Journal of Applied and Computational Sciences in Mechanics, 37, 3, 2025. (117-136)

D

&_//féfu"/ag;}
Ferdowsi
University of
Mashhad

Journal of Applied and Computational
Sciences in Mechanics

Page Journal: mechanic-ferdowsi.um.ac.ir

Society of
Manufacturing
Engineering of Iran

The Study of the Effect of Functional Parameters of Hydrogen Combustion on Entropy

Generation and Enthalpy Variations
Research Article

Ali Asadi’
d- 10.22067/jacsm.2025.90295.1288

Abstract-- The main objective of this research is to study the
impact of combustion performance parameters of hydrogen
on entropy generation and enthalpy variations. A numerical
simulation was carried out using the counterflow diffusion
flame model in the CHEMKIN combustion software. The
results showed that increasing the pressure, fuel inlet
temperature, and oxidizer inlet temperature led to an
increase in the maximum temperature and enthalpy.
However, an increase in the oxidizer inlet velocity resulted in
a reduction of the maximum temperature and enthalpy.
Additionally, increasing the fuel inlet temperature and
pressure caused an increase and decrease in the fuel entropy
level, respectively.

Keywords Entropy Generation, Enthalpy Variations,
Diffusion Flame, Parametric Study, Hydrogen Combustion

2. Introduction

Energy plays a vital role in sustainable development.
Traditional energy systems are unable to meet the
environmental and economic requirements for achieving
sustainable development, thus there is a pressing need for
changes and improvements in energy systems to address
the global energy challenges and climate change [1,2]. In
this context, attention to combustion performance
parameters, entropy generation, and irreversibilities in
combustion processes is of great importance. Entropy
generation, which refers to the loss or exergy destruction,
occurs significantly in combustion processes and leads to
energy waste and reduced system efficiency. In many
studies, four irreversible phenomena such as chemical
reactions, heat transfer, mass transfer, and viscosity
dissipation, have been identified as the main contributors
to entropy generation [3,4,5].

This study, using the counterflow diffusion flame
model, investigates the impact of various performance
parameters such as pressure, ambient temperature, and the
temperature and velocity of the fuel and oxidizer in
hydrogen combustion on entropy generation and enthalpy
variations.

3. Governing Equations and Modeling

The governing equations for a diffusion flame include
mass conservation, momentum conservation, energy
conservation, and species conservation. Figure (1) shows
the schematic of the counterflow diffusion flame model
used in the present study.
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Fig. 1. Schematic of the counterflow diffusion flame model
used in the present study

4. Results and Discussion
An increase in pressure resulted in a rise in the maximum
temperature, which can be attributed to the enhanced chain
breakdown of atoms and the generation of active radicals
such as O, H, and OH, leading to an increase in reaction
rates, thereby elevating the maximum temperature. Due to
the increased number of active radicals, the location of the
maximum temperature shifted toward the fuel side.
Moreover, the increase in pressure led to a decrease in
entropy. This reduction in entropy was due to a decrease
in the disorder and chaotic motion of molecules and atoms,
resulting from the higher pressure. Additionally, an
increase in pressure caused an increase in sensible
enthalpy, as it enhanced the reaction rates, temperature,
and consequently, heat production, which led to a rise in
enthalpy. The rate of increase in enthalpy due to pressure
gradually decreased.

Overall, increasing the ambient temperature from 100
K to 400 K had a negligible effect on temperature, entropy,
and sensible enthalpy. Since the combustion temperature
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of hydrogen is much higher than the ambient temperature,
around 2500 K, increasing the ambient temperature within
this range does not significantly affect the system.
Increasing the fuel inlet temperature led to an increase
in the maximum temperature. Raising the fuel inlet
temperature not only increased the reaction rates for
producing active radicals (H and OH) through higher H2
species temperature but also raised the flame zone
temperature, thus enhancing the overall combustion
reaction rate. The rise in fuel inlet temperature also
increased fuel entropy due to the higher temperature,
molecular motion, and energy levels. Concerning the
impact of fuel inlet temperature on sensible enthalpy, three
important points were observed. First, at a fuel inlet
temperature of 200 K, the enthalpy was negative,
indicating an endothermic process. Second, an increase in
the fuel inlet temperature resulted in a rise in maximum
enthalpy due to elevated temperatures, higher radical
production rates, and increased reaction rates. Third, at a
fuel inlet temperature of 500 K, the fuel underwent pre-
ignition or auto-ignition before reaching the flame zone.
Increasing the oxidizer inlet temperature raised the
maximum temperature. The increase in maximum
temperature was more significant compared to when the
fuel inlet temperature was increased. Another noteworthy
point is that the position of the maximum temperature
shifted toward the oxidizer side, owing to the increased
rate of active O radical production in the oxidizer region.
Increasing the oxidizer inlet temperature did not
significantly affect the entropy of the fuel and oxidizer but
did increase the entropy in the flame zone. Additionally, it
led to an increase in the maximum sensible enthalpy.
Increasing the fuel inlet velocity had a minimal effect on
the maximum temperature, and at higher velocities, it even
slightly reduced the maximum temperature, possibly due
to the cooling effect in the flame zone from the high-speed
fuel flow and the reduced reaction rates.
Increasing the fuel inlet velocity did not notably affect the
entropy levels on the fuel and oxidizer sides. However, in
the flame zone, entropy increased. The changes in sensible
enthalpy due to the increase in fuel inlet velocity were also
insignificant, and at higher velocities, the maximum
enthalpy decreased.
Increasing the oxidizer inlet velocity caused a reduction in
the maximum temperature. This was attributed to several
factors: first, the higher oxidizer flow velocity cooled the
flame zone, which led to a decrease in temperature and
consequently a reduction in active radical production rates,
thus decreasing the reaction rates. Second, the oxidizer
region contains N2 and O2 species, with the active radical
in this region being O, which has a lower mole fraction
than the active radicals on the fuel side (H and OH) and
thus has a lesser impact on increasing the reaction rates.
Third, N2, which largely remains unaffected in the flame
zone, acts as a diluent. In addition to reducing the
temperature through dilution, N2 reacts with active O
radicals, forming NOx pollutants, further lowering the
reaction rates and reducing the maximum temperature.
Increasing the oxidizer inlet velocity did not significantly
affect the entropy levels on the fuel and oxidizer sides.
However, in the flame zone, the entropy decreased

significantly. The changes in sensible enthalpy due to the
increase in oxidizer inlet velocity followed a decreasing
trend, which was linked to the reduction in maximum
temperature, a subsequent decrease in active radical
production, and ultimately a decline in reaction rates.

5. Conclusion
In this study, a parametric analysis of hydrogen
combustion in a diffusion flame model was conducted, and
the effects of combustion performance parameters on
entropy generation and enthalpy changes were
investigated. The model used was an opposing flow model,
and simulations were carried out using the CHEMKIN
simulation software. Some of the key findings from the
present study are as follows:

e The entropy level in the flame zone decreased
significantly, which was attributed to the large heat
transfer to the environment in the flame zone.

e The sensible enthalpy in the flame zone increased
significantly. The positive value of enthalpy indicates
that the combustion reaction process in this zone is
exothermic.

¢ Increasing pressure, which enhances the reaction rates,
resulted in a rise in temperature. The increase in
pressure also caused a reduction in the fuel's entropy.
Additionally, the effect of pressure increase on sensible
enthalpy was observed as an elevation in the maximum
enthalpy value.

e Environmental temperature changes had no significant
effect on temperature, entropy, and sensible enthalpy.

e Increasing the fuel inlet temperature raised both the
maximum temperature and sensible enthalpy and
increased the fuel’s entropy. However, in the flame
zone, the entropy decreased. A significant increase in
fuel inlet temperature up to 500 K caused the fuel to
undergo auto-ignition or pre-ignition before reaching
the flame zone.

e Increasing the oxidizer inlet temperature raised the
maximum temperature and sensible enthalpy but did not
have a significant impact on the entropy of the fuel and
oxidizer. In the flame zone, the entropy increased with
the increase in the oxidizer inlet temperature.

¢ Increasing the fuel inlet velocity had little effect on the
maximum temperature, maximum sensible enthalpy,
and the entropy of the fuel and oxidizer. However, it
increased the entropy in the flame zone.

¢ Increasing the oxidizer inlet velocity reduced both the
maximum temperature and sensible enthalpy. Although
increasing the oxidizer inlet velocity had little effect on
the entropy of the fuel and oxidizer, it caused a
reduction in entropy in the flame zone.
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