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 ABSTRACT  

Teekay Corporation started a technology development 

programme in 2006. The programme consisted of a 

number of projects aimed at improving the efficiency of 

both existing and new build vessels.  

 

This paper gives details of one of these projects, 

consisting of a comprehensive investigation of alternative 

fuel saving devices suitable for retrofitting to existing 

ships. A number of devices were evaluated  theoretically 

and the most promising tested at model scale.  

 

The PBCF device was one of the devices tested at model 

scale. The test programme included normal and inverse 

open water propeller tests at a range of Reynolds numbers 

to investigate opens efficiency and scale effects. 

Resistance and propulsion tests were also conducted to 

establish power savings. The results showed that 

propulsive gains were to be expected and that the 

investment payback period would be short. 

 

Full scale trials were then conducted on an Aframax 

tanker. These were performed before and after the PBCF 

was fitted afloat, the trials being conducted within 4 days 

of each other. The good trial conditions and the care taken 

during the trials have resulted in unusually good trial 

measurements. The results confirmed the model test 

predictions and showed that the PBCF device offers a 

useful reduction in shaft power and hence fuel efficiency.  
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1 INTRODUCTION 

This paper gives details of some of the results of one of 

these projects, conducted by BMT, investigating the 

potential for improvement of fuel economy in the existing 

fleet. A comprehensive investigation of alternative fuel 

saving devices suitable for retrofitting to existing ships 

were evaluated theoretically and the most promising 

tested at model scale. One of these was the PBCF. 

 

The tests were conducted using a model scale device 

supplied by MOL Techno-Trade. These tests comprised 

comparative resistance and propulsion tests using a model 

of one of Teekay‟s series of Aframax oil tankers. The 

tests were done both with and without the PBCF device 

fitted. The test programme also included normal and 

inverse open water propeller tests at a range of Reynolds 

numbers to investigate the effect of the PBCF and 

Reynolds number (and any scale effect) on open water 

propeller efficiency. The results of the model tests 

indicated that propulsive gains were to be expected and 

that the investment payback period would be short. 

 

In view of the positive results of the model tests, Teekay 

decided to conduct a full scale ship trial on the Aframax 

tanker Kilimanjaro Spirit. The Vessel underwent a 

carefully controlled sea trial right before the PBCF was 

fitted afloat. The sea trials were then repeated right after 

fitting. 

  

Both trials were performed within a period of about 4 

days in the southern Adriatic in deep water with good 

weather conditions and little traffic. The vessel was some 

four years out of dock, so the hull had some degree of 

fouling. In view of the exceptionally good test conditions 

and the care taken during the trials, the quality of the trial 

measurements are regarded as being unusually good. The 

trial results conformed very well to the predictions from 

the model tests and showed that the PBCF device offers a 

useful reduction in shaft power and hence fuel efficiency.  

2 BACKGROUND  

Teekay Corporation is one of the world‟s largest liquid 

bulk operators, owning and operating 150 to 200 oil 

tankers and gas carriers at any one time. The majority of 

these ships are in the Aframax (100 000 dwt) range, or in 



the Suezmax (150000 dwt) range. Teekay also own about 

20 gas carriers in size up to the largest LNG carriers of 

more than 200000 m3. 

 

In 2006, Teekay decided to start a technology 

development programme under the name of the 

„Innovation Programme‟. It was intended to review what 

could be done to improve the efficiency of its present and 

future fleet of ships. At the time, it was clear that fuel was 

becoming increasingly expensive, and that the future use 

of hydrocarbon fuels would be accompanied with 

increasing environmental restrictions and costs. As a 

result, most of the projects started were intended to 

improve the fuel efficiency of the existing fleet as well as  

future vessels. 

 

Improving the fuel efficiency of existing ships is not easy. 

It may be achieved through operational and navigational 

improvements but the scope for modification of the ships 

design itself is necessarily limited by practical and cost 

limitations. There do, however, exist a number of 

proposals for fuel saving devices which are suitable for 

retrofitting. All such proposals were looked at, many of 

which were based on modification of the propeller or both 

the propeller and the rudder.  

 

The criteria that was used when evaluating the 

alternatives were quite simple: 

1. Degree of Development. 

First of all, the device or modification should not be just a 

concept or an idea; it should be something which could 

actually be installed on a series of vessels after a proper 

evaluation and, if necessary, a series of tests had been 

completed.  

2.  Safety.  

The technical and operational risks involved should be 

analysable and limited. 

3.  Economy. 

The cost-benefit should be acceptable. Within the Teekay 

Corporation this is defined by a „Shareholder Value‟ 

procedure, which in short form may be described as 

requiring a pay-back period of not more than 5 years. (It 

should be noted that this is less conservative than many of 

our competitors, which seem to require 2 years or less). 

 

It was realised that there would be a significant difficulty 

involved in the determination and verification of likely 

savings. Improvements in the 5% savings range or less 

are notoriously difficult to measure. Since most 

modifications are done in drydock, at a time when the 

ship is undergoing significant performance upgrades, the 

effect of small improvements are easily masked and 

difficult to evaluate correctly. In fact, the considerable 

cost of ship off-hire during any full scale trials is a major 

deterrent to proper tests. 

 

On this basis, a funnel type evaluation programme was 

designed. It consisted of documentation reviews 

augmented by meetings with suppliers, and intended to 

reduce the number of alternatives subjected to further 

analysis at model scale. Finally, it was intended that the 

one or two alternatives found to be most interesting after 

model tests were to be subject to some form of full scale 

verification before „fleet wide‟ application. It was realised 

that such full scale verification would be expensive; 

however, considering that installations would potentially 

be made on 100 ships or more, the investment cost per 

installation would be low and justified. 

 

The theoretical evaluation included eight designs or 

modifications of propeller/rudder. Three of these were 

then tested in model scale as described in the following. 

Among the concepts tested in model scale, the PBCF was 

chosen for implementation and testing at full scale 

onboard a Teekay Aframax tanker.  

 

3 PBCF CONCEPT 

 3.1 Working mechanism of PBCF 

The PBCF device consists of a modified propeller boss 

cap (hub cone) with fins. The number of fins are the same 

as the number of propeller blades, and it rotates together 

with the propeller. Figure 1 shows a PBCF installed on a 

ship. 

Installation of a PBCF device is relatively simple and 

easy to do. The device is bolted onto the propeller boss 

using the existing bolt holes for the normal propeller 

bonnet, the bonnet being replaced by the PBCF device. 

No modification of the vessel or the propeller is required. 

This means that the PBCF is an effective and inexpensive 

fuel saving device for application to existing vessels. 

 

 

 

 

 

 

 

 

 

 

Fig. 1:  Example of PBCF 

The PBCF device works by improving the flow around 

the boss. Looking into the flow around the propeller boss, 

the water flow is accelerated and twisted when it passes 

through the propeller disc. Further, close to the hub the 



blade root vortices are also present. These coalesce with 

the general twist in the flow induced by the blade 

downwash to produce a very strong vortex aft of the boss. 

When the PBCF device is installed, the strong down 

flows from propeller blade trailing edge are rectified by 

the PBCF fins and the hub vortex is reduced. The fins 

produce a force that reduces the propeller shaft torque and 

increases the thrust. 

As a result of this hydrodynamic mechanism, the PBCF 

will improve the propeller efficiency. 

 3.2 History 

The PBCF was first proposed as a novel energy-saving 

device in 1987. The PBCF concept was born from 

important R/D work by Ouchi et al (1988, 1989). The 

Reverse Propeller Open Test (Reverse POT) was 

developed for this work, and this experimental 

methodology was instrumental in the birth and 

development of the PBCF device. 

Figure 2 shows the test arrangement of normal POT and 

Reverse POT. 

Figure 3 shows the improvement of propeller 

performance due to PBCF device. Torque decreases, 

thrust increases and the propeller efficiency improves 

over a wide range of advance ratio. 

To the present time, PBCF devices have been fitted to 

1,800 vessels around the world. They are installed on all 

types of ship such as tankers including VLCC, container, 

PCC, ferry etc., and include vessels with CP propellers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2:  Arrangements of Normal POT and Reverse POT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3:  Propeller performance improvement by PBCF from 

Reverse POT 

 3.3 FOC Savings of PBCF 

The Fuel Oil Consumption (FOC) savings (or efficiency 

improvements) due to PBCF devices fitted to real ships 

have been analysed and evaluated from the available sets 

of trial and in-service data. 

Fig. 4 shows the analysed results of efficiency 

improvement from PBCF installation on more than 60 

vessels. This figure shows the efficiency improvement 

plotted against main engine power (M/E). 

From 2% to 10% of efficiency improvement is shown on 

this figure. These analysed results show rather large 

scatter and approximately 5% improvement will be seen 

to be the average value. The scatter is mainly due to the 

difficulty of the analysis of actual voyage data (for 

example, see for reference Dinham-Peren (2010)). In an 

actual voyage, the fuel consumption is influenced by 

many factors like speed, draft, trim, sea condition, wind, 

tide or current, etc.  

It will be seen from this figure, that the efficiency 

improvement due to the PBCF is not related to the M/E 

power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4:  Relationship between M/E output and FOC saving 

by PBCF (analysed results from actual vessel data) 
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4 MODEL TESTING OF PBCF FOR AFRAMAX 

 4.1 Model Test Programme 

The evaluation of the PBCF device was carried out by 

model test and desk study evaluation of the results. The 

tests were conducted under BMT supervision at the SSPA 

model test tank in Sweden, using a model of an Aframax 

tanker that was available from previous work undertaken 

by BMT for Teekay (BMT 2005).  

 

The suppliers of many similar devices to the PBCF claim 

that not only do they have better efficiency at full scale, 

but also, that they have a greater scale effect between the 

model and the ship propeller than is the case for 

conventional propellers. They therefore claim that their 

devices are more efficient at full size than is determined 

from model size tests.  

 

A model test programme was performed to: 

 Establish the model size efficiency of the 

propeller by itself (so called propeller open water 

tests), and also when driving the model (so-

called propulsion tests). In order to be able to 

bench mark these results, these same tests were 

also performed with the propeller without the 

PBCF device fitted. 

 Investigate whether the PBCF device was subject 

to a greater scale effect than conventional 

propeller by performing the open water tests for 

both the baseline propeller and the baseline 

propeller fitted with the PBCF device over as 

large a range of Reynolds number as possible 

given the available facilities. 

 

 4.2 Propeller Open Water Tests 

 4.2.1 The Need for Reverse Open Water Tests  

The normal method for testing open water propellers 

consists of mounting the propeller on a shaft that projects 

forward of the „opens boat‟. The opens boat is simply a 

vessel to hold the drive motor and associated thrust and 

torque measuring gear, and is intended to be as 

streamlined as possible so as to minimise the disturbance 

as the opens boat travels through the water. As the 

propeller is ahead of the opens boat and the shaft, it 

„drives‟ into open undisturbed water and enables the 

propeller alone performance to be measured. 

 

This arrangement has problems for the PBCF device as 

the drive shaft attaches to the aft end of the propeller boss 

and thus occupies the same space that the PBCF and the 

trailing hub vortex would. The only way to fully represent 

the PBCF device and to let the hub vortex develop is to 

test the propeller so that the shaft goes into the front of 

the propeller. This is done by reversing the opens boat 

and mounting it ahead of the propeller. This is called a 

Reverse POT in this report. 

However, the presence of the opens boat disturbs the flow 

into the propeller and this affects the results. In order to 

be able to correct for these effects, the following tests 

need to be performed: 

POT1 - Normal POT with propeller without PBCF 

POT2 - Reverse POT with propeller without PBCF 

POT3 - Reverse POT with propeller with PBCF. 

 

Comparison of POT1 and POT2 enables the effect of the 

Reverse POT to be established. Corrections can then be 

made to POT3 to obtain an estimate of what the Normal 

POT result would be for the propeller with PBCF if the 

full hub vortex and PCBF effect could be modelled. 

 4.2.2 Investigation of Scale Effect  

The Reynolds number is considerably higher for the ship 

than it is for the model. In this present case, a typical 

model Reynolds number is Rn=4.8x10
5
 and the ship value 

is Rn=4.7x10
7
. By adjusting the model test conditions it 

was possible to test over the range Rn=1.3x10
5
 to 

Rn=1.0x10
6
. 

 

For conventional propellers the effect of Reynolds 

number on the open water efficiency is reasonably well 

understood. There is a critical Reynolds number, below 

which the propeller is adversely affected by laminar flow 

on the propeller blades, resulting in localised separated 

flow, low lift, high drag and poor efficiency. Above this 

critical Reynolds number, the open water efficiency 

achieves a nearly constant value with a slight tendency for 

the efficiency to increase between the model and ship size 

Reynolds numbers. It is normally understood that 

provided the model is tested above the critical Reynolds 

number (say about 3.5x10
5
), that within the range of 

advance ratios of interest for ship performance estimates, 

that the open water efficiency will be more or less 

constant within the range of possible model test Reynolds 

numbers. 

 

But if significant changes in the ship propeller efficiency 

over and above that normally expected due to recognised 

scales effects were to be present, then it would be 

expected that there would be a variation in the model 

scale open water efficiency over the range of Reynolds 

numbers possible in the model tests. For this reason, the 

open water tests were configured to explore the open 

water efficiency of both the baseline propellers (normal 

and inverse tests) and the baseline propeller with the 

PBCF device fitted (inverse tests only) over a range of 

Reynolds numbers. This enabled the variation of open 

water efficiency with Reynolds number for the two 

propellers to be examined to see if the PBCF device did 

indeed have any different scale effects as compared with 

the baseline propeller and thus providing evidence or 

otherwise to support the argument that this propeller could 

be expected to have a better full size performance.  



 The tests were carried out for the range of Reynolds 

numbers and advance ratios shown in Figure 5. 

 

Fig. 5: Open water test matrix 

 

Figure 6 below shows an example run for the Reverse POT 

and it is clear that the free surface height above the propeller 

is affected by the wave formed by the opens boat. 

 

Fig. 6: Reverse POT 

 

The results of the opens tests were analysed and it was 

found that the POT2 results could be fitted to the POT1 

results using absolute thrust and torque corrections which 

varied in a wave-like manner with model test speed and 

which were substantially the same for the different 

Reynolds numbers tested. This was an interesting result, 

which showed that the differences between the „normal‟ and 

the „reverse‟ test results were largely due to changes in the 

water height and slope above the propeller: 

a) Change in water height will affect the 

pressure on the shaft. This will only affect 

thrust. 

b) Change in the water slope will affect the 

pressure field either side of the propeller and 

will thus effect both thrust and torque. 

 

The analysed results showed no evidence for scale effect 

on the PBCF device. This might in part be due to the 

complexities and uncertainties that are introduced when 

doing Reverse POT testing, as BMT has found evidence 

for scale effect on other propulsive devices using the 

same Reynolds number matrix test approach. 

 4.2.3 Open Water Efficiency Gain  

The results of this testing showed that the PBCF device 

increased the open water efficiency by about 1%. 

 

 4.3 Resistance and Propulsion Tests 

The model was tested for resistance at 5 speeds in the 

load and ballast condition (8, 12, 16 and 17 knots) and for 

three speeds for propulsion in the load and ballast 

conditions (8, 14 and 16 knots). The propulsion tests were 

done with both with the baseline propeller and the 

baseline propeller with the PBCF fitted. 

The results were analysed by BMT‟s normal method to 

give predictions for full size shaft power and propeller 

revs. 

In Tables 1 and 2 below, the predicted ship shaft power 

for the load and ballast conditions for the baseline and 

baseline +PBCF propellers, along with the percentage 

reduction in shaft power. 

 

Table 1: Results for load condition 

Vs Shaft Power (kW)  % Reduction 

(knots) Baseline 

Baseline + 

PBCF  

8 1802.7 1720.4 4.6% 

14 9364.6 8970.5 4.2% 

16 15123.4 14511.1 4.0% 

 
Table 2: Results for ballast condition 

Vs Shaft Power (kW)  % Reduction 

(knots) Baseline 

Baseline + 

PBCF  

8 1073 1036.1 3.4% 

14 6128.7 5899.1 3.7% 

16 9676.8 9352.5 3.4% 

 

These percentage reductions in shaft power are higher 

than the improvement in open water efficiency. This is 

because the gain is also partly due to improvements in the 

propulsion factors, particularly the thrust deduction 

fraction. It can be speculated that this change could come 

from improved flow over the rudder and/or a better 

pressure field over the aft body due to the reduction of 

intensity of the propeller boss vortex.  

 4.4 Predicted Full Size Performance 

The overall results of the model test programme and 

associated desk studies were: 
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 The PBCF device offers a 4.2% power reduction 

in the load condition and a 3.7% power reduction 

in the ballast condition at 14 knots.  

 No significant scale effect was found on the open 

water efficiency for the PBCF device, so this 

reduction would be expected to apply to the ship. 

 

 4.5 Economic Assessment 

From the model results, the pay-back period for the PBCF 

device was calculated based on the cost of the PBCF 

device and installation and the then-fuel-oil-price of 

$600/tonne. It was estimated that at a 4% increase in 

efficiency (or reduction of fuel use), the pay-back period 

would be about 6 months. 

 

5 FULL SCALE TESTING OF PBCF 

 5.1 Afloat versus dry dock installation 

The issue of how best to evaluate retrofit energy saving 

devices at full scale was the subject of much discussion 

throughout the project.  

While the determination of the effectiveness of a retrofit 

device at full scale may appear at first sight to be a simple 

matter, there are a number of issues involved which actually 

make this quite a difficult problem that needs to be 

addressed correctly if meaningful results are to be obtained. 

The power required to propel the vessel for a given speed 

needs to be determined to a high degree of accuracy for a 

known vessel load condition if the effects of the retrofit 

device are to be quantified with any degree of precision. As 

the power saving we are looking for is of the order of 3% to 

4%, the power needs to be determined to a precision of 

around ±1% if differences in performance are to be 

detected. 

 

The hull condition of a vessel has a large impact on the 

power required to propel a vessel. After 5 years out of dock, 

the power increase can be as high as 20% to 30% even on 

well-maintained ships. This implies that fouling rates are 

high and that power increases of around 5% per year can be 

expected.  

 

The most convenient time to fit a retrofit device is during a 

normal 5 year docking. However, the hull is normally re-

cleaned and anti-fouled in such dockings. The fact that the 

hull is returned to a condition close to the as-built condition 

means that the power can be reduced by as much as 20% to 

30% after such a docking. This change in the level of 

performance would, obviously, completely mask the effects 

of a device such as the PBCF unit. 

 

Assuming that the device needs to be fitted in a dock, there 

are two alternative approaches: 

 

Method 1 -  Use one vessel. Dock the vessel once to clean 

the hull and do the trial without the device fitted. Dock the 

vessel again to fit the device and then do the trial with the 

device fitted. If this approach is adopted, it is vital that the 

two trials are performed immediately after each other such 

that the vessel has no chance to foul between the two trials. 

In practice, this means that the vessel needs to be out of 

service for one continuous period amounting to about 10 to 

20 days depending on the time required to fit the device. A 

solution involving a vessel voyage between the two 

dockings would not be acceptable as too much fouling 

would occur during this period (see Figure 7). 

 

Method 2 -  Use two vessels. In this case, two vessels would 

be used for the evaluation. Both vessels would be trialed 

immediately after coming out of a 5 year docking, but one 

would be fitted with a device and the other would not. This 

approach may seem straight forward, but, in practice, it is 

not as if the two vessels are necessarily identical (many so-

called „sister ships‟ are in fact not built to the exact same 

design). Even if they are identical, it is well known that even 

close sister ships can have different powering performance 

at the same condition. It may not be so easy to ensure that 

both vessels are trialed in the same load condition. Also, the 

trials may be done at different trial locations or different 

times of the year, making direct comparison more difficult 

(see Figure 8). 

 

 

It may be possible to determine the improvement due to a 

retrofit device from in-service data or at least establish that 

there is no disadvantage either with adverse weather 

conditions or developing with time. For the single vessel 

case, this would imply that the first trial and retrofit device 

fitting should occur at least 6 months after the 5 year 

docking to ensure that sufficient in-service data is obtained. 

However, methods of determining performance from in-
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Evaluation using two vessels
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service data are not particularly precise, and it is possible 

that this approach would not yield reliable results. 

 

Early discussions with the supplier of PBCF (MOL Tech-

Trade) suggested that the device had to be fitted in dock, but 

it was subsequently agreed that this could in fact be done 

with the vessel afloat but ballasted to raise the propeller boss 

out of the water. Once this was known, it was decided that 

the tests would be done using one vessel, and on further 

thought, it was agreed that this could be done on a vessel 

while in service without any prior docking at all. This meant 

that the hull condition would be that of the vessel after 

whatever period of service it had undertaken since its last 

docking.  

 

The vessel selected for this work was the Kilimanjaro Spirit, 

which at the time of the trials was some 4 years and 9 

months out of dock and could thus expect to be fouled and 

to have a degraded performance. In one sense, this was 

useful as it would show how the device worked with a 

fouled ship, but it also means that it would be less easy to 

relate the results to those obtained from the model tests. 

Figure 9, seen below, has been constructed to illustrate the 

trial sequence used. The indicative changes in powering 

levels shown are based on those measured in the actual 

trials. 

 

 

It is concluded that the overall trial procedure elaborated 

here is an effective way of obtaining meaningful results for 

a device which can be fitted without having to dock a 

vessel. However, one recommendation for any such future 

work would be to do this work within the first year after the 

vessel is docked, so as to reduce the effect of any vessel 

fouling or roughness that may be present, and also to reduce 

the possible effect of „fouling drop off‟ during the period 

that the device is fitted. „Fouling drop off‟ is later discussed 

in more detail in Section 5.2.2. 

 5.2 The Trials 

 5.2.1 Conduct of the Trials  

The trials were performed in the Adriatic Sea off the 

Montenegrin coast over the period the 8
th

 to the 11
th

 of 

April, 2009. 

 

Once the general format of the trial (single vessel, no 

docking, no in-service data) and the vessel (Kilimanjaro 

Spirit) had been selected, the next issue was to identify a 

suitable location. The fact that the vessel was being 

moved from one trading area to another provided the 

opportunity to take the vessel through the Mediterranean. 

A location initially suggested by Teekay was the northern 

area of the Adriatic, just south of Trieste, as the vessel 

had a cargo to discharge in Trieste itself. 

 

BMT did a small amount of work looking at the 

possibility of doing trials in this area. However, the water 

in the northern Adriatic is quite shallow and the area is 

very busy with shipping. Indeed, there is a VTS zone in 

operation in much of the area, and after due consideration, 

it was decided that the area was not suitable. However, a 

suitable area just off the Montenegro coast close to a yard 

situated in Bijela which could fit the PBCF device was 

identified.  

 

One point of concern in doing the trials in this area is the 

presence of an Adiabatic wind called the Bora, which can 

start quite suddenly without warning and which can be 

quite strong, but Bora did not occur during either trial. 

 

A trial plan was thus evolved which took the following 

form. The BMT trials team joined the vessel at Trieste. 

While the vessel was on transit to Bijela in Montenegro, 

the trials kit was installed. This consisted of a laptop on 

the bridge which was connected to: 

 The vessels GPS system  

 The gyro  

 The anemometer  

 The water log  

via serial connections to read the NMEA output of these 

devices. These devices output data at 1 second intervals 

and this information was logged throughout both trials. 

 

In the engine room, the plan had been to record the shaft 

revs and power in a similar manner from the Kyma unit. 

However, it turned out that the extra hardware required 

for data to be output from this unit had not been installed 

by Kyma, so it was not possible to acquire this data as 

planned using a laptop. Instead, the required values were 

read by eye from the Kyma data display and recorded by 

hand throughout each trial run, the data being written 

down at 15 second intervals. During each trial run, data 

was also recorded by hand on the bridge in a similar 
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manner, so as to provide a backup in the event of the 

computer system failing. 

 

The first trial was performed off the Montenegro coast at 

about the same latitude as Bijela. When nearing the trials 

area, the radar was examined to see which sea areas were 

less used. The vessel was ballasted to draughts of 5.95m 

forward and 8.57m aft. Prior to the trial, discussions with 

the chief engineer and captain had established a suitable 

set of target revs for each run to cover the required 

power/speed range. In all five sets of runs were done, the 

target revs being: 

Set 

i    101rpm 

ii   103rpm 

iii    92rpm 

iv    97rpm 

v   101rpm 

 

Just prior to the trial, the direction of the wind/waves was 

established and the mile course was selected as being on a 

heading of 135/315 degrees. This put the mile run nearly 

directly in/out of the wind during the trial. There was 

some cross current, but because we had accurate GPS 

data, it was possible to resolve the distance run in the 

vessel heading direction, thus removing the effect of any 

cross current. Throughout the first trial, the wind was 

generally less than about 15 knots true and the sea was 

less than sea state 2, giving nearly ideal trial conditions. 

 

The handling of the vessel throughout the trial was 

exemplary, and the target trial course was adhered to. 

Turns were conducted in such a manner to give minimum 

speed loss and the trial runs were conducted in essentially 

the same area of sea. No problems were encountered with 

other vessels in the trial area, the captain having 

successfully identified a zone with very little vessel 

traffic. The first trial took some 10 hours from start of the 

first run to completion of the last run. 

 

The vessel was then taken into Bijela and the PBCF 

device was fitted over a three day period (see Figure 10). 

The device was fitted under the supervision of the captain 

and the chief engineer, but the opportunity was also taken 

by BMT to witness the fitting and to validate the correct 

alignment of the device. BMT can confirm that in terms 

of device alignment, the device was correctly fitted. The 

vessel was then ballasted back to the trial condition and 

taken back out to sea. The second trial was conducted in 

the same way as the first trial, except that the trial was run 

on a 75/225 degree course, but in the same area as for trial 

1. The weather conditions again were ideal, the true wind 

being generally less than 10 knots and the sea state being 

glassy (or about sea state 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 5.2.2 Observations During Trials 

A cautionary note needs to be introduced concerning what 

may be termed „fouling drop off‟. The loading condition 

that the vessel was set to for the fitting of the PBCF was 

much lighter than the normal ballast condition and 

brought a portion of the hull which is normally always 

under the water out of the water. The weather during the 

period that the PBCF device was fitted was dry and hot, 

and during the three day period that the PBCF device was 

fitted, some of the fouling on this emerged portion of the 

hull was seen to dry out and flake off. The emerged 

portion of the hull can be seen in Figure 11, which was 

taken while the vessel was still being de-ballasted. Figure 

12 shows a view looking forward taken at the same time 

and about 32 hours later, and the fouling seems to have 

reduced in the later view. Finally, Figure 13 shows some 

fouling that was seen to flake off the hull. The front 

shows the green matting of the fouling, the back shows 

the normally wetted surface of the anti-fouling paint 

which has dried and fallen off with the fouling.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11: Hull during de-ballasting 

Fig. 10: Fitting the PBCF 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

What is not known is what happened to the dried-out 

portion of the fouling once the vessel was re-ballasted. It 

is possible that more of this may have been washed off as 

the vessel got underway. It is thus possible that some 

portion of the benefit measured at full scale is due to 

slightly reduced fouling on the ship during the second 

trial.  

 

If the possibility of this effect occurring is to be 

completely eliminated in future trials, then it is 

recommended that a ship which is less than one year out 

of dock should be used. In this case, the expected level of 

powering increase due to fouling should be less than 5% 

and any change due to „fouling drop-off‟ should be a 

small portion of this. 

A comparison of the analysed speed through the water 

and the water log speed shows that the latter was under 

reading by about 0.5 knots.  

 

This serves to show the problems involved in using in-

service data for performance analysis. If we assume that 

an in-service analysis of the ship performance is done 

using the measured shaft power from the engine room and 

the water log speed, then the „measured‟ vessel speed 

would be 0.5 knots too slow in this case. If we assume 

that the actual performance of the vessel is good and 

corresponds to the „as built trials‟, then the „measured‟ 

performance will be 0.5 knots slower for a given shaft 

power. This will result in the curve labeled as „Curve 2 - 

Shipyard trial less 0.5 knots‟, as shown in Figure 14. 

Finally, if the results of the present trial with no PBCF 

fitted were also offset by 0.5 knots the curve labeled as 

„Curve 3 - Present Trial less 0.5 knots‟ would result. 

 

If these curves were used to assess the performance levels 

of the ship, then Curve 2 would give an indicated increase 

in power of 14% even though the vessel was actually 

running as it should (i.e., 0% power increase), and Curve 

3 would give an indicated increase in power of 45% even 

though it was shown from the present trials that the power 

increase was actually 27%. 

 

On the other hand, if GPS data is used to assess the vessel 

speed from in-service data, then this will include the 

effects of tides and currents, and it is well known that 

currents of 0.5 to 1 knots can be present in many locations 

in the oceans; meaning, that there will be an uncertainty 

on the vessel speed through the water of the order of ±0.5 

knots. It is true that this can be corrected for in principle, 

but this needs a detailed analysis which takes account of 

vessel location and the latest metocean prediction for any 

ocean currents in the area. 

 

 5.3 The Results 

The results have been analysed using a modified version 

of BSRA/BMT method, adapted for use with GPS data. 

The corrected results for the two trials are given in Table 

3 (at end of paper). 

 

This table gives the results for the two trials and the 

differences between the two power curves are in 

percentage terms. A negative % change means a reduction 

in shaft power or revs. 

 

Table 3 shows that over the speed range a reduction in 

power of about 3.7% has been achieved. This is close to 

about 3.8% at 14.5 knots and is about 3.5% at 15.5 knots. 

This compares well with the model test results where a 

gain of about 3.5% was found in the range 8 to 16 knots 

for the ballast condition. The model tests predicted a 

reduction in shaft power of about 4% at 14 knots for the 

load condition. These trials would tend to suggest that this 

may well be the case at full size as well.  
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The fact that the results are close to the model test results 

indicates that no “scale effect” is present. The full details 

of all the previous trials that have been conducted on 

these devices are not known. However, what can be said 

is that the work here has been conducted in such a way as 

to try and make sure the hull condition is the same for 

both trials as far as possible. It may be possible that the 

“scale effect” found in other cases is in fact partly due to 

the improvement in hull condition that usually results 

when a vessel is docked and painted, as it may well be the 

case that some previous trials are comparing the „no 

device fitted to a fouled hull‟ with „device fitted to a clean 

hull‟. The implication being that much of the benefit 

being found may be due to the cleaning of the hull and 

not the fitting of the device.  

 

This change in shaft power, while being significant in 

terms of fuel reduction (it should translate nearly into a 

like-for-like reduction in fuel use, i.e., about 3.5% in 

ballast and 4% in load), is actually quite a small change to 

detect from in-service fuel returns and in-service 

performance monitoring (Dinham-Peren 2010).  

 

The trial results were also compared with the original 

acceptance trials and this shows that the power is some 

27% higher.  

 

6 IMPLEMENTATION IN TEEKAY TANKER FLEET 

After the tests were completed, the effectiveness of the 

PBCF was considered to be sufficiently verified to make 

it possible to make a decision on the implementation of 

the PBCF in the Teekay oil tanker fleet. With the 

approximate 3.5% savings predicted, the pay-back time 

for the Aframax and Suezmax tankers were predicted to 

be about 6 months. This was well above the cost 

effectiveness required. The high correlation between 

model and full scale test result was highly comforting, but 

one question still remained: would savings be equivalent 

for the other series of oil tankers in the fleet? The 

conclusion was that it could not be confirmed that they 

would be exactly the same, but the different series of 

Aframax and Suezmax tankers are quite similar in hull 

proportions, propeller layout and loading, etc. On this 

basis it was concluded that it would be safe to assume that 

the savings recorded would be of the same order of 

magnitude also on other series of Teekay Aframax,as well 

as Suezmax tankers. 

 

The rollout of PBCF in the fleet started in 2010 with 8 

installations planned.  In fact, 3 installations were carried 

out, while a further 5 installations had to be postponed to 

2011 to suit their operational programme. Further 

installations are foreseen when these are completed.  

 

In-service follow up of the performance of these ships 

after the installations confirm the savings expectations.  

An example of the effect of the combined propeller polish 

and PBCF installation afloat on the Ganges Spirit (as 

recorded by the Casper in-service monitoring procedure) 

is shown in Fig 15. 

Fig. 15: Effect of PBCF installation afloat from in-service 

data 

 

At a time of international financial crisis and tanker 

market gloom, this installation programme should be 

considered to be proof of Teekay‟s belief in the PBCF 

concept, as well as its commitment to reducing the 

consumption of scarce hydrocarbon resources and to 

reducing the environmental impact of its operations. 
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Summary of Corrected Trial Results     

Trial 1 - No PBCF   Trial 2 - With PBCF     

Mean 

Ship 

speed  

through 

Water 

Mean 

Corrected 

Shaft Power 

Mean 

Corrected 

Revs 

 

Mean 

Ship 

speed  

through 

Water 

Mean 

Corrected 

Shaft Power 

Mean 

Corrected 

Revs 

   

Vs Ps Ns  Vs Ps Ns    

Kts kW kW  Kts kW kW    

14.300 8740.1 92.08  14.385 8612.3 92.15    

14.882 10261.9 97.07  15.054 10354.2 97.59    

15.406 11706.3 101.25  15.647 11831.1 101.96    

15.588 12131.7 102.22  15.728 12077.8 102.42    

15.619 12165.4 102.47  15.889 12477.4 104.00    

          

Faired Results at Even Speeds 

      

Trial 1 - No PBCF   Trial 2 - With PBCF   

Change in Power 

and Revs 

Vs Ps Ns  Vs Ps Ns  % Ps % Ns 

(knots) (kW) (RPM)  (knots) (kW) (RPM)    

14.4 9003.4 92.99  14.4 8653.5 92.30  -3.89% -0.74% 

14.6 9541.1 94.79  14.6 9173.0 93.90  -3.86% -0.93% 

14.8 10073.8 96.49  14.8 9690.5 95.49  -3.80% -1.04% 

15.0 10601.6 98.10  15.0 10205.9 97.06  -3.73% -1.06% 

15.2 11124.4 99.62  15.2 10719.4 98.61  -3.64% -1.01% 

15.4 11642.3 101.04  15.4 11230.8 100.15  -3.53% -0.89% 

15.6 12155.2 102.38  15.6 11740.2 101.67  -3.41% -0.69% 


