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ABSTRACT

In this study, a semi-spherical ceramic foam burner for a small capacity boiler was developed. For
the burning simulation, the solid model of the semi-spherical foam burner was constituted and the
mathematical model related to the system was made.The programmes PrePDF, GAMBIT and
FLUENT 6.0 were used to get the simulation. The burning simulation in mixture was done for the
static pressure distribution, the velocity distribution, and the temperature distribution.The turbulence
ratio is 95%, and the inlet velocity is 10 m/s for the uniform temperature on the surface of the semi-
spherical ceramic foam burner.
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1. INTRODUCTION

In this study, a simulation of the burning process of a semi-spherical ceramic foam burner was set up. In
this field, Jones and Mcguirk [1] developed the mathematical model for combustion chamber in gas
turbine. They applied this model to the combustion chamber with two and three dimensions and also
compared with the experimental studies done by Owen [2]. Gafletti, Belli and Bruno [3] compared the two
different turbulent models and they saw that difference between two models decreased at high pressures.
Giinter and Lenze [4] obtained the variation coefficients for the heat, momentum and the mass in their
turbulence calculation. Markatos and Moult [5] developed a new calculation technics for turbulent and
incompressible flows in an axial symmetric combustion chamber. This technics covered the chemical
reaction and radiation. Nikjooy, So and Peck [6] used the chemical models and examined the differences
between the models. Khalil, Spalding and Whitelaw [7] examined the flow in two dimensinoal axis. Torii
and etc. [8] did the laminarisation of heated gas flow in a circular pipe. They used the numeric analysis by
means of the k-¢ model. Nagona and Kim [9] obtained the two dimensional heat transfer models by
considering the sliding tension for flows in the wall. Torii [10] found the constant of the transport
equations by using the k-& model and simulated the flow field of fluid. Magnussen [11] developed the
mathematical model during sooty burning. Bird and etc [12] obtained the correlation for density and
viscosity in a control volume by considering the thermal specifications. Altimigik and etc [13] developed
the solid model of the semi-spherical foam burner was constituted and the mathematical model.

2. MATHEMATICAL MODEL

In order to obtain the mathematical model of the system, the densities for the incompressible and the
compressible flows in ideal gases were written. The densities for the mixture for the unideal gases, the
compressible and the incompressible flows were given respectively [14]. The viscosity of the gas
depending on the temperature and the Sutherland’s viscosity law were written [15].
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2.1 Physical Models
The conservation’s law of the mass can be given in the following form

P o (1)
ot tax P =0

The continuity equation for compressible flow in transient regime is
op © 0 pV (2)
—+—(pUW)+—(pV)+—=0
ot 6x(p ) 6r(p ) r

Here, x is the axial coordinate, r is radial coordinate, u and v are velocities in axial and radial
directions, t is the variation of time and p is fluid density. The conservation equation of momentum

for compressible flow in transient regime can be expressed as follows [16] ,

9 (puu )——6‘—P+arij
ox P ox,  ox

i i i

Here, p.g; shows the gravitation acceleration, F; is the external force and P is the static pressure. 7;;
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is the sliding tension and it can be given in the following form,
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Here, u is the molecular viscosity.
The conservation equation of the momentum for the two dimensional asymmetric geometries in

radial and axial direction can be written in the following form [16],
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The conservation statement of the energy is

f) 0 Y oT & (8)
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Here, keff is the effective conduction coefficient, jj is the diffusion flux of the addition of the j

N
element to the mixture, Ky ﬂis the heat transfer by conduction, Zhjji is particle diffusion,
OX; =

U;(7j)e is the viscosity distribution and S, is given up the heat at the end of the chemical reaction.

2.2 Turbulent Model
By means of the Reynolds analogy, the equation given by [11] for heat and mass transfer can be
expressed in the following form [17],
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Here, (Z’ij ) 1s the effective sliding tension and it can be expressed as follows,
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Here, K is the turbulent kinetic energy, & is the distribution rate. The transport equations of the
K — & turbulent model [18] are
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Here, G, is the turbulent kinetic energy production depending on the velocity gradient of the gas, G,
is the turbulent kinetic energy production depending on buoyancy of the gas, Y,, is the total
distribution ratio of the flow expansion for the compressible turbulent flow, &, is the turbulent

Prandtl number for oe, k ve £, C,&,C,& and C,¢ are the model constants [17].
The turbulence viscosity is

u=pC, "~ (13)
Here, C .. 18 the model constant and it was calculated by Torii (8). C .. 18 0,09 for the low Reynolds number of

K and & values.In order to complete the mathematical model, it is necessary to write the boundary conditions,
the radiation model [17], the chemical equilibrium equations and the decomposition equations.

3. BURNING SIMULATION
PrePDF, GAMBIT and FLUENT 6.0 programs were used for the burning simulation. The figure 1 shows the
simulatiom of turbulent kinetic energy of the air-fuel mixture and its graphs is given in Figure 2.

1.80e4+03

60e+03 -

--------------------------
SBWR
Eul

N ! BCwB
5 005 0075 04 04125 045 0475 2 225 AR

Diam eter m

Figure 1. Simulatioin of turbulent kineticenergy Figure 2. Graph of turbulent kinetic energy

The simulation of mass ratio of CO, in mixture and the simulations of mass ratio of N, in mixture and
their graphs were given in figure 3, 4, 5 and 6 respectively.
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4. RESULTS AND DISCUSION

As seen in Figure 1, The total energy is great in the region having the excess density. The value of the
total energy is very small in the upper wall of the burner. Because the velocity is zero in the wall. The
decreasing of the velocity value affects the decreases of turbulent kinetic energy. For this reason, the
total energy decreases (in Figure 2).

The incerases or decreases of the velocity affects on the turbulent kinetic energy. If the velocity is
zero in the wall, the kinetic energy is also zero. Figure 3 shows the simulation of the mass ratio of
CO, . The mass ratio of CO, is much in the central of the burner, but it is small in the bottom of the
burner. The variation of the mass ratio of CO, according to the diameter of burner in mixture is
shown in Figure 4. As seen figure, there is a tarnsition region between two regions. These regions are
under and upper zones of the semi-sphere. In order to improve the burning, the amount of CO, and
the height of the condensing point of the water vapour in chimney gas have to remain in desired value.
If the fuels containing C aren’t burned in ideal conditions and CO gives out insead of CO, . Figures 5
show the simulations of N, . Figure 6 gives the its graph. The molecular N, affects to the invironment,
but its compounds affect to the environment too. The formation equilibrium of CO and NOx have to
adjust the perfect. Till the necessary time for burning provides, N, remains in the bottom region of the
burner. The reason of the decrease of N, amount in wall, is the push force occuring by the blowing.
As known, N, exists different ratios in the air.

The ratio of turbulent is 95% and the inlet velocity is 10 m/s for the uniform temperature on the
surface of the semi-spherical ceramic foam burner.

5. REFERENCES

[1] Jones, W., P., Mcguirk, J., J., Mathematical Modelling of Gas Turbine Combustion Chambers,pp 4/1:11, USA, 1975.,

[2] Owen, F., K., Measurements and Observations of Turbulent Recirculating Jet Flows, AIAA Journal, pp
1156:1562, 1976.,

[3] Gafletti, L., Belli, M., Bruno, C., Numerical Modelling of Combustion Processws in Gas Turbines,pp
13/1:13, 1988.,

[4] Giinther, R., Lenze, B., Exchanhge Coefficients and Mathematical Models of Jet-Diffusion Flames, 14th.
Symposium on Combustion, pp675:687, USA, 1972.,

[5] Markatos, N., C., G., Moult, A., The Computation of Steady and Unsteady Flows in Axi-Symmetrical
Domains, Heat and Momentum Limited, London, 1986.,

[6] Nikjooy, M., So, R., M., C., Peck, R., E., Modelling Jet and Swirl-Stabilized Reacting Flows in
Axisymmetric Combustors, Combustion Sci. and Tech. Pp 135:153, 1987.,

[7] Khalil, E., E., Spalding, D., B., Whitelaw, J., H., The Calculation of Local Flow Properties in Two-
Dimensional Furnaces, Int. J. Heat and Mass Transfer, pp 775:791, 1975.,

[8] Torii, S., Shimizu, A., Hasegawa, S., Higasa, M., Laminarization of by Means of Strongly Heated Gas
Flows in a Circular Tube (Numerical Analysis by Means of a Modified k € model ).JSME Int j, Ser II
1990;33:538.,

[91 Nagano, Y., Kim, C., A., Two-equation Model for Heat Transport in Wall Turbulent Shear Flows. ASME J
Heat Transfer 1988;110:583.,

[10] Torii, S., Yang, W., Laminarization of Turbulent Gas Flow Inside a Strongly Heated Tube. Int. J
Heat.Mass Transfer 1997;40:3105.,

[11] Magnussen, B., F., Hjertager, B., On Mathematical Modelling Of Turbulent Combustion With Special
Emphasis on Soot Formation and Combustion . Sixttenth Symposium  (international) on Combustion.
Pittsburgh, PA: The Combustion Instute; 1977.p.719.,

[12] Bird, R., B., Stewart, W., E., Lightfoot E., N,. Transport Phenomena. New York : Willey; 1960.,

[13] Altumsik, K., Sahin, S., Teberoglu, O., Tekin, M., Semi-Spherical Ceramic Foam Burners and Burning
Simulation, 9" International Research/Expert Conference 'Trends In The Development Of Machinery and
Associated Technology' TMT 2005, Antalya, Turkey, 1323-1326, 2005.

[14] Baulch, D., L., Evaluated Kinetic Data for Combustion Modelling. J. Physical and Chemical Reference
Data, 21(3), 1992.,

[15] Batchelor, G., K., An Introduction to Fluid Dynamics. Cambridge Univ. Press, Cambridge England, 1967.,

[16] Cebeci, T., Bradshaw, P., Momentum Transfer in Boundary Layers. Hemisphere Publishing Corporation,
New York, 1977.,

[17] Launder, B., E., Spalding, D., B,. Lectures in Mathematical Models of Turbulence. Acedemic Pres,
London, England, 1972.

[18] Shih, T., H., Liou, W., Shabbir, W., A., Zhu., J., A New k- Eddy-Viscosity Model for High Reynolds
Number Turbulent Flows - Model Development and Validation. Computers Fluids, 24(3):227-238, 1995.

996




10th International Research/Expert Conference


”Trends in the Development of Machinery and Associated Technology”


TMT 2006, Barcelona-Lloret de Mar, Spain, 11-15 September, 2006

SEMI-SPHERICAL CERAMIC FOAM BURNERS 


AND BURNING SIMULATION (PART II)


Kemal ALTINIŞIK


Ömer TEBEROĞLU

Selcuk University


Selcuk University

Engineering Faculty, Konya
Engineering Faculty, Konya

TURKEY



TURKEY


Şenay YALÇIN


Muhittin TEKİN

   Alper ALTINIŞIK

Bahcesehir University

Secuk University

   Uzel Machine Ind.

Engineering Faculty, İstanbul 
Engineering Faculty,                        Istanbul

TURKEY



Konya, TURKEY

           TURKEY

ABSTRACT
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1. INTRODUCTION

In this study, a simulation of  the burning process of a semi-spherical ceramic foam burner was set up. In this field, Jones and Mcguirk [1] developed the mathematical model for combustion chamber in gas turbine. They applied this model to the combustion chamber with two and three dimensions and also compared with the experimental studies done by Owen [2]. Gafletti, Belli and Bruno [3] compared the two different turbulent models and they saw that difference between two models decreased at high pressures. Günter and Lenze [4] obtained the variation coefficients for the heat, momentum and the mass in their turbulence calculation. Markatos and Moult [5] developed a new calculation technics for turbulent and incompressible flows in an axial symmetric combustion chamber. This technics covered the chemical reaction and radiation. Nikjooy, So and Peck [6] used the chemical models and examined the differences between the models. Khalil, Spalding and Whitelaw [7] examined the flow in two dimensinoal axis. Torii and etc. [8] did the laminarisation of heated gas flow in a circular pipe. They used the numeric analysis by means of the k-ε model. Nagona and Kim [9] obtained the two dimensional heat transfer models by considering the sliding tension for flows in the wall. Torii [10] found the constant of the transport equations by using the k-ε model and simulated the flow field of fluid. Magnussen [11] developed the mathematical model during sooty burning. Bird and etc [12] obtained the correlation for density and viscosity in a control volume by considering the thermal specifications. Altınışık and etc [13] developed the solid model of the semi-spherical foam burner was constituted and the mathematical model.

2. MATHEMATICAL MODEL

In order to obtain the mathematical model of the system, the densities for the incompressible and the compressible flows in ideal gases were written. The densities for the mixture for the unideal gases, the compressible and  the incompressible flows were given respectively [14]. The viscosity of the gas depending on the temperature and the Sutherland’s viscosity law were written [15].

2.1 Physical Models 


The conservation’s law of the mass can be given in the following form
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The continuity equation for compressible flow in transient regime is
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Here, x is the axial coordinate, r is radial coordinate, u and v are velocities in axial and radial directions, t is the variation of time and 
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 is fluid density. The conservation  equation  of momentum for compressible flow in transient regime can be expressed as follows [16] , 
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Here, 
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 shows the gravitation acceleration, Fi  is the external force and P is the static pressure. 
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 is the sliding tension and it can be given in the following form,
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Here, 
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 is the molecular viscosity.


     The conservation equation of the momentum for the two dimensional asymmetric geometries in radial and axial direction can be written in the following form [16], 
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Here,  the value of the 
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The conservation statement of the energy is
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Here, 
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2.2 Turbulent Model


By means of the Reynolds analogy, the equation given by [11] for heat and mass transfer can be expressed in the following form [17],
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Here, 
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 is the effective sliding tension and it can be expressed as follows,
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Here, 
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 is the turbulent kinetic energy, 
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 is the distribution rate. The transport equations of the 
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Here, 
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 is the turbulent kinetic energy production depending on the velocity gradient of the gas, 
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The turbulence viscosity is
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Here, 
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 is the model constant and it was calculated by Torii (8). 
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 values.In order to complete the mathematical model,  it is necessary to write the boundary conditions, the radiation model [17], the chemical equilibrium equations and the decomposition equations.


3. BURNING SIMULATION


PrePDF, GAMBIT and FLUENT 6.0 programs were used for the burning simulation. The figure 1 shows the simulatioın of turbulent kinetic energy of the air-fuel mixture and its graphs is given in Figure 2. 
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Figure 1. Simulatioın of turbulent kineticenergy    Figure 2. Graph of turbulent kinetic energy

The simulation of mass ratio of CO2 in mixture and  the simulations of mass ratio of N2 in mixture and their graphs  were given in figure 3, 4, 5 and 6  respectively.
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Figure 3. Simulatioin of mass ratio of CO2       Figure 4. Graph of mass ratio of CO2 
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Figure 5. Simulatioin of mass ratio of N2          Figure 6. Graph of mass ratio of N2

in mixture   



          in mixture

* (EVM)   The entering values of the mixture  

 (VBWB)  The values of  bottom wall of burner


   (BCWB) The values of  bottom corner wall of burner 
 (VUWB)  The values of  upper wall of burner

4. RESULTS AND DISCUSION


As seen in Figure 1, The total energy is great in the region having the excess density. The value of the total energy is very small in the upper wall of the burner. Because the velocity is zero in the wall. The decreasing of the velocity value affects the decreases of turbulent kinetic energy. For this reason, the total energy decreases (in Figure 2).


The incerases or decreases of the velocity affects on the turbulent kinetic energy. If the velocity is zero in the wall, the kinetic energy is also zero. Figure 3 shows the simulation of the mass ratio of CO2 . The mass ratio of  CO2  is much in the central of the burner, but it is small in the bottom of the burner. The variation of the mass ratio of  CO2  according to the diameter of burner in mixture is shown in Figure 4. As seen figure, there is a tarnsition region between two regions. These regions are under and upper zones of the semi-sphere. In order to improve the burning, the amount of  CO2  and the height of the condensing point of the water vapour in chimney gas have to remain in desired value. If the fuels containing C aren’t burned in ideal conditions and CO gives out insead of CO2 . Figures 5 show the simulations of N2 . Figure 6 gives the its graph. The molecular N2 affects to the invironment, but its compounds affect to the environment too. The formation equilibrium of CO and NOx have to adjust the perfect. Till the necessary time for burning provides, N2 remains in the bottom region of the burner. The reason of the decrease of  N2  amount in wall, is the push force occuring by the blowing.  As known, N2 exists different ratios in the air.


The ratio of turbulent is  95% and the inlet velocity is 10 m/s  for the uniform temperature on the surface of the semi-spherical ceramic foam burner.
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