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Abstract 

 
The use of high-speed crafts is for many reasons widely spread around the world. The 
profits that can be made, in terms of increased comfort, reduced costs and emissions, 
are substantial. The aim to improve the performance on already built high-speed 
crafts is therefore an important issue for ecological and economical aspects. One way 
of improving ships ride and trim is the usage of interceptors. This device can easily be 
described as a vertical plate (~20-75 mm) placed in the aft of a ship. 
 
The purpose of this bachelor thesis is to build a model for predicting resistance and 
running attitude of high-speed craft equipped with interceptors. The thesis examines 
the profits gained in terms of economic, comfort and environmental investment. The 
current study aims to illustrate the impact of interceptors in planing ships, by 
simulating a steady state model of the dynamic running position. Thus, data 
regarding trim and drag will be generated. The model is based on previously made 
studies by Savitsky, Dawson and Blount, Brown and Steen. Extrapolation of the 
results is realized with the Swedish Coast Guard boat KBV 315 to validate interceptor 
benefits with the Coast Guard patrol craft. 
 
Two different models are presented and the results show a fuel consumption 
reduction of 8-13%, for the speed range of 15-24 knots, and maximum trim decrease 
of 1.7˚ for KBV 315. It is concluded that interceptors have a great potential of 
increasing both comfort (in terms of trim) and efficiency of high-speeds crafts. The 
provided models can be used as an estimation tool of the outcome before issuing an 
installing project. 
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1 Introduction  

Ever since humankind began to use water borne traffic, designing to achieve the most 
optimal performance has been an ongoing process. Especially during the latest 
decades, fuel consumption efficiency of both cargo ships and smaller high-speed 
crafts has become an even more important issue because of climate change. But the 
optimal performance of a ship is, of course, defined by the field of application and has 
to be considered separately for each and every craft. The profits that can be made in 
terms of increased comfort, reduced costs and emissions by having more knowledge 
on the individual ship’s actions are substantial.  
 
Of course the existence and use of high-speed crafts can be questioned, especially 
from an ecological point of view since the environment would benefit the most from 
not having high-speed crafts at all. But then again they might be necessary in services 
such as rescuing, patrolling and maritime surveillance, which are the responsibilities 
of the police, coast guard and military. Thus, the improvements in this kind of ships 
are a needed part of the adaptation to a more environmentally friendly navigation. 
The use of high-speed craft for personal interest is a big market in Sweden [1], and 
though one can morally question the idea of having fast leisure boats it is a up to 
every individual to decide. An inhibitory of individual use is not possible, but 
developments of demands for improved performance to at least reduce the pollution 
are an ongoing process [1].  The aim to improve the performance on already built 
high-speed crafts is therefore an important issue for ecological and economic aspects.  
 
One way of improving ships ride and trim is the usage of interceptors. The method 
has been used since the 1970s [2] and can easily be described as a vertical platform 
placed in the aft of a ship, usually a high-speed craft. In some cases the vertical 
extension, height of the interceptor, is fixed and in others it is adjustable. The 
slowdown of the water flow around it generates a local pressure increase in the aft in 
front of the device even though the height of the interceptor is small (~20-75 mm). In 
Figure 1 Volvo Penta illustrates how interceptors can affect a boat’s running attitude.  
 

 
Figure 1 Interceptors impact on heel and trim [3]. 

Many high-speed craft owners install interceptors to achieve the benefits, for example 
the Swedish Coast Guard [4]. They recently installed interceptors on the KBV 315 
patrol boat and now have an interest in the gains said to be provided. Therefore, the 



Ekman, Naudo Ribas, Rydelius    KTH     2016-05-23
  

2 

purpose of this project is to examine how the implementation of interceptors can 
affect the performance of high-speed crafts based on several published studies.  The 
interest is to study the profit in terms of economic, comfort and environmental 
investment. Moreover, the research will be based on an existing full scale ship, giving 
it a real dimension. The current study aims to illustrate the impact of interceptors in 
planing ships by simulating a steady state model of the dynamic running position to 
unveil general effects when using an interceptor. Thus, data regarding trim and drag 
will be generated and transformed into terms of comfort and fuel consumption. 
Finally, extrapolation of the results will be realized with the KBV 315 to validate 
interceptor benefits with the Coast Guard patrol craft. 

1.1 Interceptor theory   
To fully understand the effects of an interceptor a short introduction about the 
mechanics of ships and planing vessels is provided. First and foremost, an object can 
stay afloat because when put in water, a pressure proportionally towards its weight is 
generated on the surface of the object.  This creates a so called buoyancy force 
counteracting the gravity force. If the object is put in motion, an additional pressure 
emerges due to the speed difference between the ship and the water. Once again this 
pressure generates a force, called hydrodynamic lift force, acting against gravity. If a 
ship reaches a high enough speed in proportion to its weight, the hydrodynamic lift 
force will become the dominant contribution to the lift force. Thus the displaced 
volume decreases and the ship starts planing [5]. A progression of this is that the ship 
is able to reach a much higher maximum speed than a displacing hull due to the 
decreased wetted area. A 2D diagram of the forces acting in a planing craft can be 
seen in Figure 2. 

 

Figure 2 2D diagram of a planing hull. 

The concept of planing boats was more or less established in the 1920s, when Uffa 
Fox designed a planing dinghy used for racing, focusing on its shape to make it plan 
over the surface [6].  The understanding of planing ships was developed in 1964 when 
a study by Daniel Savitsky was published. The paper presented formulas for lift and 
drag force and centre of pressure for a prismatic planing hull in calm water through 
empirical studies [7].  

Calculating the effects of interceptors has turned out to be rather complicated. This is 
mainly because it involves a free surface flow where viscous effects cannot be 
neglected. One way to simulate that flow is using simplified 2D CFD-programs1, 

                                                   
1 Computational Fluid Dynamics 
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which use RANSE2 and identify the main parameters affected by the interceptor. In 
2003 Stefano Brizzolara used the mentioned method [8]. Figure 3 shows how the 
fluids speed decreases and stops in the area near the hull. Vortices are created 
upstream and downstream of the device and the streamlines depart downwardly as 
they approach the interceptor, this will implement a local pressure in the stern. 

In short, when a planing hull is equipped with an interceptor, the speed generates an 
added lift force affecting the trim and heel, among others. A reduction of trim will, in 
turn, lead to a resistance reduction according to Sottorf’s formula, which was 
expressed for planing vessels in 1934 [9]. As investigated by several others, for 
example Day et. al. and Sun et. al, the increased lift will reduce the wetted hull area 
and therefore decrease the resistance by affecting the wave making as well as the 
friction and induced resistance [10] [11] [12]. 

 
Figure 3 Graph showing streamlines of water (red) and air (blue) close to the interceptor [12]. 

1.2 Similar devices  
The interceptor innovation was inspired by a similar invention for aircrafts and high-
speed cars, the gurney flaps. The Gurney flap was invented by Dan Gurney in the 
1960’s and it consists of a device placed in the aft of an aerofoil to increase the 
pressure on the pressure side and decrease it on the suction side. The principle is 
based on Kutta-Joukowskys condition [12], where a lifting force is generated due to 
counter rotating vortices created downstream of the Gurney flap. This condition can 
unfortunately not be transferred directly to naval systems because of the separation 
of liquids downstream of the device. 
 
Another similar invention commonly used is the trim tab, which is represented in 
Figure 4. These devices are a lot like interceptors; the only difference is the deflection 
angle from the keel. The lift generated with a flap depends on the flap area and the 
angle [13]. Besides the lift resulting from the pressure increase on the flap surface 
itself, a considerable fraction of lift is produced by the modified pressure distribution 
under the hull surface extending forward of the transom (Figure 4).  
 

                                                   
2 Reynold Average Navier-Stokes Equation 



Ekman, Naudo Ribas, Rydelius    KTH     2016-05-23
  

4 

An early study on trim tabs was made in 1971 by Brown in cooperation with Savitsky 
and presented formulas for the added lift and drag [14]. Another study, made by 
Dawson and Blount, calculates the needed lift force to achieve a trim reduction angle 
of 1° for a ship equipped with trim tabs. It also presents a formula to apply the 
calculations on interceptors, based on the assumption that the interceptor and the 
trim tab are of the same width [15].  
 

 
Figure 4 Pressure distributions in trim tabs (a) and interceptors (b) [13]. 

Most other research on both interceptors and trim tabs are based on towing tank 
testing where different dimensions of interceptors, deadrise angles, trim angles, 
draughts and speeds are compared. The department of Marine technology at 
Norwegian University of Science in Trondheim have made an attempt to establish a 
database of the performance of prismatic planing hulls. The study, led by Sverre 
Steen, is based on several experimental results and presents preliminary formulas for 
calculating lift and drag due to interceptors. [16] 

1.3 Porpoising stability 
Porpoising is one of the most common forms of dynamic instability found in planing 
boats. The phenomenon of porpoising is a coupled heave/pitch oscillation that occurs 
in relatively calm water. These oscillations can be divergent in amplitude, leading to 
loss of control, injury to crew or damage to the craft. The phenomenon has been 
studied both theoretically and empirically. For example, studies by Perring [17], 
Savitsky [7], Day and Haag [18] and Martin [19] have shown that the initiation of 
porpoising is influenced by displacement, centre of gravity and various hull 
characteristics such as deadrise and beam.  
 
The empirical study made by Savitsky contributes with a porpoising stability limit 
diagram, Figure 5, with limits for the trim for a given ratio (�𝐶𝐶𝐿𝐿/2) and for different 
deadrise angles. If the trim angle obtained from the curves in the diagram is greater 
than the equilibrium trim angle, the planing boat is stable. Earlier studies have shown 
that trim tabs have a positive impact on the porpoising stability [20].  Other studies, 
using RANSE simulations and model testing, also show the benefits of installing 
interceptors to reduce the instability [21]. 
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Figure 5 Porpoising limits for prismatic planing hulls made by Savitsky [7] 
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2 Method  

The method used to achieve the purpose of the current study is described in four 
steps: 
 

I. Identification 
Identify established methods for modelling hydrostatic and hydrodynamic 
forces on planing craft and forces from the interceptor. 
 

II. Implementation 
Integrate and implement in a numerical framework to calculate the steady 
state planing of a craft equipped with interceptors. 

 
III. Refinement and  development 

Develop and refine the model through systematic studies of interceptor 
settings on trim and resistance. 
 

IV. Validation 
Investigate model validity by full-scale experiments on the coast guard unit 
KBV 315. 

 
The model designed is a planing hull calculated with the Savitsky method combined 
with an interceptor. Most previous studies concerning interceptors are based on tests 
and only give empirical results on how the interceptor affects the hull performance. 
Two of these studies establish their own model to calculate the increase of forces due 
to the interceptor and those are the works of Steen [16] and Dawson and Blount [15], 
where the last one is used combined with Browns [14] model for trim tabs. These are 
the methods used for modelling hydrostatic and hydrodynamic forces on planing 
craft and forces from the interceptor. 

2.1 Savitsky method  
Planing crafts theory has been explained in the introduction, but a deeper look on 
how the forces interact on a hull is necessary.  As seen in Figure 6, four different main 
forces can be identified and equilibrium equations for a planing boat can be defined 
as follows. 
 

 
Figure 6 Forces and distances working on a planing boat. 
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Vertical equilibrium is given by 
 
 cos sin( ) D sinfN Tτ τ τD = + +∈ −0  , (2.1) 
 
horizontal equilibrium is 
 
 cos( ) D cos sinfT Nτ τ τ+∈ = +  , (2.2) 
 
and pitching moment equilibrium around the centre of gravity, CG, equals to 
 
 fNc D a Tf+ − = 0  . (2.3) 
 
The Savitsky method is used to calculate all the parameters that affect the running 
attitude of a planing boat. Although some assumptions are made in the calculations, 
this is the most common tool to analytically describe a planing hull. The 
nomenclature for the method can be seen in Appendix 1, Table 1.  
 
First of all the lift coefficient of a hull with a deadrise angle β is calculated by 
 

 2 20.5LC
V bb ρ
D

= ,  (2.4) 

 
where Δ is the mass of the boat, ρ is the density of water, V is the velocity and b is the 
beam. Further on, the lift coefficient for the hull when concerned as a flat plate, CL0, 
is 
  
 ..L L LC C Cb b= + 0 6

0 00 0065 . (2.5) 
 
 
Lambda, λ, is the running mean wetted length-beam ratio (Lm/b) and it is calculated 
through an iteration of the following equation 
 

 
/

. / ..L
v

C
C

λτ λ
 

= + 
 

5 2
1 1 1 2

0 2

0 00550 0120   (2.6) 

 
where τ is the trim and Cv is the speed coefficient given by 
 

 v
VC
gb

= .  (2.7) 

 
The total hydrodynamic drag, D, consists of both frictional drag, Df, and resistance 
due to pressure force, Dp, which is 
 

 tan
cos cos cos

f f m
p

D C V b
D D

ρ λ
τ

τ b τ
= + = D +

2 2

2
 . (2.8) 
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In the present study, the skin friction coefficient, Cf, is calculated using the 
Schoenherr formula [22]. The mean velocity over the bottom of the planing surface, 
Vm, is 
 

 
1/2

1
( cos )

L
m

C
V V b

λ τ
 

= − 
 

 , (2.9) 

 
and for a deadrise angle of zero degrees 
 

 
.

/

.( )
cosmV V τ

λ τ
= −

1 1

1 2

0 01201 .  (2.10) 

 
The distance between CG and the centre of pressure where the hydrodynamic lift 
force, N, acts is 
 
 p pc LCG l LCG C bλ= − = −  , (2.11) 
 
where Cp is given by 
 

 .
. .

p
p

v

l
C

Cbλ
λ

= = −
+

2

2

10 75
5 21 2 39

 . (2.12) 

2.1.1 Limitations and assumptions 
The Savitsky method is based on many assumptions, essentially to reduce the 
complexity of the hull shape and the flow it creates. First of all, the model has a 
constant deadrise angle over the entire wetted area and a hard-chine form, so that a 
single angle describes the shape of the hull. The running trim is also considered to be 
in a steady state and the method does not consider any bow wetted conditions. Other 
assumptions, regarding the wetted area, are that it excludes the forward thrown spray 
sheet. Also, the spray root line is considered straight, even having a small curvature in 
reality and the side wetting is not considered in the model.   
 
The center of pressure is difficult to calculate, and two main assumptions need to be 
made. First of all, the center of pressure of the dynamic component is said to be at 75 
percent of the main wetted length forward of the transom, and the buoyant force 
center of pressure at 33 percent also from the transom. Another limitation of the 
Savitsky method is that equation (2.6) is only applicable for 0.60 ≤ Cv ≤ 13.0, 2° ≤ τ ≤ 
15° and λ ≤ 4. These limitations comes from lambda being 
 

 WL
b

λ ≤ ,  (2.13) 

 
where the wetted length, LW, is unlimited. This implies that the trim must be limited 
to a minimum of 2◦ for lambda not to increase exponentially.   
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2.2 Brown/Dawson and Blount equations 
As explained in the introduction, both the Dawson and Blount (D&B) method [15] 
and Brown formulas [14] are based on the calculations of trim tabs. These two studies 
present ways to calculate the added lift due to the trim tabs, but only Brown gives an 
equation for calculating the added drag. Dawson and Blount study presents a way to 
find the equivalent interceptor dimensions if assumed that both the interceptor and 
the trim tabs have the same width [15].  The nomenclature for this method can be 
seen in Appendix 1, Table 2.  
 
First of all the equivalent geometric angle for the interceptor, αi see Figure 7, is 
calculated through  
 
 . .i t tα α α= + 20 175 0 0154   (2.14) 
 
where αt is the trim tab angle. This equation is given by Dawson and Blount. The 
corresponding defined chord length, based on the height of the interceptor hint, is 
then defined as  
 

 int

sinc
i

hL
α

=  . (2.15) 

 
The added lift coefficient due to the interceptor, according to Brown while using the 
equivalent angle for the interceptor, is equal to 
 

 Lint_B . c
i

LC
b
α= 0 046  , (2.16) 

 
which gives a lift force of 
 
 int_ int_ .B L BL C b Vρ= 2 20 5  . (2.17) 
 
And the added drag is calculated through  
 
 int_B int_B0.0052 ( )iD L α τ= + .  (2.18) 
 

 
Figure 7 A configuration of the transom, used in Dawson and Blount method [15] 
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2.2.1 Limitations and assumptions 
According to Dawson and Blount, the trim tab angle, αt, has to be less than 15◦ [15]. 
The difference of the results obtained by changing this coefficient is small and 
therefore a middle value of 7.5◦ is used. In the present study it is also assumed that 
the equivalent angle of the interceptor can be used in Brown equations. 
 

2.3 Steen equations 
Steen developed two empirical formulas to predict the added lift and added drag due 
to the interceptor. The formulas where estimated after towing tank tests with 
prismatic shape models, at the Marine Technology Centre in Trondheim, Norway. 
The nomenclature for the method can be seen in Appendix 1, Table 3. 
 
Pressure cells and a pressure sensitive film were located in the hull in order to 
measure the two-dimensional pressure distribution when an interceptor was added. 
Although the formulas were obtained from models, relations between forces and 
interceptor height are Froude scaled, so they can be applied to full scale models. [16] 
 
The lift coefficient, CLint, depends on the height of the interceptor which is divided by 
the beam to make it non-dimensional and is calculated as 
 

 
2

int_S 169.81 3.78i i
L

h hC
b b

   = +   
   

 . (2.19) 

 
No tests were made for different beams so it cannot be proved that it is physically 
correct, as Steen points out. The increase of the lift force due to the interceptor, Lint, is 
then calculated with the usual form, except for using the beam squared for the area, 
such as 
 

 2 2
int_S int_S

1
2LL C V bρ= .  (2.20) 

 
The same happens with the increase of drag. The coefficient, CDint, in this case 
depends on the wetted length and equals to 
 

 
2

int_S 292.18 7.813i i
D

W W

h hC
L L

   
= +   

   
 , (2.21) 

 
and the resulted added drag is 
 

 2
int_S int_S

1
2D WD C V bLρ τ= . (2.22) 

 
As explained before, equation (2.15)  and (2.17) were formulated from experimental 
results. It is seen that the dependence on the trim is much stronger when studying the 
drag than the lift, and that is why it is used only in the drag expression(2.17).  
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2.3.1 Limitations and assumptions 
The interceptors used in the model are flat plates covering the entire beam. The tests 
are limited by the number and dimension of the models used. It cannot be assumed 
that the relation between the height of the interceptor and the lift and drag are kept 
outside the limits of the studied interval. One way to estimate the maximum validated 
interceptor height of a full size boat, according to Steens study, is scaling it via the 
Froude number. Since larger automatic control interceptors are commonly installed 
estimations for greater heights should also be made. In that case it is assumed that 
the relations are correct outside the confirmed range.  
 
In the Steen method, the wetted length of the boat is required. In that case, it is 
assumed to be equal to the mean wetted length used by Savitsky 
    

 
2

K C
W m

L LL L +
= =  . (2.23) 

2.4 Boundary Layer 
In the works of Karimi, Seif and Abbaspoor [2] and Day and Cooper [10] the 
importance of the boundary layer thinckness compared to interceptor height is 
stated. The height of the interceptor should be a fraction of the boundary layer 
thickness to be effective. As explained by Mansoori and Fernandes [23] the reason for 
this is that the flow in contact with the interceptor has a smaller speed then that out 
of the boundary layer. Since the drag depends on the velocity squared, it is greater 
when the interceptor height exceeds the boundary layer thus the interceptor becomes 
ineffective.  
 
Schlichting [24]  gives the equations necessary to define the boundary layer thickness 
in the laminar (2.24) and turbulent flow(2.25) according to  
 
 1/2( ) 5.0ReLxδ −=  , (2.24) 
 
 1/5( ) 0.37 ReLxδ −=  . (2.25) 

2.5 Roll motion and Porpoising stability  
As described in the introduction, interceptors are said to improve the comfort in 
ships which is a field of interest for the crew and passengers, by reducing the trim and 
heel angle [10]. To theoretically implement a model of how the interceptor affects the 
roll motions of a ship at sea would need a third degree of freedom. Since Savitsky only 
have two degrees of freedom, this would require a further development of the method 
and/or the combinations of other methods. For this reason, in the present study, roll 
motions are only studied empirically. Concerning the porpoising stability, the theory 
presented by Savitsky is used to evaluate the effects of an interceptor.  
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2.6 Hull and interceptor interaction 
The designed model includes the forces of the planing hull together with those of the 
interceptor, as seen in Figure 8. 
 

 
Figure 8 Planing hull with the interceptor 

As explained previously, the interceptor adds two main forces to the equilibrium of 
the planing craft. As being part of the new model, these forces, the lifting force and 
drag force, are added in the equilibrium equations as follows: 
 
 int int: cos sin( ) D sin sin cosfN T D Lτ τ ε τ τ τ↑ D = + + − − +   (2.26) 
 
 int int: cos( ) D cos sin cos sinfT N D Lτ ε τ τ τ τ→ + = + + +   (2.27) 
 
 int int:CG fM Nc D a Tf L LCG D VCG+ − + + = 0   (2.28) 
 

2.6.1 Assumptions 
To introduce the interceptor into the model of the planing craft it is necessary to 
determine where the interceptor’s forces are applied. In that particular case, it is 
assumed that the added drag and lift forces induced by the interceptor are applied in 
the aft, as seen in Figure 8. This gives the drag force a lever arm equal to the vertical 
distance to the centre of gravity, VCG and the lifting force a lever arm of the LCG-
distance.  

2.7 Testing with KBV 
The present study is tested on the KBV 315 Patrol Vessel owned by the Swedish Coast 
Guard, which has the dimensions according to Table 1. The value of LCG was 
interpolated through the different load cases in the Trim and Stability book.   The 
boat was built by Baltic Workshop in Estonia, and is part of the KBV 312 series. The 
ships are used for surveillance, border control, fisheries control, search and rescue 
and maritime safety. In 2015 two extended interceptors (1300 x 75 mm) from 
Humphree® were installed.  
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Table 1 KBV 315-series main dimensions 

Parameter Dimension 
Length overall 26,5 m 
Breath 6,2 m 
Draught 1,5 m 
Displacement 50 tons 
Maximum speed 32 kn 
Cruising speed 25 kn 
Power 1764 kW 
LCG 8,5 m 
VCG 2,3 m 

 
The trim, mean fuel consumption of the three engines and heeling angle were 
obtained from the boat at different speeds and interceptor heights.  
 
Two different experiments were done. Experiment 1, repeated three times, consisted 
on variating the interceptor height from 0 mm to 75 mm, with a 25 mm interval. The 
speed was kept constant at 10, 15, 20, 25 and 30 knots. In experiment 2, repeated 
twice, the interceptor height was kept constant when increasing the speed from 10 
knots up to 30, with a 5 knots interval.  
 
During the tests the fuel consumption, FC, of KBV 315 was observed, since it is not 
possible to measure the drag on the ship. Therefore, the drag from the model is 
converted to fuel consumption according to 
 

 e
DVP
η

=   (2.29) 

and 
 

 eSFC PFC
FSW

⋅
= .  (2.30) 

 
Where SFC is the specific fuel consumption of 0.24 kg/kWh, fuel specific weight, 
FSW, is 0.86 kg/l and the engine efficiency is considered to be 50% [25]. Equations 
(2.29) and (2.30) give an estimation of the imponderable fuel consumption. 

2.8 Improvements of the model  
After testing, refinement and development of the model was made through 
comparing the results from KBV 315 with the result from the theoretical methods of 
Savitsky, Brown/D&B and Steen. To the trim results in the models, one degree was 
added. And to the fuel consumption calculation a constant of 0.7 was added in 
equation (2.29). These changes are made to improve the model outputs to fit the 
testing results.   
 
Since the value of LCG is difficult to calculate and often unknown to boat owners, the 
model uses an uncertainty of ±5% calculating the effects of the interceptor for three 
different LCG-locations.  
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3 Result 

The study resulted in two models predicting resistance and running attitude of high-
speed craft equipped with interceptors. Both models are simulated in MATLAB®. The 
models implement the interceptor forces, calculated through Brown/D&B (Final 
model 1) and the Steen equations (Final model 2), in the equilibrium equations. The 
system of equations is then solved through the Savitsky method.  
 
The equilibrium equation in the local axes of the keel is 
 
 intcos sin fT D Dε τ= D + +  , (3.1) 
 
and applying it in equation (2.26) gives a vertical equilibrium of 
 

 int
int int

sin
cos sin( ) D sin sin cos

cos
f

f

D D
N D L

τ
τ τ ε τ τ τ

ε
D + + 

D = + + − − + 
 

. (3.2)  

 
Finally, the new pitching moment equilibrium is found by 
 
 

 
int int

int
int int

sin sin( ) sin( ) sin( )1 sin sin cos
cos cos cos cos

sin
0

cos

f

f
f

c D D L

D D
D a f D VCG L LCG

τ τ ε τ ε τ ετ τ τ
τ ε ε ε

τ
ε

 + + +      D − − − − − − +            
D + + 

+ − + + = 
 

(3.3) 

 
The models require several inputs in order to operate. Those are mass displacement, 
position of the center of gravity, beam, length, cruising and maximum speeds, 
deadrise angle and interceptor height. Thereby the new running attitude and 
resistance when adding an interceptor to a high-speed craft can be found.  
 
For both models the minimum boundary layer thickness in the aft results in 11 cm.  
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3.1 Results final model 1  
Final model 1 is based on Brown/D&B equations.  Figure 9 and Figure 10 present the 
resulting graphs for trim and fuel consumption over beam Froude number, Cv, see 
equation (2.7). The Froude number of 1.6 represents the KBV 315 cursing speed of 24 
knots. A limitation for this model apart from the ones set by D&B and Savitsky, is 
lambda being limited to the total length and beam of the boat according to equation 
(2.13). 

 
Figure 9 Trim angle for different interceptor heights. Final model 1 

 

 
Figure 10 Fuel consumption for different interceptor heights. Final model 1 

More results regarding Final model 1, such as optimal curves for the lowest drag and 
LCG-variations curves can be seen in Appendix 2. 
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3.2 Results final model 2  
Final model 2 is based on Steen equations.  Figure 11 and Figure 12 present the 
resulting graphs for trim and fuel consumption over beam Froude number.  
 
In Final model 2 there are no limitations concerning lambda and trim. 
 

 
Figure 11 Trim angle for different interceptor heights, Final model 2 

 
 

 
Figure 12 Fuel consumption for different interceptor heights, Final model 2 

More results regarding Final model 2, such as optimal curves for the lowest drag and 
LCG-variations curves can be seen in Appendix 3. 
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3.3 Results from full scale ship  
The trim curve is obtained from experiment 1 since, keeping a constant speed, the 
variation of the trim depending on the interceptor height was more stable. In the 
opposite way, fuel consumption measurements shown were obtained from 
experiment 2, where interceptor heights were tested continuously for different speeds 
and had similar sea conditions. 
 
The mean value for the repetitions of the experiments can be seen in Figure 13 and 
Figure 14, which show the trim and fuel consumption depending on the beam Froude 
number. The different values obtained from each test can be seen in Appendix 4. 
 

 
Figure 13 Trim over beam Froude number in experiment 1 

 
Figure 14 Fuel consumption over beam Froude number in experiment 2 
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3.4 Porpoising stability  
Figure 15 and Figure 16 show the porpoising stability for the two final models. 
Comparing these graphs with the limit lines from porpoising by Savitsky in Figure 5 
gives an indication on the dynamic stability.  
 

 
Figure 15 Porpoising stability for different interceptor heights. Final model 1 

 

 
Figure 16 Porpoising stability for different interceptor heights, Final model 2 
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4 Discussion   

The most important results are the maximum differences for trim and fuel 
consumption for the two models and the testing. These are displayed in Table 2 and 
Table 3.  
 
Table 2 Maximum trim differences. 

 Froude nr./Speed 
1/15 kn 

Froude nr./Speed  
1.4/21 kn 

Froude nr./Speed 
1.6/24 kn 

Final model 1 -0.6◦ -1.35◦ - 1.7◦ 
Final model 2 -1.15◦ -2.6◦ -3.2◦ 
KBV testing -1◦ -1.4◦ -1.7◦ 
 
Table 3 Maximum fuel consumption differences. 

 Froude nr./Speed 
1/15 kn 

Froude nr./Speed  
1.4/21 kn 

Froude nr./Speed 
1.6/24 kn 

Final model 1 -7 % -16 % -12 % 
Final model 2 -8.5 % -13 % -8 % 
KBV testing -15 % -7.8 % +8 % 

4.1 Final model 1 
In the results of Final model 1 a reduction of both drag and trim is visible. At cruising 
speed (Froude number of 1.6, 24 knots) with the maximum interceptor height of 75 
mm, the fuel consumption percentage reduction is 12% and the trim is reduced with 
1.7°. The fuel consumption reduction was 7% at a Froude number of 1 (15 knots) and 
16 % at a Froude number of 1.4 (21 knots). In this case, when using Final model 1, all 
the limitations that Savitsky presents are respected, which gives this model an added 
value.  

4.2 Final model 2 
The results for Final model 2 show a significant reduction in fuel consumption and 
trim at cruising speed.  The maximum fuel consumption reduction is 13% at a Froude 
number of 1.4 (at 21 knots), 8% percent at cruising speed and 8.5% at 15 knots. The 
trim is reduced with 3.2° at cruising speed.  
 
One issue in this method is when trim starts to converge to zero, lambda becomes 
larger than the limit value (Equation (2.13)). After this point the Savitsky equations 
are no longer valid but they are still plotted in the present study and considered 
acceptable in order to estimate the behavior of the drag. 

4.3 KBV 315 testing 
The results from the testing of KBV 315 show an average trim reduction at cruising 
speed is 1.7° with the highest interceptor. The fuel consumption is, at this speed, 
increased by 8% with the highest interceptor but for Froude numbers around 1 (15 
knots) the consumption was decreased 15 %. These results show that for lower speeds 
a large interceptor could be beneficial but it is crucial to adjust it for higher speeds 
when the drag increases and a trim reduction occur naturally.  
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The testing included roll motion measurements for different speeds and interceptor 
heights. These gave uneven results, so different that no conclusions can be drawn. 
The hypothesis of interceptors being effective for reducing heel and roll is still 
standing although not validated. This is something that would be at value to study 
further in the future.  

4.4 Evaluation of models with test results 
The plots of the data collected during the testing with the KBV 315 (Figure 13 and 
Figure 14) are following the same pattern as the graphs from the two models. 
Concerning the trim curve, in Figure 11, Final model 2 shows a fast trim decrease with 
higher interceptors which differs from the test results. The trim results from the 
testing and Final model 1 are more alike although the peak of the curves happens at 
higher speeds in the model. The similarity of trim performance means that the 
estimated geometry resembles the full scale ship. In turn, legitimacy is added to the 
drag calculations in Final model 1. Stabilization of the trim indicates that the trim 
acceleration is decreased which improves comfort onboard. This stabilization could 
be applicable on comfort concerning roll motion acceleration, though this have not 
been modeled or proved in the present study. 
 
The fuel consumption data is in the same order of magnitude as the model results, 
which gives a good indication of the models validity. The fuel consumption curves 
from the testing show a shifting point at Froude number between 1.2 and 1.4, when a 
higher interceptor becomes inefficient. This also occurs in Final model 2 but at higher 
speeds, around Froude number 1.6 (Figure 12). In Final model 1 there is no shifting 
point and interceptor height of 75 mm seems to be the most efficient for all speeds 
(Figure 10). Final model 2 tangents the test results and gives a better estimation of 
the predicted drag and fuel consumption, although the Savitsky equations validity 
can be questioned. At high speeds lambda is increased to a value physically 
impossible (see Appendix 3 Figure 2). This overstep could be a compensation for the 
surrounding factors during testing which are not taken into account in the model 
such as forward thrown spay sheet, waves and wind. However, the test results should 
be read with caution since experiment 2 was only repeated twice. 

4.5 Porpoising stability  
If comparing Figure 15 and Figure 16 with the Savitsky diagram in Figure 5 it is 
shown that there is no risk for instability due to porpoising for all load cases for KBV 
315. But as seen in the figures, the risk could be reduced with the interceptor height if 
the trim where in the area above Savitsky limit line. This could be at interest for ships 
with dimensions, loads and hull shapes that give a trim curve near this dangerous 
zone. 

4.6 LCG variation 
The effects of interceptors depend on LCG. The reduction of drag and trim are greater 
when having a smaller LCG, because when LCG is moved forward the trim reduction 
occurs naturally. This indicates that other ways, apart from interceptors, for reducing 
trim (and thereby drag) could be equally beneficial. But this often includes adding 
ballast which increases the weight of the ship. Instead, the location of centre of 
gravity combined with interceptor forces should be considered together during the 
ship construction phase to optimize the running attitude.        
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4.7 Further developments 
In the calculations of equilibrium it is assumed that the forces due to the interceptor 
were located in the aft of the ship, the drag parallel to the frictional-drag force and the 
lift parallel to the component of resistance force normal to the bottom.  To determine 
the exact location of these forces a CFD- simulation is necessary.  
 
To get a better understanding of the fuel consumption, more interceptor heights 
needs to be tested. The interval of 25 mm used in the KBV testing could be too large 
to detect the expected fuel consumption reduction at higher speeds. Since the 25 mm 
and 0 mm curves follow each other at high speeds (Figure 14), it would be interesting 
to see the effects of an even smaller interceptor. Especially since earlier studies have 
shown that small changes make a big difference [10]. Testing for more speeds would 
also improve the results but a steady speed is hard to keep while testing with a full 
scale ship. A solution could be towing tank testing. 
 
Further studies should include testing for more boat dimensions to increase the 
general validity and enable improvements of the models. 
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5 Conclusions  

The following conclusions have been made: 
 

I. Two models for predicting resistance and running attitude of high-speed crafts 
equipped with interceptors have been made. 
 

II. Final model 1 is concluded to be the most valid model for predicting trim. 
 
III. The decrease of trim when using interceptors are significant, up to 1.7˚, and 

concluded to be the main positive effect.  
 

IV. Final model 2 is concluded to be the most valid model for predicting drag and 
fuel consumption. 

 
V. The fuel consumption decrease is most significant up to a certain speed 

(specific for every ship), henceforth the effects of the interceptor can become 
negative if not an adjustment of the height is made.  
 

VI. Concerning the KBV 315 the fuel consumption can be reduced by 8-13% in the 
speed range of 15-24 knots. 
 

VII. No test could present any valid results regarding roll motions and heel angle, 
so no conclusions concerning comfort and manoeuvrability resulting from this 
can be made.  
 

VIII. The use of interceptor does not influence the risk for porpoising for KBV 315.  
 

IX. Tail-heavy planing boats benefits the most from interceptors. 
 
Finally it can be concluded that interceptors have a great potential of increasing both 
comfort, in terms of trim, and efficiency of high-speeds crafts. The provided models 
can be used as an estimation tool of the outcome before issuing an installing project. 
 
For the police, coast guard and military boats, which are supposedly necessary, the 
present study would support the idea of installing interceptors to increase the 
efficiency and build a more sustainable future.  
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Appendix 1  

Nomenclature used in the study can be seen in Table 1, Table 2, Table 3 and Table 4. 
 
Table 1 Nomenclature for the Savitsky method 

 
  

Label Meaning Unit 
Cf Friction drag coefficient  [-] 
CL0 Lift coefficient, β=0  [-] 
CLβ Lift coefficient, β‡0  [-] 
Cp Distance of the center of pressure  [-] 
Cv Speed coefficient, beam Froude number  [-] 
λ Mean wetted length-beam ratio  [-] 
b Beam of planing surface [ft] 
Df Hydrodynamic drag due to friction [lb] 
g Acceleration due to gravity [ft/s2] 
Lc Wetted chine length [ft] 
Lk Wetted keel length [ft] 
lp Distance between center of pressure and transom [ft] 
V Horizontal velocity of the planing surface [ft/s] 
Vm Mean velocity over bottom of planing surface [ft/s] 
β Deadrise angle [◦] 
Δ Mass displacement [lb] 
ρ Mass density of water [lb∙s2/ft] 
D Total horizontal hydrodynamic drag component [lb] 
Dp Resistance component due to pressure resistance [lb] 
N Resultant of pressure force acting normal to bottom [lb] 
T Propeller thrust [lb] 
τ Trim [◦] 
ϵ Inclination of thrust line relative to keel line [◦] 
LCG Longitudinal distance of center of gravity from transom [ft] 
VCG Vertical distance of the center of gravity from keel [ft] 
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Table 2 Nomenclature in Brown/D&B equations 

Label Meaning Unit 
αt Trim tab angle (<15o) [deg] 
αi Equivalent interceptor angle [deg] 
b Beam  [ft] 
Lc Defined chord length [in] 
hint Interceptor height [in] 
CLint_B Added lift coefficient due to the interceptor [-] 
Lint_B Lifting force due to the interceptor [lb] 
Dint_B Drag due to the interceptor  [lb] 
V Velocity of water over tab(s) [knots] 
τ Trim [deg] 
ρ Mass density of water [lb∙s2/ft] 

 

Table 3 Nomenclature in Steen equations 

Label Meaning Unit 
CLint_S Added Lift coefficient due to interceptor [-] 
CDint_S Added drag coefficient due to interceptor [-] 
hi height of interceptor [m] 
b Beam [m] 
τ Trim [Rad] 
LW Wetted length [m] 
Dint_S Drag due to the interceptor [N] 
Lint_S Lifting force due to the interceptor [N] 
ρ Mass density of water [kg/m3] 
V Horizontal velocity of the planing surface [m/s] 

 
 
Table 4 Other nomenclature 

Label Meaning Unit 
( )xδ  Boundary layer thickness [m] 

ReL Reynolds number [-] 
FC Fuel consumption [l/h] 
Pe Engine power [W] 
FSW Fuel Specific Weight [kg/l] 
SFC Specific Fuel Consumption [kg/kWh] 
η Engine efficiency [%] 
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Appendix 2 

To predict the running attitude and resistance of a high-speed craft equipped with 
interceptors, Final model 1 is made. The model is based on Savitsky theory and 
Brown/D&B equations. In appendix 2 all the resulting graphs obtained from Final 
model 1 are presented, were the inputs are the dimensions and characteristics of the 
Swedish Coast Guard boat, KBV 315. 
 
In Figure 1 and Figure 2 the drag and the variation of lambda depending on the 
interceptor height and beam Froude number, Cv, are plotted.  
 

 
Figure 1 Drag for different interceptor heights, Final model 1 

 
Figure 2 Lambda, mean-wetted length ratio, Final model 1 
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Figure 3 shows the minimum drag curve for KBV 315. The drag reduction at 24 knots 
is 29 % when using an interceptor height of 75 mm compared to having no 
interceptor.  

 
Figure 3 Minimum drag curve, Final model 1  

The trim for this minimum drag curve is plotted in Figure 4, and the interceptor 
height necessary to achieve this minimum drag depending on the speed is shown in 
Figure 5. 

 

 
Figure 4 Trim curve when minimum drag, Final model 1 
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Figure 5 Interceptor height to achieve minimum drag, Final model 1  

 
In this last case, it can be seen that keeping the highest interceptor is the best option 
to achieve minimum drag, according to Final model 1. 
 
The center of gravity of KBV 315 is placed 8.5 m from the aft. The study of the drag 
and trim has been made for a variation of LCG in order to understand its influence on 
the running attitude. A 5% smaller (8.5 m) and a 5% larger (8.9 m) LCG are studied, 
and presented in Figure 6, Figure 7, Figure 8 and Figure 9 for Final model 1. 
 
 

 
Figure 6 Drag for Final model 1, LCG=8.0 m 



Ekman, Naudo Ribas, Rydelius    KTH     2016-05-23
  

IV 

 
Figure 7 Drag for Final model 1, LCG=8.9 m 

 
Figure 8 Trim for Final model 1, LCG=8.0 m 

 
Figure 9 Trim for Final model 1, LCG=8.9 m 
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Appendix 3 

To predict the running attitude and resistance of a high-speed craft equipped with 
interceptors, Final model 2 is made. The model is based on Savitsky theory and Steen 
equations. In Appendix 3 all the resulting graphs obtained from Final model 2 are 
presented, were the inputs are the dimensions and characteristics of the Swedish 
Coast Guard boat, KBV 315. 
 
Using the model based on Steen calculations, the predicted running attitude is 
presented in Figure 1 and Figure 2, showing drag and lambda (mean-wetted length 
ratio) variations.  
 

 
Figure 1 Drag for different interceptor heights, final model 2 

 

 
Figure 2 Lambda, mean-wetted length ratio, final model 2 
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Figure 3 shows the minimum drag curve for KBV 315 obtained with Final model 2.  
 
 

 
Figure 3 Minimum drag curve, Final model 2 

 
The trim for this minimum drag curve is plotted in Figure 4, and the interceptor 
height necessary to achieve this minimum drag depending on the speed is shown in 
Figure 5. 
 

 
Figure 4 Trim curve when minimum drag, Final model 2 
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Figure 5 Interceptor height to achieve minimum drag 

 
KBV 315 center of gravity is placed at 8.5 m from the aft. The study of the drag and 
trim has been made for a variation of LCG in order to understand its influence on the 
running attitude. A 5% smaller (8.5 m) and a 5% larger (8.9 m) LCG are studied, and 
presented in Figure 6, Figure 7, Figure 8 and Figure 9 for Final model 2. 

 
 

 
Figure 6 Drag for Final model 2, LCG=8.0 m 
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Figure 7 Drag for Final model 2, LCG=8.9 m 

 
Figure 8 Trim for Final model 2, LCG=8.0 m 

 
Figure 9 Trim for Final model 2, LCG=8.9 m 
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Appendix 4 

To predict the running attitude and resistance of a high-speed craft equipped with 
interceptors, two theoretically models were made and then tested on a ship of the 
Swedish Coast Guard, KBV315. Two different experiments were done to obtain trim 
and fuel consumption from KBV 315. The first experiment was repeated three times 
and consisted on variating the interceptor height from 0 mm to 75 mm, with a 25 mm 
interval. The speed was kept constant at 10, 15, 20, 25 and 30 knots. Trim variations 
were obtained for each interceptor height three times, as can be seen in Figure 1, 
Figure 2, Figure 3 and Figure 4. 
 

 
Figure 1 Trim tests for hint=0 mm 

 
Figure 2 Trim tests for hint=25 mm 
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Figure 3 Trim tests for hint=50 mm 

 
Figure 4 Trim tests for hint=75 mm 

 
 
 
 
 
 
 
  

Beam Froude number

0.6 0.8 1 1.2 1.4 1.6 1.8 2

Tr
im

 a
ng

le
 [d

eg
]

3.5

4

4.5

5

5.5

6

Test 1

Test 2

Test 3

Average

Beam Froude number

0.6 0.8 1 1.2 1.4 1.6 1.8 2

Tr
im

 a
ng

le
 [d

eg
]

3.5

4

4.5

5

5.5

6

Test 1

Test 2

Test 3

Average



Ekman, Naudo Ribas, Rydelius    KTH     2016-05-23
  

III 

In the second experiment, repeated twice, the interceptor height was kept constant 
when increasing the speed from 10 knots up to 30, with a 5 knots interval. Fuel 
consumption was obtained with the average of these two tests as seen in Figure 5, 
Figure 6, Figure 7 and Figure 8. 
 

 
Figure 5 Fuel consumption tests for hint=0 mm 

 
Figure 6 Fuel consumption tests for hint=25 mm 
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Figure 7 Fuel consumption tests for hint=50 mm 

 
Figure 8 Fuel consumption tests for hint=75 mm 

 
 

 

Beam Froude number

0.6 0.8 1 1.2 1.4 1.6 1.8 2

Fu
el

 c
on

su
m

pt
io

n 
[l/

h]

0

50

100

150

200

250

300

350

400

450

Test 1

Test 2

Average

Beam Froude number

0.6 0.8 1 1.2 1.4 1.6 1.8 2

Fu
el

 c
on

su
m

pt
io

n 
[l/

h]

0

50

100

150

200

250

300

350

400

450

Test 1

Test 2

Average


	Abstract
	Introductory remark
	Division of work
	1 Introduction
	1.1 Interceptor theory
	1.2 Similar devices
	1.3 Porpoising stability

	2 Method
	2.1 Savitsky method
	2.1.1 Limitations and assumptions

	2.2 Brown/Dawson and Blount equations
	2.2.1 Limitations and assumptions

	2.3 Steen equations
	2.3.1 Limitations and assumptions

	2.4 Boundary Layer
	2.5 Roll motion and Porpoising stability
	2.6 Hull and interceptor interaction
	2.6.1 Assumptions

	2.7 Testing with KBV
	2.8 Improvements of the model

	3 Result
	3.1 Results final model 1
	3.2 Results final model 2
	3.3 Results from full scale ship
	3.4 Porpoising stability

	4 Discussion
	4.1 Final model 1
	4.2 Final model 2
	4.3 KBV 315 testing
	4.4 Evaluation of models with test results
	4.5 Porpoising stability
	4.6 LCG variation
	4.7 Further developments

	5 Conclusions
	6 Bibliography
	Appendix 1
	Appendix 2
	Appendix 3
	Appendix 4

