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ABSTRACT: Facing the “carbon peak and carbon neutrality”
target, the adaptability of hydrogen-enriched natural gas, as a
low-carbon fuel, to existing natural gas-fired equipment has
become a focus of attention. In this study, hydrogen-enriched
natural gas combustion experiments are conducted on a 350 kW
gaseous fuel-fired pilot furnace equipped with a meta fiber
surface burner. The main attention is paid to the effects of
changes in the hydrogen blending ratio (0%~30%) and the
boiler heating load (25%~100%) on burner performances and
pollutant emissions. The results show that when the heating
load and blower speed remain unchanged, the excess air ratio
of the furnace combustion increases, and NO,, CO, and CO,
decrease accordingly, as the hydrogen blending ratio increases.
As the heating load increases, the metal fiber surface burner
tends to be more in the blue flame mode. Besides, the NO,
emission decreases while the CO emission increases. Almost
all the test cases after optimization in the experiments could
satisfy the requirements that both NO, and CO emissions are
below 30 mg/m®.

KEY WORDS: hydrogen-enriched natural gas, metal fiber
surface burners; pollutant emissions; carbon emission reduction
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Fig. 2 Physical diagram of the metal fiber surface burner
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Table4 Fuel properties of hydrogen-enriched natural gas
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Fig. 5 Key parameters of the gas-fired boiler at different
hydrogen blending ratios and heating loads
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Facing the “carbon peak and carbon neutrality”
target, the adaptability of hydrogen-enriched natural gas,
as a low-carbon fuel, to existing natural gas-fired
equipment has become a focus of attention. Among the
equipment, gas-fired boilers are mostly used in industrial
and civil heating or cogeneration fields. To achieve
carbon emission reduction targets in these fields,
hydrogen combustion in gas-fired boilers has also
become a research hotspot in recent years.

In this study,
combustion experiments are conducted on a 350kW
gaseous fuel-fired pilot furnace equipped with a metal
fiber surface burner. The experimental system diagram is
shown in Fig. 1. Besides, the physical diagram of the
metal fiber surface burner is shown in Fig. 2. The main
attention is paid to the effects of changes in the hydrogen
blending ratio (0%~30%) and the boiler heating load
(25%~100%) on the boiler thermodynamic performances
and pollutant emissions. The combustion stability
criterion K is used to quantitatively characterize the
combustion stability of hydrogen- enriched natural gas
on the metal fiber surface burner. K is calculated
according to (1).

hydrogen-enriched natural gas

K= Vtotal

S, (1)
where viqi is the outlet flow velocity of premixed gas in
the metal fiber burner, m/s. §_ is the laminar flame speed
of premixed gas, m/s.

The results show that when the heating load and
blower speed remain unchanged, the excess air ratio in
the furnace increases, and NO,, CO, and CO, decrease
accordingly, as the hydrogen blending ratio increases.
As the heating load increases from 25% to 100%, the
metal fiber surface burner tends to be more in the blue
flame mode. The value of K increases from 1.1 to 3.9.
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Fig.1 Experimental system diagram of a 350kW gas-fired boiler

Fig.2 Physical diagram of the metal fiber surface burner

Besides, the NO, emission decreases while the CO
emission increases. During the experiment, NO, and
CO emissions can be basically below 30 mg/m*® under
all working conditions after optimization. Additionally,
hydrogen addition can reduce CO, emission, and a
further increase in the hydrogen blending ratio in the
fuel could be considered in the future.



