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ABSTRACT  

The paper presents the results of the second stage of a study regarding the ship hull forms 
influence on the propulsive performances for an imposed capacity containership. In the 
first stage, starting from the dimensions and the forms of a given containership, other ten 
ship hulls have been generated and the hydrodynamic ships’ resistance have been com-
puted. In the second stage, for two of the generated ship hull forms having the lowest re-
sistance, the propellers have been designed, encountering problems with the placement of 
the optimal propeller in the after end of the ship. This focused the present study on the 
changing the dimensions and shapes of the aft end for these two ships, in an attempt to 
ensure the installation of a propeller with an optimal diameter from propulsive efficiency 
point of view, as large is possible. 
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1. INTRODUCTION  

The work done in the second stage of a 
study regarding the ship hull forms influence 
on the propulsive performances for an im-
posed capacity containership are presented in 
this paper. In the first step, based on the main 
dimensions and shapes of an imposed capaci-
ty containership, ten ships hulls have been 
generated with DELFTship calculation pro-
gram, the hydrodynamic ships’ resistance 
have been computed and the results have 
been presented in a previous paper [1].  

In the second step, two of the new gen-
erated ship hull forms having the lowest hy-
drodynamic resistance have been selected to 
continue the investigations, respectively to 
design the propulsion system, ensuring the 
best performances in terms of propulsion 

efficiency. Different main engines have been 
selected and the propellers have been de-
signed, encountering problems with the 
placement of the optimal propeller in the 
stern area. This focused the present study on 
the changing the dimensions and shapes of 
the after end for these two ships, in an at-
tempt to ensure the installation of a propeller 
with an optimal diameter from propulsive 
efficiency point of view, as large is possible. 

In the future third stage, aspects regard-
ing the influence of ships forms on the pro-
pulsive performances considering the IMO 
conditions for reducing greenhouse gases 
emissions (Energy Efficiency Design Index -
EEDI) will be analysed. 

All the investigations have been carried 
out started from an imposed capacity con-
tainership (1805 TEU), having the main di-
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mensions and shapes given in Figure 1 
[1],[2].  

 

 

Fig. 1. Main dimensions and shapes for the 
initially containership [1], [2] 

2. SHIP SHAPES INVESTIGATION 
AND SELECTION  

In the first stage, based on the main di-
mensions and the shapes for the given con-
tainership, ten ship hulls have been generated 
with DELFTship calculation program. For 
every case, the total hydrodynamic ships’ 
resistance (Rt [kN]) and hull propeller inter-
action coefficients (w, t – wake and thrust 
deduction coefficients) have been computed 
for a ship velocity range around the owner 
required speed, using the Holtrop Mennen 
method.  

In the second stage, two of the new gen-
erated ship hull forms, having the lowest 

hydrodynamic resistance at 18.7 knots have 
been selected to continue the study (Ship 2 
and Ship 5 - Figure 2 [1]), respectively to 
chose and design the main components of the 
propulsion system, ensuring the best perfor-
mances in terms of propulsion efficiency.  

The necessary propulsive power has 
been calculated for the main engines selec-
tion and the propellers have been designed, 
encountering problems with the placement of 
the optimal propeller in the after end of the 
ship. This focused the present study on the 
changing the dimensions and shapes of the 
aft end for these two ships, in an attempt to 
ensure the installation of a propeller with an 
optimal diameter from propulsive efficiency 
point of view, as large is possible. 

 Thus, starting from the ship’s hull forms 
with the best performances in terms of mini-
mum hydrodynamic resistance (Ship 2 and 
Ship 5), another 6 new ship hulls have been 
generated, deriving by turn the main dimen-
sions with: 0,5 m on the beam, 0,5 m on the 
length, 0,5 m on the draught. Due to the main 
dimensions’ derivation, the geometrical 
characteristics for the new ships have been 
changed (Figure 3). The 2D shape lines, 3D 
model-lines and model-surface for the new 
ships are presented in Figures 4-9. 

 

Fig.2. Total ship resistance and w-wake coefficients for the initial generated 10 ship hulls [1] 

 

Fig.3. Main geometrical characteristics for the new generated 6 ship hulls  
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Fig. 4. Ship 2 beam+0.5, 2D shape lines, 3D model-lines and 3D model-surface 

  

Fig. 5. Ship 2 length+0.5, 2D shape lines, 3D model-lines and 3D model-surface 
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Fig. 6. Ship 2 draught+0.5, 2D shape lines, 3D model-lines and 3D model-surface 

  

Fig. 7. Ship 5 beam+0.5, 2D shape lines, 3D model-lines and 3D model-surface 
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Fig. 8.  Ship 5 length+0.5, 2D shape lines, 3D model-lines and 3D model-surface 

 

Fig. 9.  Ship 5 draught+0.5, 2D shape lines, 3D model-lines and 3D model-surface 
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Fig.10. Ships resistance for the initial Ship 2, Ship 5 and for new derivated 6 ship hulls  

 

Fig.11. Total ship resistance for new generated 6 ship hulls at 18.7 knots ship speed  

3. RESULTS REGARDING 
PROPELLER DESIGN  

The results regarding the hydrodynamic 
ship resistance for the new 6 ships hulls gen-
erated starting from Ship 2 and Ship 5 have 
been computed and plotted for a velocities 
range around the owner required speed (Fig-
ures 10,11). 

Analysing the ship resistance for the new 
generated 6 ships shapes (Figures 10,11), two 
ship hull forms (Ship 2 draft+0.5 and Ship 5 
draft+0.5) having the lowest hydrodynamic 
resistance have been selected to continue the 
present investigation. Using the ship re-
sistance as initial data, the necessary propul-
sive power has been computed for main en-
gines selection. The study has been per-
formed for two slow diesel engines with the 
following characteristics:  

- case 1. Pb=19920 kW, no =105rpm, 
- case 2. Pb=16020 kW, no=117 rpm,  

where Pb is the brake power and no the engine 
the revolution rate. 

For each studied ship hull and for the 
chosen main engine, the optimal propeller in 
terms of efficiency point of view has been 
designed to consume the delivered power and 
the results have been presented in Figures 
12,13. The propellers have been designed for 
two different design points taking into con-
sideration the sea margin SM=15% and dif-
ferent values for the engine margin EM=0-
10% [4] (power using coefficient cu=0.85 
and cu=0.75). The results regarding propel-
lers design for Ship 2 draught+0.5 and Ship 5 
draught+0.5 for the selected engines are pre-
sented in Figures 12,13.  

There were still problems with the 
placement of the propeller with optimal di-
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ameter from the efficiency point of view in 
the stern area. It is known that a higher pro-
peller diameter and a lower revolution rate 
led to a higher efficiency from the energetic 
point of view. But from a constructive point 
of view, the after body hull lines, the draught 
and the clearance between tip propeller and 
ship hull have to be taken into account.  

 

Fig.12. Results regarding propeller design 
Ship 2 draught+0.5. 

 

Fig.13. Results regarding propeller design 
Ship 5 draught+0.5. 

The maximum values of the propellers 
diameters that can be fitted behind the stern 
of the studied ships hulls, are maximum 
5.89m for ship 2 draught+0.5 and 6.01m for 
ship 5 draught+0.5. These values have been 
calculated and measured on the 2D shape 
lines plan taking into considerations the re-
quirements related to the clearance between 

propeller and hull structure [3]. The propeller 
diameter is limited on the one hand by the 
distance between lower blade’s tip and the 
baseline (from safety condition to avoid 
damages) and on the other hand by the clear-
ance between propeller and the ship hull to 
avoid high level of pressure pulses, noises 
and vibrations. Usually, these distances are 
given in percent of diameter. 

In the case of engine 1, for both studied 
ships, due to the higher power and lower 
revolution rate, large values of diameters for 
the optimal propellers have been obtained. In 
an attempt to comply with the clearance re-
quirements, the second engine with a lower 
power and a higher revolution rate has been 
chosen for propulsive performances investi-
gation.  

For Ship 2 draft+0.5, the most favoura-
ble case from the required speed performanc-
es point of view was case II from Figure 12, 
but unfortunately it does not comply with the 
requirements regarding the clearance and 
safety of propeller from construction point of 
view.  

For Ship5 draft+0.5, the most favoura-
ble case from the required speed performanc-
es point of view was case III from Figure 13, 
but unfortunately it does not comply with the 
requirements regarding the clearance and 
safety of propeller from constructive point of 
view. That’s why, for this variant of ship 
shapes and for the second case of motorisa-
tion, a compromise has been made regarding 
the propeller’s design.  

The engine with 16020 kW brake power 
and 117 rpm has been chosen, and the maxi-
mum constructively acceptable diameter has 
been imposed D=6.01 m instead of efficiency 
optimal diameter D=6.182. As a results of 
the propeller diameter reduction, a decrease 
in ship’s speed has been obtained, from 
18.713 knots to 18.699 knots. It results a 
classic case of compromise in propeller de-
sign when a propeller with optimal diameter 
in terms of efficiency cannot be placed be-
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hind the stern of the ship from constructive 
reasons.   

Another solution to solve the problem 
would be to search and find other combina-
tion main engine propeller, but it must be 
taken into account that, in general, slow die-
sel engines of high power have low revolu-
tion rate, which leads to large propeller di-
ameter. 

It can be seen that the stern shapes for 
the Ship 5 lead to a slight reduction of the 
wake coefficient, ensuring a better uniformi-
ty of the flow in propeller disc. A CFD anal-
ysis of flow phenomenon around these 
shapes would be useful for studying the in-
fluence of ship shapes on the propulsive per-
formances. 

4. CONCLUDING REMARKS 

The paper presents the second stage of a 
study regarding the ship hull forms influence 
on the propulsive performances for an im-
posed capacity containership. In the first 
stage, starting from a given containership, 
other ten ship hulls have been generated and 
the ships resistance have been computed. In 
the second stage, for two of the new gewner-
ated ship hull forms with lowest resistance, 
the propulsion systems have been designed, 
encountering problems with the placement of 
the optimal propeller in the after end of the 
ship. This focused the present study on the 
changing the dimensions and shapes of the 
aft end for these two ships, in an attempt to 
fit the optimal propeller diameter in term of 
propulsive efficiency, as large is possible.  

Thus, starting from two of the ship’s hull 
forms with lower resistance another 6 new 
ship hulls have been generated, deriving by 
turn, the main dimensions beam, length and 
draught with 0.5 m. The hydrodynamic ships 
resistance for the new 6 ships hulls generated 
have been computed and analysed and two 
hulls (Ship 2 draft+0.5 and Ship 5 draft+0.5) 
with lowest hydrodynamic resistance have 
been selected to continue the study. The nec-
essary propulsive power has been computed, 

two slow diesel engines have been selected 
and for every case, an optimal propeller in 
terms of efficiency has been designed.  

There were still problems to fit the opti-
mal propeller diameter in the stern area, 
which finally led to the choice of shapes of 
Ship 5 draft+0.5, in the second case of mo-
torisation, with the maximum propeller di-
ameter from constructive point of view. It 
resulted a classic case of compromise in pro-
peller design when a propeller with optimal 
diameter in terms of efficiency cannot be 
placed behind the stern of the ship from con-
structive reasons, but in this case the ship’s 
velocity with the selected propulsion system 
was very close to the owner’s required speed.   

In the future third stage, aspects regard-
ing the influence of ships forms on the pro-
pulsive performances considering the IMO 
EEDI (Energy Efficiency Design Index) re-
quirements will be analysed. 
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