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Hull form optimisation based on computational fluid dynamics (CFD) traditionally benchmarks against 
performance in calm sea states. A new approach from Foreship introduces real sea conditions into the equation. 
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A simulation viewed from the stern of the model.

        Cruise ship hull designs have become so 
optimised in recent years that true innovation has 
demanded fresh thinking because the hard targets to 
improve performance keep coming,” said Mattias 
Jörgensen, Foreship Vice President Business Develop-
ment. “Generation to generation, cruise ships have 
made massive strides in terms of energy efficiency, 
but forward-looking owners continue to want more.”

In June, Finnish design and engineering company Foreship 
disclosed that the ‘fresh thinking’  Jörgensen referred to 
had found a commercial niche, as  talks began openly 
about a new approach to CFD, which factored real sea 
states into hull form optimisation. 

Despite quickening processing speeds and improved 
accuracy, the CFD modelling used in commercial ship 
design has to date only considered calm seas. Thus 
modelling the real conditions faced by ships at sea for 
design purposes has largely been an academic endeavour.  

“Discussions with cruise shipowners concerning how to 
optimise hull forms in real conditions have been ongoing 
for around five years, but it has taken time to develop the 
practical tools,” explained Janne Niittymäki, Foreship Head 
of Hydrodynamics. “A lot has happened in the field of CFD 
over those years, and it has become practical to look at 
frictional resistance below the water in a way that consid-
ers the complexities of wave motions.”

“Actual conditions at sea are very rarely completely calm, 
and the optimal hull form for real operational conditions is 
likely to differ significantly from one optimised for calm 
seas,” said Jörgensen. 

“Our initial work was not client-specific, and looked at the 
methodology of CFD simulation based on real conditions. 

We created simulations, including average wave heights 
that remain constant throughout the cycle of the ship 
and along the entire length of the hull form. The density 
of the grid used in the modelling was increased when 
compared to a traditional simulation,” he explained.

Foreship brought its expertise to bear on advancing the 
capability of OpenFOAM, the open source CFD software 
package, developing the coding required for hull optimis-
ation and graphical interfaces that simulate real condi-
tions. Inputs include the baseline 3D hull form and any 
possible restrictions, with normal operational conditions 
based on expected wave heights, wave periods and 
speed range. 

Work scope
The typical work scope for the new RANS-CFD optimisa-
tion programme considers the impact of head waves and 
following waves in one sea state and three ship speeds. 
The analysis determines the differences in bare hull 
resistance in waves and in calm water to assess hull 
form variants for best performance. In addition, the 
effect of the hull form selected on ship motions and wave 
impacts (slamming forces) can be determined. 

While self-evidently desirable, the full significance of the 
change in approach only became clear after the new 
Foreship RANS-CFD based method was deployed in 
design work for one of the Finnish company’s leading 
cruise ship customers.

“After a specific request from a client, we entered a more 
intensive phase around 18 months ago as part of a 
cruise ship newbuilding project, although I should 
emphasise that the same approach is appropriate for any 
type of ship,” said Niittymäki.

The project in question looked to compare the 
performance of a bulbous bow versus a vertical stem bow 
on board a cruise vessel of around 300 m in length 
optimised for 18 knots. The beam, draft, block coefficient 
and submerged hull length were constant.

         It is received wisdom that the bulbous bow is the 
optimal solution in calm water, but above a certain 
threshold condition (wave height and period) the 
vertical stem becomes the optimal solution,” said 
Niittymäki. “But what is the threshold?”

Using the new method, the simulations showed that in 
calm water the bulbous bow could indeed be considered a 
marginally ‘better’ solution in speeds ranging between 
14-18 knots, but that at 22 knots, the vertical stem was 
demonstrably better, achieving 2.7% less resistance. 

However, in conditions simulated to include head waves 
(Hs = 1.75, Tp = 8s), modelled in intervals of 20 secs in 
calm seas and 25 secs in waves, the vertical stem 
achieved an improvement in hull resistance of above 2% 
even in small regular head waves across 14, 18 and 22 
knot test speeds. The differences in ship motions were 
considered insignificant in the context of resistance.

“When the first estimates came through, I have to say that 
I did not believe them,” said Niittymäki. “I believed that the 
vertical stem would be seen to be the better option at 
some point, but not at such low wave heights. The 
resistance in waves was shown to be clearly better across 
the whole speed range in the case of the vertical stem 
version. We knew that even small waves might affect how 
the optimal hull form was decided on, but it is only now 
that we have the new methodology that we can measure 
precisely what the effect will be.”

Modification freedom
Using Foreship’s RANS-CFD method at an early stage will 
confer more freedom for modification than would be the 
case after model testing. However, Niittymäki emphasised 
that the benefits translate directly into a language 
shipowners will also find persuasive: “Real fuel 

The action of the bow can be simulated in real sea states, which can influence a cruise ship’s bow design. 

consumption gains will be very significant in the practical
case we have worked on and other hull optimisation 
improvements will achieve the same outcome,” he 
claimed.  

For the cruise ship industry, a 2% margin of improvement 
in terms of frictional resistance is a ‘big deal’. However, 
Niittymäki added: “Naturally, this would not be so 
significant for other vessel types, but the point is that the 
methodology is in place to simulate other factors, such as 
seakeeping or slamming, which may be the leading 
consideration for other owners. The same CFD 
methodology would be applied to evaluate the optimum 
hull form at the earliest possible stage.”  

In the normal course of events, hull form optimisation is 
verified by model testing at a later stage of design. While 
this will remain the case, Niittymäki emphasises that one 
of the benefits of the new methodology is that no further 
modifications would be expected.

In addition, CFD simulation is repeatable in a way that 
model testing is not, meaning that small adjustments can 
be easily modelled. “The simulation can be run quite 
quickly; part of the development plan for this methodology 
was that it would need to be commercially applicable.” 

Niittymäki stressed that the new methodology does not 
replace model testing as such. Developing the existing 
model to take account of varying sea states and oblique 
wave motions is attainable, if “a little more 
time-consuming”, he said, because the current simulation 
runs a ‘half hull-form model’.  Simulating speed/power 
performance of potential hull forms would not be 
advisable, because speed ranges of 10-25 knots need to 
be considered in one knot intervals, implying an 
impractical number of simulations. 

For the moment, however,  Jörgensen believed attention 
should focus on what has already been achieved. “It was 
truly a surprise to our hydrodynamics specialists how 
close to calm seas conditions the vertical stem bow 
becomes preferable to the bulbous bow,” he said. “This 
new approach to CFD opens up significant new potential 
for commercial ship design.” 
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with the latest new ideas and concepts.
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be considered in one knot intervals, implying an 
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marginally ‘better’ solution in speeds ranging between 
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optimal solution in calm water, but above a certain 
threshold condition (wave height and period) the 
vertical stem becomes the optimal solution,” said 
Niittymäki. “But what is the threshold?”

Using the new method, the simulations showed that in 
calm water the bulbous bow could indeed be considered a 
marginally ‘better’ solution in speeds ranging between 
14-18 knots, but that at 22 knots, the vertical stem was 
demonstrably better, achieving 2.7% less resistance. 

However, in conditions simulated to include head waves 
(Hs = 1.75, Tp = 8s), modelled in intervals of 20 secs in 
calm seas and 25 secs in waves, the vertical stem 
achieved an improvement in hull resistance of above 2% 
even in small regular head waves across 14, 18 and 22 
knot test speeds. The differences in ship motions were 
considered insignificant in the context of resistance.

“When the first estimates came through, I have to say that 
I did not believe them,” said Niittymäki. “I believed that the 
vertical stem would be seen to be the better option at 
some point, but not at such low wave heights. The 
resistance in waves was shown to be clearly better across 
the whole speed range in the case of the vertical stem 
version. We knew that even small waves might affect how 
the optimal hull form was decided on, but it is only now 
that we have the new methodology that we can measure 
precisely what the effect will be.”

Modification freedom
Using Foreship’s RANS-CFD method at an early stage will 
confer more freedom for modification than would be the 
case after model testing. However, Niittymäki emphasised 
that the benefits translate directly into a language 
shipowners will also find persuasive: “Real fuel 

The action of the bow can be simulated in real sea states, which can influence a cruise ship’s bow design. 

consumption gains will be very significant in the practical
case we have worked on and other hull optimisation 
improvements will achieve the same outcome,” he 
claimed.  

For the cruise ship industry, a 2% margin of improvement 
in terms of frictional resistance is a ‘big deal’. However, 
Niittymäki added: “Naturally, this would not be so 
significant for other vessel types, but the point is that the 
methodology is in place to simulate other factors, such as 
seakeeping or slamming, which may be the leading 
consideration for other owners. The same CFD 
methodology would be applied to evaluate the optimum 
hull form at the earliest possible stage.”  

In the normal course of events, hull form optimisation is 
verified by model testing at a later stage of design. While 
this will remain the case, Niittymäki emphasises that one 
of the benefits of the new methodology is that no further 
modifications would be expected.

In addition, CFD simulation is repeatable in a way that 
model testing is not, meaning that small adjustments can 
be easily modelled. “The simulation can be run quite 
quickly; part of the development plan for this methodology 
was that it would need to be commercially applicable.” 

Niittymäki stressed that the new methodology does not 
replace model testing as such. Developing the existing 
model to take account of varying sea states and oblique 
wave motions is attainable, if “a little more 
time-consuming”, he said, because the current simulation 
runs a ‘half hull-form model’.  Simulating speed/power 
performance of potential hull forms would not be 
advisable, because speed ranges of 10-25 knots need to 
be considered in one knot intervals, implying an 
impractical number of simulations. 

For the moment, however,  Jörgensen believed attention 
should focus on what has already been achieved. “It was 
truly a surprise to our hydrodynamics specialists how 
close to calm seas conditions the vertical stem bow 
becomes preferable to the bulbous bow,” he said. “This 
new approach to CFD opens up significant new potential 
for commercial ship design.” 
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