitude is
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unknown. Only an estimate of their
contribution is given when they vary from
experiment to experiment due to changes in
geometry or speéd. In those cases, e.g. tank
blockage effects, an estimation of the variable
part in the error contribution was given, thus
assuming that the average blockage effect 1is
accumulated in an unknown adaptation of the
correlation factors used after some period.

The estimation of the errors involved was made
by a group of some well experienced‘wérkers in
of calm water

the field of data analysis

experiments on ship models. Percentages are
given as estimated standard deviations for the
particular model scale under the assumption
that there is no serious flow separation and
that a ‘*normal' propeller could be selected
from the stock.

Some errors are given, not as

percentages of the model resistance, but

pertaining to related parameters such as
propeller torque, thrust, towing force or shaft
transfer through the

power. Error

extrapolation method was determined for a
modern form factor method similar to the ITTC-
1978 procedure. Further it was realised that
some errors could not be expressed as simple
percentages, because their magnitude does not
depend on the level of the measured variable.
(E.g. possible instrument errors are expressed
rather as a fraction of the full range).

Here,

all errors are nevertheless given as
percentages applying to a loading corresponding

approximately to 'service speed’.
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In this particular case it was assumed that the

basis of the experiment is the normal

propulsion experiment, extended by some
additional measurements to measure the effect
of changes in the propeller 1load. In an
earlier simulation study [84], errors in the
magnitude of other variables propagated to the
power and rotation rate prediction were
assessed.

In [84]) it was found that for this particular
model the following transfer of errors could be

applied . the errors are fully systematic

3. The effect on the 1level of 1+k
reduction of 0.1(1+k)) was included in the
analysis of the towing force error.

4, N (Pg) represents the rotation rate
prediction at the preset power absorption.

5. Pg is the shaft power at a certain fixed
value of the speed.

Bias errors are supposed to be fully cancelled

by the empirical correlation factors determined

from a large enough sample of corresponding

tests on model and full scale.

within ew. est as shown in Table I:
TABLE I

Error in propulsion/ Level of predicted value in per cent

load variation test N N(Pg) T

No error 100 100 100 100

Vm + 10 per cent 79 92 100 86

F - 0.1(F+Tp) 86 96 101 89

Nm + 10 per cent 110 110 107 * 100

Tm - 10 per cent 99 100 100 90

Qm + 10 per cent 110 100 97 100
Notes: Individual random errors in single data points
1. 1+ is supposed to be determined here from are supposed to have a negligible contribution

the propulsion test extrapolated to the
zero thrust condition and by taking the
limit of the towing force data divided by
1.02 RFm for zero Froude number according

to Prohaska's procedure.

2. In the simulated error of the towing force
F an artificial reduction of 10 per cent
of the resistance of the ship model was

represented.

to the level of the values considered here
thanks to fairing and curve fitting of the
data. Both assumptions are probably wrong.
The form factor is quite sensitive as regards
the constellation of individual data points and
the much larger errors at 1low speeds in
comparison with those given in the table above.
In Table 2 are the accumulated variances for
the various groups considered:
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TABLE 2

sum of variances (in per cent squared)

Model geometry
Flow conditions
Test conditions
Instrumentation
Data handling
Extrapolation

Total variance model scale

Pp N (Pg)
2.16 0.40
0.29 0.09
0.11 0.01
9.01 0.09
0.00 0.00
7.39 0.59
18.96 1.18

Because mar. ol wne individual error
contributions . the table presented are rather
uncertain it is interesting to compare these
errors with those experienced in statistical
correlation studies. This requires that the
errors made in sea trials and the uncertainty
in khe corrections are known or can be derived
from statistical analyses of ship trial data of
sister ships. To this end figures taken from
[85] have been used. There it is concluded
that the standard deviation in power is about U4
per cent and the standard deviation of the

rotation rate is about 1.2 per cent in full

scale measurements.

For the investigated method of analysis for
single-screw ships, the standard error between
predicted and measured power at constant speed
is 6.7 per cent and the standard error of the
predicted and measured rotation rate at power
and speed identity, is 1.6 per cent, the

analysed sample containing 135 data points,

{18]. This leads to the figures in Table 3:

TABLE 3

Total variance model scale
Full scale measurements

Total variance

Variance in correlation of
model and full scale tests

Variance in per cent squared

18.96 1.18
16.00 1.44
34.96 2.62
34.81 2.56
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The agreement is considered good, taking into
account the uncertainty of the errors in many
of the various components, in particular the
approximate estimations of the uncertainty in
the full scale trials.

The variances of 18.96 and 1.18 correspond to
standard errors of 4.4 per cent in the power
prediction and to 1.1 per cent in the predic-
tion of the propeller rotation rate.

This leads to the following 95 per cent
confidence range under the assumption of
Gaussian error distribution for this class of
tested with

ship model, equipment and

instruments considered here. The true value
will thus lie with a 95 per cent chance between
the predicted value + or - 8.6 per cent of the

power at a certain speed and the rotation rate

in the range of + or - 2,2 per cent around the

predicted value, at a certain power absorption.

Apart from the exercises above there are
evaluations in open literature on the merits,
shortcomings and future prospects of model test
techniques, the role of computational
procedures in power prediction and the value of
empirical/statistical methods. An example is
[87] where Sadov et al present an interesting
review of error sources, criteria for geometric
accuracy of ship models, measuring procedures,
waiting times between runs and criteria for the
measurements. For the

duration of the

resistance experiment investigated they
conclude that the major error source is due to

the instability of the carriage speed and

fluctuations in the measurement set-up. This
committee considers a discussion as e.g.
(88,90,90,91] of high value. Although the
outlook for future developments is by no means
trends in model

uniform, some definite

experiments in the field of ship propulsion can

be indicated from those papers and ‘the

discussions involved:

- There is a growing interest in parametrie
studies by means of computational
procedures.

- The computational procedures which are
becoming available these days must be
validated/correlated thoroughly because
their accuracy is usually not better than
the experimental verification.

- The role of model tests shifts towards

and towards the

critical designs

verification of desk studies and
computational procedures.

- In complex propulsors and fuel saQing
devices, the role of model experiments is
often of a 1limited character owing to
limitations of a hydrodynamic nature, e.g.
laminar flow and serious scale effects in
the flow conditions upstream. Testing of
propulsor components then becomes more and
more important.

- There is a need for higher quality of
measurement.,

- There is uncertainty as regards accuracy

of full scale measurements.
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III. CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS OF THE COMMITTEE
1.1 The questionnaire

Although only 1/4 of ITTC institutions
responded, it is known that a number of major
institutions which did not respond, do in fact
use the ITTC 1978 method. Therefore the
relatively low return should not necessarily
indicate a lack of enthusiasm for the method.
Strictly, since from the sample of 17
respondents who are active in ship propulsion

testing, 5 use the method for more than 10% of

tests, it may be deduced that 30% of major

tanks use the method on over 10% of occasions.
The PPC was sceptical of this application to
the whole population and would be interested to
deduce at the Conference itself the validity of
the sample result.

1.2 Eorm factors .

Since the form factors are
determine in some cases, wrong conclusions may
be drawn about the effect of a hull
modification or draught and trim changes.

1.3 Propulsion testing

From the Committee's review of novel techniques
in section 3, all seem to have merit but before
such procedures are introduced into routine
experiments they need thorough testing and
validation.

1.4 Correlation study

1.4.1 From the correlation study using the

ITTC-1978 method it is concluded that either

difficult to

the Beta method or the form factor method may

be used resulting in a comparable degree of
accuracy.

1.4.2 The introduction of a more physically

justified hull roughness penalty predictor

requires an associated correlation ~allowance
depending principally upon Reynolds number, to
achieve comparable degrees of level and
accuracy with curfent procedures.

1.4.3 Whilst the correlation study did not
identify a form factor dependence on Froude
number the Committee concludes that it is still
an open question.

1.5 High speed craft

The tentative, modified, ITTC method proposed
for power prediction of semi-displacement or
semi-planing craft under the effect of moderate
propeller V cavitation, deserves further
development and application.

correlation

and the

1.6 Hull roughness

allowance
1.6.1 Since there are still problems relating
the rougher surface topographies to associated

drag the use of more advanced stylus

instruments and replication techniques should
be pursued.

evidence

1.6.2 Independent  experimental

supports the view that a single height

parameter is adequate to correlate with added
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drag for the -smoother ship painted surfaces;
that (AHR/L)1/3 is approximately linear with

ACF; and that there is a Reynolds number

dependency.
1.6.3 Whilst the Committee recognised the
inadequacy and limitations of the 10 ship data

upon which the Bowden-Davison formula was

based, especially as regards the roughness
measurements, supplementary data confirms the

general level of their correlation allowance.

1.7 Propeller roughness

More roughness function measurements from
replicated propeller surfaces are required.

1.8 Validation

The accuracy of some of the components is
difficult to assess and a simpler and perhaps

less rigorous procedure may facilitate further

studies. Whilst the study has not revealed new
features it has served to reinforce existing
ideas of accuracy in power prediction and
rotation rate.

2. DRAFT RECOMMENDATIONS TO THE CONFERENCE
2.1 Form Factors

Consideration should be given to the practical
of this

suggestions made in section II.Z2

Report. Attention is drawn to the analysis of
propulsion tests with a view to determining
form factors aqd to detect unusual flow
phenomena e.g. separation.

2.2 Propulsion testing

ITTC should encourage the authors of the novel

techniques reviewed in section 3 to establish
contact with a member institution in order to

test and validate their proposal.
286

2.3 Appendage drag extrapolation

When using the form factor method for scaling
the drag of appendages it is recommended that
the form factor increase due to fitting of
appendages be determined from test results at
higher speeds to avoid effects of laminar flow.
When using methods without a form factor a

useful estimate of the beta factor is

8 = Cps/Cpp

2.4 High speed craft
Members should try the proposed, modified, ITTC
method and report their experience to the

Powering Performance Committee.

2.5 Hull roughness and the correlation
allowance
2.5.1 The measurement of hull roughness by a

stahdard procedure should be defined as an
integral part of any ship trial.

2.5.2 Members should undertake further model
to ship correlation studies including adequate
assessments of hull roughness.

Where measurements are

2.5.3 roughness

available the present correlation allowance
should be replaced by the equations in sections
7.4 and 7.5.

2.6 Propeller scale and roughness problems
2.6.1 Further experiments and correlation
studies should be carried out with turbulence-
tripped propeller models.

2.6.2 Little further progress can be made in
assessing propeller roughness penalties until a
data bank of appropriate roughness functions is
built up and more roughness measurements are

made using a standard procedure.
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. DRAFT RECOMMENDATIONS FOR THE FUTURE WORK

w

OF THE COMMITTEE
3.1 Alternatives should be developed for
parameter ranges and hull types beyond the
applicability of the ITTC 1978 method, rather
than attempting to extend it. The issues of
importance in this connection are:
3.1.1 The problem of appendage drag
extrapolation.
3.1.2 The improvement of power and rotation
rate prediction for separation-prone forms.
3.1.3 Extrapolation methods for high speed
craft.
3.2 The re-introduction of standard models for
quality control ‘and validation purposes should
be considered by the Committee.
3.3 Notwithstanding recommendation 1 an
improvement to the ITTC 1978 method should be
considered which introduces lift based

propeller scale effects.
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