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1. Modulation
2. Partially stabilized zirconia
3. Pores per centimeter
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1. Firing rate
2. Porous Inert Media
1. Pores per inch
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2. Flashback
2. Diffuser

3. Zirconia

4. Straightener
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Figure 1- Schematic of the experimental setup
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1. Data logger
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Table 1- Investigated burner configurations

Burner configuration Preheating zone Combustion zone
A SiC (30 ppi) Packed bed (6.35 mm) E”
4
B SiC (30 ppi) Packed bed (12.7 mm) 1"
2
G503l 0,90 (b piolyly Conzlad pie Y Jgux
Table 2- Uncertainties of the' measured variables
Variable Independent quantities Uncertainty Error (%)
Temperature Thermocouple temperatures °C & Data logger error °C 4.1°C 35
Equivalence ratio Fuel rotameter lit/min & Air rotameter m*/hr - 9.5
Firing rate Fuel rotameter lit/min 19.41 kW/m? 6
CO emission Testo 350 error -
NOx emission Testo 350 error 5 ppm -
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Figure 2- Measured temperature profiles, case A of Table 1 for different equivalence ratios and powers: (a) 1.8, (b) 3.1 kW
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Figure 3- Measured temperature profiles, case B of Table 1 for different equivalence ratios and powers: (a) 1.8, (b) 3.1 kW
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Figure 4- Maximum flame temperature vs. equivalence ratio at 2.6 kKW for different porosities
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Figure 6- CO concentration as a function of equivalence ratio at different porosities for powers (a) 1.2 (b) 1.9 kW
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Figure 7- Flashback time as a function of equivalence ratio at different porosities for powers (a) 2.5 (b) 3.3 kW
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English Abstract

An experimental study of stable combustion and flashback phenomenon in
a double-layer porous burner

Mohammad Omidi and Mohsen Davazdah Emami
Department of Mechanical Engineering, Isfahan University of Technology, Isfahan, Iran
(Received: 2016.11.21, Received in revised form: 2017.03.16, Accepted: 2017.04.16)

In the current research, a double-layer porous burner has been studied, in which SiC ceramics and alumina
silicate (Al,SiOs) balls have been used in the first and second layers, respectively. A very important issue in
relation to porous burners is to stabilize the flame on the surface of the porous media. Therefore, it is essential
to evaluate the conditions that lead to instability (flashback phenomenon) in order to prevent sudden
flashback of the flame in the porous burner. In this paper, the flame temperature, flame stability limit,
flashback phenomenon and pollutants formation have been evaluated by changing operating parameters such
as diameter of the balls, equivalence ratio and firing rate. Results show that a stable flame prevails in the
range of equivalence ratio of 0.35-0.45. The flame moves downstream by reducing the equivalence ratio.
Moreover, the maximum flame temperature and the surface temperature decrease by increasing the diameter
of the balls. The flame flashback time decreases by increasing the equivalence ratio. In addition, increasing
porosity downstream of the burner decreases flashback time. The amount of the excess air has a significant
effect on the amount of CO, such that the concentration of CO reduces by reducing the equivalence ratio. The
NOXx concentration is negligible in all of the experiments (below 5 ppm) due to low temperature of the burner.

Keywords: Two-layer porous burner, Flame stability limit, Flame temperature, Flashback, Emission
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