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Abstract:  

The demand for gas turbine engines with reduced emission levels, stable combustion conditions and low specific fuel 

consumption is the goal at the past two decades .The combination of prior requirements is the way to an efficient combustion. 

Many researchers investigated these requirements by using different techniques one of this was the pilot injections technology in 

EV burner in order to achieve our main goal which is stable combustion at low emissions .The main goal of this paper is to 

provide an overview of, the flow field investigations, and flow field interaction in a swirl stabilized EV burner.  In order to fulfill 
our main goals, modern concept was inspected. This concept was applied by manufacturing a swirl stabilized EV burner with its 

combustor (manufactured at the T.E.S Company, Cairo, Egypt). The effect of this modern technique on the flow field and on 

stability and combustion control was discussed, regarding NOx and CO emissions in that burner. Finally a survey of the current 

applications of large-eddy simulation (LED) for predicting the flame structure and also other physical properties and flow field 

visualization 
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I. Introduction                
The demand for gas turbine engines with reduced emission 

levels, stable combustion conditions and low specific fuel 

consumption is the goal at the past two decades. [1] 

Combination of prior requirements is the way to an efficient 

combustion [2]. Lean combustion is employed in nearly all 
combustion technology sectors, including gas turbines, boilers, 

furnaces, and internal combustion engines. This wide range of 

applications attempts to take advantage of the fact that 

combustion processes operating under fuel lean conditions can 

have very low emissions and very high efficiency [1]. 

Pollutant emissions are reduced because flame temperatures 

are typically low, reducing thermal nitric oxide formation. In 

addition, for hydrocarbon combustion, when leaning is 

accomplished with excess air, complete burnout of fuel 

generally results, reducing hydrocarbon and carbon monoxide 

emissions. For power generation, premixed gas turbine 
combustors need to be operated as lean as possible to secure 

sub-10 ppm concentrations of NOx emission. In a combustor 

under fuel-lean conditions, achieving stable combustion 

requires overcoming several inter-related problems such as 

flame stabilization, flame stability and extinction, and 

combustion oscillations or thermoacoustic instabilities which 

depend on the boundary conditions of the engine.  

 

Most of gas turbine injectors make swirl configurations that 

produce a central toroidal recirculation zones to provide the 

dominant flame stabilization mechanism [3].Swirl increases 

fuel-air mixing, improves flame stabilization, and has a strong 
influence on flame characteristics and pollutant emissions [4]. 

The present paper will  discuss  an overview of , the flow field 

investigations, and flow field interaction in a swirl stabilized 

EV burner. It was focused on the usage of the pilot injection 

technology in EV burner for performing the emission 

reduction at stable operating combustion conditions.  

 

For fulfilling what mentioned before, manufacturing process 

was done for the EV burner including its combustor including 
the changes induced by pilot injections in the main flow field 

at reacting and non-reacting conditions in a swirl stabilized 

burner. 

 

II. The EV Burner  

The burner used in this investigation was a full size conical 

swirl burner designed by ABB  (manufactured at the T.E.S 

company, cairo) with across-sectional area expansion ratio of 4 

for flame stabilization as shown in Fig. 1. It consists of two 

halve cones shifted with respect to each other in radial 

direction [5]. The diameter of each cone-half at the outlet is D 

= 82 mm. This diameter is used as a reference length for all 
characteristic numbers. The air flow enters the cone 

circumferentially through two lateral inlet slots of constant 

width. This generates a strong azimuthal velocity component 

resulting in a high degree of swirl (Swirl no. = 0.7). Together 

with the area jump at the burner outlet, this leads to a vortex 

breakdown near the burner mouth followed by a recirculation 

zone where the flame is stabilized aerodynamically [6]. During 

the combustion conditions, mixing of swirling air and main 

fuel results in nearly premixed combustion [7].  

 

A natural helical flow structure corresponding to a helical 
instability could be observed at the burner outlet in isothermal 

and reacting cases [8] . The recirculation of hot combustion 

gases at reacting conditions leads to a second oxidation and in 

turns a reduction of carbon monoxide. Flow instabilities are the 

disadvantages of this type of flame stabilization and 

accompanied by complex three-dimensional coherent 

structures [8]. 
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Figure 1: Sketch of Swirl Stabilized EV Buener . 

The manufacturing  process for the EV Burner components as 

shown in Fig. 2. was done on CNC milling-turning machine 

due to its high degree of precision and accuracy,  while its 

whole combustor Fig. 3. was manufactured on  center lathe 

 
 

 

 

 

 

 

 

  

 

 

 
 

 

 

 

 

Figure 2: Disassembly of Manufacturing Components of  EV  

Buener           

 

         

 

 

 

 

 

 

 

 

 

 

Figure 3: Assembly of  Manufacturing Components of      

Combustor . 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 4a: Assembly and Crossection  of  Manufactured  EV 

Burner Test Rig . 

Including its cooling system and a lifting device which is 

essential in lifting the combustor in the case of breaking of the 
silica glass during the flame propagation through it . All these 

components ( EV burner test rig ) Fig. 4a. (manufactured at the 

T.E.S company, cairo) fixed on a portable stand and also it was 

put in consideration that all these components being portable 

for easily usage and handling through diffrent labs at mattaria 

engineering university. Some of the common secondary or 

machining processes used are turning , threading, milling, 

drilling Sawing, grinding, shaping and honing. It was put into 

consideration that all the manufactured components of the 

combustor, stand and lifting system were painted with dark 

dull color to prevent any errors during experimental 

measurements using PIV because black dull color absorbs all 
lights and reflects nothings that’s why no errors will exist due 

to color choice. 

 

 
 

Figure 4b: Assembly Of Fuel and Air Connections in EV burner  

The ev burner fig. 4b. shows a lot of modifications were done 

in the ev burner after being manufactured inorder to adapt the 

burner for cold and hot flow evaluation.All this modifications 

as follows:- 1- A mixer of gases fixed at the top of fuel pipe 

with three inputs for mixing of different gases.  2- A burner 

flange for vertical suspension of ev burner in the test rig .     3- 

A secondary cylindrical air tube threaded from one side with 
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the burner flange while its other side closed by a flange with 

two inputs of air from two compressors and with circular 

outputs for swiriling the air coming from the compressors 
inorder to improve mixing of gases with air and for 

combustion enhancement . 4- A stainless steel pipe of 

diameter 21.3 mm was fitted inside the fuel pipe of EV burner 

to separate the fluidics line from the main fuel line. 5-A 

threaded fluidics mechanisms also was fixed on the upper end 

of the fluidics with two inputs including two supports which 

gives us easily motion for the fluidics inside the whole cone 

length of EV burner                                                                     

III. Pilot Injections History in Gas Turbines Engines  

Thermocaoustic instabilities in gas turbines engines can arise 

if pressure amplitude oscillations p' (t) are in phase with heat 

release fluctuations Q'(t) and if the acoustic energy E exceeds 

the dissipation losses. This can be summarized by the 

 

  

V t

dtdVQpEPQ 0  may be unstable [9]       (1) 

Some significant stability and noise control breakthroughs 

have been developed by the gas turbine designers but it still in 

instability ranges and produces significant noise levels that 

must be mitigated or reduced to make these engines 

compatible with either environmental or occupational 

regulatory noise requirements [10].  To suppress combustion 

oscillations some modifications are taken in consideration. 

These modifications are constriction of duct, use of resonators, 

use of sound absorbent material, modified sudden expansion, 
modified disk-type flame holder and modified fuelling 

arrangement. It is common to rely on a pilot injector to operate 

lean premixed gas turbines. The pilot fuel allows the reaction 

to continue even if the reaction produced by the main fuel/air 

mixture starts to suffer some degree of instability. The pilot is 

generally directed into a strategic location in the combustor to 

enrich a region that will help sustain the reaction. A common 

location is along the centerline into a recirculation zone [1]. 

Numerous experimental works have been performed to control 

or characterize combustion instabilities on the swirl stabilized 

burner [11] , [8] , [12]. Different pilot fuel injection types and 
locations have been tested and showed for several 

configurations positive results regarding NOx and stability. An 

axisymetric mode matching the ¼ wave of the resonance tube 

was typically occurring and dominated the instability 

mechanism. Phase averaged flame visualization showed that 

the flame is oscillating between two positions; one located 

inside the burner and the other located at the outlet of the 

burner. The oscillation of the flame position leads to an 

oscillation of the flame surface at the fuel injection location, 

generating fuel air ratio oscillations. Fuel air ratio fluctuations 

lead to oscillation of the heat release, which feeds the 

thermoacoustic cycle and may sustain combustion instabilities. 
Albrecht is stabilizing the flame by a pilot fuel injection only. 

When switching on the pilot fuel, the flame stabilizes in 

numerous cases inside the burner, leading the diffusion like 

flame. This flame, when it is stable, has the disadvantage to 

generate high NOx emissions. To circumvent this problem, 

Albrecht proposed to use premixed pilot fuel injection as well 

as pulsated pilot fuel injection and decreased successfully the 

NOx penalties compared to a standard pilot injection [11] . 

Lean burn combustors comprising round sudden expansions 

use a pilot stream at the core to stabilize an otherwise lean 

flow [1].  

 

IV.Pilot Injections Mechanism 

Typically, gas or liquid fuel is injected through the pilot to 
influence the combustion. The work performed by Albrecht 

shows that the premixing of fuel and air may have a positive 

impact on the stability and NOx emissions of a premixed swirl 

inducing burner [11]. The typical fuel staging, presented by 

Alstom, deals only with the injection of fuel through the pilot 

lance in order to increase the control authority on pulsations 

and emissions. The fuel injection in this case has a marginal 

impact on the flow field. In this paper , a specially designed 

pilot injector is tested and shows that a strong jet momentum 

with a lean pilot injection can help to stabilize the flame. Two 

different pilot injectors are used: a single injection pilot and a 

multi injection pilot. The single injection pilot is a single hole 
with diameter of 5mm. The multi injection pilot injector has 5 

holes of 1 mm diameter one at the centerline and 4 holes of 45° 

distributed circumferentially around it (see Fig. 5- lower ). The 

single injection pilot remains unchocked in the whole range of 

air mass flows considered (<20 kg/h at 20°C) while the multi 

injection pilot is chocked for air mass flows superior to 5.5 

kg/h (20°C). The pilot lance is prepared to move easily from 

the burner underside to the burner dump plane. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 5: Sketch of the Swirl Stabilized Burner (upper) and the 

Pilot Injectors (lower). 

 
Figure 6 exhibits two sketches for flow zones and flame zones. 

As shown in the figure, the pilot can move from up to down in 

length of Xp=Xmax. Pilot injection at the burner centerline 

serves to force the flame to stabilize out side the burner. Three 

flow zones are noticed in the upper figure. First one is the 

internal recirculation zone which resulted from the swirl 

configurations. The flow inside this region is associated with 

high shear rates and strong turbulence intensities resulting 

from vortex breakdown. The second zone is the corner 

recirculation zone and constructed between the burner dump 

plane and the silica glass lower combustor surface. The third is 

the pilot flow zone which is on the burner centerline. In 
reacting flow, three flame zones are shown in the lower figure: 

the premix zone, the mixing zone, and the pilot zone. 
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Figure 6: Sketch of the Swirl Stabilized Burner Flow (upper) 

and Flame Zones (lower) 

 

V. Combustion Test Facility of EV Burner 

 All combustion results presented here were obtained in the 

atmospheric combustion test facility shown in Figure 7. 

Combustion air is supplied via a preheater. The facility has a 

300 mm long air-cooled quartz glass combustion chamber 

with an inner diameter of 230 mm that allows for optical 

access to the flame. A water-cooled resonance tube of the 

same diameter and 1050 mm in length is attached to this 

combustion chamber. The resonance tube consists of two parts 
connected by flanges.  

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 7: Faculty of Engineering Mataria Combustion Test 
Facility . 

 

The downstream part is equipped with five water-cooled 

microphone holders. In case of combustion instabilities, the 

selected length of the resonance tube results in a quarter wave 

mode with an oscillation frequency close to those typically 

found in full-scale engines. Figure 7. also shows the three 

supply lines for the bluff body burner configuration: natural 

gas for the burner's main fuel supply; nitrogen and natural gas 

for the fluidic oscillator in case of its insertion in ev burner . 

Each supply mass flow was controlled by an individual mass 

flow controller. Pressure oscillations in the combustion 
chamber were measured using a condenser microphone placed 

into the most upstream microphone holder of the resonance 

tube. The heat release oscillation was measured using two 

photomultipliers equipped with narrow band-pass filters 
centered at 308 nm. At this wave length, the photomultipliers 

captured the flames light emission associated with OH* 

chemiluminescence, which is assumed to be proportional to the 

heat release [13]. Additional to the photomultiplier, an ICCD 

camera also equipped with narrow band-pass filter centered at 

308 nm was employed to record the spatial heat release 

distribution of the flame. 

 

Table I 

LOCATIONS OF THE MEASURED PARAMETERS WITH 

MEASURING DEVICES 

Measured 

Parameter 

Measuring 

Device 

Location 

Temperature of the 

preheated air 

Thermocouple Burner exit 

Emissions Emissions probe Burner exit 

Pressure oscillations Microphone Burner inlet 

OH-of the flame  

Chemiluminescence 

ICCD camera Inside the 

Quartz glass 

Analyzing,evaluating   

the flow field 

PIV laser Inside the 

Quartz glass 

Mass flow of the 

pilot Fuel, Air , main 

Fuel 

Mass meters Burner inlet 

 

VI.Combustion Charactristics of Injection of Pilot Fuel in 

EV Burner at Short Combustion Chamber 

Some investigations are performed to the burner in short 

combustion chamber (L=8.17 D) during the injection of pilot 

fuel and proved at lean mixtures (overall=0.552) that the 

baseline combustor with no pilot injection and at Xp/Xmax= 0 

is remaining stable. The test is performed at different axial 

locations from burner bottom to burner dump plane. The RMS 

values of the pressure oscillations are used as an indicator to 

the combustion instability. For RMS values smaller than 0.8, 

the combustor is stable, see Fig.8.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: RMS P [v] at Different Pilot Locations for the Short 

Combustion Chamber. 

 

Values above unity are considered unstable and present a clear 

dominant peak in the power spectrum density as shown in 

Fig.9. The figure shows the consistency of the pressure spectra 
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and OH* spectra (measured by photo multiplier of OH) at the 

unstable location (Xp/Xmax=0.5) and stable locations 

(Xp/Xmax= 0, 0.68, and 1.0) [14] .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Pressure Spectra (top) and OH* Spectra(bottom) for 

Different Xp/Xmax at 7% pilot Fuel Ratio for the Short 

Combustion Chamber. 

 

From these four injection locations at 7% pilot fuel ratio, only 

Xp/Xmax= 0.5 injection location shows an unstable behavior, 

generating higher NOx emissions (see Fig. 10). A dominant 

peak at 159 Hz at pressure spectrum and OH* spectrum is 

noticed as a result of the instability.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: NOx (ppm) Ref. to 15% O2 at Different Pilot 

Locations for the Short Combustion Chamber. 

 

For the other injection locations, the increase of pilot fuel 

injection leads to a typical decrease of pressure oscillations or 

combustion noise. At the same time, NOx emissions increase 

as the pilot fuel injection increases which leads to a decrease 

in the mixture quality. The best injection location regarding 

low noise, low NOx, and low CO emission is the baseline one 

at Xp/Xmax= 0 (Fig. 8,10,11). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: CO (ppm) Normalized to 15% O2 at Different Pilot 

Locations. 

 

 Electronically excited oxygen species give rise to most of the 

chemiluminescence [15] . The existence of OH expresses the 

oxidation in the combustion reaction and accompanied by the 

chemiluminescence. For that, the images captured from the OH 

chemiluminescence camera system are effective to express the 

heat release of the combustion reaction depending on the 

oxidation process. OH* chemiluminescence images are shown 

at Fig. 12  for different pilot fuel injection ratios. It 

demonstrates the effect of pilot fuel injection on the flame in 

the shape of heat release accompanied with the flame 

luminosity. The products of a chemical chemiluminescent 

reaction like combustion are delivered in an excited electronic 

state. Because the reaction is a chemically exothermic, it is 

accompanied with heat release and light. As the pilot fuel 

injection increases, the heat release increases and the OH* 

chemiluminescence is higher especially at the flame lobes, 

which offer a higher light on the flame boundary, and leads to 

an anchoring of the flame at the pilot lance end Fig. 12. 

 

 

 

 

 

 

 

 

 

 

Figure 12: OH- Chemiluminescence at Different Pilot Fuel 

Mass Flows and at the Burner Apex. 

 

VII. Combustion Charactristics of Injection of Premixed 

Pilot Fuel in EV Burner at Short Combustion Chamber 

To reduce the instability and enhance the combustion 

performance for Xp/Xmax=0.5, a small percentage of the main 

air (0.45% of the main air), just for tuning, was transferred 

through the pilot injector and mixed together with the fuel in 

pilot injector. The stable cases remained as before, and a slight 

decrease of the instability level at the location of Xp/Xmax= 

0.5 is obtained compared to the pure injection of fuel (Fig. 13 

and 14).  
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Figure 13: RMS P at Different Pilot Locations and at 0.45% 
Pilot Air Ratio. 

 

It is better for the whole locations in the stability compared to 

the last case. See also Fig. 15, it proofs that the transfer of 

pilot air accelerates to stability faster than the case with pilot 

fuel only at 8.17 D short combustion chamber and at using of 

multi injection pilot end. The pressure and OH* spectra 

presented at Fig. 16 show that the unstable case for position 

Xp/Xmax=0.5 can be stabilized by injecting more air through 

the pilot lance transferred from the total air mass flow. Two  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: NOx ref. to 15% O2 at Different Pilot Locations 

and at 0.45% Pilot Air Ratio. 

 

 

strong peaks are present around 160Hz and 220Hz. The peak 

around 320Hz corresponds to the helical structure of the flow 

field evidenced in previous investigations. An increase of air 

injected through the pilot for the unstable case decreases the 

main peak by 20dB. It also suppresses completely the peak of 

the helical structure, suggesting that the multi injection pilot 

strongly affects the coherent structure. These results show that 

the unstable case at Xp/Xmax=0.5 could be stabilized by 

increasing the pilot air ratio (Фoverall = Фinj), and the 

methodology was further applied to the other equivalence 

ratios and boundary conditions. Фoverall is calculated from 

the total fuel and the main air while Фinj is calculated from the 

pilot fuel and injected pilot air. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 15: RMS P at Different Pilot Air mass flows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 16: Pressure (top) and OH* Spectra (bottom) for the 

Multi Injection Pilot, Position Xp/Xmax=0.5 Showing the 

Stabilizing Effect of Increasing Air Injection (green, 2.7% of 

the main air and red, 7.3% of the main air) at Constant Fuel 

Mass Flow Compared to the Case Without Pilot Injection 

(blue). 

 

VIII. Evaluation of Transfer of Pilot Air Flow Through 

The Pilot Injector in EV at Short Combustion Chamber 

 

The tests with pilot air injection only were performed first in 

the short combustion chamber. For these tests, the power as 

well as the total equivalence ratio are maintained constant, the 

control occurs only with a transfer of the main air flow through 

the pilot injection.  For different pilot end locations of the 

multi injection pilot and at Фoverall = 0.552, the effect of air 
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injection on the combustion performance is inspected. The 

preheating temperature is set at 150°C. It is evident that the 

best injection location is again at the bottom of the burner, as 

high amount of air reduces pressure pulsations at the whole 

locations. At two third of the burner height location, the RMS 

(P) is higher but it is still in stable range (Fig. 17) and NOx 

emissions also are higher at this position (Fig. 18). Air transfer 

also offers a reduction in CO for all locations as shown in Fig. 

19. Flame visualization, performed with OH-

Chemiluminescence, shows the impact of the multiinjection 

pilot located at quarter the burner height (Xp/Xmax=0.25) and 

at Фoverall = 0.552 on the flame location. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: RMS P at different Axial Locations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: NOx (ppm) Ref. to 15% O2at Different Axial 

Locations. 

 

Figure 20 reveals that the injection of 6.8% of the total air 

flow through the pilot changes completely the flame shape. 

While the standard injection presents a homogeneous reaction  

 

 

 

 

 

 

 

 

 

 

Figure 19: CO (ppm) Ref. to 15% O2 at Different Axial 

Locations. 

 

 

 

 

 

 

 

 

 

 

Figure 20: Influence of Pilot Air Injection on OH 

Chemiluminescence at Short Combustion Chamber (8.17 D). 
Multi- Injection Pilot Located at Burner Quarter 

(Xp/Xmax=0.25) Axial Location, Left: No Air Injection, 

Right: Air Injection is 6.8% Of Total Air Mass Flow. 

 

Zone at the burner outlet, the pilot air injection transfers the 

flame location on 2 sides of the combustion chamber. The 

effect of pilot injector shape on stability at different total 

(overall) equivalence ratios (Фoverall) is studied first in the 

long combustion chamber which offered higher instabilities 

without air injection. The pilot injector is located at the bottom 

of the burner (Xp/Xmax=0) which represents the best stable 

position. The preheating temperature was set at 150°C and two 

equivalence ratios Фoverall = 0.552 and Фoverall = 0.583 were 

tested. The results presented in Fig. 21 and 22 show that both 

injections are able to give a stable flame but the multi hole 

injector is still more efficient than the single one in reducing 

the pressure oscillations. Shortly, the transfer of a certain 

percentage of air mass flow has a positive effect on the 

stability and emissions. 

 

 

 

 

 

 

 

 

 

 

Figure 21: RMS P at Different Pilot Shapes and at Ф Overall= 

0.552. 

 

 

 

 

 

 

 

 

 

 

 

Figure 22: RMS P at Different Pilot Shapes and at Ф Overall= 

0.583. 
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IX. Simulation Modelling Techniques of Combustion for 

Propulsion Applications   
Predictive modelling of turbulent combustion is becoming 
increasingly important for the development of air-breathing 

engines, internal combustion engines, furnaces and for power 

generation. The increase in computational power in the past 

decade has made many of these flow configurations 

numerically accessible. In the gas turbine industry, Reynolds-

averaged Navier–Stokes (RANS) models, together with 

flamelet or eddy break-up combustion models, are the primary 

means of analyzing combusting flows [16], mainly due to their 

fast turnaround time and success in providing design guidance 

for meeting exit temperature profile requirements. RANS has 

also been used to predict emissions, but such predictions have 

met with mixed success. For high-speed gas turbine engines, 
similar methods are currently used, often together with more 

detailed chemical reaction mechanisms [17], in order to better 

predict the ignition delay time of the mixture. A key issue for 

the successful operation of such engines is rapid mixing 

between fuel and air prior to self-ignition, which however is 

difficult to predict with RANS. Significant advances in 

modelling nonreactive turbulent flows are now possible with 

the development of large eddy simulation [18]. and similar 

methods. The philosophy behind LES is to explicitly solve for 

the large- (energetic) scale flow, directly affected by boundary 

conditions, while modelling the small- (less energetic) scale 
flow. The development of LES has so far primarily been based 

on ordinary turbulence theory and on RANS [19], resulting in 

improved predictions due mainly to that, in LES, the large 

scales are resolved. 

 

X. Large Eddy Simulation Combustion Modelling  

 

Considering the use of LES in modelling combustion for 

propulsion applications, we recognize the direct benefits 

offered by resolving the large-scale flow, but need to develop 

a better understanding for what is required in terms of 

modelling the turbulence–chemistry interactions, in particular 
for reduced reaction mechanisms, and how well such 

simulations can predict mixing, self-ignition, flame 

stabilization and combustion oscillations in complex 

geometries. The reactive flow equations are the balance 

equations of mass, momentum and energy describing 

convection, diffusion and chemical reactions [20]. In LES, all 

variables are decomposed into resolved and unresolved 

components like resolved density, pressure, velocity, 

temperature and species mass fraction. Also the constitutive 

equations for a linear viscous mixture with Fourier heat 

conduction and Fickian diffusion. In addition the species 
reaction rates, and the stoichiometric coefficients with the 

Arrhenius reaction rates being the rate constants. In addition to 

the subgrid stress tensor and flux vectors, representing the 

small-scale unresolved flow physics that needs to be modelled. 

The viscosity, µ,is given by Sutherland’s law, and the species 

and thermal diffusivities are modelled. Here also  the mixed 

model is used [21].With a coefficient µ k being provided by 

the one equation eddy viscosity model[22]. To reduce the 

computational cost, we use wall-modelled LES, in which a 

subgrid wall model [23] is used to model the near-wall flow 

physics in the mixed model by adjusting  µ k in first near-wall 

cell. Finally LES flow solvers have been shown in the past to 
be able to model simple flames and are currently adapted for 

use in gas turbine combustors [24][25]. 

 

XI. Domain and Boundary Conditions  

The definition of the boundary conditions requires special 

attention, especially on the LES side due to the different 
turbulence modelling approaches. Since on the LES side a part 

of the turbulent spectrum is resolved, the challenge is to 

regenerate and preserve the turbulence at the boundaries. To 

impose RANS solutions at the outflow of the LES domain, a 

body force method has been developed [26]. At the LES 

inflow boundary, the challenge is to prescribe transient 

turbulent velocity profiles from ensemble-averaged RANS 

data. Simply adding random fluctuations to the RANS profiles 

lacks the temporal and spatial correlations of real turbulence. 

Such random fluctuations are therefore dissipated very quickly. 

Instead, a database of turbulent fluctuations is created by an 

auxiliary LES computation of a periodic turbulent pipe flow. 
On the RANS side, inlet and exit boundary conditions as 

shown in fig. 23 are applied using the time averaged solution 

from the LES side [27]. 

 

 

 

 

 

 

 

 
 

 

 

 
 

Figure 23: Boundary Conditions Scheme Among the EV 

Burner Coupled With a Combustor 

XII. Computational Setup  

The ev burner with the combustor was coupled, the entire 

domain was discretized using a fully three-dimensional block-

structure hexahedral mesh as shown in fig. 24 .  

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 24: Geometry and Computational Domain ( Mesh ) of 

EV Burner Inside Combustor 

This base mesh is locally refined to resolve the wall-near 
region. Steady- state Reynolds-averaged Navier-Stokes, mass, 

energy, and turbulence equations were discretized and solved 

using ANSYS-CFX V15 [28]. The inviscid flow equations are 

easily and accurately solved by using the method of 
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characteristics. The heat conduction and viscous equations are 

easily solved by finite difference central scheme. The CFD 

programs provide a turbulence-chemistry interaction model, 
based on the eddy simulation model proposed to renormalize 

the Navier-Stokes equations and to account for the effect of 

smaller scales of motion. The standard (k-ε) turbulent model is 

used to simulate reacting and non-reacting flows. It is assumed 

that the turbulent structure becomes more isotropic in the 

combustion field and the flow becomes fully turbulent in the 

derivation of this model. The CFD program provides a 

turbulence-chemistry interaction model, based on the eddy 

simulation model. The main reason being is that, these 

measurement techniques are intrusive in nature.  

 
XIII. Conclusion 
The burner used in this investigation was a full size conical 

swirl burner designed by ABB  ( manufactured at the T.E.S 

company, cairo ) with across-sectional area expansion ratio of 

4 for flame stabilization. It consists of two halve cones shifted 

with respect to each other in radial direction . The diameter of 

each cone-half at the outlet is D = 82 mm. This diameter is 

used as a reference length for all characteristic numbers. The 

air flow enters the cone circumferentially through two lateral 

inlet slots of constant width. This generates a strong azimuthal 

velocity component resulting in a high degree of swirl (Swirl 

no. = 0.7). 

 

The manufacturing process for the EV Burner components 

was done on CNC milling-turning machine at ( Nozom 

technology and electricity company, cairo ) due to its high 

degree of precision and accuracy. While the combustor was 

manufactured on ordinary center lathe machine and  painted 

with dark dull color to prevent any errors during experimental 

measurements using PIV because black dull color absorbs all 

light and reflects nothings that’s why no errors will exist due 

to color choice. 

 

A lot of modifications were done in the ev burner after being 
manufactured inorder to adapt the burner for cold and hot flow 

evaluation . 

 

The combustion test facility of EV burner consist of a lot of 

measuring devices inorder to evaluate the combustion 

characteristics of the flame and this was done by using 

thermocouple and emissions probe fixed at the burner exit to 

measure the temperature of the preheated air upstream and the 

exhaust temperatures and to analyze different emission 

parameters like Nox, CO,CO2,O2. Also a microfone and mass 

meters fixed at the burner inlet to measure pressure 
oscillations induced by the flow field in the combustion 

chamber and measure the mass flow measurements of the pilot 

fuel and air and the main fuel flow.Finally ICCD camera and 

PIV laser fixed around the quartz glass for recordings of the 

OH- Chemiluminescence of the flame and for analyzing and 

evaluating of the flow field. 

 

The control authority of the flame instability and emissions is 

performed by repartition of the fuel and air inside the burner at 

constant overall equivalence ratio Фoverall = 0.552 and 

power. Two pilot injectors are used for these investigations. A 

single-hole pilot injector and a multi-holes pilot injector give 
the same momentum flow. Different secondary injection 

combinations (pilot fuel, premixing of pilot fuel with air, air 

injection only) were fed inside the swirl stabilized burner at 

different locations of the pilot injector as well as at different 

total equivalence ratios. 

 
It is quite difficult to define simple rules which should be 

always valid for a good design of secondary pilot injectors. For 

example, depending on the acoustic boundary conditions, the 

position of the lance has a strong influence on the flame 

stability. Nevertheless, a multi pilot injector fed only with air 

and located upstream of the recirculation zone showed good 

results in stabilizing the combustor. 

 

The best results were achieved when the injector was 

positioned at the bottom of the burner (Xp/Xmax=0). It is a 

position for which the flame stability was achieved with less 

secondary air injection than the other pilot end locations. At 
this location, decrease of NOx emissions through mixing 

enhancement was also achieved. 

 

The strong air momentum induced by the multi-injection pilot, 

performs the flame stability, enhances the mixing upstream of 

the flame, and prevents the flame from traveling upstream into 

the burner. 

 

An oscillation of the flame stabilization location is a source of 

thermoacoustic instabilities. Precluding the flapping of the 

flame can thus prevent the thermoacoustic instabilities and is 
achieved by the injection of air upstream of the flame. 

 

In the gas turbine industry, Reynolds-averaged Navier–Stokes 

(RANS) models, together with flamelet or eddy break-up 

combustion models, are the primary means of analyzing 

combusting flows, mainly due to their fast turn around time 

and success in providing design guidance for meeting exit 

temperature profile requirements. RANS has also been used to 

predict emissions. LES flow solvers have been shown in the 

past to be able to model simple flames and are currently 

adapted for use in gas turbine combustors. 

 
The definition of the boundary conditions requires special 

attention , especially on the LES side due to the different 

turbulence modelling approaches. On the RANS side, inlet and 

exit boundary conditions are applied using the time averaged 

solution from the LES side. 

 

The ev burner with the combustor was coupled, the entire 

domain was discretized using a fully three-dimensional block-

structure hexahedral mesh. This base mesh is locally  refined 

to resolve the wall-near region. Steady- state Reynolds-

averaged Navier-Stokes, mass, energy, and turbulence 
equations were discretized and solved using ANSYS-CFX 

V15. 
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