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ABSTRACT 

The impressive development of Internet technologies in the past few years has highlighted 

Virtual technologies as a growing area in educational research. A virtual tool enables the 

student to work by synchronous-mode or asynchronous-mode anywhere on the internet. The 

open source software tool Easy Java Simulation (EJS; http://fem.um.es/Ejs) provides the 

teacher without deep programming skills an effective tool for the design of applications which 

offer the student a high degree of interaction. As an example, we created a model related to 

chemical reaction engineering and implemented using EJS. This example afford the student 

the opportunity to investigate the effect of the kinetic and thermodynamic parameters and 

process conditions in the dynamic behavior of a non-linear system carried out in a reactor 

network. The study of the dynamics of the system gives a valuable insight into the design of 

the control system, which is also included in the model through the control parameters. This 

interactive remote simulation allows the student to visualize the response of the system on the 

fly to any change. This immediate change in the system output, as response to user 

interaction, provides the student a practical insight into the behavior of this complex 

engineering system. 
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1. INTRODUCTION 

1.1 Problem description 

Recent developments in computer hardware and software make it possible to provide 

students with interactive programs that can be considered as midway between regular labs and 

lectures at the same time that allow us to display multiple-view representations of a chemical 

engineering dynamic system on the computer screen. These tools, called interactive virtual 

labs, can be used to explain basic concepts, to provide new perspectives on and insights into a 

problem, and to illustrate analysis and design topics. In the engineering educational world, 

MATLAB has become the standard software for instructional purposes. Nevertheless, we will 

find serious difficulties if we try to perform interactivity teaching using MATLAB. This 

software was not designed to develop interactive graphical applications. The creation of a 

graphical use interface (GUI) using MATLAB is not an easy task, and high programming 

skills are required to develop useful applications with even a basic level of interactivity. 

However, the chemical engineering teachers are not expert programmers and the addition of 

an extra layer of interactivity to their MATLAB simulations would be very time-consuming. 

Easy Java Simulations (EJS) is an open source software tool that helps both students 

and teachers to create interactive scientific simulations in the Java language. The goal of EJS 

is that the user only need to provide the most relevant core of the simulation's algorithm and 

the tool automatically generates all the Java code needed to create a complete interactive 

simulation (additional information on this software can be found at http://fem.um.es/Ejs/). 

This tool is very interesting for teachers and students who are more interested in 

understanding the simulated phenomena than in the computational aspects. The main steps to 

create the simulations are the specification of a model for the simulated system and the built 

of a view to continuously visualizes the state of the model and that can respond to user 

interaction. Models can be described in EJS application itself or using MATLAB files 

previously programmed which can be linked to the EJS application. In this case, the final 

product is a Java application that efficiently interchanges data with the MATLAB's 

workspace.  

 

1.2 Objective 

The aim of this work is to present an example of the use of the EJS tool for Chemical 

Engineering students related to the discipline of chemical reaction engineering.  



The model simulates the dynamic behaviour of a system of 3 stirred tank in series 

which includes a control system. The great amount of variables and parameters involved in 

the system makes it very troublesome the interactivity of the simulation made in a 

conventional programming language. This example afford the student the opportunity to 

investigate the effect of the parameters and process conditions in the dynamic behaviour of a 

non-linear system carried out in 3 stirred tank series model. The immediate change in the 

system output, as response to user interaction, provides the student a practical insight into the 

behaviour of a complex engineering system which would be impossible to obtain without a 

tool like EJS.  

 

2. METHODOLOGY 

2.1. Framework 

The simulation developed is a typical example of a complex reaction system which 

Chemical Engineering undergraduates study in the subject Chemical Reaction Engineering. It 

consists of the simulation of the behaviour of n-stirred tanks in series operating under certain 

conditions. So far the simulation was done by programming in MATLAB the corresponding 

model and the students could only see the value of the variables of the system working under 

those conditions specified in the program. To analyze the behaviour of the system when 

changing any of the parameters involved in the process, it was necessary to carry out the 

simulation again and compare the resulting variables with the previous ones. With this way of 

working it was hardly impossible for the students to have a clear knowledge of the response 

of the system to any change and its dynamics. Introducing the interactive simulation of the 

model developed using the EJS interface, the students have the opportunity for a complete 

insight of the dynamic behaviour of the system thanks to the almost immediate response of 

the EJS simulation.  

 

2.2. Tools 

The Easy Java Simulations software belongs to the category of "code generators''. This 

means that users need to provide only the most relevant core of the simulation's algorithm and 

the tool automatically generates all the Java code required for a complete interactive 

simulation. The most remarkable feacture of EJS is that it has been conceived by teachers and 



for teachers, and for students who are more interested in understanding the simulated 

phenomena than in the underlying computer-specific aspects [1]. 

EJS provides a simplified implementation of the Model-Control-View software 

paradigm [1]. This paradigm states that a simulation is composed of three interconnected 

parts[2]: 

1. The model, which describes the phenomenon under study in terms of the variables 

the interrelationships among these variables (physical laws which are expressed by 

computer algorithms). 

2. The control, which defines certain actions that a user can perform on the 

simulation.  

3. The view, which provides the visualization of the application and the user interface 

elements require for user interaction. 

According to this, the EJS interface is divided into these parts: Introduction, Model 

and View (see Figure 1). The view is created by adding graphical elements that work like 

building blocks to form the interface of the simulation. The system provides a wide variety of 

elements, based on graphical classes from the Open Source Physics project [3]. Users can 

drag any of these elements in order to add it to the simulation view. Since there are elements 

that can host other elements, the result is a tree-like structure. 

 



 

Figure 1 The EJS editing window when the workpanel "View" is active. 

 

There are two ways to run a simulations created with EJS. The first one is running the 

generated simulation as a standalone Java application or an applet using a Web browser. In 

this manner the generated simulation is independent of the software tool used to create it. The 

browser loads an html page, that includes a special tag (or instruction) to load the applet. The 

browser can then run the applet embedded into the html code or within its own window. The 

html page and the files necessary to run the applet may be located either in a local disk or in 

an Internet Web server. The second possibility consists of running the simulation using EJS 

itself as a launching pad. 

 

2.3 Procedure 

Chemical engineering teachers are used to describe their models in terms of 

mathematical equations and then they solve using a given computer language, or by means of 

high-level tools such as MATLAB. The main target when creating the model of a simulation 



is to concentrate on the analytical description of the phenomenon, the content, and the 

accuracy of the simulation. However, the creation of the graphical user interface, and 

especially the addition of interactivity to this interface, is the part of the simulation that 

demands more knowledge of advanced programming techniques. Fortunately, EJS provides a 

set of advanced graphical elements that build on top of both standard Java Swing component, 

as for example, containers, buttons, text fields, sliders or combo boxes. This ability of EJS is 

our main motivation to spread it out the usage of EJS over the chemical engineering 

community education. 

EJS can be connected with MATLAB using the JMatlink library [4]. Using the 

EJS-Matlab link the teacher can create interesting pedagogical applications such as virtual or 

remote labs with a high level of interactivity and visualization. In this case, MATLAB is used 

for computing and processing data by means of the toolboxes, whereas EJS provides the 

graphical support and the user interaction of the Java application. In case MATLAB and the 

EJS application are located in different computers, it can be used Jim Server [4]. This 

software tool written in Java, enables for an EJS application to use a remote MATLAB server. 

Therefore, using Jim, end-users can execute applications which use MATLAB, even though 

users do not have MATLAB in their computers. 

 

3. RESULTS 

The methodology proposed has been applied to a case study related to the chemical 

reaction engineering area. The dynamic system consists of three Continuous Stirred-Tank 

Reactors (CSTRs) in series (Figure 2). The chemical reaction system contains two irreversible 

reactions and three components: 
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The EJS MATLAB approach allows to deal with more complex chemical reactions 

systems (several hundred of components and reactions), due to the computation tasks are 

carried out by MATLAB which is computationally efficient for matrix and vector operations 

(a complex reaction system can be easily described by a stoichiometric coefficient matrix). 
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Figure 2 Flowsheet of the dynamical system 

 

The chemical reaction system is completely defined by the partial order reaction 

matrix ijν , the vector of initial kinetic constants 0ik  and the vector of activation energies aiE . 

Then, the kinetic law for each reaction i can be expressed in terms of the concentration of 

each component, Cj, as follows  
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where S is the number of components and the dependence of the reaction rate, 
i

k , with 

the temperature follows the Arrhenius law 

 ( )/
0

aiE RT

i ik k e=  (3) 

The ordinary differential equations (ODE) of the model are derived combining the 

kinetic law, Eq. (2), with the non-steady-state molar balance for each component j. As the 

system reaction is in liquid phase, the density of the system can be assumed to remain 

approximately constant. As a result, the system state can be described by the concentration of 

each component in the reactor jC  (dependent variable) leading to the following expression 

for each component 
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where Qv is the flow rate, V the reactor volumen and rj the reaction rate for the 

component j, which is calculated from ri and the stoichiometric coefficients ijα according to 

this expression 
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For the sake of simplicity, the temperature for all the streams and reactors of the 

flowsheet are the same. This avoids to perform the energy balance. 

A feedback control mechanism is added to the reactor network to suppress the 

negative influence of external disturbances on the desired operation conditions.  The objective 

of the controller is to keep the concentration of the component A at the outlet of the CSTR 3 

at a desired value (set point) when the concentration of the component A at the feed stream 

undergoes changes. The control system measures the concentration of A and compares it with 

the desired steady-state value. If the concentration is higher than the desired value, it increases 

the concentration of A in the manipulated stream ( )manipulated

A
C  by opening the control valve, 

while it closes the valve when controlled

A
C  is lower than the desired value intset po

A
C . The deviation 

variables or error are defined by intset po controlled

A A
C C−  and is used by the controller to increase or 

decrease manipulated

A
C  according to the relationship 
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where 
C

K  and 
C

τ tau are constant parameters with positive values. The control action 

described by Eq (6) is called proportional-integral control, because the value of the 

manipulated variable is determined by two terms, one of them proportional to the error and 

the other one proportional to the time integral of the error [5]. 

The view of the simulation is created by adding the graphical elements in the view 

interface of EJS (Figure 1). In order to connect model and view, we need to edit the properties 

of the different view elements to configure them to use the values of the variables of the 

model. Figure 3 shows the tree-like structure of the simulation developed. EJS takes care of 

the internal coding needed for each graphical element to make the proper action when any 

variable changes. This connection works in both directions since, if the user changes any of 

the parameters using the view interface, the new values will be taken as values for the model 

variables. 



 

Figure 3 Tree-like structure of the simulation developed 

 

The resulting user interface is shown in Figure 4 where the flowsheet of the modelled 

system, the interactive elements and the outcome of the simulation appear. In this case the 

desired output variables are graphically represented versus the time of the simulation. 

 



 

Figure 4 User interface of the simulation 

 

In this interface the student can easily change variables like the feed concentration in 

the first reactor ( feed

A
C ) and the value of the perturbation that can occur in this concentration 

( perturbation

A
C ) and the parameters of the controller (

C
K  and 

C
τ ). The desired new feed 

concentration and perturbation can be written in the enabled gaps situated in the top left of the 

user interface (Figure 4). The parameters of the controller can be changed by dragging with 

the mouse in the corresponding sliders, which detail is shown in Figure 5. Additionally, the 

interface have the "Play", "Pause" and "reset" buttons (see Figure 4), which allows the user to 

start or stop the simulation and to restore the initial values of the variables.  



 

Figure 5 Detail of the sliders to change the parameters of the controller 

 

Before starting the simulation, the student gives a value to the variables which effect is 

studied ( feed

A
C , perturbation

A
C ,

C
K  and 

C
τ ) and visualize the evolution of the output variables on 

the view interface. While the simulation is running the student can change one or more of this 

variables and this change is passed on to the view so that it immediately displays the new 

state of the model. This fact allows the student to have a complete knowledge of the dynamic 

behaviour of the system. The built-in view allows to follow the evolution with time of the 

three components (A, B and C) of the chemical reaction system at the outlet of each reactor as 

well as the concentration of component A in the manipulated stream, which is the one the 

control system acts on when a perturbation occurs (Figure 6). 

 

 

Figure 6 Example of the controller response 

 

An example of the simulation outcome are shown in Figure 7. In this figure, the blue 

line represents the evolution with time of the concentration for component A at the outlet of 

the three reactors, the pink line depicts the evolution of the concentration for the intermediate 



product (B) and the orange line represents the evolution of the concentration of the final 

product (C).  

 

 

Figure 7 Example of the simulation outcome 

 

4. CONCLUSIONS 

This paper shows an example of the type of chemical engineering applications that has 

been created using Easy Java Simulations, a software tool that helps teachers easily to create 

dynamic and interactive scientific simulations in the Java language. It is clear from the final 

development of our simulation interface that EJS takes a step forward in the use of 

interactivity and MATLAB in an instructional environment. 

Using technology in a pedagogical way can effectively enhance the conceptual 

understanding of our students, as well as contribute to making our teaching more attractive 

and effective. 
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