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ABSTRACT 
Marine Jet Power, MJP wishes to investigate the possibility of transforming their current Thrust 
Prediction Program, TPP written in C++ source code into a more up to date tool for their sales staff. 
 
The old TPP, though an accurate and precise tool, is not documented and lacks commentaries in the 
source code. 
Therefore the beginning of this master thesis was about documenting and investigates what methods were 
used to calculate the performance of the water jet system.  
 
The next step was splitting the long C++ source code in to smaller functions, this was done using MatLab 
where several m-files were created with the different functions in. 
 
C++ syntax and structure differs from MatLab so the source code must be translated in to MatLab 
syntax. 
 
Once the new TPP was translated and the calculation results were identical with the old TPP a Graphical 
User Interface, GUI was created and presented to MJP. 
 
The current MatLab TPP is not finished, only two of four calculation modes have been translated and 
MJP wants modifications in the GUI. The additional work needed in order to have the sales tool MJP 
wishes is currently discussed. 
 

  



 

SAMMANFATTNING 
Marine Jet Power, MJP vill undersöka möjligheten att omvandla deras nuvarande Kraft Prediktions 
Program, KPP vilket är skrivet i C++ programeringsspråk till ett mer uppdaterat verktyg till sin 
försäljningspersonal. 
 
Det nuvarande KPP, som är ett program som beräknar korrekt, saknar dokumentation och 
kommentatortext i programkoden. Detta gör att första delen av detta examensarbete gick ut på att 
dokumentera och undersöka vilka metoder som används för att beräkna vattenjetsystemets prestanda. 
 
Nästa steg var att dela upp den långa C++ källkoden i mindre funktioner, detta gjordes i MatLab där flera 
m-filer skapades med en funktion i varje fil. 
 
Syntaxen och programstrukturen i ett C++ program skiljer sig från ett MatLab program så källkoden 
måste översättas till MatLab syntax. 
 
När det nya KPP var översatt och beräkningsresultaten var identiska med de i C++ programmet så 
skapades det ett grafiskt användar gränssnitt som presenterades för MJP. 
 
Det nuvarande MatLab baserade KPP är inte avslutat, endast två av fyra beräknings alternativ har blivit 
översatta och MJP vill modifiera användar gränssnittet. Det arbete som behöver göras för att MJP ska få 
det verktyg de vill ha till sin försäljningspersonal är under diskussion. 
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NOMENCLATURE 
TN = Net thrust [kN] 
TG = Gross thrust [kN] 
ρ  = Density, here salt water 1025 [kg/m3] 

Q  = Flow [m3/s] 

jV  = Velocity jet [m/s] 

i
V  = Velocity inlet at inlet plane [m/s] 

s
V  = Velocity ship [m/s] 

IVR = The ratio between 
i

V
 
and 

 s
V  

w  = Wake factor [ ] 

jη =  Jet efficiency 

Dm = Momentum drag 

m
•

 = Mass flow [kg/s] 
ζ  = intake loss factor 

  



 

INTRODUCTION 
More and more ships are built using water jet propulsion, especially coast guards, navy ships and fast 
ferries. This has led the conservative marine industry to investigate the different propulsion technologies 
available and since the 80´s the water jet propulsion has been chosen for many ships requiring very good 
maneuvering abilities and cruising speeds over 25 kt. 
 
In 1986 MJP was started as a joint venture between Marinteknik Shipyard and Österby Guteri and in 1987 
the ferry series Cinderella, operating in the Swedish archipelago was equipped with the first MJP water jet 
system. These ferries are still in use with the same water jet propulsion systems a proof of the strong and 
durable duplex stainless steel product. 
 
MJP Waterjets are one of the leading suppliers of large water jet systems for ships and today they are using 
an experienced third party company for velocity predictions. MJP wishes to investigate the possibility to 
have an easy to use tool for its sales staff so that they directly in front of the customer can provide reliable 
jet recommendation and thrust data. 
 
Today they have a program for their thrust predictions that calculates correctly but does not present the 
user with easily understood data. The results are now copied to Excel and there used to create graphs 
presenting the thrust/resistance vs. ship speed and shaft speed vs. ship speed as well as the cavitation 
limit. 
 
In this master thesis the goal has been a program that uses the same algorithms as the existing program 
since MJP knows this program to calculate correctly, but presenting the results clearer. This program will 
be easier to use so that staff at MJP can give the customer reliable thrust predictions directly without the 
need to export files to Excel for the presentation. 
 
The new MatLab based Thrust Prediction Program, TPP will calculate the performance of the jet in the 
same way as the existing program but the Graphical User Interface, GUI will be custom made to the 
specifications given by MJP. Results calculated will be saved in both graphical form and in numerical table 
form with the project name and some data such as nozzle diameter presented at the beginning of the 
results document. This will present the result of the calculations in the same way as today but without the 
need to involve Excel, and with the addition of the numeric table according to the wishes of MJP. 
 
Theory on how to calculate thrust from a waterjet system can be found in textbooks on marine 
engineering and in published papers. But in order to determine the waterjet systems performance you also 
need data on: 

• the flow of water through the system, Q 
• the increased water pressure in the nozzle from the pump 
• cavitations limits in both the intake and on the impeller blades 
• the minimum pressure provided by the flow through the intake  

 
Data on pump performance and cavitations limits are closely guarded by the manufacturers since the 
waterjet industry is a highly competitive business and each contract can be worth millions of Euros. 
There are no publicly available semi empirical formulas and test results for waterjet systems like there are 
for propeller propulsion systems. The waterjet are too closely linked with the hull and performance is a 
result of the design of the intake, the pump and the nozzle. 
 
The numeric table is something more and more customers are requiring in order to easily implementing 
the results in their own systems.   
 

  



 

A SHORT HISTORY OF WATER JETS 
The first patent for something resembling a water jet propulsion system was filed by David Ramsey [1] in 
1631, English Patent No. 50. This was at a time when the use of steam power to lift water out of mines 
and to operate fountains was of great interest so David Ramsey would probably have used steam power 
for his invention. 
 
Early water jets could not compete against paddle wheels and later propellers due to the poor 
performance of the pumps of the time. 
In the mid-19th century both the Swedish Government and the British Admiralty conducted comparative 
tests between water jet propulsion and propeller driven ships. These test favored the propeller over a 
water jet propelled ship, probably due to the pump technology of the time. This led to the dominance of 
the propeller driven ships that we still see today. 
 
More resent comparisons between propeller and waterjet propulsion estimates that a waterjet propulsion 
system have a higher efficiency than propellers at speeds over 20-25 kt. [6].  
 
One of the world´s fastest passenger catamaran ferry is the Patricia Olivia II [10] operated by Buquebus in 
South-America were it transports 300 persons over the River Platte between Argentina and Uruguay. 
It has a top speed of 57 knots and a cruising speed of 52 knots giving the ship a very high Froude number 
of 1.35.  
The Patricia Olivia II is 45 meters long and it has two MJP 950 jets installed one in each hull, the jets are 
powered by two gas turbine engines each with a combined power of 5535 kW per hull. The engines are 
coupled with a Cincinnati gearbox with independent clutches so that only one engine can be used when 
the ferry operates in lower speeds. 

 
 Figure 1, The Buquebus ferry Patricia Olivia II from [7] 
 
  



 

Some advantages of using water jet propulsion are listed below. 
 

• Reduced draft (depending on hull type) 
• Elimination of appendages in most cases 
• Absence of appendage drag 
• Improved maneuverability 
• No reversing gear needed 
• Less wear and tear on engines and transmission 
• Essentially constant torque over ship speed range at a given power 
• Improved braking especially at speed 
• Reduced stopping distance 
• Reduced power requirements at speeds over 25 kt 
• Reduced fuel consumption for high speed cruise 
• Reduced vibration 
• Reduced inboard noise 
• Reduced underwater noise 

 
According to [1], the future for water jet propelled ships seem to be favorable, with more and more ship 
builders choosing jet propulsion.  
Navy and coast guards as well as yacht builders and operators of fast commercial ferries are all choosing 
water jet propulsion for their ships. Only last year MJP got the contract to deliver jet propulsion systems 
to the Indian Coast Guard. 36 new ships will be built with MJP 650 DD CSU jets installed. 
Other customers are the French Shipyard OCEA were 22 ships of 30 meters length have been fitted with 
MJP 500 DRB. Powered by 1340 kW engines these ships reach speeds over 30 kt. 
 
An Israeli shipyard installed MJP jets on 4 ships for the Romanian Border Police. These ships are powered 
by 2*1630 kW engines an reach 43 kt and the acceleration time from zero knots to forty was almost half 
compared to a sister ship with another brand of water jet. 
 

 
Figure 2, Romanian Border Police equipped with an MJP system. 
 
 
 
 
 
 
 
 



 

Luxury yacht builder Danish Yachts also chose water jet for their latest carbon fiber yacht the Shooting 
Star which was recently christened and presented to the press and public. This ship is 38 meters long and 
propelled by MJP water jets it will reach speeds over 50 kt. 
 

 
         Figure 3, The Shooting Star from www.superyachttimes.com/editorial/2/article/id/6007 
 

OBJECTIVE 
 
Since the same algorithms were to be used as in the existing program a detailed study of this program was 
one of the key aspects of the master thesis. This program was written about 10 years ago by a third party 
company and very little documentation is to be found. The program consists of many parts/files that for 
the most part lack commentaries in the source code. 
In order to understand the original source code the author had to learn the basics of C++ by reading a 
tutorial [9] as well as watching some of the many tutorials found on YouTube on the subject. 
 
Publicly available algorithms for calculating the performance of a water jet propulsion system is not easily 
found like those for calculating propeller performance. The water jet propulsion system is to closely linked 
with the vessel hull to be calculated separately the way a propeller can be placed in a free stream and run. 
And the full spectrum performance of the pump in the jet is often only known by the manufacturer. 
In [12] it is stated that quoting: The design of waterjet systems is a highly specialized activity closely guarded by the 
manufacturers of such systems. 
 
When examining the source code it looks like it is based on test results with its use of coefficients that 
differ with different speeds. As well as algorithms in the help functions that looks like they are derived 
from test results.  
Tests must have been performed on both the older basic impeller as well as on the new impeller since the 
values of the coefficients differ between the two impellers. 
 
The new program must be properly documented and easily understood so that it can be maintained and 
eventually expanded so that more functions can be added. If the same design is used in the impeller and 
the casing then expanding the database with more sizes must be possible. 
 

  



 

METHOD 

THEORY 

 
The theory on the principals behind Waterjet propulsion is covered in [1] and is here reproduced in 
abbreviated form highlighting the equations used in the Thrust Prediction Programs. 
 
The equation for thrust is Newton’s second and third laws of motion in the following form [8]. 
 

 G j jT mV QVρ
•

= =  (1) 

 
When the jet is running water enters the intake from the boundary layer zone closest to the hull, this water 
is then accelerated to ship speed. This water exerts a momentum drag on the ship. 
 

 ( ) ( )1 1m s sD m w V Q w Vρ
•

= − = −  (2) 

 
The net power propelling the ship forward is now 
 

 
N G m

T T D= −  (3) 

  
 

 ( ) ( )( )1
N j i j s

T Q V V Q V w Vρ ρ= − = − −  (4) 

 
Here Vj is assumed to be constant and uniform over the jet diameter and perpendicular to the flow. 
In equation (4) the Taylor wake factor, (1 - w ), is used. This is because the water entering the intake is 
taken from the boundary layer closest to the hull. According to [11] a typical value for wake fraction w  is 
0.10 to 0.14 for a fast ferry, this TPP use an algorithm that gives a more conservative value of about 0.05-
0.06 for the wake fraction. This is to ensure that the calculated thrust is not larger than the actual thrust on 
the installed system. 
 
Another hull related variable is the thrust deduction factor accounting for changes in pressure around the 
hull due to the propulsor. 
A propeller causes an increase in pressure near the transom and a reduction in pressure at the stern 
resulting in a decrease of the trim angel. 
The intake on a waterjet causes a decrease in pressure which creates a net lifting force in the stern giving a 
positive increase of the trim angel. 
 

 / (1 )
T

T R t= −  (5) 

 
The thrust deduction factor, t, for a waterjet can be either positive which would require more thrust or 
negative which would reduce the needed thrust, see appendix 1. As a precaution MJP uses a thrust 
deduction value of zero in their calculations as many water jet propelled ships travel at speeds of about 1 
on the Froude’s number scale. As seen in appendix 1 the thrust deduction value at 1 Fn is between 0.01 
and -0.04. 
 
So far no losses have been included in the equations, in reality there is always losses due to friction, 
turbulent flow and so on. In a well designed system these losses are minimized and the intake is designed 
to maximize energy recovery in the flow. 
Nozzle losses are often so small that they can be assumed to be zero and is so here. 
Losses due to the elevation of the water from intake to nozzle as well as losses in the intake are 
implemented in the program by a reduction in velocity in the jet stream. 
Transmission losses must also be accounted for and is here set to a fixed value of 3%. 



 

One ratio of interest is that of ship speed to jet velocity 
 

 s

j

V
V

µ =  (6) 

 
The ratio between intake velocity and ship speed is sometimes used as well and this is used in the C++ 
code as input parameter in the help function Dzeta calculating the intake loss factor. 
 

 i

s

V
IVR

V
=  (7) 

 
The jet efficiency is the net thrust times the ship speed divided by the added energy in the water passing 
the system. 
 

 

( )2 2
1 2

N s N s
j

j S

T V T V

E
m V V

η
•

= =
∆

−

 (8) 

 
Jet efficiency can also be expressed as the ratio between the work done by the jet, i.e. thrust times ship 
speed divided by engine power and this is the way jet efficiency is calculated in this program. 
 

 N s

j

T V

engine power
η =  (9) 

  



 

CAVITATION 

One of the most important factors to take into consideration is cavitation when designing a propulsion 
system. On a waterjet system cavitation can occur both in the pump on the impeller blades as well as in 
the intake and in the nozzle. 
 
Cavitation in the intake can occur if the IVR is too high or too low as seen in figures 4 and 5. 
 

 
Figure 4, Cavitation outside intake lipp due to too high ship speed 
in relation to the intake speed.  
 
 

 
Figure 5, Cavitation inside intake lipp due to too low ship speed 
in relation to the intake speed.  
 
 

ANALYSING THE CODE 

In order to understand and translate the existing C++ source code into MatLab the author had to identify 
the equations and functions used one by one and then compare them with equations found in [1]. 
 
After identifying equations and functions the variables used by the functions and equations were identified 
and commentaries were made in the original source code in order to properly document the code. 
 
This was necessary in order to translate the C++ source code to a new MatLab based program. 
 
See appendix XX.  



 

EXISTING TPP 
This program consists of 27 different files where 6 are C++ files and 7 are .h files. 
The .h files are header files [2] where some elements of the code are stored in reusable files. 
In the C++ files the actual source code of the program is found. The file with the code for the different 
calculations is named methods.cpp and the contents will here be described. 
 
 

 
Figure 6, the Graphical User Interface of existing TPP, written in C++ 
 
  



 

There are several functions that are used repeatedly by the different calculation modes in the program. 
These functions are declared in the beginning of the file and then the different calculation choices come.  
The program has four different calculation modes: 
 

• Full Optimization 
• Nozzel Optimization 
• Thrust vs. Speed at Fixed RPM 
• Performance Diagram 

 
 
Following is a short description of each calculation mode. 

FULL OPTIMIZATION 

This is the most common case, which is intended for preliminary estimation of water jet performance, 
rendering total net thrust and impeller shaft RPM with specified engine power. 
In this case, maximum possible pump efficiency at cavitation-free pump operating condition is 
considered. 
 
The engine power must be entered in addition to the common input data, see left column of figure 6. 
 
Hull type information can be indicated as optional. 
 
Output charts show impeller shaft RPM (upper chart) and total net thrust (lower chart) and corresponding 
hull drag resistance curves, if applicable. 
 
Other related parameters (nozzle diameter, propulsive coefficient, quasi-propulsive coefficient, jet 
velocity/ship speed ratio, hull efficiency, inlet loss factor) are available in the table by request. 
 

NOZZEL OPTIMIZATION 

This case is intended for calculation of optimum nozzle diameter and total net thrust for specified 
impeller shaft RPM utilizing given engine power. 
 
The engine power and impeller shaft RPM must be entered in addition to common input data, see left 
column of figure 6. 
 
Hull type information can be indicated as optional. 
 
Output charts show nozzle diameter (upper chart) and total net thrust (lower chart) and corresponding 
hull drag resistance curves, if applicable. 
 
Other related parameters (nozzle diameter, propulsive coefficient, quasi-propulsive coefficient, jet 
velocity/ship speed ratio, hull efficiency, inlet loss factor) are available in the table. 
 
Note: applicable impeller shaft RPM should be chosen from `Full Optimization' case taking into account 
engine RPM and gear ratios available. 
 
  



 

THRUST VS. SPEED AT FIXED RPM 

This case is intended for calculation of engine power consumed by WJ and total net thrust for the 
specified nozzle diameter and impeller shaft RPM. 
 
The impeller shaft RPM and nozzle diameter must be entered in addition to common input data, see left 
column of figure 6. 
 
Hull type information can be indicated as optional. 
 
Output charts show engine power (upper chart) and total net thrust (lower chart) and corresponding hull 
drag resistance curves, if applicable. 
 
Other related parameters (engine power, propulsive coefficient, quasi-propulsive coefficient, jet 
velocity/ship speed ratio, hull efficiency, inlet loss factor) are available in the table. 
 
Note: this case can be used for analysis of sea trials results in order to determine what engine power is 
used at a certain ship speed and impeller shaft RPM. 
 

PERFORMANCE DIAGRAM 

This case is intended for calculation of WJ Performance Diagram for up to six different values of engine 
power. 
 
Values of engine power and nozzle diameter must be entered in addition to common input data, see left 
column of figure 6. 
 
Engine type and hull type information can be involved also. 
 
Output charts show engine speed (RPM) (upper chart) and total net thrust (lower chart) and 
corresponding hull drag resistance curves and engine performance diagram, if applicable. 
 
Other related parameters (engine power, propulsive coefficient, quasi-propulsive coefficient, jet 
velocity/ship speed ratio, hull efficiency, inlet loss factor) are available in the table. 
 
  



 

HELP FUNCTIONS 

Following is a list of some help functions declared in the beginning of methods.cpp with a short description. 
 
Bt 

This is a Boolean function that returns true as long as the difference between two values of the input 
parameters is larger than a set value. The function is used in some if-statements as the expression 
 
 if expression 

 

 statements 

 

end 

 
Power 
This function has two input parameters a and b. It raises a to the power of b, ab. 
  
Linear_interpolation 

This function performs a linear interpolation given 5 input parameters see [3] for details. 
 
Dzeta 
This is the intake loss factor with the ratio of jet velocity to ship speed as input parameter  
 

 1 jet

ship

V

V
µ − =  (10) 

 
The algorithms for calculating the intake loss factor are proprietary information, see Appendix XX 
 
Sigma_s_lim 
This function calculates the cavitation limit for the pump. It has two input parameters the flow coefficient 
Kq and the impeller type. 
The algorithms for calculating the cavitation limit are proprietary information, see Appendix XX 
 
Kh_f_kq 
This function calculates the coefficient of head rise (pressure). 
It has three input parameters the flow coefficient, impeller type and a scalar value used in a switch 
statement. 
The algorithms for calculating the coefficient of pressure head are proprietary information, see Appendix 
XX 
 
K2_f_kq 
This function calculates the coefficient of revolutions per second, RPS. 
It has three input parameters the flow coefficient, impeller type and a scalar value used in a switch 
statement. 
The algorithms for calculating the coefficient of revolutions per second is proprietary information see 
Appendix XX 
 
Kq_f_k2 
This function calculates the coefficient of flow, Kq as function of the coefficient of revolutions per 
second, K2. 
It has three input parameters the RPS coefficient K2, impeller type and a scalar value used in a switch 
statement. 
The algorithms for calculating the coefficient of flow is proprietary information see Appendix XX 
 

 
 
 



 

Eta_h 
This function probably calculates the hull efficiency but is never used later in the program by any of the 
calculation modes. It will not be included in the new MatLab program since it is only declared but not 
actually used. 
 
The algorithms for calculating the hull efficiency are proprietary information, see Appendix XX 
 
Intersection 
The function calculates the intersection between two lines. 
 
 
W 
Calculates wake factor. The function has 5 input parameters 

1. Velocity at intake 
2. Wetted length 
3. Width of intake opening 
4. Flow through pump 
5. Kinematic viscosity 

 
The algorithms for calculating wake factor are proprietary information, see Appendix XX 
 
 
  



 

NEW TPP 
The new Thrust Prediction Program written in MatLab uses the same help functions as those listed above 
but translated to MatLab syntax. To make the program better structured the help functions are in separate 
m-files. The different calculation modes are written as MatLab functions also in separate m-files for a 
clearer and more manageable program. 
 
The existing TPP file methods.cpp consists of all help functions and every calculation mode rendering 
1582 rows of, originally uncommented code in one file. 
By dividing the help functions and calculation modes into separate m-files the process of debugging is 
much more manageable. 
 

 
Figure 7, New TPP Graphical User Interface, written in MatLab. 
  



 

FULL OPTIMIZATION 

 
Program Structure 
 

The structure of the existing program uses three DO-WHILE loops one inside the other, MatLab does 
not support the DO-WHILE structure. A DO-WHILE loop always runs at least once since the WHILE 
statement is checked at the end of the loop. In order to use the same algorithms the program structure of 
the new MatLab program must replicate the old program as much as possible. Below is shown the 
program structure of the new MatLab program for the Full Optimization calculation mode. 
 
 Function Full_optimization 
 . 
 List of variables declared 
 . 
 . 
 Loop1_variable = true 
 While Loop1_variable 
  Depending on which impeller a number of coefficients are declared 
  . 
  Loop2_variable = true 
  While Loop2_variable 
   Data on the chosen jet size is collected from a separate function 

Calculations on ship speed, shaft rotation, flow and the coefficients  
Kh (head) and K2 (impeller speed). 
 

Loop3_variable = true 
 While Loop3_variable 
 Calculations on the ratio between intake velocity and ship  
 Velocity, jet velocity, head in jet stream, head in pump, thrust  
 Cavitation limits. 
 

Loop3_variable = new expression 
End  

Loop2_variable = new expression 
End  
Results are saved in matrix form one column per calculation loop. 
 

Loop1_variable = new expression 
End  

 
When first declaring a variable as equal to TRUE and then using that variable as the WHILE expression 
the WHILE loop will always start. At the end of the WHILE-loop you change the variable to the desired 
WHILE expression. This way the new MatLab program will copy the C++ DO-WHILE structure with 
MatLabs WHILE-END structure. 
 
When the program runs the Full Optimization function the variable Engine Power is fixed to the value 
chosen by the user and it starts by checking that the End Speed is high enough to avoid cavitation. The 
higher the speed the higher the head rise in the intake is. 
 
It then lowers the speed one Speed Step at the time and recalculates until cavitation accurse when the 
head rise in the intake of the waterjet is too low to avoid cavitation. Then the program stops and presents 
the result in the graphs. 
 
 
 
 



 

Calculations  
 
Here the calculations performed in the Full Optimization mode will be described in more detail and in the 
same order as in the program. 
 
First the user inputs from the GUI are collected and data on the chosen jet size is stored in a matrix. 
User inputs which must be entered for the program to work are: 

• Jet size 
• Number of jets 
• Engine power ( now with a maximum value for each size ) 
• Top speed  
• Start speed  
• Speed step 
• Impeller type 
• Wetted length of the hull 
• Resistance data, optional 

 
Flow coefficients Kq, Kq_min and Kq_max are declared with different values depending on the chosen 
impeller type. Head rise coefficient Kh and revolutions per second coefficient K2 are now calculated in the 
help functions Kh_f_kq and K2_f_kq. 
 
Now the shaft speed, n can be determined 
 

 3
5

2 2 impeller

EnginePower TransmissionEfficiency
n

K Dπ ρ

 ∗
=   ∗ ∗ ∗ ∗ 

 (11) 

 
And with the impeller/shaft speed determined the flow, Q can be calculated 
 

 3

impellerQ Kq n D= ∗ ∗  (12) 

 
Water velocity in the intake, Vintake and the intake velocity ratio, IVR (see equation 7) are now calculated. 
 

 
int 2

int int
/ 4

ake

ake ake

Q Q
V

A Dπ
= =

∗
 (13) 

 
 
To avoid cavitation in the intake the IVR is calculated according to equation (7). 
(i) If the IVR is lower than a set minimum value the ship velocity, VS is lowered and IVR is recalculated. 
(ii) Or if the IVR is above a set maximum value VS is increased and the IVR is recalculated. The steps 
taken in (i) or (ii) is repeated until the IVR is within the allowed interval. The calculations then continue 
using the new value of ship speed VS. 
 
  



 

Now that the flow has been calculated and the intake cavitation risk has been eliminated the jet velocity 
will be calculated. First the head rise in the jet, Hjet and the net positive suction head, NPSH must be 
calculated. 
 

 
2

int

2

ake
jet

V Heightof Jet
H

g

∗
=

∗
 (14) 

 

 2 2

impeller
NPSH Kh n D= ∗ ∗  (15) 

 

 ( ) ( )( )2

int
2 1jet jet akeV g NPSH H V ζ= ∗ ∗ − + ∗ −  (16) 

 
Where ζ are the losses in the intake, calculated by the help function Dzeta. 
 
Now the net thrust can be determined as it is calculated in equation 4. 
 

    
( ) ( )( )1

N j i j s
T Q V V Q V w Vρ ρ= − = − −

          (4) 
 
To get the total thrust the net thrust is multiplied by the number of jets. 
Sometimes a ship will be equipped with more than one jet size and one improvement that should be 
added to the new TPP is the ability to save calculated results in a temporary file/matrix so that a new jet 
size can be evaluated and the results added together and presented. 
 
Calculation results are now saved in an expanding matrix with one set of data per column and a new data 
column for every loop the program makes.  
 

Now a cavitation control of the impeller is performed where a dimensionless number, σ is calculated and 

if σ is lower than σlim , which is the limit and is calculated by the help function Sigma_s_lim the ship 
speed is lowered one speed step and the calculation loop starts over. This repeats until ship speed is so 
low that not enough head rise/pressure is supplied to the pump from the intake and the impeller risks 
cavitation. 
 
  



 

NOZZEL OPTIMIZATION 

 
Program Structure 
 
The program structure of the nozzle optimization consists of three DO-WHILE loops one inside the 
other. To duplicate this calculation mode the same structure as in the Full Optimization mode was 
chosen. The existing program also uses the LABEL-GOTO command [4] which MatLab does not 
support. 
 
There is no easy way to copy the LABEL-GOTO structure in MatLab, but by writing a function that 
changes the same variables that are affected when the existing program uses the GOTO command a 
successful replication was possible. 
 
 
Calculations 
 
The user inputs in Nozzle Optimization are the same as in Full Optimization with the addition of shaft 
RPM which must be chosen from results presented in Full Optimization. This RPM value is chosen at the 
desired cruising speed so that the optimum nozzle diameter can be determined. 
 
The existing program uses a GOTO command that sends the program execution back and changes the 
flow and shaft speed coefficients depending on the situation. A function called impellerVariables was 
created where the same changes are effected as when the GOTO command was used.  
 
In this calculation mode the shaft RPM/RPS is set to fixed value by the user and used to calculate a new 
RPS coefficient, K2 
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Which is the same equation as (11) but with a known RPS and unknown K2. 
 
If K2 is lower than a set minimum or larger than a set maximum the program execution ends. 
 
A flow coefficient, Kq is now calculated by the help function Kq_f_k2 using K2 as in parameter, 
see Help Functions for description, and flow, Q as well as intake velocity, Vintake and IVR are calculated. 
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The IVR is checked so that it is within the allowed interval as in Full Optimization, see above. 
The equations (14), (15), (16) and (4) are now performed and the nozzle diameter is calculated 
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Cavitation is controlled using the same methods as in Full Optimization. 

Depending on a number of different relations between the cavitation number σ and the cavitation limit, 

σlim as well as the value of a scalar variable and a Boolean variable, new values for the minimum and 
maximum flow and RPS coefficients are chosen and the program loops the calculations again. This is 
repeated until cavitation occurs and the program stops and presents the calculations in graphical form and 
in a numerical table. 

THRUST VS. SPEED AT FIXED RPM 

 
This calculation mode has not yet been translated to MatLab from the original C++ source code. 
 
It has a structure like Nozzle Optimization with 4 nested DO-WHILE loops and 2 LABEL-GOTO 
structures with 3 GOTO commands. 

PERFORMANCE DIAGRAM 

 
This calculation mode has not yet been translated to MatLab from the original C++ source code. 
 
It has a structure like Nozzle Optimization but with 5 nested DO-WHILE loops and 4 LABEL-GOTO 
structures with 7 GOTO commands. This is the longest and most complex calculation mode. 
  



 

FLOWCHART NEW TPP 

 

 
Figure 8, Flowchart of TPP functions 



 

 

RESULT 
The new program calculates the first calculation mode Full Optimization correctly for all jet sizes and the 
added maximum power level for every size makes it more stable than the C++ program. If you chose to 
high engine power or to low maximum speed the program does not run. 
 
There is a calculation error in the Nozzle Optimization mode, the intake loss factor is incorrect resulting 
in too low values of thrust and efficiency. 
 

CONTINUATION 
In order to get the tool that MJP wants it is necessary to fix the error in the Nozzle Optimization mode 
and translate the other two calculation modes. 
MJP also want to add more ship resistance data so that you can have up to 15 ship speed/resistance inputs 
and 4 different displacements levels. 
 
A function that exports the result in both graphical form and as a matrix will be implemented. 
The results will be saved with the project name and some information like nozzle size presented as title at 
the start of the document. 
 
Sometimes there is a need to use more than one size of jet on the same ship, a function that allows the 
user to save and sum several different calculation results to get the total effect will be implemented if 
possible. 
 
Ships with several jets sometimes only run some of them. This is called to run in trailing mode and the 
inactive jets will increase the resistance. A function that allows the user to choose how many jets that is in 
trailing mode and calculates the increase in resistance might be implemented. 
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APPENDIX 1 
This chart shows the thrust deduction values recommended at the FAST 97 conference.
 
This chart shows the thrust deduction values recommended at the FAST 97 conference.

 

This chart shows the thrust deduction values recommended at the FAST 97 conference. 

 


