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Abstract 

The main source of energy in the nearest future will come from 

fossil fuels. Increasing demands on environmentally friendly 

energy conversion implies that pollutants, such as co and NOx, 

need to be reduced. Burning fossil fuels produces > 2/3 of our 

energy production today and probably still will in a century. 

 This project aims to investigate experimentally a tangential 

swirl burner has been designed and tested at Al-Qadissiya 

university/ college of engineering/ mechanical engineering 

department Laboratory. Safety standard and technical issues 

prevent the researcher to set up and operate the swirl burner 

experiments. 

Experimental results shows the tangential swirl burner different 

flame shapes with three type mixing facilities non-premixed, 

premixed and partially premixed the propane fuel used for the 

project. 

The results have proved the premixed combustion gives the 

better lean mixture at the same flame velocity which is reduce 

the undesirable emission and produce the same amount of 

energy. 

 

 

 



III 
 

Acknowledgements 

First of all, i would like to praise and thank God for helping me 

to complete this thesis. I wish to express my gratefulness to my 

supervisors, Assistant professor Dr. Mohmmed Abdulsada for 

his guidance and support throughout my graduate career. His 

enthusiasm and passion for research has inspired me all along 

and i could not have imagined having a better mentor. i would 

like to thank engineer Zaid and Mr Ganim Daham for helping 

me in the experimental work in the laboratory.  

Finally, i would like to express my deepest gratitude to my 

parents and family for their constant encouragement and love 

throughout my educational pursuit. 

This work would not have been completed without their love 

and continuous support. 

 

 

 

 

 

 

 

 

 

 



IV 
 

Table of Content 

 
Abstract I 

Nomenclature II 

Acknowledgements III 

Table of Content IV 

Nomenclature V 

Chapter one: Introduction 1 

1.1 Gas Turbine 1 

1.2 Gas Turbine parts 2 

1.2.1 Compressor 3 

1.2.2 Combustor 3 

1.2.3 Turbine 3 

1.3.1 Gas Turbine Combustor 3 

1.3.2 Objective of the Combustor 5 

1.4 Swirling Flow and its The Effect Upon Combustion 6 

1.5 Swirl Flow Generation 7 

1.6 Requirements for Furnace and Burner 7 

Chapter two: Swirl Burner 8 

2.1 Introduction 8 

2.2 Types of Combustible Mixture 9 

2.2.1 Non-premixed ignition 9 

2.2.2 Premixed burning 9 

2.2.3 Partially premixed combustion 10 

2.2.4 Non-premixed swirl flames 11 

2.3 Flame Stabilization 11 

2.4 Flashback 13 

2.5 Swirl flow and its effect on combustion 14 

2.6 Basic swirl stabilization effects 15 

2.7 Swirl Number 16 

Chapter Three: Experimental Setup 17 

3.1 Experimental Part 17 

3.2 Calculation of Geometrical Swirl Number 21 

Chapter Four: Results and Discussion 24 

4.1Experimental Tests 24 

4.2 Experimental Data and Results 27 

4.3 Discussion 28 

Chapter Five: Conclusions and Recommendations for Future Work 30 

5.1 Introduction 30 

5.2 Conclusion 30 

5.3 Recommendation for future work 31 

References 32 

 



V 
 

Nomenclature 

 

Greek Symbol 

ρ density [kg/m3] 

ε dissipation rate of turbulent kinetic energy [m3/s3] 

  equivalence ratio, general variable [-] 

 

 

 

 

 

 

Symbol definition unit 

At tangential inlet area ] [m
2 

Crz central recirculation zone [-] 

D diameter of burner air inlet [m] 

Re exit radius of the burner [m] 

Ro radius upon which the tangential inlet jet fire [m] 

s swirl number [-] 

   geometrical swirl number [-] 

Pi constant ratio = 3.1417 [-] 

Afr air to fuel ratio [-] 

Q mass flow rate m3/s 
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Chapter One 

Introduction 

 

 
Introduction: 

 

The present work illustrates full0description of the flame behavior 

resulted from non-premixed combustion of the tangential swirl burner. 

This chapter will demonstrate an introduction of this topic. 

1.1. Gas Turbines 

We study this subject in the third stage of mechanical engineering and we 

have a good knowledge related to the thermodynamics, fluid mechanics 

and heat transfer of gas turbine. Also, we learnt various types of engine 

like reciprocating, v type, rotary ect… So that the gas turbine can be 

defined as a rotary engine takes the energy to run the system from the 

combustion of gases. This energy will run the gas turbine and we can 

make useful work from the shaft power and we will get at last the 

electrical power with the help of generator. Figur 1 explains T-S diagram 
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of the thermodynamics cycle and we will depend on it to describe the step 

by step of gas turbine unit.  

 

Figure 1: Gas turbine cycle 

 

Firstly, the engine works by drawing atmospheric air into adiabatic 

compressor shown in process 1-2. The compressor will compress the 

working fluid to higher pressure and temperature. Secondly, the fuel will 

be injected, reacts and mixed into the combustion chamber with the air 

inside a combustion chamber. As we all know, that the heat obtained 

from combustion of the gases will increase the temperature of the product 

gases to high temperatures.  

Lastly, these gases then flow into adiabatic turbine where the combustion 

energy is converted in a shaft power. The product gases exhausted out of 

the turbine and rejected into the ambient. Some of the shaft power by the 

turbine is used to run the compressor; the remaining power is for turning 

generator. 

The main dangerous problem is the products with emissions especially 

NOx as it reduces the temperature of the combustion which leads to 

reduce the performance of the gas turbine unit. Also it effect strongly on 

the environment. However, when any researchers interesting in the 

combustion researches, he may do two approach. The first is study the 

performance and the second is to study the emissions. We will focus our 
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work in the first approach (i.e., the performance and how the flashback 

effect on the performance). 

1.2. Gas Turbine parts  

1. Compressor 

2. Combustor 

3. Turbine 

4. Accessory Drive Assembly 

1.2.1 Compressor: 

The compressor defined as a thermodynamics device used to provide 

required mass of air to burn the amount of fuel and to control combustion 

temperature  

1.2.2 Combustor: 

A combustor is a device used to produce heat from burning of mixture of 

the fuel and air. 

1.2.3 Turbine: 

It is a device develops shaft electrical power from the kinetic energy of 

the hot combustion gases entering through the turbine. 

We will focus on the combustor 

1.3.1. Gas Turbine Combustor 

The gas turbine combustor is thought to be a standout amongst the most 

muddled frameworks in gas turbine outline. This multifaceted nature 

emerges as the combustor associates the two other fundamental parts, the 

compressor and the turbine as appeared in Figure 1. Moreover, a creator 

of this framework requires learning including liquid progression, burning 

and mechanical outline. As of late, the multifaceted nature has expanded 
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quickly on account of new prerequisites of high productivity, less 

bothersome emanations and elective powers. The creator of an ignition 

framework needs to achieve an ideal bargain between every single 

clashing necessity. These new prerequisites drive scientists to utilize large 

amounts of computational science like computational liquid flow and 

programming to build the speed and exactness of plan. The major goals 

of general gas turbine combustor design are: 

• High combustion efficiency. 

• Reduction of visible smoke. 

• Reduction of oxides of nitrogen.  

• Development of a design capable of withstanding the combustion 

 

 

Figure 2: Gas Turbine Components,Pv And Ts Diagrams Of Brayton Cycle 

 

A few outlines fuse a warmth exchanger between the compressor and 

combustor to preheat the air from the hot fumes items. Higher warmth 

exchanger adequacy prompts bring down ideal weight proportions and 

higher efficiencies. In spite of the fact that this pattern is favored over the 

basic, the basic cycle is still frequently utilized as a part of training. That 
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is on account of the expanded productivity in the recovered cycle comes 

at the additional cost and unpredictability of adding the warmth 

exchanger to the framework. Smaller gas turbines with low turbine delta 

temperatures and less compressor stages warm exchangers while bigger 

gas turbines keep on favoring from the straightforward cycle outline. 

1.3.2 Objective of the Combustor:  

The target of the combustor in a gas turbine is to add vitality to the 

framework to control the turbines, and create a high speed gas to fumes 

through the spout in flying machine applications. Similarly as with any 

building challenge, achieving this requires adjusting numerous outline 

contemplations, for example, the accompanying:  

 

• Completely combust the fuel. Something else, the motor is simply 

squandering the unconsumed fuel.  

 

• Low weight misfortune over the combustor. The turbine which the 

combustor nourishes needs high weight stream to work effectively.  

 

• The fire (burning) must be held (contained) within the combustor. 

in the event that ignition happens additionally back in the motor, the 

turbine stages can without much of a stretch be harmed. Moreover, as 

turbine edges keep on growing further developed and can withstand 

higher temperatures, the combustors are being intended to consume at 

higher temperatures and the parts of the combustor should be intended to 

withstand those higher temperatures.  

 

• Uniform leave temperature profile. On the off chance that there are 

problem areas in the leave stream, the turbine might be subjected to warm 
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pressure or different sorts of harm. So also, the temperature profile inside 

the combustor ought to stay away from problem areas, as those can harm 

or obliterate a combustor from within.  

 

• Small physical size and weight. Space and weight is at a premium 

in airplane applications, so an all-around composed combustor endeavors 

to be reduced. Non-airplane applications, similar to control creating gas 

turbines, are not as compelled by this factor.  

 

• Wide scope of task. Most combustors must have the capacity to 

work with an assortment of gulf weights, temperatures, and mass streams. 

These variables change with both motor settings and ecological 

conditions (i.e., full throttle at low height can be very different than sit 

out of gear throttle at high elevation).  

 

• Environmental discharges. There are strict directions on air ship 

discharges of toxins like carbon dioxide and nitrogen oxides, so  

 

• Combustors should be intended to limit those outflows. 

 

 

1.4 Swirling Flow and its The Effect Upon Combustion 

 

In present day gas turbines, the utilization of twirl in balancing out 

ignition forms is to increment turbulent fire speed, keep away from 

flashback, lessening outflows and in addition enhancing motor execution. 

These upgrades are exceedingly associated to the improvement of the 

blending procedure in the combustor with twirl inciting systems, for 

example, whirl vanes and digressively coordinated air supply ports.  these 
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days, most huge ignition frameworks utilize some type of whirl 

combustor. Numerical strategies, especially CFD investigation has been 

one of the natural methods used to examine the whirling stream 

administration nowadays, most large combustion systems use some form 

of swirl combustor. 

Numerical methods, particularly CFD analysis has been one of the 

familiar techniques used to analyses the swirling flow regime 

 

1.5 Swirl Flow Generation 

Three principal methods are used to generate swirl flow: 

1. Tangential entry (axial-tangential entry swirl generator), 

2. Guided vanes (swirl vane pack) 

3. Direct rotation (rotating pipe). 

In the present work, the first method has been used to generate swirl flow. 

1.6 Requirements for Furnace and Burner 

- Fuel delivery to the furnace assuring required thermal 

Power 

- air delivery to the furnace assuring required stoichiometric ratio. 

- mixing of air and fuel to get proper flame pattern (shape) 

- keeping fuel in furnace to complete burnout. 
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Chapter Two 

Swirl Burner 

 

 

2.1 Introduction  

Progressive and ceaseless transformative enhancements have happened 

with gas turbine ignition frameworks since they were found somewhere 

in the range of 70 years back. Sensational changes have occurred in the 

course of the last quarter century as natural viewpoints enter firmly in the 

key designs of organizations and researchers that are working in the field 

of gas turbine improvement.  

Numerous parameters and wonders influence combustors execution, 

proficiency and discharges. Gas turbine combustors are modern ignition 

frameworks since they included numerous physical parameters and 

compound attributes that are interrelated. Planners of these imperative 

gadgets are searching for ideal outlines that can offer high wellbeing and 

greatest vitality discharge with bring down emanations with an adequate 

cost. 
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2.2 Types of Combustible Mixture 

The majority of the writing which has portrayed the blending forms in 

vaporous ignition frameworks can be separated into non-premixed, 

premixed and fractional premixed.  

These are the fundamental ignition blend writes:  

2.2.1 Non-premixed ignition  

In numerous ignition applications fuel and oxidizer enter independently 

into the ignition chamber where they blend and consume amid consistent 

common dissemination; this can be called non-premixed burning once in 

a while non-premixed burning (called diffusive ignition) is utilized. 

Dispersion is the rate controlling procedure. The time required for 

convection  

Furthermore, dispersion, both being in charge of turbulent blending is 

ordinarily significantly bigger than the time required for ignition 

responses to happen. 

 

2.2.2 Premixed burning  

In premixed burning, fuel and oxidizer are blended at the sub-atomic 

level preceding start. Ignition happens as a fire front proliferating into the 

un consumed reactants premixed burning is significantly more hard to 

demonstrate than non-premixed burning. the explanation behind this is 



11 
 

premixed ignition generally happens as a thin, spreading fire that is 

extended and distorted by turbulence for subsonic streams, the general 

rate of proliferation of the fire is dictated by both the laminar fire speed 

and the turbulent swirls .  

 

2.2.3 Partially premixed combustion 

Incompletely premixed burning frameworks are premixed flares with a 

few components of non-uniform fuel-oxidizer blends (comparability 

proportions). Such flares incorporate premixed planes releasing into a 

tranquil climate, lean premixed combustors with dissemination pilot 

blazes as well as cooling air planes, and those with incompletely blended 

bay streams . 

Incompletely premixed ignitions models are by and large a basic mix of 

non-premixed show and premixed demonstrate. This implies the 

incompletely premixed burning would convey the points of interest and 

detriments of the two kinds of blend models. 
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2.2.4 Non-premixed swirl flames 

Burning requires the powerful blending of fuel and oxidizer. For 

premixed flares, blending happens in an isolated blending chamber. This 

kind of burner forces the peril of a flashback of the fire into the blending 

chamber. Another probability is the blending of fuel and air inside the 

burner chamber. This keeps the threat of flashbacks, yet homogeneous 

blending is harder to accomplish. A strategy regularly utilized as a part of 

down to earth burners is the utilization of the whirling streams to enhance 

blending. 

2.3 Flame Stabilization  

The structure of the focal invert stream zone (CRFZ) is the most 

noteworthy marvel in whirling ignition streams as it frames a streamlined 

fire holder whose size and shape can be effectively affected by both 

working conditions and geometry. Consequently the acquirement and 

resultant properties of the CRZ are adaptable and can be coordinated 

specifically into burner configuration .to put it plainly, the CRZ re-circles 

hot ignition items upstream towards the low speed areas where the 

neighborhood stream speed can coordinate the fire speed shaping an 

exceedingly stable fire ,as a rule in the nearness of the burner leave .the 

outcome is a mind boggling three dimensional stream produced at high 
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degrees of whirl ,which gives locales of high shear ,increment reactant 

living arrangement times ,upgrades fire dependability and increment the 

ignition force .average streamlines illustrative of this wonder are 

appeared in Figure1 [2]: 

 

Figure 1: Recirculation in a swirling jet adapted from Beer and Chigier 

 

Similar CRZ contours have been derived through the CFD analysis in this 

project .they are similar as shown Figure 2 below. The CRZ appears in 

the middle of the contours past the burner exit throat. 

 

Figure 2: flame stability diagram 
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The principle fire is very much tied down at the exit of the spout, and the 

tubular fire proficiently supplies warmth and radicals to the fundamental 

fire. In the ducted ignition the weight vacillations are lessened essentially. 

The fumes gas investigations, in any case, show that a relatively 

substance balance condition can be accomplished at 50 m/s, however not 

at 90 and 130 m/s. Since the vitality input with respect to the principle 

fire is only 6.1% at 130 m/s, the present tubular burner isn't sufficient to 

consume all the unburned gas totally at high speeds, in spite of the fact 

that the fundamental fire can be tied down. The opening length or 

potentially the opening width of the tubular fire burner ought to be bigger 

to beat this lack. From the above outcomes, it is presumed that the tubular 

fire has a potential for balancing out a fire in a fast stream. 

 

Figure 3: Shows the shape of flame 

2.4 Flashback 

One of the central highlights of all premixed fuel ignition frameworks is 

an inclination towards flashback. Flashback happens when the gas speed 
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(stream of approaching reactants' blend speeding along some streamlines) 

ends up littler than the turbulent fire consuming speed and the fire 

proliferates upstream into the premixed entry (premixed or burner tube), 

this section can't withstand high temperature. Subsequently, this will 

cause equipment harm as demonstrated as follows:  

2.5 Swirl flow and its effect on combustion 

A whirling stream is characterized as one experiencing synchronous 

pivotal and vortex movements. It comes about because of the utilization 

of a spiraling movement, a twirl speed segment (unrelated speed part) 

being conferred to the stream by the utilization of whirl vanes, hub in 

addition to digressive passage whirl generators or by coordinate 

extraneous section into the chamber .  

Innovatively, the utilization of whirl generators has been basic for the 

new of hardware fit for lessening outflows, enhancing solidness, while in 

the meantime expanding blowoff limits. The utilization of whirling 

streams is a surely understand system to increment turbulent fire speed, 

lessen combustor estimate, maintain a strategic distance from flashback 

and enhance blending of reactants so as to diminish emanations and 

increment control thickness.  

For over two centuries, whirl burners have been utilized for the ignition 

of fills like pummeled coal and coke. These days, generally expansive  

All through the most recent couple of decades various investigations have 

been completed to get a superior comprehension of the different 

fundamental marvel. Burning frameworks utilize some type of whirl 

combustor.  
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The precessing vortex center (PVC) is one of these wonders. This goes 

about as a low recurrence mixing system, and regularly associates 

unequivocally with the CRZ, which is the element of twirling streams 

which give them their huge fire adjustment attributes. Be that as it may, 

some intelligent vortices and vast scale structures show up in the stream 

under specific conditions, for example, the utilization of high whirl, high 

stream rates or variable equality proportions. There are as yet numerous 

vulnerabilities in regards to the event of some sound structures, their 

impact and their connection to the vital focal distribution zone (CRZ), 

where the blending and fire adjustment process happens. Subtle elements 

of this zone and blending potential have been broadly researched. The 

CRZ is critical for enhancing blending and preheating of the flammable 

blend and air.  

Numerical strategies, especially CFD examination has been one of the 

commonplace methods used to investigations the whirling stream 

administration. A large portion of these reenactments have discovered 

comparative perceptions notwithstanding when they have utilized diverse 

criteria. All techniques have utilized the Navier– Stokes conditions to 

settle the liquid stream conditions. 

2.6 Basic swirl stabilization effects 

The run of the mill estimations of twirl number in vaporous and fluid let 

go whirling planes are between (0.25-2) , tornado combustors can go 

from (6-30) , though clean separators ordinarily work with levels between 

(2-6) .  

The essential impacts of twirl on the consequent stream field can be 

partitioned into three classifications in light of the level of whirl:  

1-Weak Swirl, S < 0.6  
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2-Critical Swirl, S = 0.6  

3-Strong Swirl, S > 0.6  

2.7 Swirl number  

The essential quality of a furnace fundamental burner is ordinarily part 

into "pivotal" and "twirl" air, with each being a level of the aggregate and 

their whole meeting 100%. The fire shape is balanced by fluctuating the 

extents of hub and whirl air. Notwithstanding, there is no recipe (that I 

am aware of) which relates the shape to the %swirl air. The significance 

is to record the rates to build up the gauge for ideal oven activity.  

The twirl air and its setting is most extreme imperative to the sintering 

procedure. This setting considerably impacts the fire shape and the fire 

shape itself essentially impacts the warmth move into the clinker bed. 

What's more, this impacts the sintering procedure hence the free lime and 

bond quality broadly. So the way to upgrading the sintering procedure 

lies in improving warmth move into the clinker.  

It isn't sufficient to once locate the best setting or relation. It's a burner-

deep rooted occupation to advance this. This is one motivation behind 

why burner makers like are putting forth full computerization for the 

whirl air setting.  

In any case, the fire shape and fire temperature are controlled by a few 

fluctuating impacts however one the very pinnacle of vital is the whirl air. 
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Chapter Three 

Experimental Part 

3.1 Experimental Setup: 

The burner has been done from a stainless steel material and it’s made in 

the laboratory Of Al-Qadisyah University, college of engineering, 

Mechanical department. 

The burner components is consist of two pipes have the same dimensions 

as the inlet of the air or air and fuel mixture (tangential inlet). The other 

pipe (sleeve) of different dimension as the exit of the air flow and a 

container pipe ( swirl chamber ) with large diameter to contain the air 

swirling process before exit and also have used two flanges one at the top 

and the other at the bottom to connect all the parts together as shown in 

Figure 1.  
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Figure 1: Main swirl chamber 

 

Inlet pipe 

 Exit pipe 

Container Pipe  

 Flange 
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The experimental model rig of the tangential swirl burner made and 

assembled in the mechanical Engineering department laboratory as shown 

in Figure 2. 

 

 

Figure 2: Swirl Burner Assembled 
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Measuring devices used to measure the air flow through the combustor 

conventional air flow meter shown in Figure 2. Moreover the turbine flow 

meter has been used to measure the gas flow which shown in Figure 3. 

 

 

Figure 3: Flow meter 

 

 
 

Figure 3: Turbine flow meter 
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Also in the setup valves has been used. Valve is a device that regulates, 

directs or controls the flow of a fluid (gases, liquids, fluidized solids, or 

slurries) by opening, closing,  

Product description:  

Power: Manual, Structure: Needle 

Pressure: High Pressure  

Media: gas, water and so on  

Temperature of Media: High Temperature  

 

   

 

3.2 Calculation of Geometrical Swirl Number: 

Swirling flows occurs as a result of the application of spiralling motion to 

the flow. The degree of swirl imparted to flow is characterised by the 

swirl number S. The swirl number is a non-dimensional number 

representing the ratio of axial flux of angular momentum to the axial flux 

of axial momentum times the equivalent nozzle radius 
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where: 

   ∫(         ̅̅ ̅̅ ̅̅ )    

 

 

 

 

and 

   ∫ (        ̅̅ ̅̅  (    ))    

 

 

 

 

 

However, the above equations require knowledge of all the velocity and 

pressure profiles at every condition and giving a different swirl number at 

each point of the flow domain. This kind of calculation would be 

extremely difficult to undertake.  

Syred and Beer in 1974 [2] proposed that this expression could be 

simplified for constant density environments, i.e. isothermal conditions, 

to a simple function of geometry: 

   
       

  

 

   
   

 
         

   
    

 
          

     
  

 
( )  

     
  

 
(    )                    
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Sg = 1.4715 

The swirl number above mean that the swirling flow will be high as it 

mentioned in previous chapter that the swirl number above 0.6 

recommended as high swirl number. 
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Chapter Four 

Results and Discussion 

 

4.1 Experimental Tests: 

For the tangential combustor has been studied in this project, Figure 1 

below shows the schematic diagram of the experimental setup which has 

been cover in former chapter. 

In this assembly can achieve three types of fire mixing: 

1- Non-premixed  

Valve No. Valve 1 Valve 2 Valve 3 Valve 4 

case open Open closed open 

 

2- Premixed 

Valve No. Valve 1 Valve 2 Valve 3 Valve 4 

case open Open open closed 

 

3- Partially premixed  
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Valve No. Valve 1 Valve 2 Valve 3 Valve 4 

case open Open open open 

 

By this kind of setup easily control the case needed to be studies 

 

 

Figure (1) schematic diagram of the experiment setup 

 

Figure 2 shows the actual photographs of the assembled experimental 

stuff and one flame photo through out of ongoing experiment. 
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Figure (2): The assembled tangential swirl combustor and premixed 

flame 
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4.2 Experimental Data and Results 

The main experimental apparatus used are  

1- Turbine flow meter measure fuel volume flow rate in cubic meter 

per hour  

2- Air flow meter measure air volume flow rate in cubic meter per 

hour  

 The procedure for obtaining the equivalence ratio is shown below; 

Firstly we should calculate the mass flow rate of air and for air density 

           

 ̇       

Secondly we will find the mass flow rate of the fuel, the turbine flow 

meter measure the volume flow rate of fuel gas and it is measure from 

a digital display, mainly the cock gas fuel is propane and the 

properties of propane  

Gas Properties LPG 
(Propane) 

Chemical Formula C3H8 

Energy Content: MJ/m3 93.2 

Energy Content: Btu/ft3 2572 

Energy Content: MJ/kg 49.58 

Boiling Temp: Cº -42 

Flame Temp: Cº 1967 

Flame Temp: Fº 3573 

Gas Volume: m3/kg 0.540 

Specific Gravity 1.5219 

Density @15ºC: kg/m3 1.899 
 

 ̇        

Then actual air fuel ratio has been calculated by dividing air mass flow 

rate to the fuel mass flow rate  

    
    ̇

     ̇
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Lastly we find equivalence ratio by dividing stoichiometric air to fuel 

ratio to the actual stoichiometric air to fuel ratio 

  
(   )               

(   )      
 

For the three cases has been tested the results can be summarized in the 

following tables 

 

 

Non-premixed combustion 
Air volume flow 
rate Qa (m

3/h) 
Gas volume flow 
rate Qf (m

3/h) 
equivalence 
ratio   

Flame velocity vf 
m/s 

8 33 1.012344 4.611742 

9 36 0.981667 5.178571 
11 38 0.847803 6.277958 

Table (1): Non-premixed combustion results 

 

Premixed combustion 
Air volume flow 
rate Qa (m

3/h) 
Gas volume flow 
rate Qf (m

3/h) 
equivalence 
ratio   

Flame velocity vf 
m/s 

8 30 0.920313 4.586039 

9 32 0.872593 5.1443 
11 35 0.780871 6.252255 

Table (2): Premixed combustion results 

 

Partially-premixed combustion 
Air volume flow 
rate Qa (m

3/h) 
Gas volume flow 
rate Qf (m

3/h) 
equivalence 
ratio   

Flame velocity vf 
m/s 

9 35 1.073698 4.628878 

8 38 1.036204 5.195707 
11 40 0.892424 6.295094 

Table (3): Partially-premixed combustion results 
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4.3 Discussion  

Gas turbine combustor studied in this project is tangential swirl 

combustor gives stable flame within a range of equivalence ratio for 

different kinds of mixing as mentioned above. The best mixing and 

favorable method is premixed as it gives the most refine mixing between 

air and fuel and as a result decreases the bad emission which is 

undesirable for the environment issue. 

This can be clear seen in Figure 2 shows the variation between the flame 

velocity and equivalence ratio and it can be seen clearly the premixed 

mixing gives the same velocity but with low equivalence ratio which is 

means lean mixture than the other methods with in some values goes to 

rich region. 

For this project the experiments have not encountered any instability, 

flashback and blow off characteristics.  

 

Figure (3): Flame velocity variation with Equivalence ratio 
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Chapter Five 

Conclusions and Recommendations 

for Future Work  

 
 

5.1 Introduction 

The importance of the various characteristics of gas turbine swirl 

combustors has been demonstrated throughout this work. These 

characteristics included Equivalence ratio, stability, flashback, blow off, 

swirl number, and fuel type. Therefore, their analysis requires extensive 

experimental work in order to understand these characteristics, with the 

aim of being able to control some or all of them to reach the optimum 

burning condition; this gives the minimum design and operation costs as 

well as decreasing the amount of pollution produced through the 

operation of gas turbine combustors. 

5.2 Conclusion  

There are many point can be conclude from this project: 

 The all types of combustion non-premixed, premixed and partially 

premixed combustion was stable during the experiments. 

 flashback is affected by many parameters that can increase the 

tendency of occurrence, like swirl number, type of fuel, shape of the 

burner exit, velocity of incoming mixture, flame speed and flow 
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turbulence. The latter factor plays the most important role in 

increasing the propensity of flame flashback. 

 Flashback and blow off are unwanted phenomenon in the combustion 

process because the former one has many of unwanted consequences 

that could lead to the destruction of a part of the combustor. 

 Different flame shape can be seen through different values of air and 

fuel velocities. 

 The premixed leads to lean mixture with the same flame velocity 

compare with the other types of combustion non-premixed and 

partially premixed. 

 

5.3 Recommendation for future work. 

Many suggestions and ideas could be made for upcoming research, and 

can be summarised as follows: 

 The CFD work could be included. 

 More design could be developed to give a greater range of swirl 

numbers. 

 Different shapes of confinement could be investigated, especially 

the configuration of the confinement exhaust as the conical cup 

exhaust was not very successful with hydrogen enriched fuels.  

 The development of new fuel injectors in conjunction with 

appropriate rig nozzles, which can increase stability by anchoring 

the flame and reducing flashback. 

 Other fuel type could be used like methane. 
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