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Abstract 
Thermoacoustic instabilities have long been known and studied in propulsion systems such as rockets. The combustion 
chambers are designed to operate under steady conditions. However, the likelihood of non-steady behavior in the 
combustion chambers is high. The pressure inside the combustion chamber of a rocket engine varies in an oscillatory 
manner due to many reasons, such as flow turbulence and fluctuations in atomization process, and from the propellant 
supply lines in the case of a liquid propellant engine. Thermoacoustic instability begins to develop when the oscillations 
in chamber pressure are coupled with unsteady heat release and the net rate of energy addition resulting from unsteady 
motions is greater than the rate of losses resulting from various mechanisms, including heat transfer, viscous action, 
and acoustic emission through the nozzle. The stability characteristics of the chamber are investigated through an in-
house acoustic solver, which solves the non-homogeneous wave equation.  Methods that rely on the solution of the 
nonhomogeneous wave equation, i.e. the Helmholtz equation, are widely used in the literature to decrease 
computational requirements [1, 2, 3]. The Helmholtz equation for a combustion chamber is obtained following the same 
procedure as in classical acoustics. The discretization of the wave equation with frequency-dependent source terms due 
to heat release and impedance boundary conditions results in a nonlinear quadratic eigenvalue problem. While the 
solution of the standard linear quadratic eigenvalue problem can be obtained directly, the nonlinear one requires some 
linearization procedures to reduce it to the standard general eigenvalue problem. Different linearization procedures are 
utilized to obtain the standard general eigenvalue problem and the convergence behavior of the utilized methods is 
investigated. An experimental test case from the literature [4-6], known as CVRC (Continuously Variable Resonance 
Chamber), is considered for the validation study. A coaxial injector is used to introduce the fuel and oxidizer into the 
combustion chamber. The fuel composition is pure gaseous methane, and the oxidizer is a gaseous mixture composed 
of 42% oxygen and 58 % water in terms of mass fraction. The CVRC has a variable oxidizer injector length between 8.89 
cm and 19.05 cm, and due to variable injector post length, the combustion chamber exhibits different stability 
characteristics through acoustic and combustion interactions. Two different oxidizer post lengths are selected for the 
current study, which are 12.06 cm and 13.97 cm. Note also that both oxidizer post lengths show unstable behavior 
according to experimental data [6]. Large eddy simulations (LES) are conducted for these cases in order to determine 
the heat release distribution accurately inside the chamber. The LES studies are carried out axisymmetrically and the 
chemistry is modelled with a reduced reaction set of BFER [7]. The reaction set includes 2 step reaction with 5 species 
(CH4, O2, H2O, CO, CO2). The effects of the combustion are incorporated into the acoustic solver by using a flame 
transfer function obtained from the simulations with proper impedance boundary conditions. The flame transfer 
function is defined based on the axial velocity fluctuation at the injector exit. The obtained results are compared to 
literature data and LES simulations. Overall the present results agree the available other simulated results. 
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