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A motivation 

Why to look into ship resistance? 

• Emissions are directly coupled to energy consumption. 
• Up to 85% of all useful energy on board (exhaust and heat losses already 

subtracted)  is typically required to propel a ship and hence related to 
Hydrodynamics.  

• Savings in this place will benefit the whole ship energy household. 
• Each kW saved to propel a ship means less fuel consumption.  
• … and each ton of fuel saved means 3.7ts of 

     CO2 not emitted (+ other emissions). 
• Drag/Resistance plays an important role, but                   not the only one.  
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The complex interplay of effects calls for a 
holistic “hydro analysis” in which resistance 
optimisation plays an important role.  



Form Resistance 
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Hullform is essential 
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• Wave / pressure resistance makes 
up for 20 – 50% of the resistance.  

• This is a function of ship type and 
speed.  

• Hullform optimisation is hence 
widely used for most ships 
nowadays.  

• The “traditional” way is to use 
panel codes and check a large 
number of design alternatives. 

• TARGETS explores the concept of 
using adjoint equations for 
objective functions (here: 
minimum power, PD) in a viscous 
prediction.  
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Form optimisation of a Bulk Carrier 
using adjoint equations 

• Form optimisation with active 
propulsion 

• Prediction of sensitivities for a 
specified objective function: 
Minimum delivered Power / PD 

• An integrated process (parametric 
CAD – CFD model) yields an 
asymmetric aftbody, and a   

• PD reduction of abt. 3% at design 
speed (14 kts).  

• Validation: model test: 
• - 4.3% PD for design speed (14 kts) 
• - 8.% PD for lower speed (13 kts) 
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Initial design Optimised design 

𝐽𝑁𝑁 = 0,9472 𝐽𝑁𝑁 = 0,9665 
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New Bulbous Bow 

8,500 TEU CONTAINER VESSEL, speed 17 kts, HFO combustion 
Propulsion power savings 1948.1 kW 
Energy savings  46754.4 kWh/day 
Specific HFO consumption 176.1 g/kWh 
HFO savings  8.23 t/day 
HFO-specific CO2 emission 3.1144 tCO2/tHFO 
CO2 savings  25.64 t/day 
HFO price (source: Bunkerworld) 600 $/t 
Financial benefit  4940 $/day 



Friction Resistance 
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Frictional Resistance 

• Friction forces acting on the ship hull are a second – 
often even larger – contribution to the total resistance of 
a vessel; and they become more important with reduced 
ship speeds: 

• The physical properties of water  [ν (t, ρ)]can hardly be 
influenced.  

• … but the quality / smoothness of the surface and its 
condition (fouling) can be influenced technically.  

• New coatings promise superior quality and reduced 
frictional resistance.  

• High Reynolds number tests (in HSVA’s HKAT) indicate 
some potential of several coatings and even patterned 
surfaces (riblets).  

• The effects of surface roughness can be simulated in CFD  
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Surface Roughness 
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• Experiments (Univ. Newcastle) indicate the 
large variation of frictional resistance (∆cF ) 
depending on the surface condition, 
significant increases up to 50% have been 
found for (heavy) calcareous foulings.  

• In addition to the experiments, new CFD 
models have been developed to simulate 
the effect of surface roughness. These have 
been implemented in RANS codes (FreSCo+) 
which are now capable to predict the effect 
of additional surface roughness on the 
resistance.  

• There are interesting effects of roughness 
parameters on the boundary layer 
development along the hull and the 
pressure recovery. 

• Comparison between experimental 
(extrapolation) and CFD data show good 
agreement.  
 

ks (m) ks+ ΔCF ΔCF(%) 

1. Best FR  0.000016 3.2 0 0.00% 

2. Best SPC 0.000019 3.8 1.63547E-05 1.16% 

3. Best CDP 0.000018 3.57 1.24295E-05 0.89% 

4. Typical antifouling Schultz (2004) 0.00003 6 6.38677E-05 4.41% 

4. Light slime / Deteriorated coating 0.0001 21.7 0.000319692 18.77% 

5. Heavy slime 0.0003 70.4 0.000623591 31.05% 

6. Small calcareous fouling 0.001 258 0.001095931 44.09% 

7. Medium calcareous fouling 0.003 845 0.001618063 53.30% 

8. Heavy calcareous fouling 0.01 3000 0.002095555 60.17% 

   
Experiments-Extrapolation CFD 

 
ks ks+ CF DCF DCF (%) CF DCF DCF (%) 

Hydr.Smooth 0   0.001366698     0.001367     
Case 1 0.000025 4.925 0.001406901 0.000040 2.86% 0.001527 0.0001603 10.50% 
Case 2 0.00005 10.15 0.001506741 0.000140042 9.29% 0.001619 0.0002523 15.58% 
Case 3 0.0001 21.4 0.001684371 0.000317672 18.86% 0.001738 0.0003713 21.36% 
Case 4 0.00015 33.2 0.001810525 0.000443826 24.51% 0.001819 0.0004523 24.87% 
Case 5 0.0002 45 0.001889941 0.000523242 27.69% 0.001883 0.0005163 27.42% 
Case 6 0.00025 57 0.001944985 0.000578287 29.73% 0.001935 0.0005683 29.37% 
 

Boundary layer development 
Smooth / rough 

Hull pressure: Smooth / rough 
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Air Lubrication and special surfaces  

• Air lubrication is a widely discussed (and partially applied) 
technique to reduce viscous resistance. Different 
concepts are considered:  

– Air layer, 
– Air cavity 
– Micro Bubble 

• Main experiences exist (today) with air cavities – these 
were considered in TARGETS’ assessment.  

• Theoretical and CFD model considering  a number of 
parameters (cavity size, air flow rate) applied to different 
ship (types).  

• Developed a formula to calculate resistance reductions 
and power savings as a function of ship type.  

• Savings in the order of 7% can be expected for a large 
bulk carrier / tanker.  

• Full scale validation is – still – a crucial issue, during 2014 
some (further) results are expected . Watch this space.  

 ------------------------------------------ 
• Patterned surfaces (e.g. Riblets, Dimples) have been 

investigated in a theoretical study to find out whether 
success stories reported from other sectors can be 
achieved in water too.  

• The prime conclusion  is that due to practical problems 
resulting from size and maintenance this cannot be 
applied.  
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Operational Conditions 
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• Hydrodynamics affect the 
operation of ships.  

• CFD predictions are required for 
the complete operational 
envelope  covering:  

– Speed 
– Trim 
– Surface condition 

• Efficient computational set-up for 
trim variations and conditions 
improves cost of CFD predictions. 

• The result is a complex response 
surface to be used in the Dynamic 
Energy Model (DEM) 
 

Simulation for operational conditions  
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• Capesize Bulk Carrier 
– Voyage data: 9 ports, 38000 nm 
– Design Speed: 15 kts 

• Speed/Power curve shows 
lowest speed requires lowest 
power/engine rpm 

• SFOC varies over engine rpm 
• Best FOC not at lowest speed! 
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Slow Steaming 
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Interaction 
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• The “Boundary Layer Alignment/Acceleration 
Device” is a Novel Flow Improvement Device; 

• Novelty is always relative: the inspiration for this 
dates back into the 1970s.  

• Concept of deflecting streamlines to be applied to 
a ship aftbody, in a location where it matters.  

• The upstream placement affects a large flow 
region and yields more significant wake 
modifications (than other ESDs).  

• Design 
• FreSCo+ Predictions indicate an even reduced 

resistance (due to an improved pressure 
resistance) with BLAD,  

• … and a better wake (fraction and quality). 
• Propulsion tests show power savings of 2% - for 

the original propeller.  
• Modifying the propeller (grinding of the T.E.) 

yields 5% improvements.  
• Using a – wake - adapted propeller gains as much 

as 7.4%.  
 
 
 
 

The BLAD 
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Bare hull, 
org. prop 

Hull+BLAD, 
org. prop 

Hull+BLAD, 
mod. prop 

Hull+BLAD, 
new prop 

9039.9 KW 
(-7.40%) 

9266.1 KW 
(-5.08%) 

9572.8 KW 
(-1.94%) 

9762.3 KW 
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Savings per voyage 
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ORIGINAL

SLOW

+BLAD 1

+BLAD 2

+BLAD 3

COST GHG

376 k€ 2.44 kT 

383 k€ 2.48 kT 

395 k€ 2.57 kT 

404 k€ 2.62 kT 
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Conclusions +  Outlook 

• With energy efficiency, fuel consumption and cost as well as 
ship borne emissions being the prime elements of today’s 
shipping agenda, hydrodynamics play a fundamental role in 
determining  “optimal designs” for “optimal operation”.  

• Resistance and Propulsion are key elements determining the 
energy consumption of cargo vessels . Optimisation  based on 
cutting edge analysis technologies can yield power savings of 
5% on average today (HSVA statistics).  

• Advanced CFD tools now available are pushing the frontiers 
further and prove valuable instruments not only for design but 
also operational optimisation. 

• The full potential of these methods will be unleashed in 
combination with a global Dynamic Energy (Model) Simulation.  
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Thank you.   
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