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Abstract-- Injecting green hydrogen into natural gas is
considered a renewable energy storage method. It is a cost-
effective option for providing heat and electricity to
residential and commercial sectors while reducing the carbon
content of natural gas networks. By injecting less than 10%
hydrogen into natural gas, there is no need to change the
combustion infrastructure. The aim of this study is to
investigate hydrogen injection into the urban gas
transmission network by numerically simulating the
combustion chamber of a natural gas and hydrogen mixture
and finding the appropriate natural gas/hydrogen ratio by
examining the combustion characteristics. For this purpose,
the conservation equations of mass, momentum, energy and
chemical components have been solved numerically.
Comparison of the results of the present method with the
experimental results, shows the high agreement and accuracy
of the solution method. The results show that adding
hydrogen increases the temperature and flame elongation,
reduces carbon dioxide emission, increases water and the
amount of NOx produced. In the case of 2.5% hydrogen, the
heat of reaction is reduced compared to pure methane, but
gradually and with increasing hydrogen percentage, the heat
of reaction increases.

Key Words: Numerical Simulation, Mixed fuel, Hydrogen,
produced NOx, Combustion chamber

1. Introduction

Due to the economic growth of countries, population
growth, depletion of fossil fuels, volatility of fuel prices,
the need for energy security, and also the pollutants
resulting from the combustion of common fossil fuels such
as diesel, oil, and coal, the development of renewable and
less polluting energy sources is very important. The most
important of these sources are solar energy, wind energy,
geothermal energy, biogas, and hydrogen energy. The
calorific value of hydrogen is much higher than that of
methane and diesel fuel. Hydrogen is the lightest gaseous
substance in the world and is considered one of the
cleanest fuels available. One of the methods that eliminates
the challenges of using hydrogen is injecting it into the

municipal gas network and creating a mixture of hydrogen
and gas [1]. Finding the right ratio of hydrogen to natural
gas is one of the challenges ahead. The aim of this research
is to simulate the combustion of a mixture with certain
ratios of natural gas and hydrogen and to investigate
combustion characteristics such as calorific value,
combustion temperature, flame length and pollution level
for injecting hydrogen available in industries into the
urban gas network.

2. Governing Equations

The combustion chamber under study is shown in figure
(1) The flow inside the chamber is assumed to be steady
and compressible. The reactants and products are assumed
to be ideal gases. Buoyancy effects are ignored. The
specific heat capacity is calculated from the mixing law
model. According to the Reynolds number of the flow; the
flow is turbulent and the turbulence model is used to model
this flow.

The conservation equations include conservation of mass,
momentum, energy, and conservation of particles [2].

V.(pu) =0 @
V.(putd) = -Vp+ V.1 )
v.(uch = v.(Dffych 3
V.(pc,iT) = V. (k¥ TVT) 4)

The second-order upwind model has been used to
discretize the continuity, momentum, turbulence, and
species equations in order to increase the accuracy of the
results [3, 4].

3. Results

In order to ensure the numerical simulation, the simulation
results have been compared with the results available in
the reference. there is a very good agreement between
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them. Figure (2) shows the changes in the mass fraction of
carbon dioxide for different percentages of hydrogen in the
fuel input. As the percentage of hydrogen input increases,
the amount of carbon dioxide decreases, and in addition to
stabilizing the flame, it slows down the progress of the
combustion process in the early and middle stages, which
in turn reduces the mole fraction of carbon monoxide and
carbon dioxide in the later stages.

The values of NOx mass fraction are plotted in figure
(3) for different hydrogen percentages along the defined

axis line inside the chamber. It is observed that with
increasing hydrogen fuel fraction at the inlet, the amount
of NOx produced in the chamber increased. According to
the graph, NOx has been produced since the flame was
formed and combustion took place, and as the amount of
hydrogen input increased, the changes in the increase in
NOXx produced became smaller.
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Fig.1. Combustion chamber geometry and boundary conditions
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Fig. 2. Changes in carbon dioxide mass fraction along the axis for different hydrogen percentages
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4. Conclusion

The purpose of this research is to simulate the
combustion of a mixture with certain proportions of
natural gas and hydrogen to find the optimal ratio of
hydrogen to natural gas and to investigate combustion
characteristics such as calorific value, combustion
temperature, flame length, and pollution level for
injecting hydrogen available in industries into the urban
gas network. For this purpose, the equations of mass,
momentum, energy and particles in the combustion
chamber have been modeled using Fluent software,
considering a fuel mixture of methane and different
percentages of hydrogen at the inlet. The results show
that by adding hydrogen, the carbon dioxide emission
rate decreased due to the reduction in the total carbon
rate, the amount of water produced increased, and the
amount of NOx produced in the chamber also increased.
The addition of hydrogen also affects the flame structure
and causes the flame to stretch. At 2.5% hydrogen in the
inlet, the heat of reaction decreased compared to pure
methane; however, gradually and with increasing
hydrogen percentage, the heat of reaction increased.
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