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Low-Order Predictive Model for Temperature Field
in Swirl Combustors
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Abstract: The spatial distribution of temperature field is an important parameter to consider in the design of gas
turbine combustion chambers. It is usually obtained through three-dimensional numerical simulation and high-
precision experimental measurement. However, for combustion chambers with complex geometries, both ex-
perimental and simulation methods are time-consuming and costly, leading to low efficiency in the iterative design
process of combustion chambers. In this study, a low-order model for the spatial distribution of mixture fraction
based on a Gaussian plume model is developed. Moreover, based on the assumption of the V-shaped flamelet
geometric structure and the turbulent flame thickness function, a model for the spatial distribution of the chemical
reaction progress variable is developed. A predictive model for the temperature field is then constructed based on
the strong correlation function among temperature, mixture fraction, and chemical reaction progress variable. The
model is validated by using high-fidelity experimental data and three-dimensional numerical simulation data from
the DLR combustion chamber. The results indicate that the model can accurately predict the spatial distribution of

both mixture fraction and temperature fields. Furthermore, the predictive model is applied to an actual swirl cup
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combustor, demonstrating good predictive performance. This study suggests that this low-order predictive model

holds potential application prospects in the design and evaluation of gas turbine combustors.

Keywords: mixture fraction; reaction progress variable; temperature field; predictive model
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