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Simulation of Combustion Process of Natural Gas/Hydrogen Hybrid Fuel in Glass Furnace
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Abstract: Promoting the low carbon emission of silicate material manufacturing is of great significance to achieve the overall
strategic goal of carbon peaking and carbon neutrality. In this paper, the application of hydrogen energy on a flat glass furnace was
investigated by a numerical simulation method. The effect of natural gas/hydrogen hybrid fuel on the temperature/velocity fields and
the composition of flue gas was analyzed to comprehensively evaluate the feasibility of hydrogen utilization in glass furnace. The
results show that the combustion of natural gas/hydrogen hybrid fuel can ensure the temperature stability of glass furnace. Compared
to natural gas, the burning rate of natural gas/hydrogen hybrid fuel is improved, and the heat release of fuel combustion is more
concentrated. As the proportion of hydrogen increases to 20% or above, the flame length significantly shortens, and the residence time
of flue gas at glass furnace increases. In the furnace with a hydrogen proportion of 40%, the total flue gas is reduced by 4.13%, and
the CO, emission is reduced by 12.50%, while the emission NO, concentration is increased from 1 093 mg-Nm™ (dry with 8%0,) to
1 282 mg-Nm™ (dry with 8%0,). A further investigation on combustion system design, refractory erosion and other aspects is
proposed to solve the problems of hydrogen application in large glass furnace and promote the utilization of hydrogen energy in
silicate materials manufacturing.
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Table 1 Combustion parameters of natural gas mixed with hydrogen fuel

Model number o(H)/% Heat value of mixed fuel /(kJ-Nm ) Mixed fuel consumption J(Nm*-h™") Combustion air /(Nm®-h™")
Basic case 0 36 606 5000 52 607
H>-10% 10 34 131 5363 52184
H,-20% 20 31655 5782 51695
H>-30% 30 29 180 6272 51124
H,-40% 40 26 705 6 854 50 446

¢—Volume fraction.

(a) Geometry of glass furnace

(b) Grid at cross-section of glass furnace

(c) Grid at horizontal plane of glass furnace

BT Bz P R Ly 4 4 R s &l o 1
Fig. 1 Geometry and grid of glass furnace model
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Fig. 2 Temperature fields of combustion space
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Fig. 5 Streamlines distribution of flue gas at combustion space
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Table 2 Ratios of main components and the NO, concentration of flue gas

Model number »(02)/% »(N2)/% #(CO/% o(H,0)/% »(CO)/% »(CH4)/% NOx /(mg'Nm%) (Dry, 8%0,)
Basic case 2.15 67.25 11.48 18.28 0.02 0.01 1093
H,-10% 2.18 66.98 11.28 18.65 0.06 0.04 1092
H,-20% 2.24 66.85 10.98 19.05 0.04 0.03 1284
H,-30% 2.15 66.64 10.68 19.68 0.03 0.01 1283
H,-40% 2.13 66.37 10.35 20.30 0.03 0.01 1282

K7 SRR SHSE A CO, Hi R

Fig. 7 Emission of flue gas and CO, in each models
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