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ABSTRACT
The aim of this paper is to demonstrate the successful application of system dynamic simulation modelling (System Dynamics Modelling – Forrester/[1]) at investigating performance dynamics of the marine steam boiler.


Marine steam boiler is a complex non-linear system which needs to be systematically investigated as a unit consisting of a number of subsystems and elements, which are linked by cause-effect (UPV) feedback loops (KPD), both within the system and with the relevant surrounding.


In this paper the authors will present the efficient application of scientific methods for the research of complex dynamic systems called qualitative and quantitative simulation This paper is a second part of our model and second part of paper [12]. System dynamics methodology, which will allow for production and use of higher number and kinds of simulation models of the observed elements, and finally allow for the continuous computer simulation, which will significantly contribute to acquisition of new information about the non-linear character of performance dynamics of marine steam boilers in the process of designing and education.


Marine steam boiler will be presented in POWERSIM simulation language in mental - verbal, structural and mathematical computer models.  

Keywords: Marine steam boiler, simulation modelling, system dynamics, continuous and discrete simulation.
1. INTRODUCTION

The System Dynamics Modelling is in essence special, i.e. “holistic” approach to the simulation of the dynamics behaviour of natural, technical and organization systems. Systems dynamic comprise qualitative and quantitative simulation modelling, and the concept of optimization of dynamic systems and processes is based on so call “heuristic” procedure.  Meaning that on the method of manual and iterative procedure, which is automatized with the help of fast digital computer, named “heuristic optimization” (retry and error!). This simulation model is only one from the large number of made and educationally and practically used simulation models for education and training of young students – mariner, wch use so call “white box” philosophy of investigation of complex systems, as distinguished from “black box” approach.

The results presented in the paper have been derived from the scientific research project „New Technologies in Diagnosis and Control of Marine Propulsion Systems“ supported by the Ministry of Science, Education and Sports of the Republic of Croatia.

2. SIMULATION MODELLING OF THE MARINE STEAM BOILER 
2.1. Mathematical model of 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 thermal accumulator (capacity) suggest determining the equation for the level of the water in the boiler, according to [10].

System dynamics mathematical model of the marine steam boiler is defined by explicit form of differential equations, according to [10]:

1. Equation of the boiler dynamics for the steam pressure:
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2. Equation of the boiler dynamics for the water level
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Where the following denote:
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      - relative state of the steam pressure in the


boiler,
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        - relative state of the water level in the


boiler,
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        - time constant of the steam boiler for the


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


water level [ s ],
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         - coefficient of self-regulation of the 


steam boiler,
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     - relative change of the position of the fuel valve,
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        - relative change of the valve of the feed water,
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        - relative change of the position of the steam discharge


valve,
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  - speed of the change of the relative increment of the

                 boiler steam pressure, 
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     - speed of the relative change of the position of the 

                  steam discharge valve,
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      - coefficients of the steam boiler for the steam pressure,
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   - coefficients of the steam boiler for the water level.

2.2. System dynamics mental-verbal of the marine steam boiler 


On the basis of a mathematical model, or the explicit form of the mode equation of the marine steam boiler (1) it is possible to determine the mental - verbal model of the marine steam boiler:

· If the relative increment of the steam pressure in the boiler 
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 increases, the speed of the change of the relative pressure in the boiler 
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 will decrease, which gives a negative cause-effect link (-). 

· If the speed of the change of the relative increment of the steam pressure 
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 increases, the state of the relative increment of the steam pressure in the boiler 
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 will increase, which is the integral or sum of all changes of the state, which gives a positive cause-effect link (+).


In the observed circle of the cause-effect (KPD) there are only two cause-effect (UPV) links, and the sum of their negative values is 1, so the global sign for cause-effect KPD is negative, which means self-regulating, which leads any change of the state towards quiescent state.

· If the coefficient of self-regulation of the steam boiler for the steam pressure k increases, the speed of the change of the relative increment of the steam pressure in the boiler 
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 will decrease, which gives a negative cause-effect link (-).

· If the time constant of the boiler for the steam pressure 
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 increases, the speed of the change of the state of the relative increment of the boiler steam pressure 
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 will decrease, which gives a negative cause-effect link (-). 
· If the relative change of the position of the fuel supply valve 
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m

 increases, which assumes the increase of fuel supply in the time unit, the speed of the change of state of relative increment of the boiler steam pressure 
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 will increase, which gives a positive cause-effect link  (+).

· If the auxiliary coefficient 
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 increases, the speed of the change of relative increment of the boiler steam pressure 
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 will increase, which gives a positive cause-effect link (+).

· If the relative change of the position of the feed water valve 
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m

 increases, the speed of the change of the relative state of the increment of the boiler steam pressure 
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 will increase, which gives a positive cause-effect link (+).
· If the auxiliary coefficient 
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 increases, the speed of the change of the state of the relative increment of the boiler steam pressure 
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 will decrease, which gives a negative cause-effect link (-).
· If the relative change of the steam discharge valve 
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 increases, the speed of the change of the state of the relative increment of the boiler steam pressure                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
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 will decrease, which gives a negative cause-effect link (-).
· If the auxiliary coefficient 
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 increases, the speed of the change of state of the relative increment of the boiler steam pressure 
[image: image33.wmf]dt
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 will decrease, which gives a negative cause-effect link (-).

· If the speed of the relative change of the position of the boiler steam discharge valve 
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 increases, the speed of the change of the state of the relative increment of the boiler steam pressure 
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 will decrease, which gives a negative cause-effect link  (-).

· If the relative change of the position of the boiler steam discharge valve 
[image: image36.wmf]P

m

 increases, the speed of the change of the relative change of the boiler steam discharge valve position 
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d
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 will increase, which gives a positive cause-effect link (+).


On the basis of the mathematical model, or the explicit form of the equation of the marine steam boiler (2) it is possible to determine the mental - verbal model of marine steam boiler:

· Dynamic performance process of the steam boiler with natural circulation for the water level does not have self-regulating property, because there is no internal negative cause-effect link (KPD), which the dynamic process of steam boiler performance with natural circulation for the steam pressure has.

· If the time constant of the steam boiler for the water level 
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 increases, the speed of the change of the state of relative increment of the boiler  water level 
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 will decrease, which gives a negative cause-effect link (-).
· If the relative change of the feed water valve position 
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 increases, the speed of the change of the relative increment of the steam boiler water level 
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d

Y

j

 will increase, which gives a positive cause-effect link (+).
· If the auxiliary coefficient 
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 increases, the speed of the change of the state of the relative increment of the steam boiler water level 
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 will decrease, which gives a negative cause-effect link  (-).

· If the relative increment of the boiler steam pressure 
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 increases, the speed of the change of the state of the relative increment of the boiler water level 
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 will decrease, which gives a negative cause-effect link (-).
· If the auxiliary coefficient 
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 increases, the speed of the change of the state of the relative increment of the boiler water level  
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 will decrease, which gives a negative cause-effect link (-).
· If the speed of the change of the relative increment of the steam pressure 
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 increases, the speed of the change of the state of the relative increment of the boiler water level 
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 will decrease, which gives a negative cause-effect link (-).
· If the relative change of the position of the steam discharge valve 
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 increases, the speed of change of the state of the relative increment of boiler water level  
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 will decrease, which gives a negative cause-effect link (-).
· If the auxiliary coefficient 
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 increases, the speed of the change of the state of the relative increment of the boiler water level 
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 will decrease, which gives a negative cause-effect link (-).

· If the speed of the change of the relative position of the boiler steam discharge valve 
[image: image54.wmf]dt
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 increases, the speed of the change of the state of the relative increment of the boiler water level 
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 will decrease, which gives a negative cause-effect link (-).
· If the auxiliary coefficient 
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 increases, the speed of the change of the state of the relative increment of the boiler water level 
[image: image57.wmf]dt

d

Y
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 will decrease, which gives a negative cause-effect link (-).

2.3.  System dynamics structural models of the marine steam boiler 

On the basis of the stated mental - verbal models 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 of the marine steam boiler – for steam pressure 

In the observed system there is the 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 of 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.
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Figure 3. Global structural model of the marine steam boiler 

2. 4. 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 (according to [5]).
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Figure 4. Global flowchart of the marine steam boiler with the built-in PID governors 

3.
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 [2] or POWERSIM [5], all possible operating modes of the system will be simulated in a laboratory. 
After the engineer, designer or a student have conducted a sufficient number of experiments, or scenarios, and an insight has been obtained about the performance dynamics of the system using the method of heuristic optimisation, optimisation of any parameters in the system may be performed, provided that the model is valid.
In the presented scenario the simulation model of 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:
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Figure 5. Relative state of the steam pressure in the steam boiler 
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Figure 6. Relative change of the position of the

fuel valve
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Figure 7. Relative state of the water level in the steam boiler 
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Figure 8. 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 better levelling and attenuation of the transition occurrence of the variables FIK and FIY will be achieved. 

4.
CONCLUSION

System dynamics is a scientific method which allows simulation of the most complex systems. The method used in the presented example demonstrates a high quality of simulations of complex dynamic systems, and provides an opportunity to all interested students or engineers to apply the same method for 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 in 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 in 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 education and designing practice of complex systems 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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