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A Numerical Research of Effects of Water Ingestion
on Fan System Performance
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Abstract: In order to understand how moisture circumstances affect the engine performance, the research
of the multistage fan performance, under the condition of the water ingestion in compression system, is conduct-
ed. A new two—phase flow model of the heat transfer and mass transfer has been formulated based on vaporization
and condensation phase—change. The model solves the conservation equations of mass, momentum, and energy
equations for both gas and liquid phase and ties the two together with the equation of states. It uses a 5th order Run-
ge—Kutta solver for solving the governing equations numerically. The two—phase flow model primarily accounts for
the heat transfer associated with the phase change of water and the meanline code uses gas properties to model the
flow properties through a compression system. The two—phase flow model and the meanline code are loosely cou-
pled to analysis the change of the mass flow, pressure ratio and temperature ratio with water ingestion. The results
show that the mass flow and pressure ratio increased by 4.24% and 2.51% at most, respectively, the temperature
ratio of stators is decreased by 4.88% at most, and the temperature ratio of rotors reduces initially then increases.
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Fig. 1 Schematic diagram of a two-phase flow
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Fig. 2 Flow diagram for solver of two-phase flow model
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Fig. 3 Flow diagram of coupling TPF and MLC
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Fig.4 Changes in mass flow as a function of axial distance
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