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4. Unsteady
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2. Favre averaging
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1. Gas Research Institute

2. Effective diffusivity

3. Cross diffusion

4. Partially Strried Reactor
5. Eddy Dissipation Concept
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1.Pressure Implicit with Method for Pressure-Linked Equations
. Pressure Implicit with Splitting of Operator

. Semi-Implicit Method for Pressure-Linked Equations

. Gauss linear

. Highly Preheated And Diluted Air Combustion
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. Super heated

. Convection
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pipes

Connection between
combustion chamber (radiation heat transfer) two compartments

. . . . . . . Convection heat transfer chamber
Figure 1- Boiler assembly diagram including burner, combustion chamber, connection between two chambers and steam pipe
chamber
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Figure 2- Combustion chamber diagram with burner[8]
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Table 1 —Burner operating conditions [8]

Temperature (Kelvin) Mass flow (kg per second)
Gas fuel (Methane) 300 0/285
Central air 600 2
Outer air 400 5
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Figure 3- The design of burner and the size of inputs [8]
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Figure 4- View of the burner and combustion chamber assembly in full and fragmented mode
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Figure 5- Geometry scheme studied by Garton et al [18]
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Table 1- Operating conditions of geometry studied by Garton et al [18]

Temperature (Kelvin) Velocity of (M/g)
Air 323.15 36.29
Fuel (Methane) 313.15 7.76
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Figure 6- Graph of non-dependence of numerical solution on the computational network by comparing temperature on the axis
with the experimental results of the work of Garton et al
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Figure 7- Temperature contour for combustion chamber in degrees Kelvin in 20,000 grid
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Figure 8- Flow lines formed for the combustion chamber in the 20,000 grid
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Figure 10- An example of mesh used in the present study
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Figure 12- Temperature distribution contour in degrees Kelvin inside the combustion chamber in dry air mode and initial
conditions
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Figure 13- Speed distribution contour in meters per second and flow lines inside the combustion chamber in dry air mode and
initial conditions
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Figure 14- Methane mass fraction distribution contour inside the combustion chamber
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Table 3 — Molecular weight, Gas constant and Specific heat capacity of components of air [19]

Specific heat capacity in 300 k° Gas constant Molecular weight
Gas Ve ) Ve 1) E/moD
kg.K* kg. K° mol
Oxygen 918.7 259/837 31/998
Nitrogen 1039.6 296/803 28/013
Water vapor 2080.2 461/531 18/015
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Table 4 —Temperature, Density and velocity of air inlets in various steam mass fractions

steam Density of | steam mass | Temperature Density of steam mass Temperature Velocity of | Velocity
mass center air flow rate in of center air outer air flow rate in of outer air center air of outer
fraction (kg /D center air (K) (kg /D outer air (K" M/9) air
m ki m k m
%9 <8/9) ™/s)
0.0 0.583 0.0 600 0.88 0.0 400 22.33 35.2
0.05 0.586 0.105 580 0.854 0.263 398.65 23.62 37.38
0.1 0.592 0.222 558 0.832 0.555 397.3 24.64 40.82
0.15 0.601 0.353 535 0.812 0.882 395.95 25.75 42.76
1500 1600 |
———=—— H20 Mass Fraction 0.0 !
i —— 20 Mass Fraction 0.05 1400 -
1400 - ————— H20 Mass Fraction 0.1 N
i ———— H20 Mass Fraction 0.15 1200 -
- z I
%1300 g oo
- =
‘E E 500 H20 Mass Fraction 0.0
g 2 ———+—— H20 Mass Fraction 0.05
E 1200 E 500 4 ————— H20 Mass Fraction 0.1
= = ——e—— 20 Mass Fraction 0.15
400 —
1100
L 200
10000””0!1‘IHO!Z””O!SHHOTAH"0.‘5””0!6””0!7””0!8 00””1‘””2“”‘.‘:‘H ‘: I 5I 6‘ ‘ '," IH;HH;H

Outlet Radius (m) Center Line (m)

Figure 15- Diagram of temperature distribution in degrees Kelvin on axial line and combustion chamber outlet for four steam mass
fractions
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Table 5- Flame temperature change for four water vapor mass fractions

Steam mass fraction 0.0 0.05 0.1 0.15
Flame temperature (K') 1964 1825 1707 1592
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Figure 16- Chart of changes in Methane concentration on the combustion chamber axial line and outlet
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Figure 18- Chart of changes in Carbon dioxide concentration on the combustion chamber axial line and outlet
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Table 6- Final values of mass flow rate of output species, average temperature of products and thermal power in dry air mode
and 3 different mass fraction of steam in chamber outlet

OH NO NO, 0, CO, CO CH, Output Mean Steam
(mg/kWh) (mg/kWh) (mg/kWh) (kg/s) | (kg/s) (gr/s) (gr/s) power Temperature of mass
x107® | x1077 (MW) outlet (K" fraction
3.89 101.52 1.07 0.544 0.741 5.2 142 10.98 1287 0.0
6.21 64.15 0.67 0.565 0.719 6.4 4.27 11.102 1219 0.05
8.67 39.2 0.41 0.608 0.694 7.4 15.1 11.176 1165 0.1
10.74 24.56 0.26 0.653 | 0.672 8.3 39.6 11.242 1098 0.15
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Numerical investigation of adding water vapor to air of combustion in an
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Environmental issues and air pollution have attracted a lot of attention in recent years. Thermal power plants
are among the air pollutants. One of the solutions used for better combustion and less pollution in other
combustion systems, including gas turbines, is the idea of water vapor injection. In this study, it was
considered that with the idea of adding water vapor to the gas turbine, a similar work would be done in the
boilers, for which in this research, a 11 Megawatts single axisymmetric burner in the form of two dimension
is modeled using the open source software OpenFoam and the ReactingFoam solver. For simulation, the
equations for mass, momentum, energy, and species conservation were solved together as a coupling, and the
pressure corrections in the momentum equations was performed according to the PIMPLE algorithm. The
model used for the turbulence is the SST k — w model, the radiation model fvDOM, the combustion model
used PaSR model and the reaction mechanism GRI-3, which includes 53 species and 325 reactions. To
validate the solver and the models used, a standard problem was used which is a simple burner and its
experimental results are available. After proving the correctness of the solution, the mentioned problem was
simulated. It was observed that in the dry air combustion chamber, the temperature and, consequently, the
NOXx output are high. The flame temperature decreased after the steam injection in three proportions by 5, 10,
and 15% of the total inlet air, so that the temperature in the axisymmetric boiler decreased by 370 Kelvin.
Also, in the axisymmetric boiler, the amount of NO output decreased 81 % and the amount of NO,output
decreased 76%. However, carbon pollutants, specifically for CO which was important in this study increased
by 58% to 17 ppm but was still much lower than national and European standards.

Keywords: boiler, power plant, energy, simulation, burner, solver
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