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1. Description of the Vessel 
The simulated vessel is 63m-long, 10.2m-wide with a fully loaded waterline depth at 2.7m as 

depicted in Figure 1. The wetted area of the hull surface is 870 m2. The vessel has two identical 
propellers and rudders, each of them with an area of a 3.2 m2 and 4.3 m2 respectively. Each propeller 
is connected to the hull through a shaft system with an area of 5.8 m2. Thus, the total immersed 
surface of the vessel is 896.6 m2. 

All the immersed surfaces are made of steel CSA G40.8 grade 8, including the propellers. The steel 
surfaces are coated with marine epoxy paint of three-years design life, classified as Category II 
according to Det Norske Veritas (DNV) [1]. At the end of the coating’s design life, the breakdown factor 
results in an fc = 0.0875 [1]. 

 

 

(a) 

                      
 

 

(b)                                                                 (c) 

Figure 1. (a) Side view; (b) back view; (c) front view of the simulated vessel. 

2. Description of the Cathodic Protection System 
 

The main part of the hull is cathodically protected by means of 4 IC anodes of 0.068 m2 each, 

placed as shown in Figure 1. The electrical insulation needed, to avoid overprotection around the IC 

anodes, is an orthogonal area of 6m x 2.5m. The stern region of the ship is also protected using 20 

sacrificial zinc anodes of 0.03 m2 placed as shown in Figure 2. 
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Figure 2. Sacrificial zinc anodes 

 

3. Polarization Characteristics of the Coated Surfaces and the 

Sacrificial Anodes 
 

The coating damage is modeled considering a breakdown factor fc = 0.0875 at the hull and fc = 0. 2675 
at the rudder, propeller and shaft system.  

The dynamic conditions that occurred due to the motion of the ship are modelled considering an 
additional factor fd. The factor fd is used to obtain the dynamic polarization curve from the 
corresponding static one, increasing the current densities proportionally by fd, for the same potential. 
According to Lucas et al. [2], the dynamic state may increase the current demand by 3–5 times with 
respect to the static state. In the present study, the value of fd =4 has been chosen. 

Thus, the polarization curves of coated steel surfaces in seawater are given by the non-linear 
relation [3] 
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The polarization curve of the zinc anodes in seawater under dynamic conditions, is given by the 
following relation [4]: 

( ) ( ) ( )2 303 2 303−
= −corr a corr c. φ-φ / b . φ-φ / b

c corr corri φ, f i e i e , (2) 

where 20.586mA/m
corr
i = , -1.125V( s )Ag/AgCl/ .w.

corr
 = vs. , 0.0539V/dec

a
b = and 0.0753V/dec

c
b = .  

 

https://feacomp.com/pithia/cp/


                                                                                                

 

4 

UNRESTRICTED 

https://feacomp.com/pithia/cp/  

4. Optimal Configuration of the ICCP System 
 

The goal of the optimization procedure is to determine the minimum amount of the current 
delivered by the IC anodes to achieve protection.  

The following parameters have been considered [1]: 

1) Electric conductivity of seawater σ=4 S/m, for 35% salinity and temperature between 7-12°C. 

2) Mean design current density ip = 100 mA/m2 for bare metal exposed at seawater at temperature 
of 7-12°C and static conditions. 

 
 According to the polarization curve (Eq. 1) used, the chosen value of jp = 100 mA/m2 as 
mentioned above corresponds to a protection potential of – 0.8348 V (vs. Ag/AgCl/s.w.).  

Note that the jp = 100 mA/m2 for bare metal and static conditions corresponds to jp = 35.0 mA/m2 for 
coated metal with fc = 0.0875 and dynamic conditions with fd = 4. 

 Using the optimization feature of PITHIA-CP, the minimum amount of the current delivered 
by the IC anodes is calculated at 73.33 A. Note that the sacrificial anodes provide additional 11.09 A.  

The calculated electric potential distribution and current density at the immersed surface of 
the ship is depicted in the contour plots of Figures 3–6.  

 
 
 

 
Figure 3. Potential distribution φ (mV vs Ag/AgCl/seawater) at the ship. 
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Figure 4. Potential distribution φ (mV vs Ag/AgCl/seawater) at the ship. 

 

 
Figure 5. Potential distribution φ (mV vs Ag/AgCl/seawater) at the ship with iso-lines & contour. 

 

 
Figure 6. Current density i (mA/m2) at the ship’s hull. 
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Figure 7. Potential φ (mV) & Current Density (mA/m2) at the rudder, propeller & shaft system 
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