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ABSTRACT 
 

Main objective of this analysis is to establish the practical limits of ship size that 
can still be propelled effectively. For that purposes two typical single-propeller 
IWW ships were chosen – MV “Hendrik” and MV “Rheinland”. Through the 
analysis draught and breadth of the ships were kept constant, while different 
ships lengths were considered (virtual lengthening was performed within Task 
6.1). Although the increase of ship length leads to the increase of ship 
displacement and therefore to increase of propeller loading for the same ship 
speed, the propeller diameter could not be changed due to limited space.  
 
Virtual repowering was done for both vessels. Contemporary high-speed Diesel 
engines were considered for retrofitting (derived from general application 
engines applied in the road vehicles that satisfy all present requirements 
concerning emissions etc.) as these are more efficient, cleaner, cheaper (for 
maintenance too) and lighter than conventional ship engines. More advanced 
propulsors (then Diesel engines, conventional propellers etc.) suppose to be 
investigated within other MoveIt WP, as for instance WP2 – Hydrodynamic 
improvements, WP4 – Power etc., WP6, in general, deals with mature and proven 
technologies.       
 
Amongst the lessons learned within Task 6.3, it was concluded, that the power 
needed for achieving certain speed is not significantly influenced by 
lengthening, so the same power train (engine/gearbox/propeller) was 
considered for all lengthening steps. Water depth, however, is the main factor 
that influences power.  

Also, original naked propeller was replaced with a propeller in nozzle as these 
are considered to be more effective for IWW shallow draught vessels.   
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From the results of analysis the following was concluded: 
 

 Due to the lengthening, speed reduction is 1 to 2 km/h (when the same 
engine power is engaged).   

 
 Speed reduction for Hendrik and Rheinland from deep to shallow water (deep 

to h=5 m, and then from 5 m to 3.5 m) is around 4 km/h and 2 km/h, 
respectively.  

 
 Propulsive efficiency can be significantly improved if naked propeller is 

replaced with propeller in nozzle (improvement of ~10%, which increases 
speed up to 1 km/h).  

 
 In very shallow water, due to squat effect (and wave wake too), reduction of 

navigational speed is necessary. Maximal allowed speed for Hendrik is 13 
km/h and 8 km/h for h=5 m and 3.5 m respectively (in deep water –18 ÷ 20 
km/h depending on ship length), while for Rheinland speed should be 
reduced to around 10 km/h for h=3.5 (in deep water – 16.8 ÷ 18.2 km/h 
depending on ship length). 
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1 INTRODUCTION 

1.1 Main parameters of considered ships 
 

MV “HENDRIK” 
 
Inland waterway dry bulk cargo ship “Hendrik” was built in 1975 as a        
single-propeller ship with main engine SKL 6NVD48-2U (installed power is     
660 HP). 
 

 
Figure 1 - MV “Hendrik” as initially built [1] 

 
Main ship particulars, as it was initially built, are shown in Table 1. 
 

Table 1 - MV “Hendrik” - main ship particulars 
 

 
 

[m] 69.98

[m] 8.60

[m] 2.95

[m] 3.00

[t] 1360

Propeller diameter [m] 1.5

Length over all

Breadth

Draught

Depth

Displacement
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All data presented in Table 1 were taken from the Deliverable 6.1 (Ship 
Structure), except propeller diameter which was estimated from the General 
Arrangement plan which is shown in Figure 2.  
 

 
Figure 2 - General arrangement drawing of MV “Hendrik” [1] 

 
MV “RHEINLAND” 
 
Inland waterway dry bulk cargo ship “RHEINLAND” was built in 1959 as a single-
propeller ship. According to available data [3] installed power of the main 
engine was 375 HP. 
 

 
Figure 3 - MV “Rheinland” after reconstruction [3] 
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Main ship particulars, as it was initially built, are shown in the Table 2. 
 

Table 2 - MV “Rheinland” - main ship particulars 
 

 
 
All data presented in Table 2 are taken from the Deliverable 6.1, (Ship 
Structure), except propeller diameter which was estimated from the General 
Arrangement plan shown in Figure 4. From this figure it can be noticed, like in 
case of MV “Hendik”, that the propeller without nozzle was installed. 
 

 
Figure 4 - General arrangement drawing of MV “Rheinland” [1] 

 
 
 

[m] 57.5

[m] 6.34

[m] 2.43

[m] 2.5

[t] 724

[m] 1Propeller diameter

Length over all

Breadth

Draught

Depth

Displacement
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1.2 Comparison of considered ships 
 

Although different in size, vessels are similar, i.e. conventional, single-
propeller, IWW cargo ships and are good candidates for (virtual) lengthening 
and retrofitting.  
 

Table 3 - Important parameters of considered ships 

MV L/B B/T L/T L/h,  h=3.5 -  h/T,  h=3.5 - 
Hendrik 8.1 2.9 23.6 19.9 – 0 1.2 – 0 
Rheinland 9.0 2.6 23.3 16.2 – 0 1.4 – 0 

 
 

1.3 Considered lengthening possibilities 
 

For the purposes of the analysis the lengthening step has been set to intervals 
of 6 meters which corresponds approximately to the length of one TEU 
container. 
 
Some ship dimensions that are needed for calculations, such as length between 
perpendiculars, waterline length, wetted surface and longitudinal centre of 
buoyancy, were estimated according to statistics based on similar ships of the 
same type. Prismatic coefficient values were estimated too. 
 
MV “HENDRIK”  
 
Maximum considerable length was set to 94.99 m because 95 m forms the 
transition into a higher CEMT class with additional requirements. All ship 
particulars used for powering analysis are given in Table 4. Estimated data that 
are needed for further evaluations are marked in Table 4 by italic font. 
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Table 4 – Particulars of MV “Hendrik” used for calculations 

 
Longitudinal centre of buoyancy (LCB) was measured from aft perpendicular. 

 
MV “RHEINLAND” 
 
Maximum considerable length was set to 69 m. Ship particulars used for 
powering analysis are given in the Table 5. Estimated data that are needed for 
further evaluations are marked in Table 5 by italic font. 

Table 5 - Particulars of MV “Rhenland” used for calculations 

 
                    Longitudinal centre of buoyancy (LCB) was measured from aft perpendicular. 

  

Initially built Lengthening 1 Lengthening 2 Lengthening 3 Lengthening 5

Length OA [m] 69.98 76.00 82.00 88.00 94.99

Length BP [m] 67.30 73.30 79.30 85.3 92.3

Length WL [m] 69.60 75.48 81.34 87.20 94.02

Breadth [m] 8.6 8.6 8.6 8.6 8.6

Draught [m] 2.95 2.95 2.95 2.94 2.934

Depth [m] 3 3 3 3 3

LCB [m] 34.47 37.51 40.56 43.62 47.19

Displacement [t] 1360 1508 1664 1812 1988

CB [‐] 0.770 0.787 0.808 0.822 0.838

CP [‐] 0.774 0.791 0.812 0.826 0.842

Carrying capacity [t] 1114 1241 1372 1502 1653

Wetted surface [m
2
] 939 1026 1113 1200 1301

Dimensions

Initially built Lengthening 1 Lengthening 2

Length OA [m] 57.50 63.00 69.00

Length BP [m] 55.30 61.30 67.30

Length WL [m] 56.65 62.03 67.88

Breadth [m] 6.3 6.3 6.3

Draught [m] 2.43 2.43 2.42

Depth [m] 3 3 3

LCB [m] 28.13 31.15 34.17

Displacement [t] 724 816 908

CB [‐] 0.829 0.854 0.872

CP [‐] 0.834 0.858 0.876

Carrying capacity [t] 538 615 694

Wetted surface [m
2
] 582 628 680

Dimensions
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2 INFLUENCE of LENGTHENING        
(PHASE I - POWER TRAIN UNCHANGED) 

2.1 Evaluation of effective power with respect to ship size and water 
depth 

 

Effective power of the ship, according to definition, depends on ship speed and 
corresponding total resistance: 

ாܲ ൌ ܸ ∙ ்ܴ 
 

For resistance evaluation of IWW ships it is common to apply slightly corrected 
methods developed for resistance evaluation of sea-going ships [4]. For the 
purpose of this analysis, two methods for resistance evaluation were 
considered: Guldhammer & Harvald (GH) [5] and Holtorp & Mannen (HM) [6].  
The influence of shallow water on ship resistance, hence effective power too, 
Lackenby’s method [9, 10] was applied. According to this method, speed loss 
due to shallow water is evaluated for constant effective power. 
 
MV “HENDRIK”  
 

Effective power calculations in case of deep water, according to methods 
mentioned above, are presented in Table 6.  
 

Table 6 - MV “Hendrik” – Effective power in deep water 

 
 
Negligible discrepancies between GH and HM results are noticeable. For all 
analysis conservative approach, i.e. larger values, were adopted. 

PE [kW] V [km/h] 3 6 9 12 15 18 21

69.98 m GH 0.86 6.40 20.97 49.29 97.47 175.61 306.71

HM 0.85 6.18 19.87 45.99 91.37 169.38 301.49

76 m GH 0.92 6.90 22.64 53.44 106.47 193.73 340.32

HM 0.92 6.71 21.56 49.99 99.45 184.03 324.93

82 m GH 0.99 7.38 24.25 57.43 115.07 210.97 372.18

HM 0.99 7.21 23.19 53.86 107.52 199.56 352.64

88 m GH 1.05 7.86 25.83 61.28 123.27 227.12 401.72

HM 1.05 7.70 24.78 57.71 116.02 217.16 386.35

94.99 m GH 1.12 8.40 27.64 65.80 133.15 247.45 441.33

HM 1.13 8.27 26.64 62.34 126.62 239.94 430.88
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Assuming that mechanical losses of propeller shaft and in reduction gear are 
about 6%, approximately 456 kW can be delivered to the propeller. As propeller 
diameter is limited to 1.5 m due to shape of the stern, characteristics of 
(optimal) propeller are shown in Table 12.  
 

Table 12 - Estimated initial propeller characteristics 

 

MV “RHEINLAND” 
 
Taking into account size of the ship and installed engine power (375 HP) it can 
be expected that maximal ship speed in calm and unrestricted water, without 
other external disturbances (waves, wind, etc.), is about 17.8 km/h.  
 
Assuming that mechanical losses of propeller shaft and in reduction gear are 
about 6%, approximately 260 kW can be delivered to the propeller. As propeller 
diameter is limited to 1.0 m due to shape of the stern, characteristics of optimal 
propeller are shown in Table 13. 
 

Table 13 - Estimated initial propeller characteristics 

 
 

2.3 Evaluation of propulsive efficiency and delivered power 

 
In this phase delivered power was evaluated taking into account ship resistance 
in deep and shallow water, as well as the initial propeller characteristics. 
More details are given in the Appendix 1. 
 

Number of blades [‐] 4

Propeller diameter [m] 1.5

Propeller revolutions [rpm] 404.9

Propeller area ratio [‐] 0.8

Pitch‐diameter ratio [‐] 0.827

Number of blades [‐] 4

Propeller diameter [m] 1

Propeller revolutions [rpm] 658.7

Propeller area ratio [‐] 0.8

Pitch‐diameter ratio [‐] 0.800
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3 PROPELLER IN NOZZLE                          
(PHASE II - REPLACEMENT OF NAKED PROPELLER) 

 

3.1 Selection of an optimal propeller in nozzle 
 

In order to increase the propulsive efficiency, ducted propellers should be 
selected for the same estimated maximal ship speed (as in previous case) and 
unrestricted fairway conditions. For the further analysis the propeller of Ka 4-
70 series with nozzle No. 19A [12] were chosen. Namely, ducted propellers in 
accelerating nozzle are usually used for all cases when the ship screw is heavily 
loaded or is limited in diameter. The length-diameter ratio of this nozzle is 0.5. 
As the nozzle has some thickness, allowed propeller diameter was reduced for 
10% (compared to already selected naked propeller), hence the draught of the 
vessel with nozzle will be the same as with the naked propeller.  
 
Characteristics of optimal propellers are determined by computer program 
developed at the Department of Naval Architecture in Belgrade [13]. 
More details are given in the Appendix 2. 
 
MV “HENDRIK” 
 
For the same initial conditions as are those given in the Section 2.2, 
characteristics of optimal propeller in nozzle are shown in Table 14. 
 

Table 14 - Characteristics of optimal Ka 4-70 propeller  

 
 
MV “RHEINLAND” 
 
For the same initial conditions as are those given in the Section 2.2, 
characteristics of optimal propeller in nozzle are shown in Table 15. 
 

Number of blades [‐] 4

Propeller diameter [m] 1.35

Propeller revolutions [rpm] 394.5

Propeller area ratio [‐] 0.7

Pitch‐diameter ratio [‐] 1.200
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Table 15 – Characteristics of optimal Ka 4-70 propeller 

 
 

3.2 Propulsive efficiency improvements 

 
MV “HENDRIK” 
 

By replacing conventional propeller (optimal naked propeller) with the selected 
propeller in nozzle (see 3.1) expected propulsive efficiency dramatically 
increased – see Figure 13. Accordingly, required delivered power with respect to 
ship size, water depth and ship speed is shown in Figure 14. 

  
Figure 13 - Estimated propulsion efficiency with propeller in nozzle 

 
Propulsion efficiency improvements due to nozzle, compared to the naked 
propeller, are shown in Figure 15. 

 

Number of blades [‐] 4

Propeller diameter [m] 0.9

Propeller revolutions [rpm] 656.9

Propeller area ratio [‐] 0.7

Pitch‐diameter ratio [‐] 1.150
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Figure 14 - Estimated required delivered power with propeller in nozzle 

 
 

Figure 15 - Improvements due to nozzle 
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MV “RHEINLAND” 
 
Application of propeller in nozzle instead of the naked one is justified, the 
efficiency is higher even in deep water – see Figures 16 and 17. 
 

 
Figure 16 - Estimated propulsion efficiency with propeller in nozzle  

 

 
Figure 17 - Estimated required delivered power with propeller in nozzle  
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Propulsion efficiency improvements due to nozzle, compared to the naked 
propeller, are shown in Figure 18. 

Figure 18 - Improvements due to nozzle 
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3.3 Installed engine power 

 
All results concerning power needed for achieving certain speed that are 
presented so far, regardless the length of analysed ships and the type of 
propellers (with or without the nozzle), having in mind that shaft and gear loses 
were assumed to be 6%, within considered water depths are summarized in 
Figures 19 and 20. 
 
MV “HENDRIK” 
 

 

 
Figure 19a – Installed power PB kW as function of ship speed V (naked propeller) 
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Figure 19b – Installed power PB kW as function of ship speed V              

(propeller in nozzle) 
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MV “RHEINLAND” 
 

 
 

 
Figure 20a – Installed power PB kW as function ship speed V (naked propeller) 
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Figure 20b – Installed power PB kW as function ship speed V (propeller in 

nozzle) 
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3.4 Evaluation of power for any ship length 

 
Procedure (based on interpolation) for evaluation of ship speed in case of ship 
length variation between initial (minimal) and maximal considered length is 
described, and is as follows: 
 

 Speed of ship should be read form the diagrams given in the Figures 19 and 20 (for MV 
“Hendrik” and for MV “Rheinland” respectively) for the same engine power and 
considered water depth, i.e. 
 

o Vmin – the speed of a ship with maximal length (Lmax) 
o Vmax – the speed of a ship with minimal length (Lmin) 

 
 Then, for the same engine power and fairway depth, speed of ship of any length can be 

evaluated from the following equation: 

ܸ ൌ ௠ܸ௜௡ ൅
ሺܮ௠௔௫ െ ሻܮ ∙ ሺ ௠ܸ௔௫ െ ௠ܸ௜௡ሻ

௠௔௫ܮ െ ௠௜௡ܮ
 

 
(where L is a target length of a ship which must be between minimal and 
maximal considered values). 
 

This procedure can be used for evaluation of ship speed regardless of propeller 
type (naked propeller or propeller in nozzle). It is important, however, to read 
both Vmin and Vmax from the diagrams related to the same propeller type. 
Similarly, interpolation should be applied when power should be evaluated for 
water depths other than considered (3.5, 5 and  m).  
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4 SPEED REDUCTION WHEN SAILING IN SHALLOW WATER 
 

4.1 SQUAT estimation 

 
Ship navigation in shallow water follows hydrodynamic phenomenon called 
squat. Namely, ship additionally sinks and changes trim while moving through 
the water at certain speed due to the reduction of pressure beneath the hull. If 
not taken into account, squat might be dangerous and can cause grounding and 
damages. Squat depends of water depth and ship dimensions, but of the main 
influence is actually ship speed.  
 
Methods applied here for squat prediction, according to [14], are: 
 

 Huuska (1976),  
 Eryuzlu&Hausser (1978),  
 Romisch (1989),  
 Millward (1990) and  
 Millward (1992) 

 
More details are given in Appendix 5. 
 
 
MV “HENDRIK” 
 
Average values of estimated squat effects with respect to ship size, speed and 
water depth are presented in Figures 21 and 22.   
 
According to presented results the following can be summarized: 
 

 In case of waterway depth of 3.5m the maximal ship speed should not exceed 8 km/h 
 In case of waterway depth of 5.0m the maximal ship speed should not exceed 13 km/h. 
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MV “RHEINLAND” 
 
Average values of estimated squat effects with respect to ship size and speed 
are presented in Figure 23. 
 

 
Figure 23 - Estimated squat (h=3.5m) 

 
Accordingly, the maximal ship speed should not exceed 10 km/h. 
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5 REPOWERING (PHASE III - NEW POWER TRAIN) 
 

5.1 Selection of Main engines and gearboxes 

 
Diesel engines dominate IWW sector nowadays. Modern engines that are used 
on inland ships are often marinized general‐application diesel engines 
(generating‐set engines having 1500 or 1800 rpm for 50 or 60 Hz, respectively) 
or are truck engines. Both engine types are much lighter and cheaper than their 
predecessors, not to mention that they are an order of magnitude cleaner than 
older ship engines. As a consequence, contemporary gearboxes have to have 
higher gear ratios than those of few decades ago.  
 
MV “HENDRIK” 
 
According to power requirements related to ship navigation in deep water (see 
Section 2.2), basic characteristics of diesel engine that is selected for this 
analysis for all considered lengthening options are given in Table 16. 
 

Table 16 - Basic characteristic of selected diesel engine [15] 

 
 
Based on engine characteristics (rpm) and required propeller revolutions for 
optimal performance in deep water, the following gearbox was selected:         
ZF W2300 or similar with gear ratio equal to 4.444. 
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Based on engine characteristics (rpm) and required propeller revolutions for 
optimal performance in deep water the following gearbox was selected: ZF 360 
or similar with gear ratio equal to 2.625. 
 

Table 19. Basic characteristic of selected gearbox [16] 

 
 
More detailed characteristics of selected diesel engine is given in the          
Appendix 3. 
 
For optimal propeller performances it is suggested that engine revolutions 
should be blocked to 1750 rpm. 
 
 

5.2 Layout diagrams  

 
MV “HENDRIK” 
 
Layout diagrams for MV “Hendrik”, considering modernized power train 
(engine/gearbox/propeller) for initially built ship, as well as for the longest 
analyzed option, with respect to depth of the fairway, are shown in Figures 24 
and 25 respectively. 
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Figure 24 - Initially built ship with modernized power train  

 

 
Figure 25 - Maximal considered lengthening option with                          

modernized power train  
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MV “RHEINLAND” 
 
Layout diagrams for MV “Rheinland”, considering modernized power train 
(engine/gearbox/propeller) for initially built ship, as well as for the longest 
analyzed option, with respect to depth of the fairway, are shown in Figures 26 
and 27 respectively. 
 

 
Figure 26 - Initially built ship with modernized power train  

 
Figure 27 - Maximal considered lengthening option with                        

modernized power train 
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6 CONCLUDING REMARKS 
 
From the results of the analysis the following can be summarized: 
 

 Repowering for two typical forty or so years old IWW single-propeller 
ships was considered. Both ships were virtually lengthened while the bow 
and stern sections were not changed. Also, naked propeller was replaced 
with a propeller in nozzle. Special attention was paid to shallow water 
effects.  
 

 Contemporary high-speed Diesel engines were considered for retrofitting 
(derived from general application engines that satisfy all contemporary 
requirements regarding emissions etc.) as these are more efficient, 
cleaner, cheaper (for maintenance too) and lighter than conventional ship 
engines.  
 

 Since power needed for achieving certain speed was not significantly 
influenced by lengthening, the same power train 
(engine/gearbox/propeller) was considered for all lengthening steps.   
 

 Due to the lengthening, speed reduction is 1 to 2 km/h (when the same 
engine power is engaged).   
 

 Water depth is the main factor that influences power needed for achieving 
certain ship speed. Speed reduction for MV “Hendrik” and MV “Rheinland” 
from deep to shallow water (deep to h=5 m, and then from 5 m to 3.5 m) 
is around 4 km/h and 2 km/h, respectively.  
 

 Propulsive efficiency can be significantly improved if naked propeller is 
replaced with the propeller in nozzle (improvement of ~10%, which 
increases speed up to 1 km/h).  
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 In very shallow water, due to squat effect (and wave wake too), reduction 
of navigational speed is necessary. Maximal allowed speed for Hendrik is 
13 km/h and 8 km/h for h=5 m and 3.5 m respectively (in deep water – 
18 ÷ 20 km/h depending on ship length), while for MV “Rheinland” speed 
should be reduced to around 10 km/h for h=3.5 (in deep water – 16.8 ÷ 
18.2 km/h depending on ship length). 
 

 For evaluation of power needed for achieving certain speed for any 
considered length, water depth or propulsor type, diagrams 19 and 20 
should be used (Section 3.3). Interpolation should be applied when power 
is evaluated for intermediate values of lengths and water depths – 
procedure is given in Section 3.4. Fuel consumption depends on engine 
type and for those virtually chosen for repowering of MV “Hendrik” and 
MV “Rheinland” is given in the Appendix 3.   
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NOMENCLATURE 

 
B [m]  - breadth 

CB  - block coefficient 

CP  - prismatic coefficient 

Frh  - Froude number based on water depth 

h [m]  - water depth  

LCB [m] - longitudinal centre of buoyancy 

LOA [m]  - length over all 

LBP [m] - length between perpendiculars 

LWL [m - waterline length 

N [rpm] - engine speed 

NP [rpm] - the propeller's rotational speed in revolutions per unit of time 

PB [kW] - brake power 

PD [kW] - delivered power 

PE [kW] - effective power 

RT [kN] - ship resistance 

S [m]  - squat 

T [m]  - draught 
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APPENDIX 1 

Delivered power evaluation - naked propeller 
 

MV “HENDRIK” 
 

Figure 28 - Power requirements (naked propeller) in deep water 
 

 
Figure 29 - Power requirements (naked propeller) in shallow water (h=5.0m)  
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Figure 30 - Power requirements (naked propeller) in shallow water (h=3.5m)  

 
 
MV “RHEINLAND” 
 

 
Figure 31 - Power requirements (naked propeller) in deep water 
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Figure 32 - Power requirements (naked propeller) in shallow water (h = 5.0 m) 

 
 

 
Figure 33 - Power requirements (naked propeller) in shallow water (h = 3.5 m)  
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APPENDIX 2 

Delivered power evaluation - propeller in nozzle 

 
MV “HENDRIK” 
 

 
Figure 34 - Power requirements (propeller in nozzle)                                    

in deep water - MV “Hendrik” 
 
 

 
Figure 35 - Power requirements (propeller in nozzle)                                    

in shallow water (h = 5.0 m) - MV “Hendrik” 
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Figure 36 - Power requirements (propeller in nozzle)                                    

in shallow water (h = 3.5 m) - MV “Hendrik” 
 
 

MV “RHEINLAND” 
 

 
Figure 37 - Power requirements (propeller in nozzle) in deep water - MV 

“Rheinland” 
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Figure 38 - Power requirements (propeller in nozzle)                                    
in shallow water (h = 5.0 m) – MV “Rheinland” 

 
 

 
 

Figure 39 - Power requirements (propeller in nozzle)                                    
in shallow water (h = 3.5 m) - MV “Rheinland” 
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APPENDIX 4 

Retrofitting costs* 

 
THE COSTS OF THE EQUIPMENT FOR REPOWERING  
 

Table 20 – Repowering costs for a needed power of 400 HP 
Code Description No Value in 

EUR 
(without 
VAT) 

Value  
in EUR 

D13MH VOLVO PENTA D13MH 
MARINE PROPULSION DIESEL ENGINE 
VOLVO PENTA TYPE D13MH:  
6 cylinders in line, power output 
(heavy duty rating) (P1): 400HP 
(294KW) @ 1800 rpm 
BV type approval certificate, CCNR2 
certificate 

1 48,760.00 48,760.00 

DMT 
150A 

Marine Reversing Gearbox D-I 
Industrial type DMT 150H RED RATIO 
2,51 / 3,08 : 1 

1 6,240.00 6,240.00 

EIAPP EIAPP CERTIFICATE 1 1,250.00 1,250.00 
RC2-C 
/ R&D 

RIGID MOUNTS ROTACHOCK RC2-C / 
FLEXIBLE MOUNTS R&D FOR ENGINE 
MOUNTING 

2 76.00 152.00 

RC2-C 
 

RIGID MOUNTS ROTACHOCK RC2-C 
FOR GEARBOX MOUNTING 2 76.00 152.00 

RC2-C R&D FLEXIBLE COUPLING  1 594.00 594.00 
RC2-C ONE KAPLAN DUCTED PROPELLER 1 

RH: 
four Bladed Approximately 900mm 
diameter, pitch ratio 1.15, DAR 0,7. 
Cast in nickel Aluminum Bronze 
supplied fully machined to suit shaft, 
fine disc finished and statically 
balanced.                                              

1 17,500.00  17,500.00 
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XL TYPE FIXED NOZZLE 
ONE TWIN SCREW SHIPSET of 
SHAFTING and STERNGEAR,Type 
DUPLEX F51 marine Grade high tensile 
steel Tail shaft 100mm diameter by 
approximately 5500 mm long 
complete with tapered half couplings 
to suit D-I DMT150 with a reduction 
gear of 2.51 / 3.08:1, all nuts and 
key. 
Heavy Duty Mild Steel Water lubricated 
sterntube assembly approximately 
2000 mm long complete with LNF 
bearing fitted & forward packed gland 
assembly loose fitted                             
BV PLAN APPROVAL 

TRANS TRANSPORT 1 2,000.00  2,000.00  
Total costs  76,800.00
 
THE COSTS OF THE MAN-HOURS AND MATERIALS FOR THE RE-POWERING 
400HP INLAND VESSEL.  
 

For an European shipyard (Romanian shipyard) the costs of the necessary man-
hours and materials are: 

Price = 156.000 EUR 
Woks which have to be done:  

 preparing the vessel for repowering: dismounting the equipment and degas the 
compartments; 

 hull works, mounting and alignment the equipment, piping, mechanical and electrical 
works. 

 
TOTAL COSTS FOR THE RE-POWERING OF THE INLAND VESSEL:               

76800 + 156000 = 232800 EUR 
 

*  Done by the University of Galati (UGAL) and Ship Design Group SRL (SDG), 
both from Romania  
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MV “RHEINLAND” 
 
Since equations that were used for calculations, according to selected methods, 
are explained in case of MV “Hendrik”, only results are presented here. All 
results are based on water depth of 3.5 m (5 m is deep enough from the squat 
viewpoint). 
 

 Method: Huuska (1976) 
 

 
 
 
 

 Method: Eryuzlu&Hausser (1978) 

 
 

 Method: Romisch (1989) 

 
 

Length BP m 55.30 61.30 67.30

Breadth m 6.35 6.35 6.34

T m 2.43 2.43 2.42

CB ‐ 0.829 0.854 0.872

V km/h 3 ‐0.011 ‐0.011 ‐0.010

6 ‐0.047 ‐0.044 ‐0.040

9 ‐0.112 ‐0.104 ‐0.096

12 ‐0.218 ‐0.203 ‐0.188

15 ‐0.399 ‐0.371 ‐0.343

V km/h 3 6 9 12 15

Smax m ‐0.03 ‐0.09 ‐0.19 ‐0.32 ‐0.48

Length BP m 55.30 61.30 67.30

Breadth m 6.35 6.35 6.34

T m 2.43 2.43 2.42

CB ‐ 0.829 0.854 0.872

Vkr m/s 4.662 4.723 4.782

CF ‐ 1.000 1.000 1.000

KΔT ‐ 0.186 0.186 0.186

V km/h 3 ‐0.007 ‐0.007 ‐0.007

6 ‐0.033 ‐0.032 ‐0.031

9 ‐0.123 ‐0.117 ‐0.111

12 ‐0.477 ‐0.446 ‐0.417

15 ‐1.644 ‐1.526 ‐1.419
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 Method: Millward (1990, 1992) 

 
 
 

 

 

Length BP m 55.30 61.30 67.30

Breadth m 6.35 6.35 6.34

T m 2.43 2.43 2.42

CB 0.829 0.854 0.872

V km/h 3 ‐0.011 ‐0.011 ‐0.011

6 ‐0.053 ‐0.052 ‐0.050

9 ‐0.143 ‐0.141 ‐0.136

12 ‐0.322 ‐0.316 ‐0.304

15 ‐0.682 ‐0.669 ‐0.645

V km/h 3 ‐0.019 ‐0.019 ‐0.018

6 ‐0.077 ‐0.077 ‐0.076

9 ‐0.183 ‐0.184 ‐0.181

12 ‐0.359 ‐0.359 ‐0.353

15 ‐0.655 ‐0.656 ‐0.646


