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ABSTRACT  

The design of a propulsion system for each ship must take into consideration a large 
number of factors. Some important factors that will lead to an efficient propulsion system 
are: the selection of suitable components (main engine, transmission, propulsion device) 
and their integration in a limited but functional space, to achieve maximum propulsion ef-
ficiency, to meeting the criteria of safe operation and comfort conditions on board. Con-
sidering the factors listed above, the paper presents a study regarding the propulsive per-
formances and propulsion system design for a chemical tanker. To choose the optimal 
components, the analysis has been performed for 4 different combinations: engine- pro-
peller. The operation of the propeller behind the ship induces unsteady forces which can 
initiate vibrations of the ship’s hull.  Therefore, in the last part of the paper, the effect of 
the operation of the propeller designed for the chemical tank has been analysed. In this 
sense, the surface forces induced by the propeller that appear in the stern vault are also a 
centre of interest in this work. 

Keywords: chemical tank, propulsion performances, pressure/surface forces 

1. INTRODUCTION  

A chemical tank is a high-capacity ship 
whose propulsive performance is a main fea-
ture; therefore, the design of an efficient pro-
pulsion system is a point of interest. The pre-
sent study related to propulsive performances 
[7], has been performed for a chemical tank 
(Figure 1) with an overall length of 101.49 
meters and 16.6 meters breadth, the main 
characteristics of which are presented in   
Table 1. 

First, starting from the shapes and the 
geometrical characteristics of the hull, the 
ship resistance has been theoretically com-
puted and for tanker’s propulsion, the power 
requirements has been established using an 
in-house code developed by the first author. 
Two diesel engines were chosen, and two 

propellers were redesigned for each prime 
mover, resulting in four study cases. The ship 
propulsive performances have been analysed 
and the case that offers the optimal combina-
tion engine power, propeller’s efficiency and 
shipowner desired speed has been selected. 
The effect of designed propeller operation 
behind the chemical tank hull and the surface 
forces induced by it on stern vault have been 
a centre of interest in the last part of the pre-
sent work.   

 
 

Fig.1 Chemical tank hull 
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Table 1. Ship main characteristics 

 

For ship resistance calculation, the theo-
retical method developed by Holtrop-
Mennen has been used [1]. Based on this 
method, the total ship resistance may be 
computed by summing the following compo-
nents:  frictional resistance (based on ITTC-
1957 formula) RF multiplied with the form 
factor (1+k1), appendages resistance RAPP, 
wave resistance RW, resistance due to bulb 
RB, additional resistance of immersed tran-
som RTR  and the model-ship correlation re-
sistance RA:  

(1) 

Using this theoretical method, the com-
putation has been performed for a range of 
speed between 12-16 knots, and a value of 
250 kN has been obtained for the total ship 
resistance at 14 knots speed. 

2. PRELIMINARY PROPELLER 
CHARACTERISTICS AND 
NECESSARY PROPULSIVE 
POWER CALCULATION 

Due to lower acquisition costs and oper-
ating performance, the naval propeller pro-
pulsion system is most common in chemical 
tankers. In a preliminary phase, it is neces-
sary to estimate the propulsive power taking 
into account the ship resistance previously 
determined. Thus, the first stage consists in 
calculation of the engine brake power based 
on preliminary propeller efficiency.  For this 

reason, in the initial design stage, for propul-
sive performance investigations, the B Wa-
geningen series propellers diagrams are used 
and the torque and thrust coefficients KT, KQ 
are computed for different values of the ad-
vance ratio J, using polynomial formulas: 

 

 
(2) 

 

 
(3) 

In the above formulas, in addition to the 
regression coefficients AKT, AKQ and the cal-
culation exponents Qk, xk, yk, zk , geometrical 
parameters of the propeller such as: blade 
area ratio Ae/A0 , pitch ratio P/D and number 
of blades z are found. 

Using these polynomial equations, the 
open water hydrodynamic characteristics of 
the B Wageningen screw series can be com-
puted for a given propeller and usually they 
are plotted as KT (J) and KQ (J) curves.  
 For the chemical tanker studied in the 
present work, the input data used for neces-
sary propulsive power calculation are pre-
sented in Table 2. 

Table 2. Input data  

 

In the first step of the used method, the 
thrust coefficients KT have been computed 
and plotted on the same diagram, for differ-
ent values of the pitch ratio (P/D = 0.6; 0.8; 
1; 1.2) and for a range of the advance ratio 
between 0 and 1 (Figure 2) [7] . 

On the same diagram, the ship curve has 
been plotted: the non-dimensional thrust co-
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efficient as required by the ship’s resistance:  
KT,ship = const × J2 (Figure 2).   

 

Fig. 2 Propeller thrust curves intersecting 
with ship curve  

To achieve the thrust balance (ship 
speed versus shaft revolution) the intersec-
tion points between ship curve (Ktship=ct·J2) 
and propeller thrust coefficient curves KT(J) 
are found [2], finally resulting the optimal 
advance coefficient corresponding to the 
maximum propeller efficiency (Figure 3).  

The calculation is an iterative one and 
the final results will be the optimal values for 
propeller efficiency in free water (Figure 3), 
optimal propeller pitch (Figure 4), the revo-
lution rate and the delivered power. Using 
the delivered power value and taking into 
account the power losses and design margin, 
the brake power may be computed in order to 
select the main engine. 

 

 

Fig. 3 Propeller efficiency versus advance 
coefficient 

 

Fig. 4 Optimal pitch ratio versus advance 
coefficient 

 
For the present study, the results related 

to the necessary propulsive powers are given 
in Table. 3.  

Table 3. Results related propulsive power 
calculation 

 

Based on the presented theoretical 
method, the first author has developed during 
master degree studies at the Naval Architec-
ture Faculty [7] a JAWA software for neces-
sary propulsive power calculation. Such a 
program allows the elimination of errors that 
may occur from an inaccurate reading of 
diagrams and the results are as close as pos-
sible to physical reality and they can be ob-
tained in a short time.  The program input 
interface and output data are presented in 
Figure 5. 
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Fig. 5 Input software interface and output data 

3. DIFFERENT TYPES OF 
MOTORIZATION STUDY 

For the tanker propulsive performances 
investigation, four motorisation cases have 
been analysed. The ship’s propulsion system 
design is usually an iterative process and 
after the necessary power calculation and 
main engine selection from catalogue, the 
optimal propeller geometry and its perfor-
mances have to be recalculated.  

Considering this, one Wartsilla engine 
with power of 4350 kW and one MAN en-
gine, with a power of 3840 kW, were chosen. 
For each engine two propeller have been 
redesigned at two different design points (for 
a power using coefficient cu=0.75 including 

Sea Margin SM=15, Engine Margin 
EM=10% and cu=0.85 including only Sea 
Margin SM=15%).  

Once the engine has been chosen, the 
optimal propeller diameter has been comput-
ed by finding the optimal combination of 
power, revolution rate, advance ratio  to en-
sure maximum efficiency. The intersection 
points between non-dimensional torque coef-
ficient as delivered by the shaft (Kq=const x 
J5) and propeller torque coefficient curves 
KQ(J) are found, finally resulting the advance 
coefficient corresponding to the maximum 
efficiency and optimal propeller diameter 
(Figures 6,7).  

 

 
 

Fig.6 Propeller thrust curves intersect-
ing with ship curve 

 

 
 

Fig. 7 Propeller efficiency versus ad-
vance coefficient 

The propeller has been designed for 
each motorisation case and the ship-engine-
propeller performances have been computed 
and analysed. During the calculations, the 
interdependence between the characteristics 
of the propulsion machine and the perfor-
mances of the propeller can be observed.  



The Annals of “Dunarea de Jos” University of Galati                                                                 Fascicle XI 

© Galati University Press, 2021 75

Table 4. Ship/propeller characteristics  
 Case 1 

Engine 1     WARTSILA RT-flex35  
Brake Horsepower [kW] 4350 
Revolution rate [rpm] 167 
Number of cylinders 5 
Sea margin SM [%] 15 
Engine margin EM [%] 10 

Propeller 
Diameter  [m] 3.95 
Number of blades z 4 
Pitch ratio P/D 0.79 

Ship  
Speed [knots] 14.4 

 
Table 5. Ship/propeller characteristics    

Case 2 

Engine 1     WARTSILA RT-flex35  
Brake Horsepower [kW] 4350 
Revolution rate [rpm] 167 
Number of cylinders 5 
Sea margin SM [%] 15 
Engine margin EM [%] 0 

Propeller 
Diameter  [m] 3.96 
Number of blades z 4 
Pitch ratio P/D 0.79 

Ship  
Speed [knots] 14.81 

 
Table 6. Ship/propeller characteristics 

 Case 3 

Engine 2    MAN B&W S30ME-B9.5  
Brake Horsepower [kW] 3840 
Revolution rate [rpm] 195 
Number of cylinders 6 
Sea margin SM [%] 15 
Engine margin EM [%] 10 

Propeller 
Diameter  [m] 3.49 
Number of blades z 4 
Pitch ratio P/D 0.79 

Ship  
Speed [knots] 13.72 

 

Table 7. Ship/propeller characteristics 
 Case 4 

 

Engine 2     MAN B&W S30ME-B9.5 
Brake Horsepower [kW] 3840 
Revolution rate [rpm] 195 
Number of cylinders 6 
Sea margin SM [%] 15 
Engine margin EM [%] 0 

Propeller 
Diameter  [m] 3.51 
Number of blades z 4 
Pitch ratio P/D 0.79 

Ship  
Speed [knots] 14.03 

 
The results obtained for each motoriza-

tion case are presented in the Tables 4-7. It 
can be observed that even if the same engine 
is used, by choosing different propeller de-
sign point, the propeller characteristics and 
ship speed performances will be modified.  

After applying the method in all four 
cases, it is found that the optimal propulsion 
system will be obtained in case 4, by using 
the Man engine, at a power utilization coeffi-
cient of 0.85. In this case, a propeller will be 
obtained  with 3.51 m diameter, resulting a 
ship speed of 14.03 Knots, the closest value  
to the shipownwer desired speed. 
 
4. SURFACE FORCES (PRESSURE 

PULSSES) CALCULATION  

The analysis of the complex system: 
ship hull, prime mover and propulsion device 
play an important role in the design of a new 
ship. The location of the propeller behind the 
ship hull involves the propeller’s working in 
a non-uniform fluid field, which leads to the 
appearance of unsteady hydrodynamic forces 
induced by the propeller and transmitted to 
the ship hull via the shaft line (bearing forc-
es) and through the water (surface/pressure 
forces) (Figure 8). Possible errors made in 
the design of the propulsion system may 
have consequences on both the propeller and 
the hull.  
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Fig. 8 Forces resulted from propeller opera-

tion in unsteady flow 

The analysis of the vibrations induced 
by the propeller operating in non-uniform 
flow behind ship involves two problems: 
- firstly, a hydrodynamic problem represent-
ed by the assessment of the propeller un-
steady hydrodynamic forces which may con-
stitute excitations for the ship hull;  
- secondly, a structural analysis problem, to 
analyse the dynamics response of the struc-
ture (shaft line, ship hull structure). 

In this chapter, the first stage was ap-
proached, following the calculation of the 
surface forces. The surface forces are defined 
as unsteady forces induced by the propeller 
acting in non-uniform flow behind the ship 
and transmitted to the ship hull through sea-
water in form of pressure pulses. They result 
by summing the pressure fluctuation on the 
ship aft extremity surface and their amplitude 
is determined on the one hand by the propel-
ler operating condition (propeller blade shape 
and loading, presence of cavitation) and on 
the other hand by the geometric configura-
tion of the propeller location behind the ship 
[5]. 

The DNV [6] method was used to de-
termine the surface forces. It is a theoretical 
method that has as input data characteristics 
of ship hull and the geometry of the propeller 
(Table 8). The method was applied for 3 
points located on 3 different sections of the 
stern of the ship: one located exactly in the 
plane of the propeller, the second one ar-
ranged at 3 m from the axis, and the last one 
at a distance equal to 1.5 times the diameter 
of the propeller [7] (Figures 9,10,11,12). The 

results related to the force per unit in the ana-
lysed sections are given in Tables 9-11. Ob-
serving the resulted values, it can be seen the 
decrease of the force exerted on the body 
with the increase of the distance from the 
propeller axis. The final value for surface 
forces will be of 9650 kgf.   

 

 
Fig. 9 Sections studied 

 
Table 8. Input data 
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Fig. 10 Section 1  

 
Fig. 11 Section 2  

 
Fig. 12 Section 3  

 
Table 9. Section 1 – obtained results 

 

Table 10. Section 2 – obtained results 

 

Table 11. Section 3 – obtained results 

 
 
The total value for the surface forces 

must be considered as input data in the struc-
tural analysis for the dynamics response of 
the ship hull's structure as a result of the pro-
peller operation in non-uniform flow. 

5. CONCLUDING REMARKS 

The present study was focused on the 
propulsive performance investigation and on 
the design of an optimal and efficient propul-
sion system for a high-capacity chemical 
tank. In this sense, within this work, a pre-
liminary propeller was initially designed to 
determine the necessary power.  During mas-
ter degree studies at the Naval Architecture 
Faculty, the first author has developed a 
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JAWA software for necessary propulsive 
power calculation. 

For the design of the optimal propulsion 
system, four motorisation cases have been 
analysed. The propeller has been designed 
for each case and the ship-engine-propeller 
performances have been computed and ana-
lysed. By comparing the results, the interde-
pendence between the characteristics of the 
propulsion machine, the performances of the 
propeller and ship speed have been analysed. 

In the second part of the study, the sur-
face forces acting on the hull, as a result of 
the functioning of the propeller behind the 
ship have been determined. The value ob-
tained is an entry date for the structural anal-
ysis, to determine dynamics response of the 
hull´s structure as result of the propeller op-
eration in non-uniform flow behind the ship.  
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