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Today’s combustors, boilers, and furnaces guzzle fuel continuously, creating high temperatures, but no direct power output. Automobile IC engines deliver power output, but only with heavy piston machinery. Jet engines and gas turbine power generation engines deliver power through continuous constant-pressure gas expansion during combustion, thus reducing efficiency. In contrast, Wave Rotor Combustors (WRC) employs constant volume combustion that improves engine efficiency, reduction in fuel consumption, engine weight and emissions. Such an approach is being developed at IUPUI with the participation of global engine maker Rolls Royce, utilizing an alternate thermodynamic cycle (Humphrey) and a novel combustor. 

Wave rotor testing at IUPUI includes a wave rotor ignition test rig which consists of two combustion chambers namely: the pre-chamber and the main chamber. In the pre-chamber, a richer mixture is ignited using a spark. The partially combusted transient jet from the pre-chamber is injected through a converging nozzle, which then ignites the main chamber lean mixture, over multiple ignition points. Chemically active radicals and fast turbulent mixing in the jets create an explosion much more energetic than a spark. Jet ignition offer the advantage of fast ignition and complete combustion of leaner mixtures, thus discharge a more uniform temperature gas, and mitigate heat losses to the walls and pollutant emissions leading to higher combustion efficiency.
In the present work, numerical simulations have been performed to investigate the ignition characteristics of hot jet re-ignition process in this rig. The hot jet from the pre-chamber is modeled as jet of combustion products. Combustion in the main chamber has been modeled using global reaction mechanisms, skeletal mechanisms and detailed reaction mechanisms for three hydrocarbon fuels namely methane, propane, ethylene. The global reaction mechanism is not able to predict the ignition phenomenon accurately; the results obtained from skeletal and detailed reaction mechanisms simulations shows good match with the experimental data. Turbulence is modeled using two equations SST k-ω model. The numerical results are compared with experimental data on ignition delay limits. Results show that reaction rate for fuel consumption is significantly increased due to the shock flame interactions which play a major role in ignition. The methane mixture is found to show higher ignition delay time compared to propane and ethylene for same stoichiometric ratio. 

