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Abstract 
One of major concerns in gas turbine industry is to reduce emissions.  Two  kind of approaches could be 
identified in the industry to reduce emissions, namely Primary Emission Reduction approach and 
Secondary Emission Reduction approach. The primary approach concerns emission prevention in 
combustion, while secondary approach is all about emission cleanup before releasing to the atmosphere.  

Combustion flame temperature highly influences on emissions specially NOx formation.  NOx emission 
is lower when the combustor operates close to lean flammability limit. Incorporating catalyst to 
combustor is one of methods to extend flammability limit.  Heat and Power Division at KTH-Royal 
Institute of Technology in Sweden has developed a test facility to characterize the performances of 
combustion catalysts under real gas turbine operating conditions .  

The combustion test facility available at Heat & Power Divisonat KTH, consists of high pressure air 
compressor and air flow control system, air preheating unit and control system, fuel flow control system, 
combustor unit, and exhaust gas analyzer system. But lack of proper user interface to control and monitor 
the operation of the test facility through a computer work station was a major concern from 
experimenters.  

The purpose of the thesis work is to design and construction of supervisory control and data acquisition 
system for the full scale catalytic combustion test facility.  Labview 2012 is used as the main platform for 
implementing data acquisition and control system for the test facility. Thermocouples, pressure transducer 
signals, air flow meter signal are connected to Keithley 2701 data acquisition system and then connected 
to the computer. Fuel flow controllers are directly connected to the computer via serial port. Air flow 
control actuator signal is given through ADAM digital to analogue converter.  

Developed GUI is more convenient for users in terms of easy control of air flow, fuel flow and gas 
sampling probe systems, and monitoring of temperature, pressure measurements and exhaust gas species 
systems. Additionally GUI provides web interface to select correct conversion factors when selecting 
multi-fuel possibility. Another additional factor of the development is to provide online aceess via internet 



to other parties of the experimental groups to monitor operational performances of the experiments in 
real time operation. 
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1 INTRODUCTION 

1.1 Introduction of Project 
It is a known fact that any instrument or equipment can be operated via computer in convenient manner 
to get the desired work out of it. The point of contact of equipment which is known as Graphical User 
Interfere (GUI) allows user to communicate with the particular instrument or equipment (for controlling 
and monitoring of operations) in a quite convenient manner through a computer system. Indeed, a test 
facility operating at laboratory or pilot scale shall have a good GUI, so that experimenters could be 
configured and executed with minimum of pre preparation time..In addition to minimum pre preparation 
and setting times, GUI should provide easy access for data recording, storage and post analysis, certainly 
there will be reduced manual activities for the user to take data recording and analyzing. Therefore, 
indeed, GUI provided not only easy interface to the equipment, but save the operational and data 
analyzing time of users. 

A high pressure catalytic combustion test facility situated in the Division of Heat and Power Technology, 
KTH-Royal Institute of Technology, Sweden, was originally designed and built in during the period of 
2001/2002 and by that time accordingly with the requirements of the facility appropriate instruments and 
sensors had been installed. However, test facility has not been equippedwith proper GUI that makes it 
convenient for the users to operate the test facility. Several numbers of instruments and sub systems that 
are consisted with the test facility, needed to be controlled and monitored simultaneously for the proper 
functioning of the test facility as well as for the sake of safety, and also to acquire and record operational 
data for post data analysis.  

The main emphasis of the project work reported in this thesis was to design and build an advanced GUI 
for thecontrol,operation monitoring and data acquisition of the test facility by incorporating all the control 
and monitoring equipment to the Laboratory PC. That will in addition to make the operation be 
convenient, reduces the time/activities that operators have to take during the test facility operations. A 
limitation for the project is to design the system with available instruments.  

 

1.2 Objectives of the Project 
Objectives of the project are; 

(a) To design and build a supervisory control and data acquisition system for the high pressure 
catalytic combustion test facility 

(b) Refurbish the test facility for conducting experiments 
(c) Prepare an operational manual for the test facility – High Pressure Catalytic Combustion Test 

Facility 

 

1.3 Problem Statement 
In house developed control and monitoring system, written on Visual Basic has previously been used for 
controlling and monitoring the high pressure test facility has been considered to bit complicated by the 
Combustion Research Groupat thedivision of HPT. Therefore a decision has been taken toreconstruct the 
operation and control system on LabVIEWenvironment. As it was depended on the skills and 
programming knowledge of the Combustion Team at HPT, it has been difficult for them to respond to 
the requirements of the existed control program when working with the needs of the continues test facility 
upgrades and integrations of additional equipment and so on. 
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In addition to the need of re construction of the existed features of the control programon Labview 
environment, there was a need for few additional sections to be integrated; gas analyzing probe traversing 
controller, and also data recording is not so convenient for post data analysis.  

It was also a fact that sincethe test facility has been out of operation for several years, refurbishment was 
needed.  

 Nonexistence of operational manual for the test facility was another important issue to be addressed. 

 

1.4 Scope of Work 
Using LabVIEW software it is required to build the GUI for controlling air flow, fuel flow, and gas 
sampling test probe traversing. And also GUI should display and record temperature measurements, 
pressure measurements, exhaust gas CO, NOx, O2, CO2 levels. Safely interlocks shall be integrated into 
the program. Finally, preparation of operational manual is also in the scope of the thesis works. 

1.5 Limitations 
Mainly the SCADA system for the testfacility covers only main parameters which are directly affecting to 
test and need to observe the results by varying them. Temperature controllers for controlling heating units 
are not incorporated into the SDADA system, and only four fuel controllers are programmed in fuel 
control system to perform experiments on methane fuel. Cooling water system is also not controlled and 
monitored though the software. 

1.6 Methodology 
First of all, the compatibility of the employed instrumentation equipment and sensors are checked. 
Thereafter, instrument catalogues, user manuals and instrument specific software and drivers are collected. 
The SCADA system is designed only by considering already available instruments to the high pressure test 
facility.  All the data acquisition signals except fuel flow controller  signals are directly connected to the 
Keithley 2701 DAQ module and then integrate into the PC through LabVIEW software. Mainly data 
acquisition signals are coming from air flow meter, pressure transducers and Thermocouples. Air flow 
control actuator is being controlled by LabVIEW through ADAM ADC unit. Fuel flow to the combustor 
unit is being controlled directly through LabVIEW software.Finally NOx analyzer, CO, CO2 analyzer, O2 
analyzer and Hydro Carbon analyzer is connected LabVIEW.Gas samples for the emission analysis system 
are taken from several positions at downstream to catalysts, and sample probe is controlled through GUI 
via position movement controller.  

 

1.7 Report Structure 
Chapter 1 gives general introduction to the thesis works. This chapter covers introduction, objectives of 
the project, problem statement, and scope of works, limitations and methodology.  

Chapter 2 covers the literature review for LabVIEW, Data Acquisition Systems, Sensors and Actuators. 

Chapter 3 covers the methodology used for the project with data flow diagram.  

Chapter 4 contains the results and discussion of the work.  

And Chapter 5 brings up the conclusions and recommendations.



2 LITERATURE REVIEW 

2.1 LabView 
LabVIEW is a programming development language. It is different from regular programming languages 
since it uses graphical programming language while other programming systems use text based language. 
LabVIEWis comprised with several libraries for data acquisition, communication, data storage, data 
presentation etc.LabVIEW programs are called virtual instruments (VIs) because their appearance and 
operation can imitate conventional instrument [11]. 

A VI consists of user interface, data flow diagram and icon connections that allow the VI to be able to call 
from high level VI [11]. User can give inputs through the front panel and monitor the output. Block 
diagram for a front panel is accompanying program to the front panel, and icon connection are the data 
transfer connectors between bock diagrams.  Figure 1 and Figure 2show general views of LabVIEW front 
panel and bock diagram respectively. 

 

 

Figure 1: General View of LabVIEW Front Panel 

 



Block diagram Wire Connections

 
 

 

 

Figure 2: General View of LabVIEW Block Diagram and Wire connection 

 

 

Feature of having block diagrams in LabVIEW helps to develop much complicated program easily. By 
developing sub VIs of the main program and then constructed the main program could make it easier to 
do trouble shooting.  

2.2 Data Acquisition System 
“Data acquisition is the process of sampling signal that measure real world physical condition and 
converting the resulting samples into digital numeric values that can be manipulated by a computer” [12]. 
Generally data acquisition system convert analogue signal to digital value. Overview of data acquisition 
system is shown in Figure 3.  
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Figure 3: General Data Acquisition System [3] 

In the above figure, it can be identified three main subsystems. First subsystem is the input subsystem 
which consists of transducer, input circuit and signal processing. Signal conversion system is the second 
subsystem of DAQ system. It consists of signal transmission and processing. Third subsystem is called an 
output subsystem which consists of display and or storage of processed data.  

 

Analogue to Digital Converter (ADC) plays a significant role in data acquisition systems. High resolution 
means high accuracy. Resolution could be defined as, 

=  2  

 

Where  M is the number of bits in DAC 

 

2.3 Sensors 
Sensors could be interpreted as devices which convert physical quantities into useful signals which could 
be further processed. Temperature sensors, pressure sensors, and flow sensors are type of sensors used to 
measure physical properties of temperature, pressure and flow rate respectively.  

2.3.1 Temperature Sensors 

Temperature measurement by mechanical effect and electrical effect are two well-known principle 
categories in temperature measurements. Liquid-in-glass thermometer, bimetallic trip, fluid expansion 
thermometers are fall into mechanical effect temperature measurement devices. Electrical Effect is used in 
Resistance Temperature Detectors (RTD), Thermistors, and Thermocouples for temperature 
measurements. Apart from mechanical and electrical effect for temperature measurements, radiation effect 
is also used for temperature measurements. Optical Pyrometry and Emittance Determination are 
commonly used in radiation effect temperature measurements (J P Holman, 2001).  Temperature 
measurement by electrical method may be easier because electrical signal proportional to the temperature 
can be easily processed by an electronic device and use, store in whatever the form user wants. Figure 
4shows the property of temperature sensor variation with temperature for thermistors, RTD, and 
thermocouples. Table 1shows the advantages and disadvantages of different above mentioned 
temperature sensors. 
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Table 1: Summary of Advantages and Disadvantages of Temperature Sensors 

Temperature 
Sensor Type Advantages Disadvantage 

RTD 
• High Accuracy 
• Limiting Aging 
• Linear relationship of resistance with 

temperature 

• Small change of 
resistance with 
temperature 

• Slow response 
• Lead resistance error 
• Vibration Resistance 

error 

Thermistor 

• High response 
• Rugged design 
• Easy installation  
• Very accurate 
• Error due to lead resistance is small 

• Nonlinear relationship 
of resistance with 
temperature 

• Individual calibration is 
mandatory 

• Low operating 
temperature range 

• Self-heating 

Thermocouple 

• Rugged Design
• Inexpensive 
• Easy construction 
• Fast response  
• Higher operational span 
• Self-powered 
• No self-heating 

• Low level output 
• Cold Junction 

compensation 
• TC Extension leads 

error 
• Less accuracy 

 

 
Figure 4: Response behavior of Thermistors, RTD and Thermocouples with temperature [3] 
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Thermocouple temperature sensors are used in this test facility, because of their capability of high 
temperature measurements. There are several types of thermocouples which are differentiated from 
different kinds of metal composition. Table 2has summarized the metal composition, maximum 
temperature range and the error limits of thermocouple types, and their voltage output with temperature is 
showing in Figure 5. And their operating ranges are showing in Figure 6. 

 

Table 2: Summary of Thermocouples [3] 

Thermocouple Type Metal Composition Maximum 
Temperature Range 

Limits of Error

J Iron Vs. Copper-Nickel 0 to 750ºC 2.2 ºC or 0.75%

K Nickel-Chromium Vs. 
Nickel-Aluminum 

-200 to 1250 ºC 2.2 ºC or 0.75% above 0 
ºC 

E Nickel-Chromium Vs. 
Copper-Nickel 

-200 to 900 ºC 1.7 ºC or 0.5% above 0 
ºC 

T Copper Vs. Copper-
Nickel 

-200 to 350 ºC 1.0 ºC or 0.5% above 0C

 

S Platinum-10% Rhodium 
Vs. Platinum 

0 to 1450ºC 1.5 ºC or 0.25%

R Platinum-13% Rhodium 
Vs. Platinum 

0 to 1450ºC 1.5 ºC or 0.25%

B Platinum-30% Rhodium 
Vs. Platinum-6% 
Rhodium 

0 to 1700ºC 0.5 ºC  over 800 ºC

N Nickel-14.2% 
Chromium-1.4% Silicon 
Vs. Nickel-4.4% Silicon 
0.1% Magnesium 

-270 to 1300 ºC 2.2 ºC or 0.75% above 
0C 
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Figure 5: Different type of thermocouple output voltage response over the temperature [1] 

 

 
Figure 6: Operating range of different type of thermocouples [1] 
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For the combustion test facility, N type thermocouples have been selected among other types because 
their performance over large range of temperature variation and also their capability of measuring higher 
temperature. 

2.3.2 Pressure Sensors 

A force per unit area is the meaning for pressure. Absolute value of the pressure per unit area is called 
Absolute Pressure, and the pressure difference between absolute pressure and the atmospheric pressure is 
called as Gage Pressure. Different kind of pressure sensors can be identified as potential for test facility 
based on their operating principles. Ionization Gage, Pirani Thermal Conductivity Gage, McLeod Gage, 
Manometers, Piezoelectric, Diaphragm, Bellows and Bourdon Tube gage are few of them, and their 
operating ranges are shown in Figure 7. 

 

 
Figure 7: Operating Range of Different Type of Pressure Transducers 

Piezoelectric and Bourdon-Tube pressure transducers are installed in the combustion test facility . 
Piezoelectric is selected because it is can be integrated into the SCADA system, and the operating range is 
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matching with test  facility operating pressures. Bourdon-Tube pressure transducers are used to monitor 
consistence static pressure manually, and those are inexpensive in the market. 

2.3.3 Flow Sensors 

For the purpose of measuring of a flow, there are different methods for that and most of them are 
developed based on semi empirical relations which are based on experiments [1]. Flow meters could be 
categorized by the measurement technology they use. It can be identified following basic characteristics 
that set the basis of categorizing flow meters. 

o Type of measurement 
 Mass 
 Volume 

o Information provided 
 Total flow or flow quantity 
 Rate of flow 

o Fluid state 
 Liquid 
 Gas 
 Steam 
 Two phase 
 Slurries 

Family of flow meters is shown in Figure 8. 

 

 

Figure 8:  Family of Flow meters 
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Table 3: Flue Gas Analyzers Species Measurements Operational Principle 

Species Measurement 
Principle 

O2 Electrochemical 
CO2 NDIR 
CO NDIR 

THC FID 

NO Chemiluminescence 
NO2 Chemiluminescence 
NOx Chemiluminescence 

 

Electrochemical Principle 

Electrochemical oxygen sensor consists of a lead anode and a gold cathode in a reservoir of a special acid 
electrolyte. The gold electrode is solid integrated with a non- porous fluororesin membrane. Oxygen 
diffuses through the membrane is electrochemically reduced on the gold electrode. The current generated 
by oxygen reduction is been sensed. The value of current generated is proportional to the oxygen 
concentration of the gas which contacts the membrane.  

 

Non Destructive Infrared Radiation (NDIR) 

Two Infrared (IR) beams are used to detect the CO and CO2 concentration within the gas sample. When 
infrared pass through a gas sample, CO and CO2, absorb certain wavelength from the IR beam. By 
detecting IR radiation of absorbed wavelength IR beams and non-absorbed IR beam, it determines the 
concentration of CO and CO2in the gas sample. 

 

Flame Ionization Detection (FID) 

Hydrocarbon concentration in a gas sample is measured with FID method. When burning the gas sample 
with hydrocarbon, ionization process started. An electrostatic field is created around the burner by 
applying high polarizing voltage between two electrodes. Therefore a current path creates by moving ions 
to cathode and anode, and magnitudes of the current proportionate the concentration of hydrocarbon 
within the gas sample.  

 

Chemiluminescence Principle 

Chemiluminescence method is used to measure Nitric Oxides in a gas sample. Sample air is drawn into the 
reaction chamber via separate NO and NOx channels. The NOx channel passes through delay coil so that 
the sample of air to be sampled for NO, NO2, NOx. The NOx channel travels through NO2 to NO 
converter, and reacts with O3, and this is known as Chemiluminescence reaction, which is shown below. 

 

NO + O3 → NO2* + O2 
 

Above reaction releases energy in the form of Chemiluminescence radiation and this is directly 
proportionally to the NO in the sample.  
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Same as previous comment, if the measurement uncertainly ranges can be included and graphically shown 
in the report for the range of measurements, which would be worth. 

 

2.5 Actuators 
Actuators could be recognized as type of motors for moving or controlling mechanisms or systems. 
Source of energy could be electric current, pneumatic pressure or hydraulic fluid pressure [5]. A pneumatic 
actuator is used for controlling air flow to the test rig combustor. It has opposed double rack and pinion 
principle utilizing piston support rods to minimize friction and wear between piston and the body. 
Operation is illustrated in Figure 12. 

(a) Valve Opening Position

(b) Valve Closing Position  
Figure 12: Illustration of actuator operation [9]
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3 METHODOLOGY 
 

3.1 Design Methodology 
From the control and monitoring system, it is expected accurately to measure temperature at various 
location of the test rig, measure the pressure at upstream to the test rig and upstream to the catalytic 
combustion section, measure and control the air flow into the combustor, measure and control fuel flow 
to the combustor, control gas sampling probe movement and measure emissions of flue gas. General 
overview of the control and monitoring system is illustrated in Figure 13.  

 

 
Figure 13: Overview of Control and Monitoring System 

3.1.1 Fuel Flow Control System 

Thermal mass flow controllers are used to control the fuel flow to the combustor. There are four mass 
flow controllers with different sizes are connected in parallel. Depending on the flow rate, user can select 
the desired size of the mass flow controller to get more accurate reading. Fuel mass flow controllers are 
directly connected to the lab computer through RS 232 serial data cable. DDE (Dynamic Data Exchange) 
protocol is used to establish the communication between computer and the controllers. Figure 15 show 
the connection arrangement of mass flow controllers to the computer.  

 



 
Figure 14: Mass Flow Controllers Communication Connection Arrangement to Computer 

 

Uncertainty of the fuel mass flow meter is ± 0.1% of full scale flow rate. 

 

3.1.2 Air Flow Measurement System 

A digital mass flow meter operating on Coriolis principle is used to measure the air mass flow in to the 
test rig combustor. Measurements are independent of temperature, density, pressure, viscosity, 
conductivity and flow profile variations. This is the main factor of selecting Coriolis type mass flow 
controller to the air side because measurements has to be at varies operating pressure conditions. 
Instrument is giving 4-20mA current output depending on the flow, and that current output is fed into the 
data logger, Keithley 2701. Through LabVIEW software, Keithley data logger is accessed to read real time 
flow measurements. Figure 15 illustrates the air flow measurement system. Figure 16 shows the 
uncertainty of the air mass flow meter (Flow Meter Type DI6) used for the test facility.  
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Figure 15: Air Flow Measurement System 

 

 

 
Figure 16 : Air Mass Flow Meter Uncertainty [10] 

Air mass flow meter type, maximum flow rate and uncertainty range is shown in Table 4. 

Table 4 : Air Mass Flow Meter Uncertainty Details 

Flow Meter 
Type Maximum Flow Rate 

Uncertainty

Flow <5% Flow > 5%

MASS 2100 
DI6 1000 kg/h 

 
E – Error % 

Z – Zero Point Error ( kg/h); 0.15kg/h 
for DI6 

qm- mass flow ( kg/h) 

0.1% 

 

Table 5 shows the minimum power of the combustor to achieve 0.1% of uncertainty for methane fuel.   

Table 5 : Minimum Power of the combustor for 0.1% uncertainty for CH4 

     λ (A/F)St 
( Stoichiometric ) 

Air Flow 
 ( kg/h) Fuel ( kg/h) Power ( kW) 

1 17.2 50 2.906 40.4 
2 17.2 50 1.453 20.2 
3 17.2 50 0.968 13.5 
4 17.2 50 0.726 10.1 
5 17.2 50 0.581 8.1 
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3.1.3 Air Flow Control System 

In order to have accurate air fuel ratio, it is required to control the air flow rate. And it is achieved by 
electronically operated pneumatic flow control valve. Air mass flow requirement is fed into the program 
by user, and that value is transferred as a digital signal to the RS 232 to RS 485 converter and the send to 
analogue to digital converter (ADC) before sending to the flow control valve. Flow control valve opens 
based on magnitude of the analogue signal it receives. 

 

 
Figure 17: Air Flow Control System 

Uncertainty of the DAC is ± 0.1% of full scale range, and valve controller unit (SIPART PS2) has ± 0.1% 
of uncertainty.  

 

3.1.4 Temperature Measurement System 

Several N type thermocouples are fixed to the test facility for temperature measurements at various 
locations. N type thermocouples are selected because of their high thermoelectric stability and higher 
operating range of measurements. Accuracy of N type thermocouples is ±0.75% [3]. Thermocouples 
voltage outputs are fed into Keithley data logger for converting analogue signals to digital signals before 
sending to the Computer. 
 

 

Figure 18: Temperature Measurements System 

 

3.1.5 Pressure Measurement System 

Pressure measurements are acquired at upstream to the test rig and upstream to the combustion chamber 
through piezoelectric pressure transducers. 1-40bar pressure can be measured by the pressure transducers 
which generate analogue signal based on magnitude of the pressure. These analogue signals are sent to the 
Computer through Keithley ADC. Software GUI shows and records the online pressure measurements to 
user. Accuracy of the pressure measurement system is 0.1% of the measured value.  
 

 

Figure 19: Pressure Measurement System 
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3.1.6 Emission Measurement System 

Online gas emission monitoring instruments are connected to the lab computer enabling user to 
view and store the emissions data. Table 5 lists species that are measuring and their measuring 
ranges and resolution. 
 
Table 6: Species measurements ranges and resolution 

Species Measurement range Resolution/ 
Linearity

O2 0-5/25% ≤1% F.S.linearity 
CO2 0-1/16% ≤1% F.S.linearity 
CO 0-50/2500ppm ≤1% F.S.linearity 

THC 0-10/102/103/104/105ppm +-1%F.S.linearity 

NO 0-10/102/103/104/ppm +-1%F.S.linearity 
NO2 0-10/102/103/104ppm +-1%F.S.linearity 
NOx 0-10/102/103/104ppm +-1%F.S.linearity 

 
The collected flue gas samples are fed into analyzers through heated tubes to avoid condensation inside 
connection tube. Because condensation leads to dissolve gas phase NO2 in the water hence gas analyzer 
cannot detect the total NOx in the original sample. Figure 20show the flue gas system arrangement.  

 
Figure 20: Emission Measurement System 
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3.1.7 Sample Gas Probe Movement System 

Gas samples to the gas analyzers are taken from several locations to the downstream of catalysts. The 
probe movement system enables user to select desired locations for taking gas samples. Figure 21  shows 
the architecture of probe moving systems. Moving distance can be fed through GUI in millimeters and 
corresponding digital signal sends to the probe moving controller by the PC through RS232 serial cable. 
DA converter in the controller converts the digital input to the corresponding analogue output to move 
the probe to the desired position.  

 
Figure 21: Gas Sample Probe Moving System 

 

3.1.8 ADC and Data Logger 

Sensors installed to the test rig for measuring temperature, pressure and air mass flow give analogue 
signals which need to be converted to digital signal for further processing at the computer. Keithley, 
model 2701 data logger with 6½ digit high performance data logger is used for this application. It consists 
of forty channels input signal cards. The data logger can be communicating with the computer through RS 
232 or Ethernet.  

Uncertainty of the data logger for DC measurements is ± 0.1% and for N type temperature measurements 
± 0.5 ̊C.  

3.2 Operational Methodology 
Test facility and measuring equipment should be ready for beginning controller software to function. 
Desired inlet pressure to the test rig can be monitored through the inlet pressure transducer and 
controlled by manually from the inlet pressure regulator. Required air flow rate can be set through the 
software, and desired combustion pressure can be monitored by the software and controlled manually by 
the back pressure valve.  

Once the air flow rate and pressure are adjusted to desired values, air heating system can be switched on.  
Using temperature controllers (which are not integrated in to the SCADA system) air inlet temperature 
can be ramped up. Since this takes considerably long time, special care and patience is needed.  

While the temperature is rising, cooling water system for the backpressure system is needed to be activated 
manually letting water flow through the reduction valve. If the sampling probe is used, high pressure ultra 
clean water pump is needed to be switched on.  Water pressure should be 20 bar at the inlet to the gas 
sampling probe and cooling water to the probe needed to be adjusted for getting approximately equal flow 
at both inlets.  

Once the air temperature is reached to the desired level, test rig is ready for conducting tests.  

Graphical User Interface (GUI) provided options to the user to select the fuel to the combustor. Once the 
fuel is selected, user can give the required air fuel ratio to the program to calculate the fuel mass flow rate. 
Fuel mass flow meters are calibrated for air. Therefore appropriate conversion factor is needed to be 
introduced to the program to calculate fuel flow rate to the mass flow controllers to get actual flow rate. 
Conversion factors are available at the manufacturer’s web site which is also intergraded into the GUI. 
Once user gets the appropriate conversion factor, it is required to manually feed the conversion factor to 
the interface to get the set value for the flow meters. One the flow meters are on, fuel flows to the 
combustion unit. From the GUI user can view the temperature measurements.  
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When the flue gas analysis system is connected to the system, user may view the exhaust gas species 
variation. And also user has the provision to move the probe vertically to get the species content at 
different location at the downstream to catalysts. All the data are being recorded. Once the program is 
switched off, all the fuel flow controllers are set to zero, but air flow controller stays at desired position. 

4 RESULTS AND DISCUSSION 

4.1 Developments of GUI 
GUI is developed enabling more convenient operation of the combustion test facility. Temperature 
measurements of all the thermocouples are displayed in a single graph.  Temperature variations of specific 
thermocouples which are considered as most important locations are shown in a separate graph. Pressure 
measurements at inlet to the pressure vessel and inside the combustor are shown separately on GUI and 
the pressure units are given in bars. Air flow rate can be inserted in kg/h and according to the set value air 
flow control operates. Fuel control panel consists of air fuel ratio setting, conversion factor calculation 
setting, set values to the mass flow controllers and displaying present values of mass flow controllers. 
Finally user can view how the data is being recording.GUI also consists of schematic of the test rig and 
operational steps of the program. Figure 22 to Figure 26 show different windows of the GUI. 

 

 
Figure 22 : GUI with Fuel Control Panel 

Figure 22 shows the main GUI for the test rig. Thermocouple channels connected to Kiethley Data 
Logger shall be inserted to “Channel List TC” in the format of 101:116, which means thermocouples are 
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connected to channels 1 to 16. In the same way, channel list for other instruments connected to the data 
logger needs to be included to “Channel List_DVC”, and the total number of channels need to be fed to 
the program through “Number of Channels (TC+DCV)”. First temperature graph indicates instantaneous 
values of the temperature measurements of full sets of thermocouples which are connected to the data 
logger, and following graphs show the history of the temperature variation at very specific locations. Two 
pressure measurements are taking and displaying them in PT_1 and PT_2 upstream pressure to the rig 
and upstream pressure to the combustor respectively. From “Air Flow Control Unit”, it can be adjusted 
the air flow to the combustor.  

Emission tab shows the various species of exhaust gas, and gas sampling probe position can be controlled 
by the probe position controller by feeding movement in millimeters, plus value move to downward and 
minus value moves upwards. 

Fuel control system is used for controlling fuel flow to the combustor. Fuel type can be selected from the 
dropdown menu, and user can feed the desired air fuel ratio (Lambda Value) to the desired entry for 
calculating the required fuel flow rate. Fuel mass flow meters are calibrated for air, therefore conversion 
factor for fuel to air needs to be introduced. Suitable fuel conversion factor can be calculated from the 
manufacturer’s web site shown under “Conversion factor” tab shown in Figure 23. According to the 
conversion factor introduced, mass flow controller set value is automatically calculated and by switching 
on the fuel control panel fuel can be fed to the combustor. 

 
Figure 23 : GUI with Conversion Factor Tab On 
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Figure 24 : GUI with data recording Tab On 

Data recording can be viewed while program is running. This is one of key developments of the program 
as compared to the previous version of the control program. In previous version until user terminates the 
program, recorded data cannot be viewed. Figure 24 shows the data recording. Schematic drawing and 
control program operations instructions are showing in Figure 25 and Figure 26 respectively.  
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Figure 25 : GUI with Test Rig Schematic Drawing 
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Figure 26 : GUI with Operational Instructions 

 

4.2 Discussion 
The graphical user interface is designed and developed for operation and control of the high pressure 
combustion test facility. Although most of the operations are controlled and monitored electronically, 
special care should be practiced when the test facility is operational. Uncertainties of the measurements to 
be calculated by taking into the conditions of operational ranges of the experiments.. 

Operational manual for the combustion test facility has been written and available for high pressure 
combustion test facility the users. It is highly recommended to refer the manual before any attempt is 
made for the operation. Only qualified personnel are allowed to operate the test facility as the level of 
skills and competence needed are higher for the operation of such a facility. It is vital to keep clear 
environment for the test facility as well as main control panel. Remote monitoring options is granted for 
remote users, until the test facility control system covers all the control and monitoring options it is still 
too early to grant control option for remote users. 

If it is required to move the program from existing lab computer to another, it is required to installed all 
the drives supporting for this program to new PC and all the supporting sub VIs need to be copied to new 
PC. 
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5 CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 
Designed SCADA system for the high pressure catalytic combustion test facility covers more advanced 
features and relatively better user friendly interface compared to the previous version of the control 
program.. With the new developments, additional control functions, safely options, higher user friendly 
options have been added.  

Pressure at upstream to the test facility and inside the combustion chamber can be monitored through the 
GUI. Additionally, temperature, air flow rate, fuel flow rate, emission can also be monitored. GUI 
provided facilities for controlling air flow rate, fuel flow rate, gas sampling probe position. 

Apart from monitoring and controlling of above parameters, users get access to see how the data is being 
recorded while program is running.  

5.2 Recommendations 

5.2.1 Recommendations for SCADA Program Functionality and Interface 

Although developed GUI covers most of measuring and control systems of the test facility, there are few 
more important systems which are not integrated into control software. Air pre-heating system, 
compressed air system, back pressure cooling system, exhaust gas sampling probecooling system are the 
systems which are not operated through the controlling software. By integrating those system to the 
controlling software enables more convenient operational experience for users. And also it provides a 
pathway for safe remote access operational capability. 

 

5.2.2 Recommendations Test Facility to improve accuracy and Safety 

Air mass flow sensor is fixed upstream to the air flow controller. It was observed at some occasions that 
the air mass flow meter gives reading even the flow controller is fully closed position. It may be due to 
some jerks in the air flow, and to avoid this it is recommended to mount the flow meter after the air flow 
controller. And also, airflow meter is suitable for measuring flows in the range of 50kg/h to 1000kg/h 
with higher accuracy. But when it looks at previous experiments, air flows in the range of 36kg/h to 
288kg/h were used. Therefore it is recommended to replace this flow meter with suitable measuring range 
flow meter for higher accuracy measurements.  

Fuel control system is designed for predefined fuels, and also no option available for auto selecting a 
suitable fuel flow controller. When biomass fuel is being tested the practice is to purchase a synthetic 
mixture of biomass gas from the gas supplier which is at very high cost compare to the prices of individual 
gasses. The opportunity is there if the synthetic biomass mixture is prepared at the laboratory with auto 
selecting flow meters by purchasing only individual gas such as Hydrogen, Nitrogen, CO etc. from the gas 
suppliers and bring down the operational cost of the combustion test facility drastically. . Fuel mixing can 
composition control system could be developed within the controlled software using available software 
tools.. 
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