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RANS SIMULATION OF EFFECT OF AIR ADMISSION'S HOLES
GEOMETRY IN A GAS TURBINE COMBUSTOR AND THEIR
EFFECTS ON EMISSION CARACTERISTTCS

This study was carried out to investigate the effects of geometry and location of different air admission holes
(secondary, dilution ) on total temperature characteristics and formation of nitrogen oxide emissions in a can
combustor flame tube, for 8 various cases, using computational fluid dynamics (CFD) .The simulation has been
performed using ANSYS CFX including laminar flamelet model, for simulation of non premixed methane -air
combustion and thermal and prompt nitrogen oxide (NOx ) formation was performed to predicting NOx emission
characteristics with a K-epsilon model of turbulent.
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Introduction. Nowadays, the optimization of combustion performance and the reduction of pollutant
emissions require considerable research efforts from the gas turbine industry. The basic objectives in combustor
design are to achieve easy ignition, high combustion efficiency and minimum pollutant emissions [1].
Environmental regulations on gas turbine, including NOx emissions, have been enhanced over the past several
years. Therefore, technologies for accurately predicting the amount of NOx emission from the combustor, the
emission source of the gas turbine engine, are very important [2].

Due to increasing global environmental awareness, the control of gas turbine emissions, targeting those in
small quantities such as NOx, CO, has become more stringent. The combustor, which is one of the core
components of an gas turbine engine and a source of such emissions, will increasingly become the focus of future
engine development. Development of combustors for gas turbine engines typically takes considerable time and
incurs large costs, because such development includes the process of fabricating an extensive amount of combustor
hardware that complies with the required specifications using existing products and data, as well as the process of
satisfying the performance specifications through trial and error, mainly through repeated experiments and design
improvements. Therefore, if these processes can be substituted with numerical prediction, the time period and the
costofcombustor development can be reduced considerably. However, because the internal flow of an gas turbine
engine combustor consists of complicated phenomena, including turbulent mixing along with spraying, atomizing,
and swirling of liquid and gas fuel, as well as a huge number of chemical reaction mechanisms, reproduction
through numerical simulation is very difficult, and even today there are few tools with sufficiently high prediction
accuracy for this purpose. Inrecent years, Large Eddy Simulation (LES), which has a small number of adjustment
parameters for modeling and can simulate unsteady turbulent flow, has attracted a great deal of attention. However,
LES has not been established as a practical design tool for actual combustors, because the atomization model and
turbulence combustion model for the spray combustion field of LES are still in the study phase and the calculation
load of LES is very high; therefore, significant computer resources are required. Accordingly, the main method
used in current study is Reynolds-Averaged Navier-Strokes (RANS) simulation, which obtains a steady mean field
where turbulence phenomena are averaged. RANS simulation has lower accuracy than LES, butit can be used
sufficiently as a design toolthrough proper interpretation of its results due to its reasonable computational costs.[2]

The gas turbine can-combustor is designed to burn the fuel efficiently, reduce the emissions, and lower the
wall temperature. In this study various geometrical parameters of air admission holes on the combustor liner, and
position of dilution holes are changed to investigate the effect of these parameters on combustion chamber
performance and emissions. In this study the mathematical models used for combustion consist ofthe PDF flamelet
model for non-premixed methane-air combustion. The outcome of the work will help in finding out the geometry
of'the circular air supply on the combustion chamber liner, which will lead to less emission.

The flow visualization technique was demonstrated by Koutmos and McGuirk [3] in can-combustor model.
They experimented a benchmark study on the investigation of the three-dimensional flow field water model. Flow
visualization demonstrated that internal flow patterns simulated closely those expected in real combustors. The
combustor comprised a swirl driven primary zone, annulus fed primary and dilution jets and an exit contraction
nozzle. LDA measurements of the three mean velocity components and corresponding turbulence intensities were
obtained to map out the flow development throughout the combustor. Besides providing information to aid
understanding ofthe complex flow events inside combustors, the data are believed to be of sufficient quantity and
quality to act as a benchmark test case for the assessment of the predictive accuracy of computational models for
gas-turbine combustors. Aside fromthe flow visualization study, Eldrainy et al. [4] examined the flow inside the
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combustor. The flow field inside the combustor is controlled by the liner shape and size, wall side holes shape,
size and arrangement (primary, secondary,and dilution holes), and primary air swirler configuration. Air swirler
adds sufficient swirling to the inlet flow to generate central recirculation region which is necessary for flame
stability and fuel air mixing enhancement. Therefore designing an appropriate air swirler is a challenge to produce
stable, efficient and low emission combustion with low pressure losses. The flow behavior was investigated
numerically using CFD solver. This study has provided physicalinsight into the flow pattern inside the combustion
chamber. The necessity of the problem is to evaluate the NOx emission after the combustion process. There are
strict regulations on aircraft emissions of pollutants like CO and NOx, so combustors need to be designed to
minimize those emissions. In this work, an examination about the emission of unburned gases is predicted by
motility theair holes in the secondary chamber. The main objective of this study is to diminish the NOx emission
and to establish the effective location and size of secondary and dilution holes for cooling the combustion products.

In present study an attempt has been made through CFD approach to analyze the flow pattern with in
combustion and through air admission holes and from these the temperature and NO distribution in the chamber
as well as the temperature and NO quality at the exit of combustion chamber is obtained.

Combustor zones .a conventional combustor comprises of three basic zones - primary, intermediate and
dilution.

Primary zone. The main function of the primary zone is to anchor the flame and provide sufficient time,
temperature, and turbulence to achieve essentially complete combustion of the incoming fuel-air mixture. The
importance of the primary-zone airflow pattern to the attainment of these goals cannot be overstated. Many
different types of flow patterns are employed, but one feature that is common to all is the creation of a toroidal
flow reversal that entrains and recirculates a portion of the hot combustion gases to provide continuous ignition to
the incoming air and fuel. Some early combustors used air swirlers to create the toroidal flow pattern, whereas
others had no swirler and relied solely on air injected through holes drilled in the liner wall at the upstreamend of
the liner . Animportant contribution to primary-zone aerodynamics was made by the Lucas combustion group in
their combustor designs for the Whittle W2B and Welland engines. The basic airflow patterns embodied in the
Lucas concept are sketched in Figure 1 . Note that both swirling air and primary air jets are used to produce the
desired flow reversal. As already noted, each mode of air injection is capable of achieving flow recirculation in its
own right, but if both are used, and if a proper choice is made of swirl vane angle and the size, number, and axial
location of the primary air holes, then the two separate flow recirculations created by the two separate modes of
air injection will merge and blend in such a manner that each one complements and strengthens the other. The
result is a strong and stable primary-zone airflow pattern that can provide wide stability limits, good ignition
performance, and freedom from the type of flow instabilities that often give rise to combustion pulsations and
noise. The Lucas company had a strong influence on British combustordesign, and the basic acrodynamic features
shown in Figure 1 can be found in the combustors designed for many British engines, including the Rolls Royce
Nene, Derwent, Dart, Proteus, Avon, Conway, and Tyne. [5]

Intermediate zone. If the primary-zone temperature is higher than around 2000 K, dissociation reactions will
result in the appearance of significant concentrations of carbon monoxide (CO) and hydrogen (H2) in the efflux
gases. Should these gases pass directly to the dilution zone and be rapidly cooled by the addition of massive
amounts of air, the gas composition would be “frozen,” and CO, which is both a pollutant and a source of
combustion inefficiency, would be discharged from the combustor unburned. Dropping the temperature to an
intermediate level by the addition of small amounts of air encourages the burnout of soot and allows the
combustion of CO and any other unburned hydrocarbons (UHC) to proceed to completion. In early combustor
designs, an intermediate zone was provided as a matter of course. As pressure ratios increased, and more air was
required for combustion and liner-wall cooling, the amount of air available for the intermediate zone went down
accordingly. By around 1970, the traditional form of intermediate zone had largely disappeared. However, the
desirability of an intermediate zone remains; therefore, should the developments now being made in wall-cooling
techniques allow some air to become available, consideration might be given to its possible reinstatement [5].( see
Fig 2)

Dilution zones. The role of the dilution zone is to admit the air remaining after the combustion and wall
cooling requirements have been met, and to provide an outlet stream with a temperature distribution that is
acceptable to the turbine. This temperature distribution is usually described in terms of “pattern factor” or
“temperature traverse quality.” The amount of air available for dilution is usually between 20 and 40% of'the total
combustor airflow. It is introduced into the hot gas stream through one or more rows of holes in the liner walls.
The size and shape ofthese holes are selected to optimize the penetration ofthe air jets and their subsequentmixin g
with the main stream. In theory, any given traverse quality can be achieved either by the use of a long dilution
zone or by tolerating a high liner pressure-loss factor. In practice, however, it is found that mixedness initially
improves greatly with an increase in mixing length and thereafter at a progressively slower rate. This is why the
length/diameter ratios of dilution zones all tend to lie in a narrow range between 1.5 and 1.8. For the very high
turbine entry temperature (around 2000 K) associated with modermn high-performance engines, an ideal pattem
factor would be one that gives minimum temperature at the turbine blade root, where stresses are highest, and also
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atthe turbine blade tip, to protect seal materials. Attainment of the desired temperature profile is paramount, owing
to its major impact on the maximum allowable mean turbine entry temperature and hot-section durability. Due to
the importance and severity ofthe problem, a large proportion of the total combustor development effort is devoted
to achieving the desired pattern factor. The locations of the three main zones described above, in relation to the
various combustor components and the air admission holes, are shown in Figure 2. Note also in this figure the
“snout,” which is formed by cowls that project upstream from the dome. The region inside the snout acts as a
plenum chamber, providing a high uniform static pressure for feeding the air swirler, which is attached to the
dome, the airblast atomizer, and the dome cooling airflows [5] .

Figl. Lucas primary-zone airflow pattern. Fig2. Lucas Main components of a conventional combustor.

Governing equations and turbulence and combustion model. The mathematical equations describing the
fuel combustion are based on the equations of conservation of mass, momentum, and energy together with other
supplementary equations for the turbulence and combustion. The standard k-¢ turbulence model is used in this
paper. The equations forthe turbulent kinetic energy k and the dissipation rate of the turbulent kinetic energy ¢ are
solved Several models of turbulence have been put forward by different authors. These models differ in complexity
and range of applicability; they also involve the solution of different numbers of differential equations. The
turbulence model incorporated in this work is the high Reynolds number k-¢ two equation model. This model
requires the solution of two differential equations, for the two turbulence properties: the kinetic energy of
turbulence k, and its dissipation rate €. The model is moderate in complexity. It has been extensively used by many
investigations and has proved to be adequate over a wide range of flow situation. Here the goveming differential
equations are presented below in details (Launder, and Spalding, 1974).

Differential equations for turbulence-energy k and dissipation rate € used in combustion are respectively as
follows:
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For non premixed combustion modeling. All the numerical simulation has been performed using the
Computational Fluid Dynamics (CFD) commercial code ANSYS CFX release 16, including laminar flamelet
model for modeling non-premixed methane-air combustion with 17 spices and 55 reactions.

In the flamelet model chemical reaction rates are computed first (independent of the flow) and the relevant
scalar properties are stored in lookup tables accessible by the flow solver. The instantaneous scalar properties ¢
(i.e., temperature, density, compositions) are represented as a function of the instantaneous mixture fraction Z and
its variance Z""2 , and the scalar dissipation x : ¢ = ¢(Z, Z''2, x). Mean scalar properties are then computed by
integrating the instantaneous @ over an assumed S-PDF, and the results are stored in the lookup tables. In the
flamelet approach, transport equations forthe turbulent kinetic energy (k), its dissipation rate (g), enthalpy, mixture
fraction Z, and its variance Z''2 (which is used to compute the scalar dissipation) are solved for each
computationalcell. These values are then used to extract mean scalar properties from the chemistry lookup tables.
The flow field properties are updated and iterations continue until convergence criteria are met. The NO x
formation model (based on thermal and prompt mechanisms) is also included.

When modeling NOx formation in methane-air combustion, the thermal NO and prompt NO are taken into
account. In the simulation process,we solve the mass transport equation for the NO species, taking into account
convection, diffusion, production and consumption of NO and related species. This approach is completely
general, being derived from the fundamental principle of mass conservation. For thermal and prompt NOx
mechanisms, only the following NO species transport equation is needed:[6]
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The source term Sy is to be determined for different NOx mechanism. YNO is mass fraction of NO species
in the gas phase and D is effective diffusion coefficient.

Geometry of combustor ,meshing and boundary condition. The domain of simulation, is a can type of
combustor. The geometrical sizes of the combustor, fuel injector , air swirler and the fuel inlet (methane) and
oxidizer inlet (air) and all of the geometrical sizes of combustor are shown in fig.3 without any secondary or
intermediate and dilution holes on flame tube (liner). Methane and air are entered in the domain separately. The
model was meshed for simulating in a tetrahedrons meshing method, with about total number of 2016000 nodes,
and 7 600 000 total number of elements including prismatic layers around the walls of combustor .The different
boundary conditions applied for flow analysis of gas turbine can-type combustion chamber in this investigation,
which they are inlet mass flow rate for both fuel and oxidizer entering the domain , outlet average static press ure
and with no slip walls. Boundary condition information are shown in tablel.

Fig3. Can-combustor 1-air inlet(diffuser) 2-axial swirler 3-casing 4-flametube(liner) 5-methan injector

Tablel.
boundary condition information of combustor
Operating pressure (atm) 4
Temperature entering in combustor [K] 450
oxidizer mass flow rate [ kg/s] 0.3
Temperature of fuel (K) 310
Fuel mass flow rate [kg/s] 0.004

Cases of study. in this study 8 cases of combustor with different geometrical parameters and location of
primary and dilution holes were studied .The form of holes admissions are circular on flametube (liner) of
combustor. The general form of air admission holes are shown in figure.4 on the combustor flame tube for 8
various cases. Each cases comprises its own air admission zones and their geometrical parameters and location. A
zone is primary zone of air admission and B zone is secondary zone. Some cases comprises 2 zones for primary
and 2 zone for secondary air admissions like cas-5 and case 2.

b)
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g)

d)

h)

Fig4. Can-combustors with various geometry and location of air admission holes a)case-1, b)case-2, c)case-3,
d)case-4, e)case-5, f)case-6, g)case-7, h)case-8

The table of information of geometry and location of air admission holes. All of the information aboutthe
studied cases and detailed geometrical parameters of air admission holes of combustors are shown in table 2-3-

4.Table 4 shows the axial distances each air admission holes to another zones.

Table2.
Geometrical parameters and locations of air admission holes for cases1-4
cases 1 2 3 4
zones I-A | 1-B | 1-A I-B | I-A | I-B| 1-A [ 2-A | 2-B
diameter (mm) 8 6 9.5 7 9.5 11 | 95 8 5
amount 10 10 10 10 10 10 10 10 10
location parallel parallel Zig-zag - Zig-zag
form circular circular circular circular
Table3.
Geometrical parameters and locations of air admission holes for cases5-8
cases 5 6 7 8
Zones [FAJIBJ2A[2B|[T-A[JI-B[2-A| T-AJI-B[2A] 2B [ I-A | 2-A
Diametr 8 6 8 5 9 7 751 75| 45| 65 | 485 8 9.5
(mm)
amount 10 10 10 10 5 10 10 10 10 10 10 10 10
location Zigzag Zigzag Zigzag - Zigzag Zigzag parallel
form circular circular circular circular
Table4.
axial distances of air admission holes fromthe center of circular holes from zone to another zones
cases 1 2 3 4 5 6 7 8
1-A to 2-A (mm) | 140.69 | 143.69 50.54 45.62 46.62 17.1 93.88 52.1
1-A to 2-B (mm) - - - 57 58 99.83 105.58 -
1-A to 1-B (mm) - - - - 12.1 82.73 15.1 -
1-B to 2-A (mm) - - - - 34.52 - 78.78 -
1-B to 2-B (mm) - - - - 45.9 - 90.48 -
2-A to 2-B (mm) - - - - 11.37 - 11.7 -
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Results and discussion of simulation-(Total temperature and NO distribution in the 8 various cases).
All of 8 cases of simulation was performed in ANSYS CFX [7]. The convergence criteria in this simulation was

at the RMS residual type with the 107* residual target and automatic time scale control and time scale factor of 1
All the simulation in 8 cases were converged successfully with solving the mass and momentum (U, V, W
momentums), heat transfer (energy), turbulence (k-€), mass fraction of NO, mixture fraction including mean and
variance, temperature variance for predicting NO.

The high value of mass fraction of NO formed indicates an efficient combustion process.In all 8 cases he peak
gas temperature is located in the primary zone where combustion of mixture air and methane takes place. The fuel
from injector is first mixed in the swirling air before burning in the primary reaction zone. The gas temperature
decreases after the primary zone. In case there will be dilution holes are provided at dilution zone, to reduce the
temperature this can be done when the temperature inside the combustor is high.

The thermodynamic parameter called temperature influences the flow inside the combustion chamber. To
prognosticate this parameter, the selection of air admission holes with respect to the location and geometry of them
is necessary. Figures 5-12 demonstrates the total temperature and NO distribution for the can-combustor with
different zones of air admission holes . The total temperature increases gradually due to the chemical reaction
inside the main combustor. In all cases it is clear that after the location of first cooling zone and air admission
holes , the temperature diminishes due to the cooling effect of air entering into combustor. Thus, it is distinct to
showthat the casel which has 2 zones of air admission holes, then in figure 5a there is 2203[K] of maximum total
temperature in the first zone of combustion in combustor liner and the maximum and minimum total temperature
is 1142[K] and 946[K] at the outlet area of combustor which has shown in figure 13a and besides that figure 5b
shows that this case has the 167 ppm of maximum of NO concentration in whole combustor so the maximum NO
concentration at the outlet area of this caseis 16.77ppm and the minimum is 7.343ppm which has shown in figure
14a.

The case-2 has 2 zones of air admission holes, then in figure 6a thereis 2181[K] ofmaximum total temperature
in the first zone of combustion in combustor liner and the maximum and minimum total temperature is 1222[K]
and 920[K] at the outlet area of combustor which has shown in figure 13b and besides that figure 6b shows that
this case has the 167 ppm of maximum NO concentration in whole combustorso the maximum NO concentration
at the outlet area of this case is 18.86ppm and the minimum is 6.8ppm which has shown in figure 14b.

The case-3 has 2 zones of air admission holes in a zigzag form oflocation, then in figure 7a there is 2221[K]
of maximum totaltemperature in the first zone of combustion in combustor liner and the maximum and minimum
total temperature is 1304[K] and 904[K] at the outlet area of combustor which has shown in figure 13c and besides
that figure 7b shows that this case has the 130.8 ppm of maximum NO concentration in whole combustor so the
maximum NO concentration at the outlet area of this caseis 23.07ppm and the minimum is 4.437ppm which has
shown in figure 14c.

The case-4 has 2 zones of air admission holes. The second zone has 2 rows of holes (2A-2B )in a zigzag form
of location , then in figure 8a there is 2219[K] of maximum total temperature in the first zone of combustion in
combustor liner and the maximum and minimum total temperature is 1253[K] and 965[K] at the outlet area of
combustor which has shown in figure 13d and besides that figure 8b shows that this case has the 149.4ppm of
maximum NO concentration in whole combustorso the maximum NO concentration at the outlet area of this case
is 19.9ppm and the minimum is 5.83ppm which has shown in figure 14d.

The case-4 has 2 zones of air admission holes. The second zone has 2 rows of holes (2A -2B )in a zigzag form,
then in figure 8a thereis 2219[K] of maximum total temperature in the first zone of combustion in combustor liner
and the maximum and minimum total temperature is 1253[K] and 965[K] at the outlet area of combustor which
has shown in figure 13d and besides that figure 8b shows that this case has the 149.4ppm of maximum NO
concentration in whole combustor so the maximum NO concentration at the outlet area of this case is 19.9ppm
and the minimum is 5.83ppm which has shown in figure 14d.

The case-5 has 2 zones of air admission holes. The first and second zone have 2 separaterows of holes (1A -
1B)and(2A-2B )in a zigzag location , then in figure 9a there is 2217[K] of maximum total temperature in the first
zone of combustion in combustorliner and the maximum and minimum total temperature is 1597[K] and 755[K]
at the outlet area of combustorwhich has shown in figure 13e and besides that figure 9b shows that this case has
the 104.4ppm of maximum NO concentration in whole combustorso the maximum NO concentration at the outlet
area of'this case is 41.78ppm and the minimum is 1.537ppm which has shown in figure 14e.

The case-6 has 2 zones of air admission holes. The second zone (IA-1B )has 2 separate rows of holes in a
zigzag location , then in figure 10a there is 2174[K] of maximum total temperature in the first zone of combustion
in combustor liner and the maximum and minimum total temperature is 1213[K] and 890[K] at the outlet area of
combustor which has shown in figure 13f and besides that figure 10b shows that this case has the 153.5ppm of
maximum NO concentration in whole combustorso the maximum NO concentration at the outlet area of this case
is 19.1ppm and the minimum is 7.33ppm which has shown in figure 14f.
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The case-7 has 2 zones of air admission holes. The first and second zone have 2 separate rows of holes (1A-
1B)and(2A-2B )in a zigzag location , then in figure 11a there is 2251[K] of maximum total temperature in the first
zone of combustion in combustorliner and the maximum and minimum total temperature is 1415[K] and 849[K]
at the outlet area of combustorwhich has shown in figure 13g and besides that figure 11b shows that this case has
the 209.8ppm of maximum NO concentration in whole combustorso the maximum NO concentration at the outlet
area of'this case is 29.11ppm and the minimum is 5.61ppm which has shown in figure 14g.

The case-8 has 2 zones of air admission holes in a parallel location to each other, then in figure 12a there is
2235[K] of maximum total temperature in the first zone of combustion in combustorliner and the maximum and
minimum total temperature is 1242[K] and 949[K] at the outlet area of combustor which has shown in figure 13h
and besides that figure 12b shows that this case has the 210.7ppm of maximum NO concentration in whole
combustor so the maximum NO concentration at the outlet area of this case is 23.17ppm and the minimum is
8.57ppm which has shown in figure 14h.

In this study the maximum total temperature of 2251[K] with the maximum 210ppm of NO concentration in
the primary zone of combustion is for case-7 due to the mnimum diameter of holes at first zone which has two
rows of holes. This can lead a minimum amount of cooling air in the liner with minimum air penetration through
the holes. The general overview of simulation results is presented in table 5.

The outlet parameters in this simulation is most important due to entering to the atmosphere. As we can see
from the outlet results in figure-13 and 14,the minimal total temperature and NO concentration can be seen closer
to the liner walls of combustor because of the penetration of cooling air into the combustor and the maximu m
value of them can be seen at the center of outlet area which are showed in figure 13 and 14.The geometry and
diameter and location of the air admission holes and amount of air mass flow rate entering to the combustor can
lead the flame to the center line of combustor if the diameters and amount of holes are too big this can make the
flame instable and can lead the flame to the extinction phenomena.

Pressure loss factor determines the efficiency in combustion. Pressure loss factor should be minimum as
possible, there by more pressurized gas will exists it can be determined from inlet and outlet pressures. In the
model there is low pressure loss which shows effective pressure in the gas at the exit of the combustor. Beside that
the numerical simulation shows that the maximum pressure loss of 2.14% in case-1 due to the 2 zones of air
admission holes with minimum of the diameters of the holes and the second zone (1-B) of holes are situated closer
to the outlet of combustor but the results has improved that the minimum pressure loss of 1.195 in case-3 due to
themaximum diameters of air holes admission with a zigzag location. These 2 zones of holes in case-3 are situated
closer to the primary zone of combustion which has the maximum temperature and concentration of NOx. The
general overview of simulation results is presented in table 5.

a) b)
Fig 5. Result contours of simulation in case-1- a) Total temperature distribution. b) NO distribution

a) b)
Fig 6. Result contours of simulation in case-2 -a) Total temperature distribution. b) NO distribution
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a) b)
Fig 7. Result contours of simulation in case-3- a) Total temperature distribution. b) NO distribution

a) b)
Fig 8. Result contours of simulation in case-4- a) Total temperature distribution. b) NO distribution

a) b)
Fig 9. Result contours of simulation in case-5- a) Total temperature distribution. b) NO distribution

a) b)
Fig 10. Result contours of simulation in case-6- a) Total temperature distribution. b) NO distribution
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a) b)
Fig 11. Result contours of simulation in case-7- a) Total temperature distribution. b) NO distribution

a) b)
Fig 12. Result contours of simulation in case-8- a) Total temperature distribution. b) NO distribution

e) D g) h)

Fig 13. Total temperature distribution at the outlet of combustors for a)case-1, b)case-2, c)case-3, d)case-4,
e)case-5, f)case-6, g)case-7, h)case-8
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e) f) g) h)
Fig 14. NO concentration distribution at the outlet of combustors for a)case-1, b)case-2, c)case-3, d)case-4,
e)case-5, f)case-6, g)case-7, h)case-8

The diagrams of the results-a general overview of simulation results (total temperature and NO
concentration)along the centerline of combustors at axial distance are presented in figure 15.

a) b)
Fig 15. a)Total temperature distribution along the X plane (center line )of combustor b)NO mass fraction
distribution along the X plane (center line ) of combustor

Table 5.
Numerical results of maximum total temperature and NO distribution and pressure loss in 8 various combustors
Casese Maximum NO Maximum Total Pressure loss
(ppm) in Temperature [K] in %
combustor combustor
Case-1 167 2203 2.14
Case-2 187.6 2181 1.635
Case-3 130.8 2221 1.195
Case-4 149.4 2219 1.347
Case-5 104.4 2217 1.295
Case-6 153.5 2174 1.597
Case-7 209.8 2251 1.613
Case-8 210.7 2235 1.536
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Flow streamline and path along the combustor-In figure 16 we can seethe flow path or trajectory along
the combustorincluding the penetration streamlines through the combustorair hole admissions with different
geometry of'the holes in 8 cases of simulation.

d) e) f)

g) h)
Fig.16.flow streamline of central recirculation region (CRZ) and flow penetration through the air admission
holes into combustor liner along the XY plane of combustor in different cases: a)case-1 b)case-2 c)case-3

d)case-4 e)case-5 f)case-6 g)case-7 h)case-8
Velocity distribution along the combustor-The result of numerical 3-D simulation show that the velocity

distribution in 8 cases ofcombustordepend on various geometry and location of air admission holes and their flow
penetration through the holes which are shown in figure 17 for various cases.

d) e) f)

2) h)

Fig.17.flow velocity distribution a)case-1 b)case-2 c)case-3 d)case-4 e)case-5 f)case-6 g)case-7 h)case-8
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Conclusion- In this study,the effects of the air admission holes geometry and their location in a gas turbine
can-combustor liner on NOx performance and temperature distribution were predicted using RANS simulation of
computational fluid dynamics (CFD), including ANSYS CFX, for 8 various cases. The results indicated that the
use of CFD allows qualitative prediction of the flow inside the combustor and NOx performance and total
temperature in it. In all various cases the form and the structure of the flame were significant due to the penetration
of air entering through the various air admission holes and their geometrical parameters and the location on the
liner of combustor.

The results of this simulation showed that the instability of combustion and the minimum and the maximu m
rate of total temperature and formation of NOx has extremely depend on the right designing of air hole admissions
it means their geometrical parameters and the location of them in a zigzag form or parallel, closer to the primary
zone of combustion or closer to the dilution zone. As theresults showed in this simulation every case of study has
own properties such as outlet total temperature and NO concentration.

Significant topics of the research was the demonstration of the usefulness ofadvanced optimization techniques
in combustor design and the preliminary validation of the combustion-emission model, a flamelet model of
combustion, completed with the thermal and prompt NOx formation mechanism. Optimization still requires the
use of considerably simplified models and a subsequent refinement phase based on the designer experience, but
notwithstanding this is able to improve the design process effectiveness.
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RANS MOJIETFOBAHHSI TEOMETPII BIKOH IMIJIBEAEHHS MOBITPSI B KAMEPI 3I'OPSIHHSI
TA30TYPBIHHOI'O JBUI'YHA TA ii BILIMBY HA EMICIMHI XAPAKTEPUCTHKHU

Ilpogedeno Oocridsicenns 6nAUGY 2ceoMempii ma pPO3IMAULYBAHHS PI3HUX GIKOH NiogedenHs Noeimps
(8mopunHuXx, po3gedenHs) Ha 3a2anvhi memnepamypHi xapaxmepucmuxu i popmysanns uxuoie NOx 6 scaposii
mpy6i mpybuacmo-Kiioyesoi Kamepu 320psaHus 015 8 Pi3HUX 6UNAOKIE 3 OONOMO20I0 MeMOOi8 0OYUCTIOBAILHOL
2iopoounamixu. Mooeniosanns euxonysanocsza oonomozoio ANSYS CFX 3 suxopucmannsam naminapnoi flamelet
MoOeni 01151 00CAIQHC eHHSA 32 OPAHHA MEMAHO -NOBIMPAHOT cymiwi 6e3 nonepednvbozo smiuwanns. Ilposedeno ananis
ymeopenus menaogux i weuokux NOx 01 npo2Ho3y8anHs eMiCiliHUX XapaxKmepucmux 3 UKOpUCMaHuam k-g

MoOeni mypOyieHmHoCmi.
Kniouoei cnoesa: BikoH minBeneHHs MOBiTps, emicisa, ropinas ,CFD, okcup a3oTta, kaMepa 3rOpsHHS
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RANS MOJAEINPOBAHUE I'EOMETPUU OKOH IIOJABOJA BO3J1YXA B KAMEPE CI'OPAHUS
TF'ABOTYPBUHHOI'O ABUI'ATEIS U EE BJUSIHUSI HA ODOMUCCHOHHBIE XAPAKTEPUCTUKHU
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Ilposedeno uccnedosanue 6AUAHUS 2eOMEMPUU U PACHOAOINCEHUS PAZTUYHBIX OKOH N00800a 6030yXd
(6mopuunwix, pazdoaesnenus) Ha odwue memnepamypHvlie xapaxkmepucmuku u gopmuposanue eviopocos NOx @
orcaposoil mpybe mpyouamo-KoIbyegol Kamepvl c2opaHus 0ai 8 pAasIudHbIX CAyYdes ¢ NOMOUWbIO MemoO0s
sblyuCIUMENnbHOU eudpoounamurxu. Mooeruposanue gvinoansnocy ¢ nomoupto ANSYS CFX ¢ ucnoavzosanuem
namunapnou flamelet MoOdenu 015 uccie008anUs c2opanust MEMAHO-6030YUHOU cMecU Oe3 npedsapumenrbHo2o
cmewenus. Ilposeden ananus obpasosanus meniogvix u 6vicmpoix NOX 013 npo2HO3UPOBAHUA IMUCCUOHHBIX
Xapakmepucmux ¢ UCnoab308aHUeM k-£moodenu mypoyneHmHo cmu.

Knwueevle cnoga: oxoH noagoaa Bo3ayxa, smuccus, ropenusi, CFD, oxcup a3ota, kamepa cropaHust
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AHAJII3 EPEKTUBHOCTI TA IIEPCIIEKTUB PO3BUTKY
BIOIT'A30BOI EHEPTETUKH

Annomauia. Biozasoea emepeemuka mMac 6eauKy nepcnekmuey 3anpoeaodicents 8 Ykpaiui, ane ii pozeumox
3HAYHO 2ANbMYEMbCA Yepe3 GUCOKI sumpamu enepeii Ha inmencugixayilo Memanozenesy (nepemiuysanHs ma
NiOMPUMAHHA MEeMNEPAMmypHO20 PedCUMy 6 Memaumenky). [na niosuwjenus eghexmusnocmi 6upooOHUymea
bioea3zy HeoO6XiOHo po3pobumu HOBI Memoou 1020 inmencuikayii. Bniue erekmpuunux ma mMa2HimHux noJie Ha
biomacy € He0OCMamHbO BUBUEHUM, AJle O0CIONCEHHS, NPOBEOEH] HA PI3HUX 2PYNAX MIKPOOP2AHI3MI8, BKA3YIONb
Ha me, WO Npu NPAsUIbHO NIOIOPAHUX NAPAMEMPAx 6iH MOXCe CNPUMUHUMU 3HAYHe 30L1bleHHs 00cA2i8
npooyKo8ano2o 6io2asy i 00360UMU NOGHICMIO ADO YACMKOBO 8I0MOBUMUCS 610 nidiepiey ma nepemiwysanns. Le
BHAYHO NIOBUWUMbL epeKmusHicmb 0i02A308UX YCMAHOBOK MA eHep2emuyHy He3ANeHCHICMb  OKpPeMUx
2ocnooapcme i deparcasu 6 yiniomy. Ane yi 00Caiodic eHHs € HeCmpYKmMypo8anumu i UOIPKoOGUMU Ma nompebyIonms
NnO0ANLUOZ0 Y342 ANbHEHHS | YIMOYHEHHS, OAXCAHO, eKChePUMEHMAIbHO Ni0Meep i eHO2O.

Kniouoei cnosa: bioras, GiometaHoTeHe3, OiI0peakTop, METAHOYTBOPIOKOYI OaKTepil, eJeKTpOMAarHiTHe MOJIE,
€() eKTUBHICTB.

3pocTarounii neiUT MaIMBHUX pPECypCiB BHCYBa€ Ha NEPIIUA IUIAH TOCTPY HEOOXITHICTH MOIIYKY
aNbTePHATUBHUX JDKEpelNl eHeprii, 0a)kaHo, BITHOBIIOBAHUX, [0 SKHX HaJeXHUTh Oiora3 — cymim 3 65% MmeTtany,
30% Byriekucioro rasy, 1% CipKOBOIHIO i HE3HAYHUX JOMIIIOK a30Ty, KHCHIO, BOJHIO i yajmHoro razy [1]. B
1 m3 Giorasy mictutecs enepris, exsiBanentHa 0,6 M3 mpupoamoro raszy, a6o 0,74 i 0,66 mitpu HadT um
JI3ETBHOTO TIaliMBa, BimmoBimHO. T00TO, Maro4yu AOCTATHIO KUTBKICTH 3raJlaHOTO E€HEPTOHOCISA, MOXHA 3HAYHO
3MEHIINTU 3aJICKHICTh KpaiHH Bif IMIIOPTHUX €HEPTOHOCIIB.

Sk mpaBuo, Ipy BUPOOHUNTBI METaHy 3HaYHA KUIbKICTh OTPUMAHOI €HEeprii BUTpada€eThCs Ha 3a0e3MedeHHs
mpouecy OpondiHHA, a came: JOTPUMaHHS HEOOXiTHOrO TeMIepaTypHOTO peXHMY BcepeauHi OiopeakTopy Ta
nepeminryBaHHs cyocTpaty, 0e3 SkuxX e()eKTHBHICTh MPOLECCy 3HAUYHO 3MEHIIYEeThCsA. KpiM ToTo, BOHA 3a5IeKUTh
SIK Bil 0OpaHOI TEXHOJIOTII, MaTepiadiB i KOHCTIPYKIIii OCHOBHHX X €IeMEHTIB, TaK i BiJ KIIMaTHYHUX YMOB Yy
paiioHax ix posrtamryBaHHs. CepeiHe CHOXXHBAaHHS BUPOOIEHOI eHeprii 1ai 3abe3ledeHHs IpoIiecy B CaMOMy
6iopeakTopi y mmpoTax YKpaiHH CTaHOBHUTH: TemnoBoi — 15-30%, i, nomaTtkoBo, enektpuuHoi — 6-9 % [2]. Ilpu
LbOMY IICJISl OYHMIICHHs 0iorasy Bi HETOPIOYMX 1 MIKUIMBHX AOMIMIOK HOro coOiBapTicTh HAOMKAETHCSA M0
BapTOCTI IPHUPOIHOTO, IO MOKE OYTH EKOHOMIYHO HEIOLUIEHUM.

Bimomo, 1o ytBopeHHs 0iorasy BimOyBaeThes mpu TemiepaTtypax Big 0°C mo 97°C 1y mboMy MpOMIKKY
BUAUBIIOTE, YMOBHO, TPH TeMIlepaTypHi pexumu [2]: neuxpodimeauii (mo 20-25°C), mesodimphuii (25-40°C) i
tepMmodimbauii (moHaa 40°C). Iepmmumii ciocTepiraeThbest B yCTAaHOBKAX Oe€3 MIMITPiBY, B SKUX BIACYTHIH KOHTPOJb
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