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This study presents a numerical investigation of a C30 microturbine
combustion chamber operating with carbon-free fuels such as hydrogen and
ammonia under lean and premixed combustion regimes. The primary
objective is to evaluate the influence of varying fuel compositions on critical
combustion characteristics, including temperature distribution, pollutant
formation, chamber performance, thermal efficiency, and the practicality of
sustaining lean premixed conditions. A partially premixed combustion
model was applied alongside the three-dimensional Navier—Stokes equations
to capture the coupled flow-combustion behavior. Ammonia concentration
in the fuel blend was systematically increased in 10% increments, ranging
from 0% to 50%. At concentrations up to 30%, nearly complete ammonia
oxidation occurred within the combustion zone. Beyond this threshold,
however, substantial unburned ammonia was observed due to diminished
flame temperature and combustion efficiency. The results indicate that
higher ammonia content leads to reduced flame temperature and lower NOx
emissions, supporting environmental targets. Nevertheless, this temperature
drop adversely impacts overall cycle efficiency. Substituting methane with
hydrogen significantly enhanced combustion efficiency-from 88.5% to 99%-
due to hydrogen’s superior calorific value. In contrast, incorporating
ammonia above 30% led to a marked decline in efficiency, attributed to its
relatively low heating value. This study offers critical insights into the design
and optimization of combustion systems for carbon-free fuels, aiming to
balance performance with emissions reduction and thereby contribute to the
development of sustainable energy technologies.
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NOMENCLATURE
Ce Specific heat
f Mixture fraction
fz Variance of the mixture fraction
f Mean mixture fraction
g Gravity
k Thermal conductivity
P Pressure
Sm Mass transfer source term
\Y Velocity vector
T Temperature
¢ Equivalence ratio
U Turbulent viscosity
t Time
\Y Velocity magnitude
mass fraction of element
Density
o Turbulent Prandtl number
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Table 1. Boundary conditions.

Parameter (unit) value
Fuel mass flow rate (kg/s) 0.0032
Average mixture fraction at the injector inlet 0.0315
Fuel-air mixture temperature at the injector inlet
. 870
(Kelvin)
Air mass flow rate (kg/s) 0.31
Outlet pressure (kPa) 333
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Table 2. Validation of results.
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