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ABSTRACT: Land-based gas turbines are one of the most practical turbines that use natural gas as the
main fuel. Because of the variation of natural gas composition in different refineries and at different times, and
also its variation in pipe lines into power plants, the combustion properties will vary widely and sometimes, it
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remains harmful effects. So, several ways are proposed to minimizing the negative effects of the undesirable

combustion which is formed in hydrocarbon fuels. One of these ways is Hydrogen injection in the main fuel.
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Because Hydrogen has some desirable properties like low ignition energy, high reactivity, high diffusivity

and high burning velocity, it has been considered as a good additive for the recovery of hydrocarbon fuels
combustion. The objective of the present study is to clarify the effects of the natural gas composition variation
and also the effects of Hydrogen addition in order to have a better combustion for different fuels compositions.
It has seen that Hydrogen addition in a specific percentage, cause to a recovery in combustion properties,
such as increase in flame stability limits. it’s found that 10% Hydrogen injection can cause more uniform
combustion for the investigated natural gas compositions. Moreover, the pressure increase has a significant
effect on the increase of laminar burning velocity, temperature and flammability limits.
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1. INTRODUCTION

Nowadays, combustions with high efficiency and low
harmful emissions have been the main purpose of industries
and using lean premixed combustions creates this chance
to achieve this goal [1]. Sustaining the flame in the close
of lower flammability limits (i.e. in the lean mixture),
especially for natural gas, can be hard and with considering
some requirements [2]. So, wide variation in natural gas
composition due to different condition such as refinery
process, make it more difficult to reach stable combustion.

There are several methods to avoid the mentioned
problem and consequently create sustained combustion with
high combustion efficiency. One of these methods is using
hydrogen and inject it into the main fuel (i.e. Natural gas)
which has attracted significant interests recently [3, 4].

Based on the Author’s researches [5, 6], suitable and
good results have been extracted from using the hydrogen
injection method. GRI3.0 kinetic has been used mostly in
the recent studies [5, 6] and here, as for the initial conditions,
GRI3.0 and AramcoMech!.3 kinetics have been compared
to deduce which kinetic has better performance. Then, with
the better kinetic, combustion characteristics like laminar
burning velocity, temperature and NO_ emission have
been investigated for different natural gas compositions
with Hydrogen injection in different percentages. Finally,
the effect of pressure is studied on the combustion
characteristics.

*Corresponding author’s email: kiumars@modares.ac.ir

2. NUMERICAL PROCEDURE

The calculations were performed using Ansys Chemkin
17.2. In the used solver (Flame speed freely propagating
solver), the combustion process is simulated in one
dimension with thermal-diffusive equations. Fig. 1 shows
a one-dimensional flow and properties are steady in the
perpendicular direction to the flow and the corresponding
equations are presented as follows. The Egs. of 1, 2, 3
and 4 show respectively mass conservation, x-momentum
conservation, energy conservation and species conservation
equations.
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Considering the experimental study of Donohoe et al. [5],
the simulation and experiment results are in good agreement
and the maximum difference between them is 5.416%. The
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Fig. 1. Scheme of one-dimensional flow geometry in flame _
speed_freely propagating solver

GRI 3.0
® Experiment [6]
= = = AramcoMech 1.3

5 & & & 8

8
- N E R R e RS R RS S A LR RS

Laminar Burning Velocity (cm/sec}
&

~

N RN FEEEE RS RN RRE N NN
7 08 09 1 1.1 12 13 14
Phi
Fig. 2. One dimensional simulation validation with flame_
speed_freely propagating solver

Table 1. Maximum absolute and relative errors for GRI3.0
and AramcoMech1.3 kinetics validation

Maximum Error

Different Kinetics Absolute Relative
Error Error (%)
GRI3.0 3.47746 5.46
AramcoMechl.3 1.3936 2.26

validation results have been depicted in Fig. 2 and maximum
absolute and relative errors for GRI3.0 and AramcoMech1.3
kinetics are presented as Table 1.

3. RESULTS AND DISCUSSION

The exact natural gas composition at any site will vary
among the different regions and over time but for comparing
GRI3.0 and AramcoMechl.3 kinetics performance, the
chemical composition of natural gas which is announced by
Union Gas, in comparison with pure methane, is assumed and
Hydrogen as an additive, in amounts of 10, 20, 30 and 40
percent is added to natural gas components.

After that the better kinetic is defined, some fundamental
combustion characteristics like laminar burning velocity,
temperature, and NO_ emission have been analyzed for
different natural gas compositions that are related to some
Iranian refineries [7]. For evaluating the effect of Hydrogen
addition, different percentages of adding Hydrogen is
considered. Finally, the effect of pressure increase on the
studied combustion characteristics has been analyzed. For
brevity, the related results to laminar burning velocity are

declared here. Also, any extra information about different
natural gas chemical compositions or other combustion
characteristics like temperature and NO_ emission is
accessible in the Persian version of this article. The initial
conditions are as follows. Initial mixture temperature is 600
K, the pressure is 1 atm, ambient temperature is 298 K and
inlet velocity is 40 cm/s.

As for Fig. 3 and the results, it’s deduced that with the
considered initial conditions, GRI3.0 kinetic has a better
performance than AramcoMechl.3 kinetic and GRI3.0
converged for all the considered states which Hydrogen is
injected into natural gas.

Then, considered combustion characteristics have been
analyzed for natural gas different compositions and different
percentages of Hydrogen are added to their components.
According to Table 2 and Fig. 4 and in comparison with
the results of different percentages of Hydrogen injection,
it’s resulted that 10% Hydrogen injection can cause more
uniform combustion.

According to Fig. 4, it’s observed that with 10% Hydrogen
injection, the laminar burning velocity magnitude increased
and the maximum difference between two fuel compositions,
decreases from 3.048% to 1.599% that is indicating more
uniform combustion.

—&— 100% CH4
—&—— NG Zero H2
—&—— NG 10% H2

40
a0

70

Laminar Burning Velocity (cm/s)
=
3

B0

50

=1
m
=1
oo
b2
I
m

—8— 100% CH4

—#—— NG Zero H2
—&—— NG 10% H2
—— NG 20% H2
NG 30% H2
NG 40% H2

180

160

140

120

100

a0

Laminar Burning Velocity (cm/isec)

G0

PR ST IR T TN SR [N TN T SO Y ST SRR N1 |
06 0.8 1 12 14 16
Phi

Fig. 3. Laminar burning velocity at various equivalence ratios
for a) AramcoMech1.3 and b) GRI3.0 kinetics
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Table 2. Converged equivalence ratio ranges for natural gas
different compositions

;5 Converged Equivalence Ratio Range
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Fig. 4. Laminar burning velocity a) without Hydrogen injection
and b) with 10% Hydrogen injection for natural gas different

compositions
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Finally, the effect of increasing pressure on the considered
combustion characteristics is analyzed and it’s assumed that
the pressure is 10 atm. Considering the experimental studies,
combustion in the equivalence ratio range of 0.2 to 4.0, is
analyzed for 30% and 40% Hydrogen injection. The results
show that increasing the pressure has a significant effect on
the increase of laminar burning velocity, temperature, and
flammability limits. Fig. 5 shows the laminar burning velocity
and temperature curves at 10 atm.

4. CONCLUSIONS

One-dimensional combustion simulation for different
Hydrogen-enriched natural gas blends was investigated using
Ansys-Chemkin. It was found that GRI3.0 kinetic has a better
performance than AramcoMech!.3 kinetic in the considered
initial conditions.

Also, it’s found that 10% Hydrogen injection can cause
more uniform combustion for the investigated natural
gas compositions. Moreover, the pressure increase has a
significant effect on the increase of laminar burning velocity,
temperature and flammability limits.
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Table 2. Natural gas components typical values based on different refineries announce
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Table 3. Converged equivalence ratio ranges for GRI3.0 and AramcoMech1.3 kinetics
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Table 4. Converged equivalence ratio ranges for natural gas different compositions
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