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Figure I.3.2 Typical roughness measure-
ment of a Foul Release surface. 

Figure I.3.3 Typical roughness measure-
ment of a Tin-free SPC surface. 

Figure I.3.2 and Figure I.3.3 show two 
typical measurements of a Foul Release and 
Tin-free SPC surface respectively. The de-
tailed roughness analysis revealed that when 
the profiles are filtered, the amplitude parame-
ters of the Foul Release surfaces are mostly 
but not always lower than those of the SPC 
surfaces. The main difference between the 
Foul Release and the Tin-free SPC systems 
lies in the characteristics. Whereas the Tin-
free SPC surface displays a typical ‘closed 
texture’, the Foul Release surface exhibits a 
wavy, ‘open’ texture. This is particularly evi-
dent from parameters such as the mean abso-
lute slope ∆a and the Fractal Dimension FD. 
The spectra of the coated surfaces seem to fol-
low a power law which is dependent on the 
Fractal Dimension and an implication of self-
affine behaviour. A surface with an ‘open tex-
ture’ will have a lower Fractal Dimension 
than a surface with a closed texture (Candries, 
2001). There is relatively little data available 
in literature on the influence of texture of ir-
regular surfaces on drag, but Grigson (1982) 

shows that open textures have a beneficial ef-
fect on drag. 

It is thought that the rheology of the paint 
(which is significantly different for Foul Re-
lease systems than for Tin-free SPC systems 
as is clear from a parameter such as the vis-
cosity) has a direct effect on its texture, 
whereas amplitudes depend significantly on 
the application quality. Correlation of the tex-
ture parameters with the amplitude parame-
ters, however, shows that the two are inter-
related so that bad application can be expected 
to have a knock-on effect on the texture pa-
rameters. 

The roughness characteristics of both Tin-
free and Foul Release surfaces correlate quali-
tatively with the drag differences given in Ta-
ble I.3.1 when a texture parameter is included 
in the roughness characterisation. A semi-
empirical approach was applied to correlate 
the roughness characteristics with the drag 
measurements of the surfaces tested here 
along with the surfaces included by Townsin 
& Dey (1990). The approach involved the se-
lection of a characteristic roughness measure 
h which gives the best correlation assuming 
that the roughness function of the surfaces 
follows the Colebrook-White law. The char-
acteristic measure which was found to give 
the best correlation for the present surfaces is 
h = Ra ∆a/2 for an effective cut-off length, 
whereby Ra is the average amplitude (which 
strongly correlates with Rt). The effective cut-
off length increases with the degree of rough-
ness and varied in the analysis between 2.5 
mm for the Foul Release surfaces and 50 mm 
for a sand grit surface covered with paint 
(Candries, 2001). 

The procedure presently adopted by the 
MC uses the formula suggested by Townsin et 
al. (1984) to predict the added resistance of 
new ships from roughness measurements: 

103 ∆CF = 44[(h/L)1/3 - 10 Re-1/3] + 0.125 

where h is the Average Hull Roughness 
measured by the BMT Hull Roughness Ana-
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lyser. Townsin & Dey (1990) showed that the 
roughness function ∆U/Uτ correlates well 
with Rt50 for new, moderately rough surfaces 
(Rt50 < 225 µm) and that Rt50 was therefore 
adequate for quality control as well as for 
measuring the approximate power penalties 
due to roughness. Townsin and Dey argued 
that the reason why a single roughness pa-
rameter Rt50, could well predict the added 
resistance of a wide range of new ship sur-
faces, is that their texture is fairly similar, al-
lowing for differences in method of applica-
tion, paint rheology and the application envi-
ronment. New ships have several coats of 
paint, the number and composition of which 
do not vary greatly. 

The advent of Foul Release coatings, how-
ever, does not longer support his argument and 
in future a texture parameter will have to be 
included in the roughness characterisation if 
the added drag is to be predicted. This in turn 
requires the modification of the commercial 
version of the Hull Roughness Analyser. 
Roughness profiles are to be stored digitally. In 
order to calculate the spectral parameters and 
Fractal Dimension accurately by the acquisition 
of a sufficient number of data, a smaller sam-
pling interval is also recommended. 

In order to validate any prediction method, 
the acquisition of full-scale data is ultimately 
required and to the Authors’ knowledge this 
has not yet been done for hulls coated with 
Foul Release coatings. Foul Release surfaces, 
however, quickly acquire a slime film, which 
unlike other fouling organisms does not re-
lease when the vessel is underway. The added 
drag of a slime film compared to a newly ap-
plied coating is likely to be significant, but 
limited (i.e. restricted to a few percent) (Can-
dries et al., 2002b). 

This research project is ongoing and water 
tunnel experiments are planned at the Univer-
sity of Newcastle-upon-Tyne to study the 
drag, boundary-layer and roughness character-
istics of Foul Release surfaces which have 
been immersed in seawater for one year. 
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I.4. Discussion on the Report of the 23rd 
ITTC Secialist Committee on 
Procedures for Resistance, 
Propulsion and POW Tests:  
Human factor as Potential 
Uncertainty 

By: Ahmed Drradji-Aoua, NRC, IMD, Can-
ada 

Why include human factor “potential Un-
certainties” into a bias Uncertainty? 

The example of human factor that I am 
talking about is the “Installation of the model” 
in the tank. For instance, upon installation the 
heading may be ±1%. Whilst another crew 
may install the heading within ±3%. In this 
case the same model is being used and maybe 
in the same tank. However, the first crew in-
troduced ±1%, while the second crew intro-
duced ±3% of the heading angle. 

I like your presentation, but I have dealt 
with Coleman and Steele (you used their 
equations) and I am not sure that human fac-
tor uncertainties should be included with bias. 
According to the theory, Bias error uncer-
tainty is fixed for given system. 

I.5. Discussion on the Report of the 23rd 
ITTC Secialist Committee on 
Procedures for Resistance, 
Propulsion and POW Tests:  
Uncertainty Analysis of power 
prediction 

By: Jan Holtrop, MARIN, The Netherlands 

My comments concern uncertainty analy-
sis of power prediction: 

1. We should not forget that we should aim 
at deriving the total uncertainty of the pa-
rameters our customers are interested in: 
the speed through the water and the rota-
tion rate of the propeller. 

2. We could also approach the problem of as-
sessing bias errors by from the other end: the 
variation observed in model-to-ship correla-
tion factors. By past Powering Performance 
Committees tentative figures were deter-
mined for model test accuracy extrapolation 
and the full-scale verification. 

I like to convey my compliments to the 
Committee for the very nice report! 

I.6. Discussion on the Report of the 23rd 
ITTC Secialist Committee on 
Procedures for Resistance, 
Propulsion and POW Tests:  
Definition of residuary resistance 

By: L. Perez-Rojas, ETSIN, Universidad 
Politécnica de Mdrid, Spain 

I would like to express my thanks to the 
Committee for the work done. 

My question refers to terminology. You are 
referring to the residuary resistance including the 
form factor when in that case, to my knowledge, 
must be the wavemaking resistance. Have you 
checked that your definition of residuary resis-
tance is consistent with ITTC terminology? 
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II. COMMITTEE REPLIES 

II.1. Reply of the 23rd ITTC Specialist 
Committee on Procedures for 
Resistance, Propulsion and POW 
Tests to R.L. Townsin 

The roughness allowance can have quite 
a large influence on the final prediction, but 
the knowledge of the roughness of the ships 
for which we make our prognoses is usually 
very limited. We should like to thank Dr. 
Townsin for bringing up this important topic. 
We agree that the roughness allowance of the 
new types of anti-foulings needs to be stud-
ied more closely. Within ITTC it will be up 
to the Powering Performance Prediction 
Specialist Committee of the next ITTC to 
look further into the implications of rough-
ness and roughness allowance on the uncer-
tainty of the final prediction of speed and 
RPM of ships. 

II.2. Reply of the 23rd ITTC Specialist 
Committee on Procedures for 
Resistance, Propulsion and POW 
Tests to Yuzo Kusaka 

We would agree with Dr. Kusaka that it is 
difficult to propel the model at the nominal 
self-propulsion point. When performing a 
propulsion test at the balance point of nominal 
loading (FD), small deviations will occur. 

The values used for the extrapolation of 
model test results are the thrust deduction (t), 
wake (wT) and relative rotative efficiency (ηR). 
If these values are assumed to be constant for 
small deviations in loading (FD), the measured 
thrust, torque and rate of revolutions can be 
corrected to the nominal FD. 

With the same assumption, there is no need 
for corrections to the thrust deduction (t), wake 
(wT) and relative rotative efficiency (ηR), and the 
corresponding uncertainties have been included 
in the ‘Uncertainty Analysis, Example for 
Propulsion Tests’, Procedure 7.5-02-03-01.2. If 

pulsion Tests’, Procedure 7.5-02-03-01.2. If 
other assumptions are made, the uncertainty 
analysis has to be adapted according to the 
equipment used and procedures followed in 
each respective facility. 

II.3. Reply of the 23rd ITTC Specialist 
Committee on Procedures for 
Resistance, Propulsion and POW 
Tests to M. Candries and M. Atlar 

The questions raised by the authors are 
very much the same as those raised by Dr. 
Townsin.  Dr. Candries and Prof. Atlar pre-
sent interesting results, and we would recom-
mend that the Powering Performance Predic-
tion Specialist Committee of the next ITTC 
should follow up the further outcomes of their 
ongoing research project. 

II.4. Reply of the 23rd ITTC Specialist 
Committee on Procedures for 
Resistance, Propulsion and POW 
Tests to Ahmed Derradji-Aouat 

We would agree with Dr. Deradji-Aouat 
that the bias error is normally fixed for a 
given system, but we do not understand why 
he thinks we have included ‘human factors’ as 
bias limits. The ‘human factor’ referred to is 
the uncertainty associated with model align-
ment in the set up process in the towing tank. 
This error has been included as a precision 
error as we here are doing an end-to-end cali-
bration with multiple set ups. 

As described in ‘Uncertainty Analysis, Ex-
ample for Resistance tests’, Procedure 7.5-02-02-
02, the precision limits will be determined for 
CT

15deg and for CR by an end-to-end method where 
all the precision errors for speed, resistance and 
temperature/density/viscosity are included. The 
precision limits for a single run (S) and for the 
mean value of multiple tests (M) are determined. 
Regardless as to whether the precision limit is to 
be determined for single or multiple runs, the 
standard deviation must be determined from mul-
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tiple tests in order to include random errors such 
as model misalignment, heel, trim etc. 

II.5. Reply of the 23rd ITTC Specialist 
Committee on Procedures for 
Resistance, Propulsion and POW 
Tests to Jan Holtrop 

Mr. Holtrop makes a good point. The un-
certainty of the final prediction is certainly 
what is of most interest to the typical client. 
However, the extrapolation and correlation 
procedures, and the uncertainty of these, were 
outside of the scope of our Committee. As we 
understand, these questions should be ad-
dressed by the Powering Performance Predic-
tion Specialist Committee of the next ITTC. It 
should however be noted that the use of un-
certainty analysis for the variables (and com-
ponents of variables) themselves, rather than 
for the model-to-ship correlation factors, will 
give insight and knowledge about the magni-
tude of the uncertainty of the different vari-
ables. In this way we can constantly improve 
measuring accuracy and decrease the uncer-
tainty in our predictions for full scale. 

II.6. Reply of the 23rd ITTC Specialist 
Committee on Procedures for 
Resistance, Propulsion and POW 
Tests to Luis Perez-Rojas 

It is the view of the Committee that it is of-
ten common practice to name the resistance 
component remaining after viscous resistance 
has been subtracted from total resistance as  the 
residual resistance. A more pedantic approach, 
if a form factor has been applied, is to describe 
the remaining component as wavemaking resis-
tance CW, as Prof. Perez-Rojas suggests. The 
ITTC Symbols and Terminology does not 
however define CR or CW in a way that answers 
the question by Prof. Peres-Rojas. The ITTC 
1978 method, as presented in the ITTC Rec-
ommended Procedures, uses the term CR even 
when a form factor is used. We would however 
suggest that the use of CR and the term ‘resid-
ual resistance’ might be justified, since CR is 
really a residual that we know includes various 
smaller components in addition to the wave 
resistance. The term wave resistance CW can 
then be reserved for directly measured or calcu-
lated wave resistance. 
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