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ABSTRACT 
The purpose of this paper is to present the efficiency of 
the application of the system dynamics simulation 
modelling (System Dynamics Modelling – Jay Forrester – 
MIT) in investigating the behaviour dynamics of the ship 
steam boiler. The ship steam boiler is presented in 
POWERSIM simulation language through mental – 
verbal, structural and mathematical – computer models. In 
addition to the mathematical model for the marine steam 
boiler, we have as well presented the mathematical model 
for the feed water heater that is fitted in the system. These 
models serve as a basis for qualitative and quantitative 
simulation models for complex systems. 
The results presented in the paper have been derived from 
the scientific research project „SHIPBOARD ENERGY 
SYSTEMS, ALTERNATIVE FUEL OILS AND 
REDUCTION OF POLLUTANTS EMISION“ supported 
by the Ministry of Science, Education and Sports of the 
Republic of Croatia. 
 
Keywords: ship steam boiler, simulation modelling, 
continuous and discrete simulation 
 
 
 
 
 
 
 
 
 
 

 
 
 
1. SIMULATION MODELLING OF THE 
    MARINE STEAM BOILER  
 
1.1. Mathematical model for the marine steam 
        boiler  
The boiler may be considered as a homogenous device, a 
thermal accumulator, i.e. a homogenous thermal capacity. 
The equations of thermal balance of such a thermal 
accumulator (capacity) suggest determining the equation 
for the level of the water in the boiler, (Nalepin and 
Demeenko 1975). 

System dynamics mathematical model for the marine 
steam boiler is defined by explicit form of differential 
equations, (Nalepin and Demeenko 1975): 
 
Equation of the boiler dynamics for the steam 
pressure 
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Equation of the boiler dynamics for the water level 
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Where the following denote: 
 

Kϕ      -  relative state of the steam pressure in the 
 boiler, 

Yϕ       - relative state of the water level in the 
boiler, 

1Ta       - time constant of the steam boiler for the 
 steam pressure [ s ], 

2aT      - time constant of the steam boiler for the 
 water level [ s ], 
k          - coefficient of self-regulation of the  
 steam boiler, 

Gμ    -    relative change of the position of the fuel  valve, 

Vμ     -   relative change of the valve of the feed water, 

Pμ    -    relative change of the position of the steam 
              discharge valve, 

Kd

dt

ϕ
 - speed of the change of the relative increment of 

the boiler steam pressure,  

Pd

dt

μ
 -  speed of the relative change of the position  

               of the  steam discharge valve, 

3,2,1a
 - coefficients of the steam boiler for the steam   

pressure, 

4,3,2,1b
- coefficients of the steam boiler for the water 

level. 
 
1.2. Mathematical model for the feed water heater in 

the marine steam boiler system 
Equation of the feed water heater dynamics has been 
derived on the basis of thermal balance and has the 
following form:  
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Where the following denote: 
 
 
 
 
 

1XT          -  time constant for the water medium, 

2XDT

dt
  - speed of the relative change of the outlet  water 

                  temperature, 

2XT        -  relative change of the outlet water temperature,  

1DTX
dt

  -  speed of the relative change of the inlet water 

temperature,  

1XK       -  transient coefficient of the water medium,   

1XT          -  relative change of the inlet water  
                   temperature,  

2 XK       -  transient coefficient of the water medium, 

CXT         -  temperatures of the cooling surface wall  
                   of the water medium. 
 
1.3. System dynamics structural model for the marine 
        steam boiler  
On the basis of the stated mental- verbal models (Dvornik 
and Tireli 2007), it is possible to produce structural 
diagrams of the marine steam boiler, as shown in Figures 
1, 2 and 3. 
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Figure 1: Structural Model for the Marine Steam Boiler   
– for Steam Pressure 
 
In the observed system there is a feedback loop (KPD1). 
 
KPD1(-):FIK=>(-)DFIK=>(+)DFIK=>(+)FIK; which 
has self-regulating dynamic character (-),  
because the sum of negative signs is an odd number. 
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Figure 2: Structural Model for the Marine Steam Boiler – 
for the Water Level 
 

In the observed system there is not a feedback loop 
KPD, because the dynamic process of the performance of 
the steam boiler with natural circulation for the water 
level does not have the self-regulation property. 

 

DFIYDT

-

TA2

+

-

B1

-

-

B2

-

-

B3

-

MIP

-

B4

-
DMIP

+

DFIK
FIK

+

-

TA1

-

MIG

+

A1

+

MIV

+

A2

-
-

A3

-

K

-

KPD1(-)

-

 
Figure 3: Global Structural Model for the Marine Steam 
Boiler 
 

 
 

1.4. System dynamics structural model for the feed     
water heater in the marine steam boiler system 

On the basis of the dynamics, i.e. stated mental - verbal 
model (Dvornik and Tireli 2007), it is possible to produce 
structural model for the feed water heater, as shown in 
Figure 4. 
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Figure 4: Structural Model for the Feed Water Heater 

 
In the observed system there is a feedback loop (KPD2). 
 

KPD2(-):TX2=>(-)DTX2DT=>(+)DTX2DT=> 

(+)TX2; which has self-regulating dynamic character (-), 
because the sum of negative signs is an odd number. 

 

1.5.  System dynamics flowchart of the marine  steam 
        boiler 
On the basis of the produced mental - verbal and 
structural models, the flowchart of the marine steam 
boiler in POWERSIM simulation language is produced 
(Byrknes 1993 ). 
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Figure 5: Global Flowchart of the Marine Steam Boiler 
with the built-in PID Governors 
 
 
2. INVESTIGATING PERFORMANCE 

DYNAMICS OF THE MARINE STEAM 
BOILER IN LOAD CONDITIONS 

After system dynamics qualitative and quantitative 
simulation models have been produced, in one of the 
simulation packages, most frequently DYNAMO 
(Richardson and Aleksander 1981) or POWERSIM 
(Byrknes 1993), all possible operating modes of the 
system will be simulated in a laboratory.  

After an engineer, a designer or a student has 
conducted a sufficient number of experiments, or 
scenarios, and an insight has been obtained into the 
performance dynamics of the system using the method of 
heuristic optimisation, the optimisation of any parameters 
in the system may be performed, provided that the model 
is valid. 

In the presented scenario the simulation model for the 
marine steam boiler for the steam pressure and the water 
level with two built-in PID governors will be presented. 
 

1. Consumption of the steam is determined by the 
impulse function of 50-sec duration, which 
means from 200 – 250 sec, and MIP = 0, FIK = 
0, FIY = 0.9999 at the initial TIME = 0. 

2. Fuel supply MIG is determined as an outlet of 
PID-governor, at which inlet there is the 
discrepancy of the steam pressure (1-FIK) and 
correspondingly, the water supply MIV is outlet 

of the other PID-governor, to which the inlet is 
discrepancy (1- FIY). 

3. Other parameters of the marine steam boiler 
equal nominal values. 

 
Graphic results of the simulation: 
 
 

Time

FI
K

0 100 200 300 400 500
0,0

0,5

1,0

 
Figure 6: Relative State of the Steam Pressure in the 
Steam Boiler 
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Figure 7: Relative Change of the Position of the Fuel 
Valve 
 

Time

FI
Y

0 100 200 300 400 500

0,8

0,9

1,0

1,1

1,2

 
Figure 8: Relative State of the Water Level in the Steam 
Boiler 
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Figure 9. Relative Change of the Position of the Feed 
Water Valve and Relative Change of the Position  of the 
Steam Discharge Valve 
 

From the results of the simulation it may be observed 
that the model shows real performance dynamics and that 
by applying PID governors and adequate values of 
coefficients a better levelling and attenuation of the 
transition occurrence of the variables FIK and FIY will be 
achieved.  
 
3.  CONCLUSION 
System dynamics is a scientific method that allows 
simulation of the most complex systems. The method 
used in the presented example demonstrates a high quality 
simulation of complex dynamic systems, and provides an 
opportunity to all interested students or engineers to apply 
the same method to modelling, optimising and simulating 
any scenario of the existing elements.  

Furthermore, the users of this method of simulating 
continuous models in digital computers have an 
opportunity to acquire new information on dynamic 
systems performance. The method is also important 
because it does not only refer to computer modelling, but 
also clearly determines mental, structural and 
mathematical modelling of the elements of the system. 

This brief presentation gives to an expert all the 
necessary data and the opportunity to collect information 
about the system using a fast and scientific method of 
investigation of a complex system.  

Which means: Do not simulate the performance 
dynamics of complex systems using the method of the 
"black box", because the education and designing practice 
of complex systems has confirmed that it is much better to 
simulate using the research approach of the “white box,” 
i.e. System dynamics methodology. 
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