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Development of New High Efficient Burner for Direct Fusion Combustion
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We have developed a new high efficiency DFC (Direct Fusion Combustion) oxy-
fuel burner. This burner injects powderedraw material directly into the flame, which
heats and melts the precipitating particles.The numerical simulation and bench-
scale experiment were carried out due to discuss a suitable burner structure for
DFC burner.As a result, we found out the highly-efficient burner. We designed the
pilot-scale burner (glass feed rate: 420 kg/h) using numerical simulation, and the
pilot-scale experiment was carried out about the glass culet (ds,~ 300um).The heat

efficiency was achieved 65%. We confirmed the rules for scaling of DFC burner.
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Table 1 Specification of bench-scale equipment

Furnace size 750 X 750 X 900 mm

Melt capacity 100L
Heat input 126 kW
Feeder
Carrier oxygen
Oxygen
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Fuel (LNG) [—) DFC oxy-fuel
burner
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Fig.1 Schematic of bench-scale equipment
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Fig. 2 Schematic of burner structures
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Table 2 Experimental conditions on bench-scale

LNG flow rate (m®*(normal)/h) 11.0
Oxygen flow rate (m*(normal)/h) 26.6
Oxygen ratio ) 1.05
Glass powder feed rate (kg/h) 129~145
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Table 3 Experimental results on bench-scale

Burner type A B C

Melting efficiency (%) 43 48 54

Temperature of molten glass (‘C) 1382 1392 1416
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Table 4 Computational models

Turbulence Standard k-& model

Combustion Probability Density
Function model (PDF)
Discrete Ordinate model
(DO)

Euler-Lagrangian model

Radiation heat transfer

Multiphase flows

Table 5 Computational conditions

LNG flow rate (m3(normal)/h) 11.0

Oxygen flow rate (m*(normal)/h) 26.6
Glass powder feed rate (kg/h) 145.0
Diameter (Hm) 300
Glass ) p
Density (kg/m?) 2500
powder

Specific heat (kJ/(kg*K)) 1.2
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Fig. 3 Calculating temperature distribution
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Fig. 4 Calculating particle trajectory and temperature
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Fig.5 Influence of distance between burner and melt
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Table 6 Specification of pilot-scale equipment

Furnace size 1050 X 1050 X 1260 mm
Melt capacity 380L

Heat input 310 kW

Fig.6 Pilot-scale Equipment
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Fig.7 Calculating temperature distribution for pilot-scale



KB HBEERER No.31 (2012)

43 A0y b RT—)VIN—F DEHERER

b Uiz A — VAl & LIciRat Uiz SsAawy b
AT —)VN—F 72 O CIEREAR 217 > 7o SRSt
7z Table 7I1C/R9,

Table 7 Experimental conditions on pilot-scale

LNG flow rate (m*(normal)/h) 26.5
Oxygen flow rate (m*(normal)/h) 64.0
Oxygen ratio ) 1.05
Glass powder feed rate (kg/h) 420
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Table 8 Melting efficiencies of simulations and experiments

Melting efficiency (%)
Scale
Experiment Simulation
Bench (145 kg/h) 54 57
Pilot (420 kg/h) 65 63
Business (2 ton/h) — 70
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Fig. 8 Efficiencies of heating in flame and heating to melt
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