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ABSTRACT

under laminar flow conditions and resolves the full
equations for mass, momentum and energy. The reduced he literature is derived from
ed with both original and

ternal combustion engines, stationary and aircraft
. Combustion systems need to be operated such that
pletion with a minimum of pollutants being formed [1].
ysical and chemical properties of the combusting systems is
ain objectives, optimization of combustion efficiency and the
tical combusting systems are turbulent in nature and involve many
phenomena an

multiphase flow na, which strongly interact. In many combustion processes chemical
reaction controls the fate of combustion, and, in essentially all combustion processes, chemical rates
determine pollutant formation and destruction. Ignition and flame extinction are intimately related to

chemical processes.

The study of the elementary reactions and their rates, chemical kinetics, is a specialized field of
physical chemistry. Much progress has been made in understanding the combustion because the
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chemists have been able to define the detailed chemical pathways (for simple fuels) leading from
reactants to products, and to measure or calculate their associated rates [2-3].

Significant progress has also been made in coupling the kinetic mechanisms with Computational
Fluid Dynamics (CFD) simulation tools [4] to optimize the designs of combusting systems. Many
researchers have contributed to this area and chemistry representation ges anywhere from
equilibrium chemistry implementation to including the detailed kinetic r ons®The computational
resource requirement scales accordingly. When detailed kinetics are g@Rsidered the simulation cost
exponentially grows as many species equations have to be solved urce term computation

The work considered here verifies the performanc i chanism against
the original reaction mechanism, by performing si i n mechanisms are coupled
with conservation equations for mass, mo inar flow conditions. The

chanisms are introduced

expressions. GRI
elementary reaci : m is employed to resolve the Kinetics in turbulent
i idual species equation) the computational resources

reactions original _medRanism when applied to reproduce the laminar flame speed

measurements fuel | onditions. Authors have performed extensive sensitivity and rate of

erive the reduced mechanism. The parameter of interest is the flame speed,

as been identified that the rate coefficients of two reactions need to be

modified to match prediction of original mechanism. While different reduced mechanisms are

derived and presented, in this work main focus is on the reduced mechanism including 19 species

and 86 reactions. The species considered here include, H,, H, O, O,, OH, H,0, HO,, CH,, CH3, CHy,
CO, COy, HCO, CH,0, CH,0OH, CH30, CH30H, N and Ar.
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SIMULATION DETAILS

The simulation tool considered for the current work solves the coupled mass, momentum and energy
equations on a one-dimensional domain. Pressure is explicitly solved using the equation of state and
mass conservation is enforced using the continuity equation. Full description of the model is not
presented here, however for those interested, complete derivation of the equations is available here
[8]. The constitutive relationships for the flux terms appearing in the go equations are also
defined based on the general principles. The tool in the current form s€Solves detailed kinetics and
full range of diffusive-reactive length and time scales are maintain ann boundary conditions

re domain.
ain.

. Due to the presence of heat source in the center of the domain
together, as the time elapses, and the reaction front propagates in

(H20) will start i d the temperature will also rise. During such process, the intermediate
species will be pro nd consumed. Initially, at t=0, the mass fraction of H, species is at 0.023
and the O2 species gémposition is at 0.23, as the time progresses, both species composition at the
center of the domain starts to decrease. After about 250 time steps, most of the fuel over 0.003 m
domain is consumed.

The formation of OH radical species (flame indicator) can also be seen clearly at the corresponding
time interval and the maximum mass fraction reaches 0.023. The temperature has a peak value of

22

INTERNATIONAL JOURNAL OF INVENTIONS IN ENGINEERING AND SCIENCE
TECHNOLOGY




International Journal of Inventions in Engineering & Science Technology http://www.ijiest.in
(NIEST) 2015, Vol. No. 1, Jan-Dec e-1SSN: 2454-9584; p-ISSN: 2454-8111

1600 K at the starting and it reaches ~2350 K, due to the strong combustion, at the simulation
elapsed time of 5e-5 s. The formation of product species, in the form of H,O can also be seen. The
maximum values observed, for H,O, corresponding to t=5e-5 s is 0.15. Small dip at the center
location is also observed and at the same location OH exhibits a local maxima, indicating the
reaction is not completed yet.

As the simulation progresses, more fuel in the computational d is consumed and
correspondingly the temperature increased. The domain over which the i€l species is consumed, the
radical species and product species exists is much larger after 1125 s (t=2.25e-4 s), extends

and H20 species are

observed (refer to figure
nd high reaction rates are

combustion can be acc
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and temporal reso re fixed at 1e-6 m and 2e-7 s respectively. Spatial profiles of different
species and also temperature, from both simulations, are compared at different time intervals. The
comparison indicateS that the reduced mechanism reproduces the original mechanism performance.
Quantitatively minor differences are observed in the OH species profile. Due to the accurate
reproduction of the original mechanism behavior, the reduced mechanism can be utilized in
performing simulations, to design combusting systems to improve the performance, and the author’s
future efforts will be focused in that direction.
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