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Abstract

New computational methods are continuously developed in order to solve problems in different engineering fields. One of these
fields is gas turbines, where the challenge is to make gas turbines more efficient and to reduce emissions that are bad for the
environment. One of the main parts of a gas turbine that can be improved is the combustion chamber. In order to optimize the
combustion chamber, both experimental and numerical methods are called for. An important topic is here to perform grid
sensitivity studies to make sure that the model yields mesh independent results. This paper reviews some of the recent
applications of the CFD in gas turbine combustor used in the power generation, aero-engines and combustion industries. The aim
is to illustrate what can be done and also to identify trends and those areas where further work is needed.
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I. INTRODUCTION

This paper presents a computational study of the flow field generated in a non-reacting gas turbine combustor and how that flow
field convicts through the downstream stator vane. Specifically, the effect that the combustor flow field had on the secondary
flow pattern in the turbine was studied. Data from a modern gas turbine engine manufacturer was used to design a realistic, low
speed, large scale combustor test section. This thesis presents the results of computational simulations done in parallel with
experimental simulations of the combustor flow field.

This paper the study is mainly focused on the gas turbine combustor performance and tried to evaluate the scope of the CFD
use to increase the combustor performance. Generated by the turbine, to achieve positive efficiencies, engineers would have to
increase combustion and inlet temperatures beyond the maximum allowable turbine material temperatures of the day.

I1. HISTORY, CONSTRUCTION AND PROCESS OF CAN TYPE COMBUSTION CHAMBER

A. History of combustion chamber

One of the earliest examples of jet propulsion can be traced as far back as 150 B.C. to an Egyptian named Hero. Hero invented a
toy that rotated on top of a boiling pot. The toy was propelled by steam exiting several nozzles arranged radially around a wheel.
(http://www.aviation-history.com/engines/theory.htm).

More than two thousand years later, the first flight of a gas turbine powered jet propelled aircraft occurred. Gas turbine
engines today operate according to the same basic principle as the aeolipile, the designs of aircraft gas turbine engines have
improved and evolved tremendously since the introduction of the first engine in 1939. The first gas turbine powered aircraft
reached top speeds of 435 miles per hour, developing 1100 pounds of thrust. Only sixty years later aircraft powered by gas
turbine engines are flying at speeds exceeding 2000 miles per hour producing 35,000 pounds of thrust. The incredible advances
in technology can be seen by comparing the first flight demonstration turbojet engine designed by Sir Frank Whittle and a
modern Pratt & Whitney F-119 turbofan engine shown in Figure 1

Fig. 1 Modern Pratt & Whitney F-119 Turbofan Engine
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B. Introduction of Combustion Chamber
The combustion chamber (fig.1) has the difficult task of burning large quantities of fuel, supplied through the fuel spray nozzles,
with extensive volumes of air, supplied by the compressor and releasing the heat in such a manner that the air is expanded and
accelerated to give a smooth stream of uniformly heated gas at all conditions required by the turbine. This task must be
accomplished with the minimum loss in pressure and with

The maximum heat release for the limited space available. The amount of fuel added to the air will depend upon the
temperature rise required. However, the maximum temperature is limited to within the range of 850 to 1700 deg. C. by the
materials from which the turbine blades and nozzles are made. The air has already been heated to between 200 and550 deg. C. by
the work done during compression, giving a temperature rise requirement of 650 to 1150 deg. C. from the combustion process.
Since the gas temperature required at the turbine varies with engine thrust, and in the case of the turbo-propeller engine upon the
power required, the combustion chamber must also be capable of maintaining stable and efficient combustion over a wide range
of engine operating conditions. Efficient combustion has become increasingly important because of the rapid rise in commercial
aircraft traffic and the consequent increase in atmospheric pollution, which is seen by the general public as exhaust smoke.
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Fig 2 Gas Turbine

C. Combustion Process

Air from the engine compressor enters the combustion chamber at a velocity up to 500 feet per second, but because at this
velocity the air speed is far too high for combustion, the first thing that the chamber must do is to diffuse it, i.e. decelerate it and
raise its static pressure. Since the speed of burning kerosene at normal mixture ratios is only a few feet per second, any fuel lit
even in the diffused air stream, which now has a velocity of about 80 feet per second, would be blown away. A region of low
axial velocity has therefore to be created in the chamber, so that the flame will remain alight throughout the of a combustion
chamber can vary between 45:1 and130:1, However, kerosene will only burn efficiently at, or close to, a ratio of 15:1, so the fuel
must be burned with only part of the air entering the chamber, in what is called a primary combustion zone. This is achieved by
means of a flame tube (combustion liner) that has various devices for metering the airflow distribution along the chamber.
Approximately 20 per cent of the air mass flow is taken in by the snout or entry section (fig.2).Immediately downstream of the
snout are swirl vanes and a perforated flare, through which air passes into the primary combustion zone. The swirling air induces
a flow upstream of the center of the flame tube and promotes the desired recirculation. The air not picked up by the snout flows
into the annular Space between the flame tube and the air casing.
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Fig. 3 AIRFLOW Distribution Along The Chamber
Through the wall of the flame tube body, adjacent to the combustion zone, are a selected number of secondary holes through
which a further 20 per cent of the main flow of air passes into the primary zone. The air from the swirl vanes and that from the
secondary air holes interacts and creates a region of low velocity recirculation. This takes the form of a toroidal vortex, similar to
a smoke ring, which has the effect of stabilizing and anchoring the flame (fig, 3).The re-circulating gases hasten the burning of
freshly injected fuel droplets by rapidly bringing them to ignition temperature.
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Fig 4 Smoke Rings

It is arranged that the conical fuel spray from the nozzle intersects the recirculation vortex at its centre. This action, together
with the general turbulence in the primary zone, greatly assists in breaking up the fuel and mixing it with the incoming air. The
temperature of the gases released by combustion is about 1,800 to 2,000 deg. C., which is far too hot for entry to the nozzle guide
vanes of the turbine. The air not used for combustion, which amounts to about 60 per cent of the total airflow, is therefore
introduced progressively into the flame tube. Approximately a third of this is used to lower the gas temperature in the dilution
zone before it enters the turbine and the remainder is used for cooling the walls of the flame tube. This is achieved by a film of
cooling air flowing along the inside surface of the flame tube wall, insulating it from the hot combustion gases. A recent
development allows cooling air to enter a network of passages within the flame tube wall before exiting to form an insulating
film of air, this can reduce the required wall cooling airflow by up to 50 per cent. Combustion should be completed before the
dilution air enters the flame tube, otherwise the incoming air will cool the flame and incomplete combustion will result.

111.LITERATURE REVIEW ON CAN TYPE COMBUSTION CHAMBER

A. A Review on use of Computational Fluid Dynamics in Gas Turbine Combustor Analysis and its Scope, H. A. Bhimgade,

S. K. Bhelg, International Journal of Science and Research (1JSR), India Online ISSN: 2319-7064, 6 June 2013
In this paper the CFD application and its scope, is mainly focused on gas turbine combustor (generally can or tubular, annular
and tuboannular type of combustor used in gas turbines for higher efficiency). In many practical combustion
applications like gas turbine and diesel engine, the combustion takes place in turbulent flow field. Therefore it is important to
model the effects of turbulence and mixing interactions including all related processes either physical or chemical. In the present
the emphasis is on how the turbulence leads to increased mixing in order to be used to compensate for the inaccurate
prediction for the chemical reaction rate. However this has to be treated numerically and physically. Both ways are referring to
the incomplete mixing process that may lead to ignite the fuel vapour before the auto-ignition delay time or out of the main
reaction zone. Physically, the mixing process tends to speed up the overall reaction rate by stretching and wrinkling of the
preheating zone. In addition the simulation of turbulent spray combustion remains quite a hard task because many problems
may occur due to strong coupling that exists between predicted vapour mass fraction and the chemical reaction. .  The
experimental results and the semiempirical correlations for calculating CO, UHC, NOx, exhaust gases temperature
and inner liner wall temperature as a function of different operating parameters are useful for design and further development of
design, of gas turbine combustor is possible. Even with existing physical models, CFD can offer cost-effective solutions for
many complex systems of interest to the power generation, aero-engines and process industries.

B. Thermal mapping of a can type gas turbine Combustion chamber using cfd , Sachin Bhalerao., Dr. A.N.Pawar.
International Journal of Emerging trends in Engineering and Development, ISSN 2249-6149
The literature review reveals that the increase in the exhaust temperature of the combustor increases the gas turbine efficiency. In
this article efforts taken to conduct simulation of the thermal flow behavior of the combustion chamber using CFD and their
results are discussed. The combustor under study is a typical can type combustion chamber. The overall length of combustor is
567 mm including the diffuser section at outlet. A mesh of 557K nodes is designed after a set of trials which showed that further
refinement in either direction does not change the velocity and scalar variables at any point in the combustor considerably. The
domain is discretized with 3 million full tetrahedral volume cells. The grids are generated by a mesh generator. 2-D quadrilateral
grids are chosen to approximate the domain. Figure 5 shows the different views of the meshed geometry. Figure 6(a) shows the
temperature distribution along the length of the combustion chamber.
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Fig. 5: Different Views of the Meshed Geometry
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Fig. 6(a) Analysis Results: Static Temperature (K)

C. Investigations of swirl flames in a gas turbine model combustor Flow field, structures, temperature, and species
distributions, P. Weigand, W. Meier , X. R. Duan ,W. Stricker, M. Aigner , P. Weigand et al. , Combustion and Flame
144 (2006) 205-224

In the current article, the flow field, structures, and mean and rms values of the temperature, mixture fraction, and species
concentrations are discussed. Turbulence intensities, mixing, heat release, and reaction progress are addressed. According to this
article the flow and the mixing characteristics of the burner enhanced the effect of the irz with respect to ignition and stabi-
lization of the flame. Although measurements could not be performed below h = 0 mm, the results obtained indicated that hot
combustion products were transported via the irz into the central nozzle, where they mixed with air before reentering the
combustion chamber.

D. Combustion and Emission Characteristics in a Can-type Combustion Chamber , Selvakuma Kumaresh, Man Young Kim,
International Journal of Mechanical ,Aerospace, Industrial and Mechatronics Engineering Vol:8 No:7/ 2014.

In this study, different flow configurations of various swirl angles are compared and motility of holes in the secondary chamber

are altered to examine about the emission of unburned gases and to obtain effective combustor with less NOx emission.

Numerical investigation on Can-type combustion chamber shows that 60° swirler geometry is giving less NO emission as the

temperature at the exit of combustion chamber is less as compared to 30° and 45° swirler angle geometry.

Fig. 7 Mesh domain of the can-combustor
Fig. 7 shows the mesh systems of can combustor adopted in this work. An algebraic grid-generation technique is employed to
discretize the geometry inside the computational domain. NOx emission. Fig. 8 demonstrates the NOx mass fraction for the can-
combustor with different swirler angles and axial distance. It is evident from the figure that after the location of primary chamber
at Xs=0.7, the emission of NOx diminishes because of the cooling effect of air. Hence, it can be stated that the 60 degree swirler
angle attempts less NOx emission due to low exit temperature. Detailed experimental investigations.

M Mass fraction] 107

Fig. 8 NOx mass fraction for the can-combustor with different swirler angles and axial distance
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The results from the parametric studies indicate that the calculation of NOx emission serves to develop low emission
combustor. Thus, it can be noted that the use of 60 degree axial swirler angle at the secondary inlet location of 200mm achieves
low emission and to prevail better performance in aerospace applications.

E. Design and Analysis of Gas Turbine Combustion Chamber, P. Sravan Kumar, P. Punna Rao , International Journal Of
Computational Engineering Research (ijceronline.com) Vol. 03 Issue. 12/2013
This paper presents the design of combustion chamber followed by three dimensional simulations to investigate the velocity
profiles, species concentration and temperature distribution within the chamber and the fuel considered as Methane
(CH4).according to their analysis they reaches to the following conclusions .
— The static temperature is very high in the regions where combustion takes place and goes on decreasing towards the
outlet. The maximum temperature reached is 2500 K which indicates that there is efficient combustion process.
— The turbulent intensity is high in the immediate vicinity of the ramp injector indicating a superior air-fuel mixing. It is
of the order of 60000% with respect to the turbulent intensity at the inlet. A very high turbulent intensity indicates a
superior air-fuel mixing. The high value of mass fraction of NO formed indicates an efficient combustion process.
— The sudden rise in temperature observed near the tip of the injector indicates the generation of shocks which help in
superior air-fuel mixing. Superior air-fuel mixing resulting in better quality of combustion and thus better performance.
As predicted, the results obtained from this study show an enhanced air-fuel mixing and a proper combustion which can
be attributed to the geometry of the ramp injector considered in this study. However in has to be in process the outlet
temperature has to maintain pattern factor below 0.3 and at the same pressure loss should be less than 8%.

F. 40 years with Swirl, Vortex, Cyclonic Flows, and Combustion, 49th AIAA Aerospace Sciences Meeting including the
New Horizons Forum and Aerospace Exposition ,4 - 7 January 2011, Orlando, Florida , 2011

This paper will review the authors experience over the last 40+ years in this area, drawing common threads and experiences from
a wide range of different systems. The major focus will be on the role of coherent and other structures in swirling flows and how
they affect the performance of the described devices, especially swirl burners.

In this paper they conclude that over the swirl number range ~0.2 to 1 small changes in flow rates through different inlets can
produce large changes in flow pattern and potential for oscillatory behavior. For swirl combustors typical swirl number ranges
are 0.5 to 1, thus being well inside the instability range highlighted in the vortex amplifier work.

G. CFD analysis of flow characteristics in a gas turbine- A viable approach to predict the turbulence, P. S. Jeyalaxmi, Dr.
G. Kalivarathan, International Journal of Mechanical Engineering and Technology (IJMET), ISSN 0976 —Volume 4,
Issue 2, /, March - April (2013)

In this investigation it is observed that the RNG k- turbulence model used in the cases is viable and it is seen that the RSM

model remarkably exhibits the turbulence level and the dilution jet mixing at the combustor outlet. But still, It is easier to predict

the variations through CFD in the mean flow field results, Because of these reasons more efforts has to be made towards testing
additional turbulence models to access one more suitable means for predicting this type of swirling, highly turbulent and flow
situation in a generic manner through viable CFD tool.

H. CFD Simulation of Swirling Effect in S-Shaped Diffusing Duct by Swirl Angle of 10, Ramazan, Jawaz Pasha, Abdul
Mujeeb M S, IOSR Journal of Mechanical and Civil Engineering- 1SSN: 2320-334X, Volume 6, Issue 2, Mar. - Apr.
2013

This paper study involves the CFD analysis for the prediction of swirl effect on the characteristics of a steady, incompressible

flow through an S-shaped diffusing duct BY KEEPING SWIRL ANGLE OF 10°. The curved diffuser considered in the present

case has S-shaped diffusing duct having an area ratio of 1.9, length of 300 mm and turning angle of 22.5°/22.5°.
On the basis of analysis and results presented, the following conclusion can be drawn:

— The overall static pressure recovery increases for swirl flow at inlet irrespective of direction of swirl (clockwise or
anticlockwise), the increase being around 40%. The loss coefficient also increases for swirl flow.

— The flow distribution at the exit plane is more uniform for clockwise swirl in comparison to anti —clockwise swirl and
uniform flow at inlet.

— The secondary flow is present throughout the diffuser for uniform flow. A pair of vortices is observed at all the sections
with the intensity of the two vortices being not equal. For swirl flow, only circular motion is present and no pair of
vortices is formed.

— Turbulence intensity variation indicates the presence of high turbulence intensity at the planes just before and after the
inflexion plane. Turbulence intensity variation at the exit for the clockwise swirl flow is much lower compared to the
uniform flow at the inlet Fig 9(a) shows turbulence intensity distribution with the clockwise swirl flow and Fig 9(b)
shows turbulence intensity distribution with the anticlockwise swirl flow
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Fig 9(A): Turbulence Intensity Distribution With The Clockwise Swirl Flow
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Fig. 9(B): Turbulence Intensity Distribution with Anti-Clockwise Swirl Flow

I. Efiéct of turbulence on NO formation in swirling combustion, Wang Fang, Xie Xiang, Jiang Qi, Zhou Lixing , Chinese
Journal of Aeronautics , 3 March 2014

According to this paper Turbulence affects both combustion and NO formation. Fluctuation correlations are ideally used for
quantitative analysis. From the instantaneous chemical reaction rate expression, ignoring the third-order correlation terms, the
averaged reaction rate will have four terms, including the term of averaged-variable product, a concentration fluctuation
correlation term, and temperature-concentration fluctuation correlation term Based on the pioneers’ work, a detailed study on the
SOM model as well as the turbulence—chemistry interaction was carried out in this paper. A swirling methane air flame was
simulated by various hypothetic SOM-type turbulent combustion models. The emphasis was on the quantitative comparison
amongst the modeling concept. The average temperature profiles, various fluctuation correlations values, the average reaction
rate, as well as the NO concentration were exhibited together for the first time to show the effects from different closure ideas.

J. Reference Area Investigation in a Gas Turbine Combustion Chamber Using CFD, Fagner Luis Goular Dias, Marco
Antonio Rosa do Nascimento, Lucilene de Oliveira Rodrigues , Journal of Mechanical Engineering and Automation
2014, 4(2): 73-82 DOI: 10.5923/j.jmea.20140402.04

According to this paper. So, the aim of this paper is investigate the influence of the reference area in the velocity profile, in the

temperature distribution, in the mixing process and in the flame behavior, according to the reference area used in the combustion

chamber... The different sections of the combustion chamber were defined based on mass distribution and combustion regime.

Also, it was determined the dimensions of the diffuser, the swirler, the primary, secondary and dilution zones, according to the

characteristics of the flow. All calculations required by the methodology were automated by an Excel® spreadsheet developed,

as illustrated in Figure 10.
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Fig. 10 Initial screenshot of the Excel® spreadsheet developed
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V. FUTURE SCOPE

Design of gas turbine combustor improving steadily as recently Joung shown that small size combustor and near about
complete combustion of fuel (natural gas). Due to the scarcity of conventional fuels and concerning environmental pollution, the
combustion engineers and scientists are working on the combustion of biofuels. Liquid biofuels are being researched mainly to
replace conventional liquid fuels (diesel and petrol). A recently popularized classification for liquid biofuels includes “First-
Generation” and “Second Generation” biofuels. The primary distinction between them is in the feedstock used. Research work is
in progress for the “third-generation of biofuels” (third generation biofuels like biofuel from algae, bioethanol, butanol,
biodiesel). Computational analyses especially CFD (CFX, FLUENT tools provides reach reaction library) has the greater scope
to analyze combustor using biofuels as an alternate fuel in the gas turbine.

V. CONCLUSION

Analyze and understand all the literature | conclude that by optimization we can increase the combustion efficiency. Using CFD
simulation the design of combustion chamber should be changed by us. The temperature distribution in the chamber walls as
well as the temperature quality at the exit of combustion chamber should be obtained. We should minimize the loss in pressure
we should maximize heat release for limited space available. The experimental results and the semi empirical correlations for
calculating CO, UHC, NO, exhaust gases temperature and inner liner wall temperature as a function of different operating
parameters are useful for design and further development of design, of gas turbine combustor is possible. Even with existing
physical models, CFD can offer cost-effective solutions for many complex systems of interest to the power generation, aero-
engines and process industries.
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