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The aim 

simulator 

Collage 

o f 

of 

o f 

Summary 

the project was to create a real - time 

a falling film evaporator located in the 

Science at Massey University to allow 

operators to be trained on u s ing the system. This aim 

was broken into two objectives : the development of a 

simulink model in Matlab Simulink and secondly the design 

of control system databases and control screens in Fix32 . 

A specification was initially laid out for these two 

objectives . A design of the real - time simulator was then 

made , based around the specifications . The real - time 

simulator was implemented and then tested to en s ure that 

the initial specifications were met . The fina l evaporator 

simulator was an executable file embodying the simulink 

model controlled by control screens . 

The Simulink model was developed based on an existing 

mathematical model of the falling film evaporator that 

was solved in Matlab M-fi le format . Two steps occurred 

while developing the Simulink model . First was converting 

the existing M- f ile model into Matlab simulink blocks . 

The second step involved making improvements to the 

simulink model . 

The design of control system database and control screens 

followed , based around the specifications. The control 

system database was developed using the Fix32 "Database 

builderu and included database blocks and chains . Inputs 

and output blocks were created and configured to match 

the variables being sen t to and from the Simulink 

simulation . The control screens were designed , based on 

the existing industrial screens . The pictures of 
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preheaters , effects , feed water tank , steam pipelines , 

steam valve and pumps were redrawn to match the real 

plant as close as possible . 

After the creation of the simulink model , the steady­

state simulation initialisation values were determined 

and adjusted through the test . The final test was made by 

running the Simulink model in conjunction with the 

modified Fix32 control system . The final test proved that 

the Real - time simulator was created successfully . 

XI 



Table of Contents 

SUMMARY ............................................................................................... X 

TABLE OF CONTENTS ............................................................................ XII 

CHAPTER 1: INTRODUCTION ...................................................................... 1 

1.1 BACKGROUND ... .. .. . .. ..... .. ... .. .... . ... . ... .......... .. .. ... . .. .. .. . .... .. ... . ..... . .... 1 

1.1.1 

1.1 .2 

1.1.3 

A Falling-film evaporator . ........ . ............ ... 1 

Falling-film evaporator existing model .... . ..... .... ...... .. . . ... .. . .... . .. . .... 2 

Real-time simulator model ......... .............. ... .. .. .. ...... .. .. ..... ...... ..... ..... . 2 

1.1 . 4 SCAD A package and Fix3 2 softwere .. . . . . . . . . . .. . . ... . ...... . 4 

1.2 OBJECTIVE ....... .. .......... .. ... ..... .. .... . ... ... ... .. . ... ... ... .. . .. ....... .... .. ......... 4 

CHAPTER 2: INDUSTRIAL FALLING-FILM EVAPERATORS ........................... 6 

2.1 INDUSTRIAL EV APERATORS .... ........ .... ... ...... ..... ... ........... . ....... . ... . .. . 6 

2.2 FALLING-FILM EVAPERATOR DESCRIPTION ................... ... ............ .. .. 7 

2.3 FALLING-FILM EV APERA TOR EXISTING M-FILE MODEL. .. .. . ...... . .. ...... 9 

CHAPTER 3: METHODOLOGY FOR DEVELOPING THE REAL-TIME 

SIMULATOR ............................................................................................ 14 

3.1 SOFTWERE TOOLS ...... .. . . ... .... . ..... . ....... .. ...... . .. .. .. .. ........... .. .. .. . .. .... 14 

3.2 SIMULATOR MODEL SPECIFICATIONS ... ..... .. .. .... ...... .. ........ ... ... . ...... 15 

3.3 METHODOLOGY .. ......... . .... .. ........... . ... . ................................... .. .... 16 

CHAPTER 4: REAL-TIME SIMULATORMODIFICATION ............................... 19 

4.1 SIMULINK MODEL MODIFICATIONS .... ... .... ... . ... ..... ... . ...... . .......... . .. 19 

4.1. l 

4.1.2 

Preheater Sub-model modification .... .... . ... ... .... .... . ... ... .... .. ... ... ... .. . ... . 20 

Initial condition sub-model modification ........ ........... .... ... .... ..... ... ... .. 28 

4. 1.3 Other changes made to the evaporator simulink model .. . .. . ... ..... .... .... .. . 30 

4.2 SCADA CONTROL SYSTEM MODIFICATION ........ .. ... .. . .... . .. ... ..... .. .. . . 31 

4.2.1 

4.2.2 

Fix32 database modifications ... ....................... . ...... ... ...... ... ........ .. ... 31 

Control screens modifications ....... ... .. . . .................. ..... ...... . ... .. 34 

CHAPTER 5: FULL REAL-TIME SIMULATOR DESCRIPTION ........................ 37 

5.1 DEFINING SIMULINK BLOCKS IN THE SIMULINK MODEL. ...... .. ........ 37 

5.2 SIMULINK MODEL DESCRIPTION .... ...... ..... .... ............... ............ .. .. 38 

5.3 CONTROL SYSTEMDISCRIPTION ............. .................... ... ......... ... .. 51 

XII 



5.3.J Fix32 database ..... . .............. . .. . .. .... .. ...................... ... .................. 51 

5.3.2 Control screens .................... ......... ..... . ...... ... ... ............. ........... ... 52 

C:;HAPTER 6: RESULTS OF TESHNG REAL-'flME SIMULATOR ..................... 54 

6.1 TESTING THE REAL-TIME SIMULATOR SIMUUNK MODEL. .. . ...... 54 

6.2 COMPILING THE SIMULINK MODEL .... . . ..... 60 

6 .3 CONCLUSIONS ....... ..... ..... . ... .... .. .... .......... . ...... .... ...... .. ... ..... .. ... 62 

CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS .............................. 64 

CHAPTER 8: REFERENCE ......................................................................... 66 

APPENDIX .................................................•........................................... . 67 

APPENDIX I ............ . _ .. . .. ......... .............. . .... . . ... 68 

.. 69 APPENDIX 2 ...... .... ..... ... ... ..... ... . .... .. ... ... ... ...... ... ... ...... .. . .. . .. . ... .... .. _ 

APPENDIX 3 .. . ... .... ... ... . ...... .. ... ..... . . ... .. ..... . .. .. ..... .... ... ... .. . ... 73 

APPENDIX 4 .......... ..... ... ...... ....... ............. _ .. ... .......... . ................. ... . 85 

APPENDIX 5 .... .. ...... .. ... . . ... ......... . . .......... . .. . - .......... 90 

APPENDIX 6 ............. . . .. .... ... ... .. .. ... . .. . ... 104 

APPENDIX 7 ... .. .... ..... . . ..... 113 

APPENDIX 8 .. . .. .. . .. .... .. .. .. .... ... .... .. .. .. . ...... 116 

APPENDIX 9 ........ . ................ .. . .................. . ... . ... - ... ... . .. 130 

XIII 



1 
Introduction 

1 . 1 Background 

1.1.1 A Falling-film evaporator 

Evaporation is an important process used in the chemical 

industry , which concentrates a solution containing 

dissolved or suspended solids by boiling off the solvent . A 

large proportion of the energy used in industry is given to 

this process . It is a very appropriate process to study due 

to its wide use and energy intensityl 3 l . 

In a modern evaporation system the evaporator acts as the 

main process unit in the evaporation process for drying a 

number of products . Good evaporator control is particularly 

important because of its widespread use , especially in the 

New Zealand dairy industry , and the direct effect of better 

control on energy efficiency and a more consistent product . 

The evaporator used in this thesis is a pilot - scale , three­

effect , falling - film evaporator that resides in the College 

of Sciences , Massey University . This system is a scaled 

version of the type of process used in the dairy industry 

and was b uilt to provide a platform for research into 

process identification and control . 



1.1.2 Falling-film evaporator existing model 

To study problems before the control is implemented on the 

real system a process model was previously created by a 

number of researchersl 2
'

3
'

41
• This existing model can be used 

to test and refine the performance of the control strategy . 

The existing model was completed by Russell ( 1997) l4
l as a 

suite of Matlab m- files . 

1.1.3 Real-time simulator modeling 

In order to obtain real time simulation results , a new 

dynamic mathematical model was created and solved in Matlab 

Simulink. The model is the mathematical expression of the 

process . It expresses most 

characteristics performance of 

of 

the 

the important 

process . It 

dynamic 

would be 

used by the simulator (a program package that contains 

dynamic mathematical model and Fix3 2 SCADA system) and 

would act as the real process to be run by the operator . In 

order to provide the best training for the operator the 

simulation must run behind Fix32 , the SCADA package that 

the operator would use to run the real plant . The real 

control screens and control database would be used as for 

the real plant . 

The development of the real - time simulator can give lots of 

benefits to the industry . For example , by running the real ­

time simulator , the simulation results can display directly 

on the control screen and the process engineer can change 

the simulation settings direct l y . These properties can give 

the process engineers and operators a better understanding 

of the characteristics of the evaporator . 

2 



In order to obtain a graphical and real-time simulation 

environment , a real-time simulator was created during this 

project . This real - time simulator provided a better 

operation platform to make the simulation running more like 

a real plant. In addition the equations and parameter 

settings used in the original dynamic model were improved 

to make the simulation more accurate . 

The real - time simulator was also designed as a control 

design tool , which could be used to simulate and compare 

various control strategies . For this reason the real-time 

simulator contained ordinary differential 

algebraic relationships and parameters were 

appropriate . 

Other reasons for doing this project include: 

equations and 

lumped where 

• The real-time simulator could provide off- line operator 

training . Operators or students can easily gain an 

understanding of the characteristics and responses of the 

process . 

• The process engineer who wants to apply different 

operating strategies could use this real- time simulator 

to determine the effects without the danger of disrupting 

the actual process . 

• The real-time simulator could also be used as a process­

monitoring tool by running it in parallel with the plant 

and noting differences between the two. 

3 



- -... ... .... - ~--· 

1 . 1. 4 SCADA package and Fix32 software 

Supervisory Control and Data Acquisition ( SCADA) packages 

are used in industry to monitor and control processes. A 

SCADA package is a multi tasking environment that provides 

two basic functions: supervisory control and data 

acquisition. It receives data from the process, performs 

supervisory control functions, displays information to the 

operator and receives requests, stores trending data and 

sends set-points to the process. 

Fix32 is an example of a multi tasking SCADA system widely 

used in the industry. It provides process moni taring and 

control, data collection and graphic display functions. 

1 . 2 Objectives 

This project sought to develop a real-time simulator, which 

contains a falling-film evaporator Simulink model linked to 

SCADA control screens. The Simulink model was developed 

based on an existing mathematical model of the falling-film 

evaporator that was solved in Matlab M-file resident in the 

College of Sciences, Massey University. 

The control screens are used to display the simulation 

results from the Simulink model and to change the settings 

·of the parameters in the Simulink model. 

For this reason the thesis is broken into two parts: 

developing the real-time mathematical model in Matlab 

Simulink and designing control screens in the FIX32 SCADA 

package. Once these two tasks are completed the real-time 

simulator is converted into executable code which connects 

with the control screens. The results of the combined 

4 



testing are reported at the end of this thesis in chapter 

6 . 

To develop the falling-film evaporator Simulink model , two 

steps must occur . The first step is converting all the M­

f iles of the old model into Simulink blocks . The second 

step involves making irnprovem~nts to the Simulink model·. 

This work has the following objectives: 

• To develop a modeling methodology to convert existing m­

file model into Simulink block. 

• To improve and correct any mistakes made in the existing 

m-file model. 

• To develop control screens that duplicates those of the 

real process. 

• To build a database for the control screens . The database 

contains all the results that are received from the real­

time Sirnulink model and all the changes of the parameters 

made by the operator . All the changes will be sent to the 

Simulink model directly . 

5 



2 
Industrial Falling-film Evaporators 

OVERVIEW 

Before developing the real-time simulator, the principle of 

the falling-film evaporator and relevant technology were 

studied in order to obtain a better understanding of the 

plant. This chapter introduces industrial evaporators and 

provides a brief overview of their function and operation. 

A description of the falling-film evaporator at Massey 

University is discussed. Finally an e xisting model of the. 

falling-film evaporator is given with details of some of 

the important differential equations. 

2.1 I ndustri a l Evaporat o r s 

The first multi-stage and vapour recompression evaporator 

was built in the latter part of the 19th century. Today 

multi-stage evaporators with vapour recompression are 

widely used to improve the energy efficiency of the 

process. There are four types of evaporators mainly used in 

industry. They are described as follows: 

Forced-circuiation evaporator gives high heat transfer 

coefficients, positive circulation and relative freedom 

from scaling at the expense of high operating costs and 

long residence times. It is best applied to crystalline 

products and corrosive or viscous solutions. [1] 

6 



Horizonta1 tube evaporator needs very little headroom . It 

can provide qood heat transfer and low cost . It is 

primarily used for seawater evaporation to produce fresh 

water . 

Short-tube vertical evaporator is relatively inexpensive . 

It provides good heat transfer at high temperature but is 

not so good at low temperature . The hold- up time of the 

product is relatively high . It is suitable for processing 

clear or non- corrosive solutions 111 • 

Long-tube vertical evaporator includes the c1imbing- (or 

rising-) 

Both of 

:fi1m evaporator and the :fal1ing-:fi1m evaporator. 

them provide good heat transfer with small 

temperature differences between the liquid and the steam . 

The falling - film evaporator especially provides good heat 

transfer at both high and low temperature . It has a short 

residence time and this makes it very useful for heat ­

sensi ti ve products such as orange juice and milk . However , 

it needs a large amount of headroom and is unsuitable for 

processing salting or severely scaling liquids . 

There are a number of other types of evaporators such as 

plate evaporator, centri:fuga1 evaporator and agitated thin­

:film evaporator. 

2.2 Falling-film Evaporator Description 

The falling - film evaporator in the College of Sciences at 

Massey University is a scaled down version of the falling ­

film evaporators found within the dairy industry . It was 

designed to handle liquid feeds of 180- 200 liters/hour with 

an evaporation rate of 30 litres/hour . In practice , the 

evaporation rate i s in the range of 40 - 60 litres/hour . The 

7 
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College of Science evaporator contains three effects with 

two preheaters and a water-jet condenser. Table 2-1 shows 

the design temperature and pressure operating conditions in 

the evaporator at steady state. 

Table 2-1: Design operating temperatures and pressures. 

Stage Product Pressure of vapour in 
temperature (0 C) shell (kPa abs.) 

Effect 1 70 50 
Effect 2 60 32 
Effect 3 45 20 

Preheater 1 35 5 
Preheater 2 70 50 

A schematic of the College of Science falling-film 

evaporator is shown in appendix 1. In the plant the second 

preheater is heated with externally supplied steam as is 

the first effect. The vapour produced in the third effect 

is transferred to the first preheater. No vapour 

recompression is used in the process. 

Figure 2-1 shows a single effect of the falling-film 

evaporator. Each effect contains only one evaporation tube. 

Through 

effect 

a 

and 

simpl~ 

is 

n_oz. zl~ the . liquid. is 
... , . ; .. 

pumped 

distributed around the tube 

distribution plate. Both of the preheaters are 

tube heat exchanger~' which ·.: na:v:~ . three j:ube.s .. --. •. . . -~ . . 

each. 

into the 

.over a 

shell and 

passes in 
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Solution ___. 

Steam -----. 

Evaporation 
Tube 

Distribution 

Plate~--L-J--­
.-----.-....--- ----. Vapour 

Condensate 

Separator 

Figure 2-1 A single effect of the falling-film evaporator 

The falling - film evaporator has a total of 20 measured 

variables , which include seven temperatures , five 

pressures , four flows and four liquid levels . Their 

positions on the process are shown in appendix 1 . 

2.3 Falling-film Evaporator Existing M-file 

Model 

The existing falling - film evaporator m- file model was 

developed by a number of researchers [Z, 
3

' 
41

• The model has a 

total of 10 input variables . They are the temperature of 

the external steam supply , the ambient temperature , the 

ambient pressure , the temperature of the product leaving 

the feed tank , speed of the effect pumps , speed of the feed 

tank pump and product flowrate . 

In the most recent model (1) the plant was split into eight 

sub- systems . Figure 2- 2 shows the sub- systems in each 

effect . Each sub- system is described in the following 

9 



sections . All the 

appendix 3 . 

Eva,x>ration Tube 
& 

Evaporation Tube Energy 
Sub-systems 

details of 

Distribution Plate 
Sub-system 

equations are 

' . - .. .. ~ 

I 
L· 

I 

Product Transport 
Sub-system 

Figure 2-2: Sub-system boundaries in an effect 

shown in 

Figure 2- 3 shows a diagram representation of the evaporator 

model . This gives a clear v iew of the connection of each 

sub- system . 
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Effert I Effect 2 Effect 3 

Qo i 
Distribution Distribution Distribution 

Plate Plate Plate 
Sub-system Sub-system Sub-system 

Preheater 2 
Sub-system 

T, Evaporation Evaporation 
Tph1 Qo Tube Tube 

Sub-system Sub-system 

Preheater I 
T3 

NI N 2 
Sub-system 

Product 
Transport 

To Qo Sub-system 

~ Q) 
T 

L I QI L z Q2 L 3 
m, J 

T1 Ti 
Q;. 

'"c 

T,P m,, Venturi 
Energy Sub-systems Condenser 

r,, Tc Sub-system 

~111 \.enr 

Figure 2-3: A diagram representati on of the evaporator model 

Distribution p1ate sub-system 

This s ub - s y s t em mode l s the fl ow o f s olut ion th r ou gh the 

distribution plat e and into the evapo ratio n tube. The 

distribution plate is c onsidered as a mi xed tank with 

perforatio ns whi c h all ow the liquid to distribute evenly 

into the e v apora t i o n t ube . 

Evaporation tu.be sub-system 

This sub-system models the mass flow of the liquid out of 

the evaporation tube which is obtained by performing a mass 

balance over the evaporation tube sub- system and the mass 

of vapour produced in the evaporation tube . 

Before modeling the evaporation tube sub- system two 

assumptions are made : 

• The heat flow across the tube is considered to be 

uniform . 

11 



• The fall velocity of the liquid film is assumed to be 

constant . 

Product transport sub-system 

This sub- system models the flow of product from one effect 

to the next. It involves the reservoir of liquid 

concentrate , the pipework connecting the effects and the 

in the downstream distribution 

temperature 

nozzle 

changes that occur through 

transport system are also modeled . 

Evaporation tube energy sub-system 

effect. The 

the product 

This sub- system models the heat transfer in the evapo ration 

tube sub- system. This includes the heat received from the 

heat steam, heat lost to the surroundings and heat lost to 

the downstream effect from the condensation of the vapour . 

Each effect is formed by these sub-systems . In addition the 

effects are related to the following sub-systems. 

Feed sub-system 

This sub-system models the flowrate of the liquid, which is 

pumped from the feed tank into the first effect through the 

preheater tubes . 

Preheater sub-system 

This sub-system models the temperature of the liquid out of 

each preheater. It includes the heat transfer in the 

preheaters . Russe11l 4
l used a discrete first order 

differential equation to represent the old model . This 

differential equation is not very suitable for the sub­

system. 

12 



Venturi condenser sub-system 

The sub- system models the suction pressure produced by the 

venturi condenser and the rise in cooling water temperature 

due to the condensate and vapour exhaust stream . [1] 

External steam input sub-system 

The sub- system models the temperature of the external steam 

input . 

13 



3 
Methodology for developing the 

Real-time Simulator 

OVERVIEW 

This chapter provides an explanation of the methodology 

used for developing the real - time simulator . This 

development was separated into two parts : the development 

of the real- time simulator model and the development of the 

SCADA control system . It begins by briefly introducing the 

software used , defines the specifications of the simulator 

and then describes the development procedure . 

3.1 Software tools 

Three software packages were used in developing the real ­

time simulator model . They were Simulink, its associated 

Real-time Workshop and the Microsoft Visual C++ 5 . 0 

compiler . 

The Simulink software package is provided by Mathworks cai 

(Natick , Massachusetts) as a graphical environment for the 

Matlab software package . Using Simulink blocks , the process 

engineers can convert any M- f iles made in Matlab into 

Simulink and provide a graphical representation of the 

Simulation . 

14 



The Real- time Workshop is an additional package that can 

convert a Simulink model into C code and then use a 

compiler such as Microsoft Visual C to compile the 

generated code into a standalone application . The 

application can execute in real - time with temporal 

resolutions ranging from microseconds to hundredths of a 

second . A pseudo- real time template was developed at Massey 

University to handle tempered resolutions of hundredths to 

hundreds of seconds . 

The rix32 SCADA package was used as the real - time simulator 

SCADA control system . 

3.2 Simulator Model Specifications 

In its training role , the real - time simulator must match 

the real plant as closely as possible in order to give 

process engineers and operators a better understanding of 

the characteristics of the evaporator . This includes the 

development of a better graphical man- machine interface . 

The real - time simulator must correctly represent the 

existing M- file model . The M- files must be converted into 

Simulink accurately and the steady state initial values 

must be carefully selected from the existing M- file model . 

In order to gain better responses (i . e . closer to the 

responses of the real plant) to operator actions , some 

improvement should be applied to the real - time simulator . 

This includes modifications made to some of the 

differential equations and adjustments made to the steady 

state values and time constants . 

15 



3. 3 Methodology 

The real-time simulator consists of control screens and a 

Simulink model . The development of the control screens 

includes two parts : drawing graphical man-machine 

interfaces and building the database . 

Three steps were employed in developing the Simulink model : 

converting the existing model into a Simulink model , 

testing the Simulink model and compiling the Simulink model 

into a standalone application running along side Fix32. 

The control screens were developed using the Fix32 SCADA 

package . Fix32 provides the " Draw" environment that allows 

development of graphical man - machine interfaces . This was 

used to build control screens similar to that used in 

industry . 

The database for the simulation 

Fix32 "Database builder". Input 

was developed using the 

and output blocks were 

created and configured to match the variables being sent to 

and from the Simulink simulation . The tagnames of these 

blocks were used to match Simulink variables with the 

blocks in the database . 

The Simulink model was converted by choosing Simulink 

blocks to perform the same actions as the m- file commands . 

For example the " Function" blocks were used to perform the 

calculation functions of each m- file , the " Relational 

operator" blocks were used to convert the " greater", " less " 

or " equal " commands in each m- file . 

In each m-file , groups of commands and equations were used 

to calculate different functions . Depending on the number 

16 



of commands and equations and the relationship between each 

particular function , one or more groups of these commands 

and equations were converted into one Simulink sub- system . 

For example , the group of commands and equations for 

calculation of the product flowrate through the effect 1 

distribution plate were converted into " CalcQdl " Simulink 

sub- system . Each m- file was converted into one Simulink 

sub- model that included a number of sub- systems . The 

Falling- film Evaporator Simulink model was then completed 

by connecting all the sub- models together . 

After the Simulink model was completed , initial values of 

the time constants and state parameters were obtained from 

the trials data of the existing m- file model , some needed 

to be adjusted. 

After defining the initial values of time constants and 

state parameters , the black box testing methodology was 

employed to test the model in order to gain the initial 

values of input and output variables . This was done by 

setting all the inputs to their steady state values and 

running the simulation until the outputs had reached steady 

state . This allows the simulator to be started at steady 

state each time . 

After the test , the Real - Time Workshop (RTW) software from 

the Mathworks was used to convert the Simulink model into C 

code . This was then compiled into a stand- alone 

application . As part of this process , C code files were 

included to allow information to be passed between the 

stand- alone application and the Fix32 database using the 

Easy Database Access (EDA) code l i brary from Intellution . 

17 



Finally , the compiled real-time simulator is connected with 

the control screens and both of them are tested together . 

This involved tests to make sure that information was being . 

passed correctly as well as steady state tests to ensure 

that the model was correctly responding to inputs from the 

control screens . 

18 



4 
Real-time Simulator Modifications 

OVERVIEW 

This chapter describes all the changes made to convert the 

existing model to Simulink , create the links to the control 

screens , improve simulation accuracy and robustness as well 

as improve the design and performance of the control 

screens . The full real - time simulator will be described 

later in chapter 5 . 

4.1 Simulink Model Modifications 

In the existing m- file model some differential equations 

did not accurately represent the evaporator process . For 

example the calculation of the outlet temperature of 

preheater 1 and preheater 2 . Also , some corrections have 

been made such as the calculation of the mass of condensate 

produced in the first preheater shell per residence time . 

These will affect the settings of the model parameters and 

the simulation results . All the other simplifications or 

mistakes were corrected during development of the Simulink 

model . 

In order to make the Simulink model simpler and clearer , 

all the constants and the system initial conditions were 

put into the initial condition sub- model . This makes the 

constants and system initial conditions easier to maintain . 

19 



The mFromFix" driver and "ToFix" driver are also introduced 

into the Simulink model . These drivers enable the Simulink 

model to communicate with the control screens . Inputs from 

Fix32 entered the simulation via the "FromFix" block and 

the converse for the " ToFix" block . 

All these changes are detailed in the following sections. 

4.1.1 Preheater Sub-model modification 

Two major modifications were made to the preheater sub­

model : a new differential equation was used to represent 

the outlet temperature of the preheater , and the correction 

of the differential equation for the mass o f condensate 

produced in the first preheater shell per residence time . 

Changes made to the outlet temperature of the preheater 

The equation ( 4 . 1) listed below is a discrete first order 

equation and is assumed to represent the dynamic 

relationship of the preheater output temperature in the 

existing m-f ile model ( TP,, ) . 

( 4 . 1 ) 

Where Tph is the steady state temperature and T/p1i<l. 

The term 77 phis a function of the system time constant, r c(ph) 

Where t 5 is the sampling time . 

In equation (4 . 1) Tph(z) is the steady state representation 

for the preheater output temperature . In this equation the 

20 



distance along the preheater tube and the time of the 

liquid through the preheater tube are not being considered 

as system variables . Also the liquid velocity is not being 

considered . For these reasons a first order dynamic was 

added to the equation used in the existing m- f ile model to 

achieve the right type of response . 

The steady state temperature for the first preheat er, 7' p1t1 , 

is 

( J 
-Up1o1Ap1o 

- U A T -T -
T _ T _ T _ ' r + lo.ssphl sphl ( e3 a) Pp1oicp1oQo 

phi - eJ d ' o e 
P p1i1 Cp/1QO 

(4 . 2) 

and for preheater 2 : 

-l; I 

- ( U A (T - T )J-""2

."" 7' _ T _ 7• _ 7• lossph2 sph2 s a P,,i.ic,,i.Qo 
p1r2 - s s p111 + e 

p ph2CphQ O 

( 4 . 3) 

In order t.o get a better mathematical description of the 

preheater output temperature , a new differential equation 

was introduced to the Simulink model to replace the 

discrete first order equation . This equation was developed 

by making energy balances around infinitesimal cross 

sections of the preheater tubes . The temperature of the 

liquid in the tubes T(x, t ) varies with distance along the 

preheater tube and time . The following partial differential 

equation is produced for the temperature of the liquid in 

the preheater tube . [2] 

( 4 . 4 ) 
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The affect of the liquid velocity on the heat transfer 

coefficient was a l so considered . This equat i on wa s solved 

by linearisation and integral transformation in the Laplace 

domain . The linearised partial differential equationis 

given by the following . 

( 4 . 5) 

x 

[8T(x,t)]° =-1-[Teo -To ]e-v"rr, 
ax VOZ"Tc 

( 4 . 6) 

Where the time constant is given by : 

The solution of this equation is given by the following 

transfer function . 

( 4. 7) 

This model can be extended to include the effect of fluid 

velocity on the heat transfer coefficient . The following 

relationship is assumed for the heat transfer coef f icient . 

( 4 . 8) 

The substitution of this into the partial differential 

equation produces the following transfer function for the 

outlet preheater temperature . 
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( 4 . 9) 

This transfer function was used in the Simulink model to 

replace the discrete first order function . An example of 

the preheater 1 output temperature Simulink block is shown 

in figure 4 - 1. The left side performs difference 

calculations of the transfer function and provides three 

system inputs and system constants . 

-u[1 ]/u[2] 

Fen 

T o tT c1 

V ariable 
Transport Delay 

Producl1 

Sum1 

Tph1 

This block cal culate the preheater 1 temp. 

Figure 4-1 Preheater 1 outlet temperature 
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Changes made to the calculation of mass of condensate 

produced in the preheater 1 shell 

The old model equation (4 . 10) that defines the mass of 

condensate produced in the first preheater shell per 

residence time does not correctly include the influence of 

the heat losses . These are considered significant so a 

better version derived in the following paragraphs . 

dM cPh l 

dt 
q Phl q Phl d =-----

Where qn 1 is heat transfer in preheater 1 

qlossPh i is heat loss into surrounding 

(4 . 10) 

qn ld is heat transfer in preheater 1 with time delay 

r Phl is latent heat of vaporisation 

r Phl d is latent heat of vaporisation with time delay 

qlOSSPhl 

MvPhl 

McPhl 

To ----....., 

Figure 4-2 Preheater 1 

In the preheater 1 sub-system the input liquid is pumped 

from the feed tank and the output liquid into preheater 2. 

The heating vapour is from the effect 3 evaporation tubes . 

Figure 4- 2 shows the preheater 1 sub- system . The inputs to 
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the system are : temperatur e of product leaving the feed tank 

(T0 ) , temperature of product in the effect 3 evaporation 

tube (T<, ) , heat transfer into pr eheate r 1 and 

p reheater 1 outlet temperature (Tc.: ) . The outputs from the 

system are : mass of vapour produced in the effect 3 

e vaporation tube (M . . ) , heat loss in the surrounding 

( qlossPhl ) , mass flow of vapour from preheater 1 (m , ) and 

mass of condensate produced in the first preheater shell 

(M,..F ;) . 

Considering the mass balance ove r preheater 1 , then the 

mass of vapour into the preheater 1 shell i s : 

The transport of vapour from the effect 3 evaporatio n t ube 

and into preheater 1 has a time delay ( r .,) . Considering this 

time del ay a nd assuming cons t a nt mass f low of vapou r f r om 

preheater 1 , then the mass o f vapour into the preheater 1 

shell is : 

Mv3(t -r., ) = mvPhl (t)+ M cPhl(t - r ., ) 

subt ract ing equatio n (4 . 11) and (4 . 12 ) : 

as 

then 

dM cP111 (t) 
---= M cP1r1(t)-McP1r1(t-r., ) 

dt 

dM cP111 (t) = M (t) - M (t - r ) 
dJ v3 v3 e 

(4 . 12 ) 

( 4 . 13) 

( 4 . 14 ) 

(4 . 15) 

By performing a n e nergy balance ove r t h e preheater 1 sub­

s ystem, the mass o f vapour into the preheater 1 shell is : 
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to give M v3 (t) = q Phi (t) + qloss Phi (t) 
rPhl (t) 

( 4 .16) 

( 4 .17) 

The substitution of equation ( 4 . 1 7) into equation ( 4 . 15) 

produces the following differential equation for the mass 

of condensate produced in the first preheater shell per 

residence time. 

dMcPhl(t) 
= 

q Phi (t) + qloss Pht (t) q Phi (t - 'fe) + q/oss Phi (t - 'f e) 
dt rPhl (t) r Phl (t-re ) 

( 4 . 18) 

dMcPhl q P111 + qlossPh1 q Ph\d + qloss Phtd 
then = 

dt rPhl rPhld 

( 4 .1 9) 

Where qloss~ 1 ct is heat loss to the surroundings with time delay 

As can be seen by comparing equation (4 .1 9) and (4 . 10) , 

equation ( 4 . 10) contains the missing term, qlossPhlct. The 

corrected equation (4 . 19) is used in the Sirnulink model. 

26 



Other changes made to the preheater sub-model 

llh r to m" 3/s1 

0 
0 

Cale tph Calctph 

t-res for qlossPh1 

second level of the Preheater1 sub-model 

qlossl'h1 

fpreht1 

Tph1 

mvPh1 

Figure 4 - 4 SQcond level of the preheater 1 Simulink sub-model 

• An additional system input , qlossPhl i is provided to the 

preheater 1 Simulink sub-model . Figure 4- 4 shows the 

preheater 1 Simulink sub- model . 

• As the system input Ta (ambient temperature) for the 

preheater 2 sub- system is not in use , this input was 

deleted from the preheater 2 Sirnulink sub- model . 

• The calculations of liquid density , Po , and heat loss to 

the surrounding , qlossPh2 , are not necessary . The 

preheater 2 Simulink sub- model does not provide these 

calculations . 
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4.1.2 Initial condition sub-model modification 

In order to make the Simulink model simpler and clearer , an 

additional initial condition sub-model was provided in the 

evaporator Simulink model . This sub- model includes an 

"initial inputsn sub- model , a " sub-systems" sub- mode l a nd a 

" constant" sub- model. These sub- models are described below . 

They contain all the constants and system init ia l 

conditions . By collecting all the initial conditions and 

constants together they can be more easily managed . 

1 ' 1. I ,1 r •• • r,1 i t.I ~ 

INIT INPUT (.._tt) 

PM-ers ································································· 
Ta • Tp'11 
37.5 

Tph2 
70 

TO 
lB 

T1 
72 

T2 
64 

T3 
42 

Ql 
210 

Q2 
200 

Q3 
190 

L1 

Figure 4-5 an example of initial inputs sub-model mask 

• " Initial inputs" sub-systems contain a l l t he initial 

values used to calculate state derivatives . Each v alue is 

easily changed from the block mask . An example of the 

block mask is shown in figure 4- 5 . 

• " Sub-systems" sub-model contains all the initial 

calculations for each Simulink sub- model . Figure 4-6 

shows an example of "sub- systems" sub-model . In the block 
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each function block performs a difference calculation . 

Each " Fromu block input s each variables value to the 

" function " block and each " Goto" block outpust the result 

of the " function " block to the variables . 

From3 

From15 

LT 
Pa 

T1 

NO 

00 

uf1]/3.6e6 

Fen 

u[1]/3 .6e6 

Fen1 

u[1)/3 .6 e6 

Fen2 

u[1]'4/3600 

Fen3 

u[1]'4/3600 

Fen4 

IJ [1 ]'4/3600 

Fen5 

u[1]/3600 

Fcn6 

Cal e tph 

Uhrto m" 3/s 

Goto 1 

Goto2 

Goto3 

Goto4 

Goto5 

Goto6 

Goto7 

Fen7 

Goto 

8-----+§ 
From4 Terminator 

~ 
F rome T erminitor1 

8-------+§ 
From8 Terminatoi2 

~ 
From10 Term in ator3 

~ 
F rom 11 Term in ator4 

~ 
From12 Terminator5 

~ 
From 13 Terminator6 

~ 
From 14 Terminator7 

Ef-+§ 
Goto8 From 16 T~rminatol8 

Fiqure 4-6 Sub- systems sub-model (under mask) 
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~ 
Constant Goto 
~ 
From Terminator 

B----€J 
Const.ant1 Goto1 
~ 
From1 Terminator1 

0----+8 
Const.ant3 Goto3 
~ 
From3 Terminator3 

~ 
Constant5 Goto5 

@---+§ 
Fromo Terminator6 

~ 
Constant? Goto? 
~ 
From? Terminator? 

Figure 4-7 Constant sub-model (under mask) 

• " Constant " sub- model contains all the system constant 

values in each Simulink sub-model . It is separated into 

six sub-blocks that are " effect l " , "effect 2" , " effect 

3", "preheater l ", " preheater 2" and "venturi condenser". 

Figure 4- 7 shows an example sub-block under its block 

mask showing the apl , Cn2 , g , f and xi variables . Each 

" goto" block outputs constant values into the " from" 

block used in each Simulink sub- model with the same 

constant name . 

4.1.3 Other changes made to the evaporator 

Simulink model 

• In order to communicat e with t he cont rol screen database 

in Fix32 , the " ToFix" driver , " FromFix" driver and driver 

control panel [ 3] were added to the evaporator Simulink 

model . The " ToFix " driver allows the model to output 

simulation results to the control screens . The " FromFix" 

driver allows the model to receive system settings from 

control screens . The driver control panel allows enabling 

or disabling of the " ToFix" driver and the " FromFix" 

driver . 
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• In the existing m-file model , the unit of feed f lowrate 

(Qinl is changed from l/hr to m3 /s . The conversion value 

was wrong and would decrease the feed flowrate ten times . 

The value is changed to 3 . 6*106
• 

4.2 SCADA Control System Modifications 

The SCADA control system consists of two parts: the Fix32 

database and the control screens . The Fix32 database 

consists of database blocks and chains . The database blocks 

include all the primary source of real-time process 

information for the real - time simulator . The control 

screens are graphic representation for the simulator model 

which display the simulation results and allow the 

simulator input parameters to be changed . In this section 

the discussion of SCADA modifications is separated into two 

parts , Fix32 database modifications and control screens 

modifications . 

4.2.1 Fix32 database modifications 

The simulator Fix32 database was developed using the Fix32 

" Database builder 11 and included database blocks and chains . 

Inputs and output blocks were created and configured to 

match the variables being sent to and from the Simulink 

simulation. Three types of database blocks were used in 

building the simulator database . AI (analog input) blocks 

were used to stall all the variable values being sent from 

the Simulink model such as each effect temperature , liquid 

level in each effect and flowrate for each effect . Figure 

4- 8 shows an example AI (analog input) block for the effect 

1 outlet flowrate . The variable names were putted into " Tag 

Name " field of these blocks to match Simulink variables , 
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e . g. the tag name " EFFlFLOW" in the following figure was 

used to match Effect 1 outlet flowrate . The names contained 

in " Next Block" were used to connect with other Trend 

blocks like a chain and could pass the va lues of these tags 

into trend blocks . 

Analog Input Bluet. 

Tag Name~ [EFFl FLOW Ne>d Bfock: jEFF1FLOWTR 
Description;j .... E--ff-c_ct_ t -tl-ow- ra_t_c ____________ _ 

P Start Btock On Scan 
Scan Time! ... r1-~------

smoothing: 112 
·· Hardware Specifications ···· 
Device: ,...jS-IM ______ _ 

i Hardware Options: 

110 Address: lo 
Si9MI Condltianing: I 
Engin~erin.g Units 
Low limit: 1.-0-.0~----

Hlgh limit: 110.29?..6 

; Unft~: l•fhr 
hlitlal Mode 

r.- Automatic 

. Alarms 
; P EMble Atarm1ng 
' Alarm Ateas: 1.-A_t _L _____ _ 

U>w l.ow: jo.o 
Lovr. 1,...0-.0---

, High: j1 U.292.6 

2J ' High High: 

Rate of Change: 

Dead Band: 
, Priority 

lto.2s2.6 
10:0 
151 4.6 

r. low r Medlurn t· Higb 

'.. Security Areas 

' ·1: [NONE 

2~ !NONE 

3: jNONE 

OK J Cancel Help I 
••• ••••••••••••••••••••••••••••••••••••••••••••••n•••••••• ·••••••• ·••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••-••••••••••••• ........................................ ---···-·······-·- ................................... .. 

Figure 4-8 The effect 1 outlet flowrate 

AO (analog output) blocks used to stall all the variable 

values being sent to the Simulink model such as pump speed 

for each effect , liquid infeed temperature and infeed 

flowrate . Figure 4- 9 shows an example of AO block . The same 

as AI blocks , the names contained in the "Tag Name n field 

were used to match Simulink variables . The names contained 

in the " Next Block" field passed values to Trend blocks . 

32 



Analoo Output Block 

:firl +~9 ~~m~= y IFEEoPU~p · ..... · · · ... ·· .. · .. Ne~m1o~= J~Eof=,Ut.1~R .... .. 13 
I OescriptltJ~: \ !Feed pump speed 

· Hardware Specifi~i(J~s .. . 
Devi:ee: .... ls_1_M _____ _ 

•• 

Hardware ~trthms: r . .... . .... 
Jtigh v~1ue: ~DO I 110 Address: 10 · ... 2-). 
Rate Umit 

Signal(:onditioning.: ·I 
~ .... -.- ........... -.. -... -... .. :,.,:,:,:,:,, ....... :.:,: .. ,..,.,.-... , ..... ,. .......... -,:,: .. , ..... . 
•. E:ngi:neeting•Onjts··· ........ :· .•.••....................•..............•.... 

i.~.;,.; amn: · lo.oo · · un < 

i High Ufutt .. jloo.oo 
• Units: ····· ..••• ~,%-----
1 .... . ············. . . . . .. . 

hlitial Value: \lo.oo 
r lnvcit 9utp~ 

L OK .... J Cancel 

:,.,·.·C·:·.·:·:·.·.·,•.·C·.·.·.•C•.•,•.•,·:·.·.·.··· ····.··.·-·.·.•.·:·.·.·:·C•'.·'.·C·:·:·C··.···C,.·.·.': ····•·•·-'·······•·•·•··-;._ .. , .. •.··.··:·.·.·N-"-"; 

[ · Ahm11s ,,. ····.. ....•.••• . · .·· ••. i 
• r EnableAlarming r EventMsgl . u~:~. <~~3.••· .•. -•• ·•. ~;: nl•.·~~ + .... ·.<> ·· < ···' 

... ; ......................... : ...... ~ 
,i sectirliYAtea~ ····· ··-·-·····················i 

• 1: INONE . . . 
2: . !NONE 

! 3: !NONE 

Help I 

Figure 4-9 AO (analog output) Block for feed pump speed 
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TR (trend) blocks contain all the variables for trend 

pages . Figure 4- 10 shows an example of a TR block. The 

names contained in the "Tag Name" field of these blocks 

were the trend block names and were used in "Next Block" 

field of each AI and AO block . The names contained in 

" Input Tag" field were the tag names of variable that need 

to be trended from each AI and AO block . 

~, Tag Name: IEFFl LEVEL T 

Input Tag: IEFFl LEVEL.F _CV . 

Engineering Units 

LowUmit jo 
High limitj .-1-.9-7_5 __ _ 

Units: Im 
Average Compress: Is 
P Clear Buffers on startup 

I OK 

Security Areas 

1: !NONE 

2: jNONE 

3: lNONE 

Help .. I 
Figure 4-10 TR (trend) block for effect 1 liquid level 

4 . 2.2 Control screens modifications 

The control screens are designed for the use of the 

operators to change the input settings for the model and to 

display the simulation results . They are desired to match 

the real plant as closely as possibl e. For this reason they 

were redrawn from industrial screens . An example picture is 

shown in figure 4-11 . 

34 



\ii;11iriliitifill••--• 
J;l. ~""l:~.~; "·""l4J.•1!11~J!.«.!':2'~~!:'. ... - __ .__ .. ____________ -·-----·--·--·--··»»•·-··--1 

..... If·~:~. ~ ,_," _,,,; -···• I 

[Ti ~·~h;Il:: ,;n'l : :::::,®· 
0 v ~: l!U m uu I 

~ , : ; 

\ 

, . L .,-;,: ,~:, .... ,. :~- ..... :·.; 1· .. w; .. .;. \ 11! 

.. ;,j;;'i"·'<··:\ \ 

Feed watertank Pumps variable dialog boxes 

Figure 4-11 An example of picture Evapma_p.odf 

The control screens include seven indi victual pages , e . g . 

" Evaporator A Overview" , " Feed Tank" , " Preheater", 

"Effectl", "Effect 2", "Effect 3" , and "Condensor " . In each 

individual page , new pictures of feed water tank, 

preheaters and effects were used to replace the existing 

industrial screens . New pictures of steam p i pe lines ; steam 

valve and pumps were also used to replace the existing 

industrial screens . 

The variable dialog boxes are used to replace the entire 

data link in the control screen . They can be seen from the 

top and the bottom of the picture shown in figure 4-12 . The 

variable dialog boxes for the pump speed and valve position 

display the values of the pump speed and valve position . 

They are also used to change the variable settings by 

double cl i ck t he dialog boxes . Other variable dialog boxe s 

are designed to display the simulation results . These are 

stored in the Fix32 database and are also designed as click 

buttons . Once they have been clicked the trend page will 
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pop up into the screen . The following figure shows an 

example of the trend page . 

~ lnl~llul10n HX VIP.W lll!lf;l £:i 

Figure 4-12 the example of trend page 
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5 
Full Real-Time Simulator 

Description 

OVERVIEW 

This chapter provides an explanation, with the details , of 

the full real - time simulator . It includes the descript:ion 

of the Simulink block used to develop the Simulink model , 

the description of the full Simulink model and the 

description of the control screen . 

5. 1 Defining Simulink blocks in the Simulink 

model 

The existing m-file model provided by Nigel Russell l 4
l is 

formed by some funct:ion files known as m- f iles . These m­

files are programmed in Matlab language . To convert to a 

graphical representation Simulink model, the m-files must 

be converted into Simulink blocks . 

In the existing m- file model , a discrete first order 

equation is used to represent the dynamic function of the 

outlet preheater temperature . A new transfer function was 

used in this project to replace the discrete first order 

equation . For this reason the discrete type of Simulink 

blocks are not used in this Simulink model . Thus only 

continuous blocks are used making simulation easier . 
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Like all the variables in the Simulink model , the symbols 

are used to represent all the constants and the initial 

condition parameters . For example , symbol ' ap ' is used to 

represent the pump flow characteristic constant . The 

constant values were input directly into the masks by 

double clicking each Simulink block that was contained in 

the constant . mdl Simulink sub- model . 

Each Simulink block used to build the Simulink model is 

discussed in Appendix 4 . 

5.2 Simulink model description 

The Simulink model consisted of the effect sub- models , the 

preheater sub-model , the venturi condenser 

initial conditions sub- model and the I/0 

sub- models contain all the differential 

sub-model , the 

drivers . These 

equations and 

associated algebraic calculations required for each section 

of the evaporator . They are connected together and show the 

flow of information in the process . The evaporator effect 

sub-model is used as an example and is discussed later in 

this section . Other sub- models are shown in appendix 5 . 

There are a number of levels to the evaporator Simulink 

model Evap . mdl . The Simulink block diagrams in the figures 

on the following pages show the samples of the levels and 

how the sub-models are connected together . 

• The top level (Figure 5- 1) shows the main inputs and 

outputs of the model . It also contains the initial 

condition sub- model and the I /0 drivers . Various inputs 

can be applied or controllers can be introduced in this 

level . 
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Figure 5-1 Top level of the Evap.mcil Simulink model 

• The second level (Figure 5 - 2) shows the preheater , 

effects and venturi condenser sub- model linked together 

and the information paths between them . It is where the 

main structure of the model can be observed . 
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Figure 5-2 the second level of Evap.md.l Simulink model 
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• The third level is where the information is passed into 

the sub- model from the Simulink environment . An example 

of this is shown in figure 5 - 3 for the first effect sub­

model . 

t-res for q1 

t- re:sfor Qd1 

T• 

Tph2 
4 

T2 
5 NI 

N1 feff1 

Qdd1 

t-res: for T1 
QC 

Uhr1 to m"3Js 
feff1 

h1 

L1 

Tl 

Qdl 

Qel 

Cpl 

qi 

Mv l 

111 

Cre.at Effect 1 sub-S'fSlem 

" Qd1 

To Wod<spa oe 

L1 

t-t-i---ir--t><. 2 
T1 

Mv1 

It-~~+--~~~-- 3 

Tl1 

Figure 5-3 An example of the third level of the Evap.mdl. Simulink model 
- Effect 1 

• The lower level is where all the differential equations 

and associated algebraic calculations are contained . An 

example of this level is shown in figure 5- 4 for the 

first effect . 
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Figure 5-4 an example of the lower level of the Evap.mdl. Simulink model 
- Effect 1 

Before developing each Simulink sub-model , a number of 

Simulink model files are made to perform additional 

calculations within the Simulink models . These Simulink 

model files are used as Simulink blocks within each 

Simulink sub- model . 

These Simulink blocks are converted from the sub-programs 

in the dynamic model . For example in these sub-programs , 

the calculations of cross - section area of distribution 

plate , level and volume of liquid in the Effect were the 

same for the Effect 1 and Effect 2 , but were different for 

Effect 3 . for this reason calca . m was separated into two 

Simulink block diagrams , cal ca . mdl and calcaEff3. mdl. The 

calca . mdl block was used in effect 1 and effect 2 sub-model 
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and the calcaEff3 .mdl block was used in effect 3 sub-model . 

The calctp . m was also separated into two Simulink block 

diagrams , which were calctp . mdl and calctpEff3.mdl . The 

calctp . mdl block was used to calculate the approximate 

transport between Effect 1&2 and between Effect 2&3 in 

effect 1 and effect 2 sub-models and calctpEff3 . mdl was 

used to calculate the approx . transport delay between 

Effect 3 to output in effect 3 sub-model . 

The Simulink block diagrams of these Simulink model files 

are shown in appendix 5 . These files include : 

• calca . mdl 

calculation 

This block includes the 

of the cross-sectional 

equations 

area on 

of 

the 

distribution plate , area of liquid surface of the level 

at base of the effect and volume of liquid in the effect 

for effect 1 and 2 . 

• calcaEff3 . mdl This block includes the equations of 

calculation of the cross-sectional area on the 

distribution plate , area of liquid surface of the level 

at base of effect and volume of liquid in the effect 

level for effect 3 . 

• ffcalcqO . mdl This block includes the equations of 

calculation of the feed flowrate of the evaporator (Qo) 

based on current plant conditions . The convert . mdl 

Simulink block is used in this block to perform 

calculation of saturation pressure . The densities used to 

calculate the pressure are approximate densities . 

• calctp.mdl This block calculates the approximate 

transport delay between effect 1 and effect 2 , between 

effect 2 and effect 3 for effect 1 and 2 . 
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• calctpEff3 . mdl This block calculates the approximate 

transport delay from effect 3 to output for effect 3 . 

• calctph . mdl This block includes the equation of 

calculation of the residence time for the liquid through 

the preheaters . 

• convert . mdl - This block converts the temperature value 

into values of a related thermophysical property , such as 

saturation pressure , enthalpy or density . It also 

converts the pressure value into the value of 

temperature . 

• calcTs . mdl - This block is used to estimate the external 

steam temperature (Ts) . The external steam temperature is 

technically an input variable , however , it is calculated 

by the model as function of the steam controller 

setpoint . The PID controller in this block is used to 

adjust the steam valve position to regulate the steam 

pressure in the shell of the first effect . 

Evaporator effect sub-model 

In an industrial production evaporator , each effect is 

composed of a distribution plate sub- system, evaporation 

tube sub- system, product transport sub-system and 

evaporation tube energy sub- system . The Simulink effect 

sub-model includes all the differential equations and 

associated algebraic calculations that model these sub­

systems . Some changes are also made to perform better 

simulation results . 

The evaporator effect Simulink sub- model is 

three sub- models , effectl sub-model , effect 

composed of 

2 sub- mode 1 s 
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and effect 3 sub- model . Most of the equations used to model 

these three effects are the same with different input and 

output variables. This meant that these three sub- models 

have the same structures . Some differences were made while 

developing each effect sub- model and are discussed later in 

this section . 

Effect 1 Simulink sub-model 

Effect 1 Simulink sub-model contains three levels . The 

first level of the sub- model is shown in figure 5- 5 . This 

level of the sub- model is used in the second level of 

evap . mdl and shows all the inputs from the outside of the 

sub- model and outputs of the sub- model . There are six 

inputs and six outputs as can be seen from the figure . 

' Ta L1 

) Ts Tl 

) Tph2 Qpl 

Effect 1 

) T2 Mlfl 

) Nl 111 

) QO Qdl 

Effect 1 

Figure 5-5 The first level of the effect 1 sub-model 

In the effect 1 m-file (feffl . m) there are ten input 

variables and nine output variables that are used to model 

effect 1 . These inputs and outputs are applied in the 

second level of the effect 1 sub-model , which are shown in 
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figure 5 - 2 . As can be seen from the figure the sub-model 

inputs Qddl , qld and Tld are connected with the sub- model 

outputs Qdl , ql and Tl through the delay block . Other two 

inputs Ts and Tph2d are connected with the inputs of Ts and 

Tph2 through the delay blocks . All the initial conditions 

of these five inputs are defined in the delay block . 

The main structure of the effect 1 sub-model is observed in 

the third level , which is shown in figure 5-4. All the 

differential equations and algebraic calculations are 

contained in this level and are separated into several 

masked sub- systems . Each sub-system provides different 

calculations . The state derivatives sub-system i s used as a 

sample-masked sub-system and is shown in figure 5-6 . Other 

masked sub-systems are shown in appendix 5 . 

• Cale Qdl includes the calculations of the product 

flowrate through the effect 1 distribution plate (Qdl} . 

• Cale Qel includes the calculations of the product 

flowrate from the evaporation tube in the effect 1 (Qel). 

• Cale Qpl includes the calculations of the product 

flowrate out of the effect 1 (Qpl) . 

• Cale Ad Al & Vl includes the calculations of the area of 

liquid on the distribution plate (Ad} , volume (Vl} and 

the surface area of liquid level at the base of the 

effect 1 (Al} . The cal ca . mdl file is used to perform 

these calculations . 

• Cale hl includes the calculations that used to clip the 

height of liquid above the distribution plate in the 

effect 1 (hl} . 
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• Heat flow includes the calculation of the mass of liquid 

in the evaporation tube (M) , the calculations of the heat 

flow in the evaporation tube (i.e . qi , ql , q2 , qlossl) 

and the calculations of the heat flow in the base of the 

effect 1 (i . e . qt , qlossl , Ml) . 

• State deri va ti ves include the calculations of the state 

derivatives . The integrator blocks are used outside of 

this sub- system to provide the outputs of the state 

variables . All the state variable initial conditions are 

defined in these integrator blocks . 

• Thermophysical includes the calculations of the 

thermophysical properties . The convert . mdl files are used 

in here as Simulink blocks to convert the temperatures 

into densities , pressures and latent heats . 

... 

Figure 5-6 An example of the masked sub-system - state derivatives 

During development of the evaporator Simulink model , the 

switch block was used with the logical operator block and 
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relational operator block in the Simulink model to replace 

the ' if .. else if .. else .. ' commands that had been programmed 

in the Matlab m- file . An example of this replacement is 

shown in figure 5- 6 . If the input hl is less than 0 and the 

output of the function block ' Fen ' is also less than 0. 

Then the switch block ' Switch l ' will pass the constant 

value 0 to the output port ' hldot '. Otherwise , the switch 

block ' switch l ' will pass the output value of the function 

block ' Fen ' to the output port ' hldot '. 

Effect 2 Simuiink sub-modei 

As discussed before , the three effect Simulink models have 

similar structures . The additional masked sub-system in the 

effect 2 sub-model is calc tll , which is shown in figure 5-

7 . This masked sub- system includes the calculations of the 

t:emperature of product in the effect 1 balance tank . The 

heat loss from the input flow is considered in this sub­

system . In the sub- system the input temperature of product 

in the effect 1 level (Tll) minus the heat loss. The result 

of this calculation is output into the effect 2 sub- model 

and used as the temperature of product in the effect 1 

level (Tll). 
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Apply transport tube heat loss to input flow 

Cp1 Mux 

Figure 5- 7 The additional masked sub-system - calc Tl1 

Effect 3 Simulink sub-model 

The effect 3 sub- model has a masked sub- system, calc Tl2 , 

similar to that in the effect 2 sub-model . 

The other differences made in the effect 3 sub-model are 

the heat lost to preheater 1 and the heat lost to the 

venturi condenser . They are included in the sub-model . 

These calculations are shown in the right side of figure 5-

8 . 
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Figure 5-8 The calculations of heat loss into the preheater 1 and heat 
loss into the venturi condenser 
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5.3 Control System Description 

The control system, as discussed before in chapter 4 , 

consists of two parts : Fix32 database and control screens . 

Fix32 database contains the values of the system inputs and 

the simulation results . It connects with the Simulink 

model , outputs system inputs to the Simulink model through 

the FromFix driver and receives the simulation results from 

the Simulink model through the ToFix driver . 

5 . 3 . 1 Fix32 database 

Fix32 database consists of database blocks and chains . 

Database blocks are where the data of system parameters are 

stored . The chains are the processing loops that are 

constructed by connecting configurable database blocks . 

There are two types of database blocks used to develop 

Fix32 database , primary blocks and secondary blocks . 

Primary blocks can receive data from the Driver Image Table 

and generate alarms based upon data . Secondary block 

manipulate data according to the instructions . It receives 

input from an upstream or primary block and performs a 

specific function with that input . 

Analog Input (AI) blocks receive analog data from the ToFix 

driver in the Simulink model every time the blocks are 

scanned . They are primary blocks and store the values of 

the simulation results from Simulink model . Figure 4-8 

shows an example Analog Input block (AI) that stores the 

value of the effect 1 output flowrate . 
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Analog Output (AO) blocks can send analog data to the 

FromFix driver in the Simulink model . These blocks are 

primary block and store the values of the simulation inputs 

that manually input from control 

an example Analog Output block 

speed . 

screens . Figure 4-9 shows 

(AO) for the feed pump 

Trend blocks (TR) can collect real-time values from an 

upstream block and display these values as graph in Multi­

pen chart. These blocks are secondary blocks. Figure 4-10 

shows an example Trend block (TR) for the effect 1 level . 

Chains are processing loops that constructed by connecting 

database blocks of control logic . In this project chains 

are used to provide data for Multi-pen chart . 

The details of the Fix32 database are shown in appendix 6. 

5.3.2 Control screens 

Control screens are graphical display tools used for 

displaying process information of the real-time simulator. 

Operators can manipulate values of the system input 

variables directly from the control screens . They are 

designed to match the real plant or the control screens on 

the real plant as closely as possible . The control screens 

include seven pictures that are Evapma _p . odf , Ftank _p . odf , 

Prehea_p.odf , Effl_p . odf, Eff2_p.odf, Eff3_p . odf and 

Condan_p . odf . 

• Evapma_p . odf is an overview of the entire evaporator 

plant . It shows all the system information for feed tank , 

preheater , effect 1 , effect 2 and effect3. 
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• Ftank_p . odf displays the information of the feed tank 

such as tank level , feed pump speed and input/output 

flowrate . 

• Prehea_p . odf shows the information for the preheater such 

as preheater temperature , pressure and steam pressure . 

• E ff l _p . od f , Eff2_p . odf and Eff3_p . odf show the 

information for the three effects such as feed flowraLe , 

effect level , effect temperature and pump speed . 

Figure 4- 11 shows the main picture of the control screens 

(Evaprna_p . odf) . The tool bar on the top of the picture 

allows the operators to select different pictures . The 

variable dialog boxes display values of the variables for 

the simulator . They are also push buttons that allow the 

operators to view Multi - pen charts by clicking on them . 

The details of the control screens are shown in appendix 6 . 
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6 
Results of testing Real-time 

Simulator 

OVERVIEW 

This chapter discusses the results of testing the Falling­

Film Evaporator Simulator . The testing includes two parts: 

testing the real-time simulator Simulink model , and 

compiling the Simulink model and communicating with the 

SCADA system. 

6 .1 Testing the real-time simulator Simulink 

model 

The aim of the model testing is to determine whether the 

real-time simulator model is an adequate representation of 

the existing m- file model . The m-file model was validated 

against the evaporator in earlier work[4] . Steady-state 

simulation initialization values need to be found based on 

the parameters used in the existing m-file model . Some o f 

the model parameters are likely to be refining from the 

trials data of the existing m- file model in order to 

improve the real - time simulator model. 

The parameters that most affected the calculations of the 

model steady-state initialization values were the heat 

transfer coefficients for the heating of the product ( U) 
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and the heat losses to the surroundings ( U1055 ) , and the flow 

characteristic constants for the pumps ( ap) , nozzles ( CN) 

and outlet valve (Cv) . All other parameters were assumed to 

be fixed . 

In the existing M- file model created by Russell (4 l , nine 

combinations of feed pump and steam pressure setpoints were 

used to determine the steady state trial data. From the 

steady- state trial data nine operating points of heat 

transfer coefficients were estimated by setting the model 

derivatives to zero . In order to represent the existing M­

file model , mean values of the heat transfer coefficients 

from the nine operating points were used in the Simulink 

model to determine the steady- state initialization values . 

In the existing M-file model , three sets of the flow pump , 

nozzle and outlet valve flow constants were optimized from 

the three trials data (one steady state trial and two 

random trials) . Once again , the mean data from the three 

sets of the flow pump , nozzle and outlet valve flow 

constants were used in the Simulink model in order to 

predict the flowrates <4>. The following table summarizes the 

data used in the Simulink model . 

~ 

Constant Units Mean 

Upt.1 W/ (m"K) 1935 

Ur!., W/ {rn: K) 1809 

U1 W/ (m2K) 3358 

U2 W/ (m2K) 3097 

lh W/ (ID'2K) 1786 

Apo Pa/rpm2 3 . 7096*10-2 

AP1 Pa/rpm1 2 . 1447*10-2 

Ap_ Pa/rpm2 1 . 9164*10-: 

Ap3 Pa/rpm2 2 . 9963*10-2 
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C Nl M3 
( Pa 112 s) 4 . 9057*10-7 

C N2 M3 
( Pa 11 2s) 5 . 4521*10-7 

C N3 M3 
( Pa112 s) 2 . 8898*10-7 

C v M3 
( Pa11 2s) 5 . 8987*10-7 

Table 6-1: Data used on the Simulink model 

Two Matlab functions (Linmod and Trim) were used to 

determine the steady- state values of state vectors used in 

the Simulink model . The " Linmod" function obtains linear 

models from the Simulink model and the "Trim" function can 

find steady- state parameters for the Simulink model for a 

given set of conditions . 

As the model was not linear , once the steady- state 

initialization values were gained through the " Linmod" and 

" Trim" functi ons , some adjustment needed to be applied on 

these data by putting them into each subsystems as inputs 

and initialization values of state vectors (integrator 

block) and delay blocks. The outputs of each subsystem 

could than be adjusted into steady state by making small 

change of these steady- state initialization data . 

There were total of 37 steady state initialization data 

that needed to be adjusted . These data included initial 

inputs for delay blocks and initial conditions for 

integra tors . 

The fo l lowi ng figures s how the " Effect l " subsystem being 

adjusted . The steady- state initialization inputs data was 

input directly into the "Matlab corrunand window" and saved 

as the subsystem input vector " U". By making small 

adjustment to the steady- state input data and initial 
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values of the integrator blocks and delay blocks , the 

subsystem outputs were adjusted into steady- state . 

Subsystem input 
vector 

\ 

LI 

T1 

111 

Scope 

Scope1 

u 1----.iem Effect 1 Scope2 

Input vector Op! 

Scope3 

N1 Mv1 
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00 Od1 

Demux Effect 1 

Subsystem output 
monitor 

Figure 6-1: Testing Subsystem 
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Figure 6-2: Testing Subsystem 
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With the derivative terms of the ordinary differential 

equa tions from the existing m-file model set to zero , the 

steady-state values can be calculated and used to test the 

steady- state values from the Simulink model . The following 

table shows the steady- state values from the Simulink model 

and existing m- file model . This table determines that the 

Simulink model is an adequate representation of the 

existing m-file model . 

Steady- Unit Values from Values from 
state Data Simulink existing m-

model file model 

Ta oc 18 18 

Ts oc 78 . 0491 78 . 0491 

Ti oc 69 . 54 69 . 54 

T2 oc 64 . 05 64 . 05 

T3 oc 4 7. 52 6 4 7 . 52 6 

TLl oc 69 . 2771 69 . 2770 

TL2 oc 63.82159855 63 . 82159861 

TL3 oc 47 . 3868 47.3867 

Tphl oc 46 . 32483013 46 . 32483013 

Tph2 oc 62 . 39 62 . 39 

Qo L/hr 307 . 4 307 . 4 

Qi L/hr 298 . 3876 298 . 3978285 

Q2 L/hr 287 . 298 287 . 2980311 

Q3 L/hr 264 . 8323 264 . 8322 

Ni rpm 1520 . 22044 1520 . 2 

N2 rpm 2319 . 92705 2319 . 9 

N3 rpm 1878.412153 1878 . 4 

Mv3 Kg/s 0 . 0222 0 . 0222 

Mvphi Kg/s 0 . 00333 0 . 00333 

Table 6-2: Steady-state values from Simulink model & existing m­
file model 
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6.2 Compiling the Simulink model and 

communicating with SCADA system 

Before communicating to the SCADA control system and 

running in real- time , the Simulink mode l must be converted 

into C code through the Real - Time Workshop and then be 

compiled into a standalone application through Microsoft 

Visual C. After the compilation this standalone application 

could communicate with SCADA control screens through the 

" EDA Link" . 

The test of the control screens includes system input 

values should be correctly sent to the Simulink model from 

the control screens and the results of the simulation 

should be correctly read from the Simulink model . There 

were seven input values could be input into the control 

screens and ten output values to be read from the Simulink 

model . The input and output values are shown in the 

following table . In the table , the values in "Control 

Screen" column were the values displayed on the control 

screens and the values in "Simulink Model " were the values 

used to test the Sirnulink model . This table demonstrates 

that the control screens communicated correctly with the 

Simulink model . 

Input Values Control Screen Simulink Model 

TO 18C 18 

Ts 78 . 04C 78 . 0491 

NO 23 . 13% 23 . 13 

Nl 47 . 75% 47 . 75 

N2 77 . 32% 77 . 32 

N3 79 . 54% 79 . 54 
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v 100% 100 

Output Values Control Screens Simulink Model 

Ll l . 05m 1. 05 

L2 l . 05m 1. 05 

L3 l . 05m 1. 05 

Tphl 46 . 32C 46 . 32483013 

Tph2 62 . 39 62 . 39 

Tl 69 . 54 69 . 54 

T2 64 . 05 64 . 05 

T3 47 . 5 47 . 526 

QO 307 . 4L/hr 307 . 4 

Q3 264 . SL/hr 264 . 8322 

The following figures show the values on the control 

screens and trend pages . 

El]intr.llutonn HX V1f!w l!!lr;J£1 
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Figure 6-5: SCADA Control Screen (Overview Page) 

Figure 6-6 : SCADA Control Screen (Trend page for Effect 1 

temperature) 

6. 3 Conclusions 

The parameters that have been chosen during this testing 

were the mean values of the trail data . During the test , 

the simulink model could correctly represent the existing 

m- file model 

communi cate 

and 

with 

the 

the 

control 

Simulink 

screens 

model . 

could 

This 

correctly 

means the 

development of Real - Time Fulling- film Evaporator Simulator 

was successful . 

Currently the real - time simulator runs in steady-state 

during the simulation . The values for the input variables 

62 



such as infeed temperature , pump speed can be changed from 

the control screen but may make the system unstable . For 

the future development , the PID controllers can be put into 

the model for the steam pressure and the pump speed to keep 

the real - time simulator stable . 
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7 
Conclusions and 
Recommendations 

The development of a real - time falling- film evaporator 

simulator followed from specification through design , 

implementation and testing . The design of the simulator 

was based around the structure of the existing Matlab M­

file model . The implementation consisted of converting the 

existi ng M- file model into a Simulink model , modifying some 

of the differential equations to make the model more 

accurately and compiling the model into a real-time 

application . Testing was also carried out to ensure that 

the specifications were met. The final simulator was an 

executable application that ran with a Fix32 control system 

in real - time and can be used for operator training . 

Some recommendations for further work incl ude : 

• General model improvements in order to match it more 

closely to the responses of the real plant . Thi s could 

include such things as i mproving the estimation of the 

steam temperature . Improving this part of the model 

would greatly improve the temperature estimates . 

• Currently the real - time simulator runs i n steady state 

during the simulation . The values for the input 

variables such as infeed temperature , pump speed can be 

changed from the control screen but may make the system 
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• 

development , the PIO 

the model for the steam 

to keep the real - time 

unstable . For the future 

controllers can be put into 

pressure and the pump speeds 

simulator stable . 

Currently 

simulator . 

an operator 

Ideally , 

can not reset 

there should 

the real - time 

be a "reset 

simulationu button on the Fix32 control screen pages to 

perform this function . This can be done by improving 

the communication driver to reset the model under its 

control . 
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Appendix 2 

Glossary of Analytical Model Symbols 

Symbol Description 

Asv 

Pump flow characteristic constant 

Area of orifice for the condensate flows 

Area of liquid surface on the distribution plate 

Heat transfer area of evaporation tube 

Area of holes in the distribution plate 

Area of liquid surface of the level at base of effect 

Cross - sectional area of the standard pipework 

Heat transfer area in the preheater 

Surface area of the evaporation tube sub- system 

Surf ace area of the level sub-system 

Surf ace area of the pipework between effects 

Surface area of preheater 

Surface area of venturi condenser 

Cross - sectional area of the feed tank 

Cross - sectional area of diffuser throat in the condenser 

Unit 

Pa/rpm~ 

m2 

m" 

m' 

A v Cross - sectional area of projection cone throat in the condenser m2 

c , 
_) Specific heat capacity of condenser water jet 

Specific heat capacity of liquid in the effect 

Specific heat capacity of liquid in the preheaters 

J/(kgK) 

J/(kgK) 

J/(kgK) 

CN Flow characteristic constant for the distribution nozzle m3/(Pa~s) 

Cv Flow characteristic constant for the manual outlet valve m3/(Pa~s ) 

Cvc Flow characteristic constant for the condensate streams kg/(Pa~s) 

d 

f 

g 

Internal diameter of standard pipework 

Internal diameter of pipework in the preheaters 

External diameter of standard pipework 

External diameter of pipework in the preheaters 

Fanning friction factor 

Gravitational acceleration constant 

Height of the condenser discharge point 

Height of the distribution nozzle 

m 

m 

m 

m 

m/s 2 

m 

m 
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Symbol Description Unit 

k d Derivative constant for steam PID controller 

k i Integral constant for steam PID controller 

k p Proportional constant for steam PID controller 

Kc Friction constant for condensate flow from effect shells 

Kf Constant for the pressure drop due to friction through the 
condenser 

Kh Friction constant for flow through distribution plate 

l e Equivalent length of pipework between effects (considering 
fixtures and fittings) m 

l f Equivalent length of pipework in feed stream (consider ing 
fixtures and fittings) m 

l p Equivalent length of pipework in the preheaters (considering 
fixtures and fittings) m 

L Height of the liquid level at the base o f the effect m 

L d Height of liquid above the distribution plate m 

L r Height of liquid in feed tank m 

Ille Mass flow of total condensate entering the condenser kg/s 

Illci Mass flow of condensate from the shell o f effect i kg/s 

Illcphi Mass flow of condensate from the shell of preheater i 

Mass flow of the jet in the venturi condenser 

Mass flow of vapour entering the condenser 

m vent Mass flow of liquid exiting the venturi condenser 

m vphl Mass flow of vapour from preheater l 

M Mass of liquid product in the evaporation tube 

Mcphl Mass of condensate produced in the first preheater shell per 

kg/s 

kg/s 

kg/s 

kg/s 

kg/s 

kg 

residence time kg 

M1 Mass of liquid product in the effect level kg 

Mv Mass of vapour produced in the evaporation tube per residence 
time kg 

N Effect pump speed rpm 

N0 Feed pump speed rpm 

Pa Ambient pressure Pa 

P e Pressure in the evaporation tube Pa 

Pf Pressure in the evaporation tube of the downstream effect Pa 

P v Pressure in the shell of the effect Pa 

P vent Suction pressure produced by the venturi condenser Pa 

qc Heat supplied by the condensate stream into the condenser W 

q i Heat supplied from the product stream into the effect W 

q 1oss Heat loss to the surroundings from the evaporation tube system W 
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Symbol Description Unit 

q .,551 Heat loss to the surroundings from the level system w 

q _ ssr Heat l oss t o the surroundings from the pipe between the effects W 

q _ ss· Heat loss to the surroundings from the venturi condenser W 

q, Heat transfer in preheater i W 

q 5t.,.1 _ Heat flow into the evaporation tube from shell W 

q Heat supplied by product flow into effect level W 

q-u~ Heat flow into the evaporation tube of the downstream effect W 

q Heat supplied by the vapour stream into the condenser W 

Qj Product flowrate through the distribution plate mJ/s 

Oe Product flowrate from the evaporation tube m3/s 

Q. Product flowrate into an effect mJ/s 

Q . Product flowrate into the feed tank m3 /s 

Qp Product flowrate out of the effect mJ /s 

Q Feed flowrate m3 /s 

r rhi Latent heat of vaporization KJ/Kg 

r •:J Latent hea t o f vapo rization with time delay KJ/Kg 

r . enthalpy o f vaporisation J /Kg 

r.~ enthalpy o f vaporisation with time delay J / Kg 

t Time s 

t~ Sampling time for the discrete first o rder equation for the 
preheaters s 

T Temperature of product leaving the feed tank °C 

T., Ambient temperature 0 c 
T 

T. 

Trn 

T , 

T shell 

T vent 

Temperature o f 

Temperature of 

Temperature of 

Temperature of 

Temperature of 

Temperature of 

Temperature of 

Temperature of 

Temperature of 

the c ondensate entering the condenser 

product in the evaporation tube 

product leaving the effec t 

product into feed tank 

product in the effect level 

the external steam supply 

the vapour in the shell of the effect 

the product in the downstream evaporation 

the exit stream from the venturi condenser 

tube 

oc 
oc 
oc 
oc 
oc 
oc 
oc 
oc 
~c 

f~ Steady-state temperature of the product exiting a preheater °C 

T phi Log-mean temperature difference in preheater i °C 

t c Time constant for the steam valve system s 

t c- <phl Time constant for the first order preheater systems s 

t e Residence time through the evaporation tube s 
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Symbol Description Unit 

t t Product transport delay between feed tank and first effect s 

Ue Heat transfer coefficient for the evaporation tube W/(m2K) 

Uioss Heat transfer coefficient for heat loss to surroundings from 
tubes W/ (m2K) 

Uiossl Heat transfer coefficient for heat loss to surroundings from 
liquid level W/ (m2K) 

~o=p Heat transfer coefficient for heat loss to surroundings from 
pipework W/ (m2K) 

Uiossph Heat transfer coefficient for heat loss to surroundings from 
preheater W/ (m2K) 

~ossv Heat transfer coefficient for heat loss to surroundings from the 
condenser W/ (m2K) 

Uph Heat transfer coefficient for heat transfer in the preheater 

Vo 

WT 

Wo 

Fluid velocity into the liquid level 

Fluid velocity at the discharge of the effect 

Fluid velocity at the feed tank 

Fluid velocity entering effect 1 

Volume of liquid in the effect level 

Volume of the pipework in feed system 

Volume of the pipework between the effects 

Product concentration through the distribution plate 

Product concentration out of the evaporation tube 

Product concentration in to the effect 

Product concentration into the feed tank 

Product concentration out of the effect level 

Product concentration out of the effect 

Product concentration out of the feed tank 

Product concentration into the first effect 

Xi The constant used in m- files 

W/ (m2K) 

m/s 

m/s 

m/s 

m/s 

kg/kg 

kg/kg 

kg/kg 

kg/kg 

kg/kg 

kg/kg 

kg/kg 

kg/kg 

A6 Latent heat of vaporisation of product in evaporation tube J/kg 

Aph; Latent heat of condensation of vapour in shell of preheater i J/kg 

P phi Density of product in prehea ter i kg/m3 

p Estimate of product density in the product transport system kg/m3 

p
1 

Estimate of product density in the feed system kg/m3 

q ph A function of the system time constant 
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Appendix 3 

1. Distribution piate sub-system 

This sub- system models the flow of 

solution through the distribution 

plate and into the evaporation tube . 

The distribution plate is considered 

as a mixed tank with perforations 

that allow the liquid distribute into 

the evaporation tube . 

I 

I 
'f 

h 
The flow through the distribution 

plate, Qd, can be determined using 

the following equation . 

Figure 3-1 : Distribution p l ate 

sub- system . 

0 ( ) - A )2gLAt) 
-d t - h~ Kh 

(3 . 1) 

Where L d is the height of liquid above the plate , Ah is 

the area of the holes in the plate, g is the 

gravitational acceleration constant and Kh is a 

friction factor dependent on the dimensions of the 

holes . 

The height of liquid above the plate is a state variable 

and is given by the following differential equation . 

dLAt) Q(t) - QAt) 

dt Ad 
(3.2) 

Where Qi is the flow into the distribution plate system 

of the effect and Ad is the area of the liquid surface 
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2. Evaporation tube sub-system 

This sub- system models the 

mass flow of the liquid out 

of the evaporation tube 

which is ob tained by 

performing a mass balance 

over the evaporation tube 

sub- system and the mass of 

vapou r produced in the 

evaporation tube . 

Before modeling the 

q wll 

q hell 

~ l V apour 

Q.. W e I 
Liquid 

Figure 3-2: Evaporation tube sub-system. 
evaporation tube sub- system 

two assumptions are made : 

• The heat flow across the tube is considered to be 

uniform . 

• The fall velocity of the liquid film is assumed to be 

constant . 

Since the residence time is assumed constant the mass of 

liquid out of the tube at time t is equal to the mass flow 

into the tube at t re minus the amount of product 

vaporized during the residence time . 

(3.3) 

Mv is the total mass of vapour produced in the evaporation 

tube during the previous re seconds and is estimated by 

dM v (l) q shell (t) 
---=---

dt A.e (t) 
q shell (t - Te ) 

A,e (t - r e) 
(3.4) 
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3. Product transport sub-system 

This sub- system models the flow of product from one effect 

to the next . It involves the reservoir of liquid 

concentrate , the pipe work connecting the effects and the 

distribution nozzle in the downstream effect . The 

t:ernperature changes that occur through the product 

transport: system are also modeled . 

I -~- ® ,. 
Qp 

I 
I 

J l . I p 
e 

...JQ ~ II Q ewe 
(' 

~ I I 

G) ~Ll) 
... ... Q) 

I 

~~ L 
I 

I ,. 

Figure 3-3: Product transport sub-system. 

Product Leve1 and f1owrate 

For this model a differential equation with the height of 

the concentrate level , L , as the state variable was used ; 

dL(t) Qe(t)-Qp(t) 
--= -----"-- (3.5) 

Where QP is the f l owrate out of the effect and A1 is the 

a r ea of the level surface . 

A1 is a function of L since the geometry of the pipe work 

changes over the ope rating range of the level . 

75 



To calculate Qp an energy balance between points , and ® in 

Figure 3-3 is required. Finally get Qp : 

(3.6) 

Concentration 

An approach to assuming plug flow conditions from point , to 

point ® is to assume perfect mixing in the reservoir at the 

base of the effect and plug flow only in the pipe from the 

pump to the next effect (point - to ®) . Then 

Where Ip is the time delay between the pump and the next 

effect and w1 , the concentration o f the liquid out of the 

reservoir, is determined using 

dw1(t) Pe (t)Qe(t)we (t)- p,(t)Qp(t)w1(t) --'--- = -----------'----
dt p 1(t)A1L(t) 

(3.8) 

Where p1 is the density of the 

flowrate out of the level. 

Temperature 

An energy equation is defined for l I 
the liquid level at the base of ~uL__rJ 
the effect . A transducer is 

located in this region on the 

pilot-plant to measure the 

temperature of the product . It is 

necessary to have as part of the 

qlossl 

Figure 3-4: Product transport 

heat flows. 
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model a calculation of the product temperature at this 

point for comparison with the measured temperature . 

The change in temperature of the product in the level is 

given by 

(3.9) 

Where M is the mass of liquid in the level and is given 

by 

(3. l 0) 

and Cr is the specific heat capacity of the product in 

the level and V is the volume of liquid that is a 

function of the liquid height . 

The two heat flows are calculated by 

and 

(3 .11 ) 

(3.12) 

Where A is the surface area of the level sub-system and 

U, ~s· is the heat transfer coefficient for the convective 

heai:. loss . 

The temperature of the product flowing into the next effect 

can then be estimated by applying the transport delay , r" 

to T1 in a similar manner to calculating the output 

concentration . If an estimate of heat loss is included 

then the output temperature of the effect is 

(3.13) 
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Where A sp is the surface area of the pipework , U1ossp is 

the heat transfer coefficient for the convective heat 

loss and the density is estimated using p. 

4. Evaporation tube energy sub-system 

This sub-system models the heat transfer in the evaporation 

tube sub-system. This includes the heat received from the 

heat steam, heat lost to the surrounding and heat lost to 

the downstream effect from the condensation of the vapour . 

Each effect is formed by these sub- systems. In addition the 

effects are related to the following sub-systems. 

Steam _. 

T 
shell 

T 
tu e 

Figure 3-5: Evaporation tube energy sub-system. 

Figure 3-5 illustrates the energy sub-system relating to 

the evaporation tube . The system is characterised by four 

heat flows , the combination of which determine the change 

in temperature of the product through the evaporation tube. 

It is assumed that the temperature is the same over the 

length of the tube at any one time . 

The energy balance defining this system is ; 
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dJ: (t) q shc/l (l) + q, (t) - q 1ube (l)- q Ion (t) ---= 
di M(t)cp 

(3.14) 

Where T is the p r oduct temperature in the tube , M is the 

mass of liquid in the evaporation tube , and c_,, is the 

specific heat capacity of the product . 

The energy flow from the heating vapour is given by 

(3 .15) 

Where T, is the temperature of the vapour in the 

shell . A, is the heat transfer area of the evaporation 

tube , and Up is the overall heat transfer coefficient for 

the heat transfer from the bulk of one stream to the 

bulk of the other . 

Similarly for the next effect downstream 

(3. 16) 

Where U and A. are the heat transfer area and heat 

transfer coefficient: of the downstream effect: and T rc:be is 

the temperature of the product in the tube . 

The heat from the input stream is represented by a term 
(3.17) 

Where T1 is the temperature of the incoming product: 

stream . 

The heat loss to the surroundings is given by 

(3.18) 

Where Ta is the ambient temperature , 

A s is the surface area of the sub-system, and 

U1oss is the overall heat transfer coefficient for 

the convective heat transfer . 
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5. Feed sub-system 

0d ~ 

Feed 
Tank 

ti Pp 

Preheater 1 Preheater 2 

Figure 3-6 : Evaporator feed sub-system 

This sub- system models the flowrate of the liquid , which is 

pumped from the feed tank into the first effect through the 

preheater tubes . The feed flow sub- system consists of the 

feed tank , feed pump and the pipe work from the tank to the 

first effect via the two preheaters (Figure 3-6) . 

The state variable of this sub- system is the liquid level 

in the feed tank , LT 

dt Ar 
(3.1 9) 

Where A r is the tank cross - sectional area , Q0 is the feed 

flowrate into the evaporator and Oin is the input flow 

into the feed tank that is assumed to be constant . 

The feed flowrate Q0 is 

(3.20) 
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The feed tank temperature can be considered as a state 

variable and if perfect mixing and negligible heat losses 

are assumed then; 

d1Q(t) P;n(t)Q;n(t)(T;n(t)- 1Q(t)) 
= 

dt 
(3.21) 

6. Preheater sub-system 

This sub-system models the temperature of the liquid out of 

each preheater . It includes the heat transfer in the 

preheaters . Rus sell used a discrete first order 

differential equation to represent the existing m- file 

model . This differential equation is not very suitable for 

the sub- system . 

x 
8x+x r., 

Qo ~ 
DP 

Qo 
• TX • 

'Ijn :t:u1 

• I 
TV q 

I 
Figure 3-7: A section of a preheater tube 

The equations used for preheater 1 and preheater 2 

temperatures are discussed in chapter 3 . 

7. Venturi condenser sub-system 

The sub-system models the suction pressure produced by the 

venturi condenser and the rise in cooling water temperature 

due to the condensate and vapour exhaust stream. 
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Driving water 

3mm i 

Aic~en~i [ ~ 
line J "( ( L 

Condensate -+ 1 
Preheater I 

._ vapour and 
condensate 

'1 ( 
'1 ( 

5.Smm 
throat 

Figure 0 - 1 : Vent uri c ondense r 

Entrainment rates 

The residence time of the product through the preheater can 

be estimated by dividing the preheater tube volume by the 

feed flowrate ; 

vph 

r ph = Qo(t) for Q0(t) > 0. (3.22) 

The mass flow of condensate from the first preheater can 

then be estimated as follows ; 

M cpht (t ) 
m cphl (t) = ---

' ph 

(3.23) 

The vapour mass flowrate is then estimated by subtracting 

the condensate flow from the third effect vapour that 

entered the preheater rph seconds before . 

(3 .24) 
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The temperature of the vapour and condensate mixture 

flowing from the first preheater is assumed to be equal to 

the temperature of the third effect, Te3 • 

Condenser temperature 

The temperature of the entrained condensate into the 

venturi can be calculated based on the relative 

temperatures and flowrates of each stream. 

[mcphz (t) + mc1 (t)]T5 (t) + mc2 (t)Te 1 (t) + mc3(t)Te2 (t) + mcphl (t)Te 3(t) 
Tc(t) = -----------------­

mcph2(t) + mc1 (t) + mc2 (I)+ mc3 (t) + mcphl (t) 
(3.25) 

where T e; is the temperature of effect i and is assumed 

to be the temperature of the condensate from the shell 

of effect i+l ; T5 is the steam supply temperature and the 

temperature of the condensate from the second preheater 

and first effect shells. 

The temperature of the driving fluid exiting the venturi , 

Tventr can be calculated considering the heat flows in and 

out of the venturi system; 

(3.26) 

where Ti is the temperature of the in - flowing venturi 

driving water, 

qc is the heat supplied by the condensate, 

q v is the heat supplied by the vapour 

q lossv is the heat lost to the surroundings, and 

CJ is the specific heat capacity of the water jet. 
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Suction pressure 

... (3.27) 

Equation ( 3 . 27) represents the suction pressure generated 

by the jet condenser . This is theoretically assumed to be 

the minimum achievable pressure inside the condenser 

vessel . 

8. External. steam input sub-system 

The sub- system models the temperature of the external steam 

input . The influence of the evaporation in the first effect 

can be considered as a disturbance ( ~ T5 ) to this system . The 

disturbance on the steam temperature can be estimated by 

considering the change in the heat given up in the first 

effect per unit mass flow of liquid . 

(3 . 28) 
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Appendix 4 

Each Simulink block used to build the Simulink model is 

discussed in the following : 

Constant blocks are used to define the constant parameters 

that are used in each differential equation or each 

algebraic calculation within the Simulink model . These 

blocks can output either scalar or vector values depending 

on the length of the constant value parameter . The constant 

blocks are used as the input of the " goto" blocks in the 

" constant .mdl" sub- model . 

To workspace blocks are used to write the system input or 

output variable values into the specified matrix in the 

workspace . Then other variables in the Simulink model , such 

as initial conditions , can read these values from the 

workspace . In these blocks four parameters i . e . variable 

name , maximum number of rows, decimation and sample time 

must be defined . Note the variable name in the parameter 

section must be the same as the variable name in the 

Simulink model. 

In the linear type of Simulink block, there are four blocks 

used in the Simulink model . They are gain block , sum block , 

integrator block and transfer function block . 

Gain blocks can generate the output by multiplying the 

input by the constants that are specified in the block 

parameter section . These blocks are mainly used to change 

the flowrate units that input to or output from the 

Simulink model . For example , the unit of the feed flowrate 

into the first effect can be changed from L/hr to m3 /s by 
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multiplying with the gain of 1/3 . 6e6 . The unit of the 

flowrate output from the first effect can be changed from 

m3 /s to L/hr by multiplying with the gain of 3 . 6e6 . 

Sum blocks are used to perform the calculations of plus or 

minus between the input signals . The number of inputs in 

this block must be greater than 1 . 

Integrator blocks are mainly used to integrate the state 

derivatives in the effect sub- models and preheater sub­

models . In these blocks the initial condition source can be 

defined either internal or external . Using the external 

initial condition source the initial condition can be 

defined as an input to the block . In this Simulink model 

most of the initial condition source are selected as 

internal . This allows the initial conditions to be defined 

in the block parameter section . The symbol s are written 

into the initial condition section to represent all the 

initial conditions and the values of the initial conditions 

are written into a Microsoft Access Table file . This file 

must be loaded into the workspace before starting the 

simulation by using the load command in the Matlab command 

window . 

Transfer function blocks are mainly used in the preheater 

sub-model to implement the transfer function for the outlet 

temperature of the preheater . 

In the nonlinear type of Simulink block a number of blocks 

are used in the Simulink model such as 

logical operator , relational operator , 

variable transport delay, fen and switch . 

mirunax , product , 

transport delay , 
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Minmax blocks can output minimum or maximum input value by 

select min or max function in the parameter section of the 

block . These blocks are used in the venturi condenser sub­

model . When the min function is selected, the block 

compares the value of the mass flow of total condensate 

entering the condenser (me) and the value of the mass of 

vapour produced in the evaporation tube per residence time 

(mv) . The block outputs the minimum value of these two 

variables and used it as the value of the mass flow of 

total condensate entering the condenser . When the max 

function is selected , the block compares the value of the 

saturation pressure of venturi water and the value of the 

suction pressure produced by the venturi condenser . The 

block outputs the maximum value of these two variables and 

used it as the value of the suction pressure produced by 

the venturi condenser . 

Product blocks are used to provide multiply or divide 

calculation in the preheater sub-model. 

Logical operator blocks are used to perform AND or OR 

logical operations by select the operator in the parameter 

section . The output is 1 if TRUE and 0 if FALSE . 

Relational operator blocks are used to perform the 

relational operations that are specified by the operator in 

the parameter section of the block . The output is 1 if TRUE 

and 0 if FALSE . 

Switch blocks are used to select one of the block inputs to 

the block output . The switch block has two inputs and a 

control input . If the value of the control input is greater 

than the value of the threshold that is defined in the 
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parameter section , the block outputs the first input , 

otherwise , the block outputs the second input . 

Note : The switch blocks are used with the logical operator 

blocks and relational operator blocks to perform the ' 

if .. else if .. ' operations in the Simulink model . These 

operations are used to replace the 'if .. else if .. ' commands 

that were used in the Matlab m-files . 

Delay blocks and variable delay blocks are used to perform 

the time delay operations . The difference between these two 

blocks is that in the delay block the delay time is 

specified in the block parameter section and in the 

variable delay block the delay time is one of the block 

inputs . The value of the maximum delay that is specified in 

the variable delay block parameter section defines the 

largest value the time delay input can have . Both of these 

two blocks allow the symbol of the initial conditions to be 

defined in the block parameter section . 

Fen blocks are used to perform the associated algebraic 

calculation equations in the Simulink model . 

In the connections type of Simulink block , five blocks are 

used in the Simulink block . These blocks are in , out , mux , 

from and goto . 

In blocks and out blocks are used to provi de the input and 

output ports in the Simulink model . 

Mux blocks are used to combine the system variables and 

constants into one vector . The block outputs are used as 

the inputs of the fen blocks in the Simulink model . 

88 



From blocks and goto blocks are used to pass the system 

constant values into each Simulink sub- model . They are also 

used to read data from the FIX control screen and write the 

simulator outputs to the FIX control screen . 
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Appendix 5 

The Simulink model consisted of the effect sub- models , the 

preheater sub- model , the venturi condens er sub- model , t he 

initial conditions sub- model and the I/0 drivers . These 

sub- mod els contain all the differential equations and 

associated algebraic calculations required for each section 

of the evaporator . They are connected together and show the 

flow of information in the process . 

1. Preheater Sub-System 

) Ta LT 

) Qin 

Tphl 
, m 

Preheater1 

) QO 
mcPh1 

' T3 

; Mv3 mv Ph1 

Preheater1 

First Level of Preheater 1 Sub-system: Preheaterl . mdl 
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Third Level of Preheater 1 Sub-system 
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' Ts: 

) Tph1 Tph2 

) 00 

Preheater2 

First Level of Preheater 2 Sub-system: Preheater2 .mdl 

Ts 
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2. Effect Sub-systems 
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Sub-blocks contained in the 

Condenser : 

C.1lculrie condt:nuh ftOUllS 

Convert 

oonvert 

Subsvst•m2 

u(1)'u(2) 

'4!tcmd 
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third level of 
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utzrul1J 
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Con dens.at.a fta.M limited by tha ·upou 
ti owing Into the stletls 

u(1)"u(2) 

c4 lcma2 

C1lcul .1ta Vtntun he: 61 flows: 

Condensate Flow & Heat Flow Sub-block 
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Appendix 6 

1. FIX32 SCADA system database 

There are two types of database blocks used to develop 

Fix32 database , primary blocks and secondary blocks . 

Primary blocks can receive data from the Driver Image Table 

and generate alarms based upon data (such as AI and AO 

blocks) . Secondary blocks manipulate data according to the 

instructions . It receives input from an upstream or primary 

block and performs a specific function with that input 

(such as TR block) . 

AI (analog input) blocks contain input parameters 

SCADA system ; these parameters are the outputs 

Simulink model . AI blocks were constructed 

following parameters . 

• EFFlFLOW - Effect 1 outlet flowrate . 

• EFFlLEVEL - Effect 1 liquid level . 

• EFFlPRESS - Effect 1 shell pressure . 

• EFFlTEMP - Effect 1 shell temperature . 

• EFF2FLOW - Effect 2 outlet flowrate . 

• EFF2LEVEL - Effect 2 liquid level . 

• EFF2PRESS - Effect 2 shell pressure . 

• EFF2TEMP - Effect 2 shell temperature . 

for the 

of the 

for the 
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• EFF3FLOW - Effect 3 outlet flowrate . 

• EFF3LEVEL Effect 3 liquid level . 

• EFF3PRESS - Effect 3 shell pressure . 

• EFF3TEMP - Effect 3 shell temperature . 

• FEEDFLOW - Effect 1 in feed flowrate . 

• FEEDLEVEL - Feed tank level . 

• PREHTlPRES - Preheater 1 pressure . 

• PREHTlTEMP - Preheater 1 temperature . 

• PREHT2PRES - Preheater 2 pressure . 

• PREHT2TEMP - Preheater 2 temperature . 

• STEAMPRESS - External steam pressure . 

AO (analog output) blocks contain output parameters for the 

SCADA system; these parameters are the inputs of t h e 

Simulink model . AO blocks were constructed for the 

following parameters. 

• FEEDPUMP - Feed tank outlet pump speed . 

• STMVALVE - External steam valve position . 

• EFFlPUMP - Effect 1 outlet pump speed . 

• EFF2PUMP - Effect 2 outlet pump speed . 

• EFF3PUMP - Effect 3 outlet pump speed . 
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• FEEDTEMP - Temperature of the product leaving the feed 

tank . 

• AMBTEMP - Ambient temperature . 

• INFLOW - Product flowrate into the feed tank . 

• STMINTEMP - Temperature of the external steam supply . 

• AMBPRESS - Ambient pressure . 

All the parameters used in AI and AO blocks are used in TR 

(Trend) blocks too . AI and AO blocks connect with TR blocks 

structed for SCADA system chains . 

2. FIX32 SCADA system control screens 

Control screens are graphical display tools used for 

displaying process information of the real - time simulator . 

Users can manipulate values of the system input variables 

directly from the control screens . The control screens 

include seven pictures that are Evapma _p . odf , Ftank_p. odf , 

Prehea_p.odf , Effl_p . odf , Eff2_p . odf , Eff3_p . odf and 

Condan_p . odf. 
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• Evapma_;p . odf is an overview of the entire evaporator 

plant . It shows all the system information for feed 

tank , preheater , effect 1 , effect 2 and effect3 . 

i!J] I ntrllutoon HX 'li<'w P.lr;.] £3 

t::::~:~~~l 
f.;r!!N.t'T. 4' 

~ .. 
.. c::n~~i~t 

P;irnp2 

Evapmay.odf 

, :, . ~~' ' ' ... u' , 

:, ' ' ' nu ';uu:~, ' 

r~-m~srtt11 
r~~., o~~r: 
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• Ftanky. odf displays the information of the feed tank 

such as tank level , 

input/outputflowrate . 

feed 

Ftanky.odf 

pump speed and 
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• Preheay.odf shows the information for the preheater 

such as preheater temperature , pressure and steam 

pressure . 

f;;J I nt~lluhon f I)', V1~w - l!!I . 

~~,~ 

?t~liil'~tt: :? l~r:ii• 

! 

·•. .~: 

Preheay .odf 
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• Effl_y.odf, 

information 

Eff2_y.odf 

flowrate , 

speed . 

for 

effect 

the 

level , 

and Eff3_y.odf 

three effects such 

effect temperature 

Effl_y . odf 

show 

as 

and 

the 

feed 

pump 

llO 
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Appendix 7 

Constants used in Simulink Model 

Effect 1 Sub-model 

Parameter Value Parameter Value 

Ah 2 . 36e- 6 Cp 4191 

te 4 Ul 2787 

Ael 0.3313 U2 2794 

Ae2 0. 3313 Uloss 4.8 

As 1. 059 Ulossl 4. 8 
Asl 0.363 Le 10 . 5 

d 0 . 0218 f 0.009 

hN 4.82 ap 2 . 1919e- 2 

Cn2 5.7684e- 7 
Effect 2 Sub-model 

Parameter Value Parameter Value 

Ah 2.36e-4 te 4 

Cp2 4185 U2 2794 
Ae2 0 . 3313 U3 1841 

Ae3 0 . 2137 Uloss 4. 5 
As 1. 059 Ulossl 4 . 5 

Asl 0.363 Ulosspl 4. 8 
As pl 0 . 55 Cpl 4191 

hN 4 . 82 Le 10 . 5 
d 0 . 0218 f 0 . 00 9 

ap 2 . 3149e-2 Cn3 2 . 5118e- 7 

Effect 3 Sub-model 

Parameter Value Parameter Value 

Ah 2 . 36e-4 te 4 

Cp3 4179 U3 1841 
Ae3 0.2137 Uloss 3 . 8 

-
As 1. 099 Ulossl 3.8 
Asl 0.379 Uphl 1807 

Aphl 0.227419892 Ulossp2 4 . 5 
Asp2 0 . 55 Cp2 4185 

Le 21. 8 d 0 . 218 

f 0 . 009 hV 1.0 
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ap 2 . 9533e - 2 

Preheater 1 Sub-model 

Parameter Value Parameter value 

Ulossl 3 . 8 Asph 0.65 

Uphl 1807 Aph 0.198769 

te 4 Cp 4179 

L 5.7 A tank 0 . 159 

dT 1 a 9 . 8e- 3 

d 11 . le- 3 

Venturi Condenser 

Parameter Value Parameter Value 

Ulossv 4 . 8 Asv 0.105 

Cp 4180 mj 0.3 

Tj 20 Cvcph2 1 . 92e-5 

Cvcl 2.16e- 5 Cvc2 2. 72e- 5 

Cvc3 3.3e- 5 te 4 

he 1. 8 dj 3 

kf 0 . 3 Av 3 . 73e-4 

a 1.96e- 5 ex 0 . 01894 

f3 0.0525 

Initial Conditions for Simulink Sub-model 

Preheater 1 Sub-model 
State Variable Value State Variable Value 

Mv3 0.0222 qPhl 7715 . 86 

Tphl 46.3248 T3 47 . 5266 

TO 18 LT 0 . 6 
Preheater 2 Sub-model 

State Variable Value State Variable Value 

Ts 78 . 0491 Tphl 46 . 3248 

Effect 1 Sub-model 
State Variable Value State Variable Value 

ql 7856 . 7017 Qdl 8 . 5389e-5 

Tph2 62 . 39 Tl 69 . 54 

Ts 78 . 04906537 hl 6 . 6724e- 3 

Ll 1. 05 Tll 69 . 2770735 

Mvl 0 . 0111 Tl3 47 . 38681844 

Mv3 0 . 0222 
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Effect 2 Sub-model 

State Variable Value State Variable Value 

q2 5081 . 8306 Qd2 8 . 2885e- 5 

Tl 69 . 54 T2 64 . 05 

Tll 69 . 2770735 h2 6 . 2869e- 3 

L2 1. 05 T2 64 . 05 

Tl2 63 . 8216 Mv2 0 . 0111 

Effect 3 Sub-model 
State Variable Value State Variable Value 

q3 6500 . 89355 Qd3 0 . 00079805 

T2 64 . 05 T3 47 .52601683 

Tl2 63 . 82159855 h3 0 . 005828 

L3 1. 05 
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Appendix 8 

Fulling-film Evaporator Simulink Sub-model Steady-state 

Testing. 

1. Preheater 1 Sub-model Testing 

Figure 7-1 shows how the preheater 1 sub-model was tested . 

Parameter " U" in constant block is the input vector that 

manually input into "Matlab Command Window" and saved as 

MAT-file . "U" contains all the sub- model ' s inputs : Ta , Qin, 

TO , QO , T3 , Mv3. The outputs of the sub- model (LT , Tphl , 

mcPhl and mvPhl) are adjusted into steady state by 

adj us ting the state vectors of the sub- model. The other 

figures show the steady state values of the sub- model 

outputs . 

LT 

Qin Scope 

Tph1 

Preheater1 Scope1 

Constant OD 
mcPh1 

Scope2 

mvPh1 

Demux 
Scope3 

Preheater1 

Figure 7-1: Preheater 1 sub-model testing 
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J 

Figure 7-2 : Perheater 1 Sub-model output LT 

Figure 7-3: Preheater 1 Sub-model output Tphl 
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Figure 7-4: Preheater 1 Sub- model output mcPhl 

Figure 7-5: Preheater 1 Sub-model output mvPhl 
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2 . Preheater 2 Sub-model Testing 

Figure 7-6 shows how the preheater 2 sub-model been tested . 

Parameter "U" in constant block is the input vector that 

manually input into "Matlab Command Window" and saved as 

MAT - file . "U" contains all the s 'ub- model ' s inputs : Ts , 

Tphl , QO . The output of the sub- model Tph2 are adjusted 

into steady state by adj us ting the state vectors of the 

sub-model . The other figure shows the steady state value of 

the sub-model output . 

Scope 

Preheatel2 

Fi gure 7 - 6 : Preheater 2 Sub-model Testing 
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Figure 7-7: Preheater 2 Sub- model output Tph2 

3. Effect 1 Sub-model Testing 

Figure 7- 8 shows how the Effect 1 sub- model has been 

tested . Parameter " U" in constant block is the input vector 

that manually input into "Matlab Command Window" and saved 

as a MAT - file . " U" contains all the sub- model ' s inputs : Ta , 

Ts , Tph2 , T2 , Nl , QO . The outputs of the sub- model (Ll , Tl , 

Tll , Qpl , Mvl , Qdl) are adjusted into steady state by 

adj us ting the state vectors of the sub- model . The other 

figures show the steady state value of the sub- model 

outputs . 
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1------~emu u 

Constant 

Demux 

Figure 7-8: 

L1 

Scope 

T1 

Tl1 

Effect 1 

Op1 

N1 Mv1 

00 Od1 

Effect 1 
Scope~ 

Effect 1 Sub- model Testing 

Figure 7-9: Effect 1 Sub- model output Ll 
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Figure 7-10 : Effect 1 Sub-model output Tl 

~r························~~I 
l 
i 

Figure 7-11: Effect 1 Sub-model output Tll 
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Figure 7-12: Effect 1 Sub- model output Qpl 

Figure 7-13: Effect 1 Sub-model output Mvl 
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Figure 7-14: Effect 1 Sub-model output Qdl 

4. Effect 2 Sub-model Testing 

Figure 7-15 shows how the Effect 2 sub-model been tested . 

Parameter " U" in constant block is the input vect o r t hat 

manually input into "Matlab Command Window" and saved as 

MAT-file . " U" contains all the sub- model ' s inputs : Ta , Tl, 

T3, T 11, N2, Qpl . The outputs of the sub-model ( L2 , T2 , 

Tl2, Qp2 , Mv2) are adjusted into steady state by adjusting 

the state vectors of the sub-model. The other figures show 

the steady state value of the sub-model outputs. 

l2 

Scope 
Tl T2 

T3 Scope1 

u emu Effecl2 112 

Constant 111 

N2 Qp2 

Soope3 
Qp1 Mv2 

Demux 
Effect2 

Scope4 
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Figure 7-15: Effect 2 Sub-model Testing 

- l Ll~29 l - ... -........... ii 
;j 

I 

Figure 7-16 : Effect 2 Sub- model output L2 

_ ! r:J i~ l 
· ·· ~·······! 

~l 
I 

I 

Figure 7-17 : Effect 2 Sub-model output T2 
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Figure 7-18 : Effect 2 Sub-model output Tl2 

Figure 7-19: Effect 2 Sub- model output Qp2 
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tlii~I?:: ...... 1 ...... J. .f.161illJ~1tf ~1J~if~~~~~!~f:~t.?~~~1f:i~~~li)i!:~~~if!;~~ 
' 

Figure 7-20: Effect 2 Sub- model output Mv2 

5. Effect 3 Sub-model Testing 

Figure 7 - 21 shows how the Effect 3 sub- model been tested . 

Parameter "U" in constant block is the input v ecto r that 
. . . 

manually input into "Matl a b Command Window" and saved as 
' ' . 

'• . .. 
MAT - file . " U" cor:ta·ins . all the s ub- model '. s inputs : Ta , Pa , 

I 

TO , Tphl , T2 , Tl2 , N3 , · Qp2 , mv_Phl ~ V . The outputs of the 

sub- model (13 , T3 , Tl3 ~ Qp3 , Mv3) a r e adjusted into steady 

state by adjusting the state vectors of the sub- model . The 

other figures show the steady state value of the sub- model 

outputs . 
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L3 

Scope 

T3 

Scope1 

u em Effecl3 Op3 

Constant Soope2 

Scope3 

Scope4 
De mu>< Effecl3 

Figure 7-21: Effect 3 Sub- model testing 

~~····-····~~1 

Figure 7-22: Effect 3 Sub- model output L3 
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Figure 7-23: Effect 3 Sub-model output T3 

Figure 7-24: Effect 3 Sub-model output Qp3 
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Figure 7-25: Effect 3 Sub- model output Mv3 

Figure 7-26: Effect 3 Sub- model output Tl3 
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The following 

that 

Appendix 9 

figures 

display 

show 

in 

the 

FIX32 

Trend 

SCADA 

pages 

control 

for each 

screens . parameter 

These Trend pages show the steady state values of the 

parameters . These values are 

simulator Simulink model through 

gained from 

the EDA link . 

the real - time 

fqJ lnlellutmn HX V1"w f!r;J !'.3 

Figure 8-1 : Effect 1 Temperature . 
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Figure 8-2: Effect 2 Temperature . 
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~lnlcllulmnHX V1cw l!!IQEJ 

Figure 8-3: Effect 3 Temperature . 
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Figure 8-4: Feed Tank Outlet Temperature . 
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Figure 8-5: Feed Tank Outlet Flowrate. 
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Figure 8-6: Feed Tank Level. 
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Figure 8-7: External Steam Pressure . 
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f'..:]l nt r. llutmn ~IX V1r.w Sg!El 

Figure 8-8: Feed Pump Speed . 
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f\,;] lnle lluhon FIX Vo" w 1!19[1 

Figure 8-9: Pump 1 Speed . 
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Figure 8-10: Pump 2 Speed . 
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Figure 8-11: Pump 3 Speed . 
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Figure 8-12 : Preheater Pressure. 
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Figure 8-13 : Effect 3 Outlet Flowrate. 
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