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Aerodynamic Design and Numerical Simulation of a Strongly Pre—Cooled Fan
ZHANG Yan—tong, ZHOU An—yu, MENG De—jun
(AECC Shenyang Engine Research Institute , Shenyang 110015, China)

Abstract: To investigate the operating characteristics of a strongly pre—cooled fan for aeroengines and seek a fan design scheme
capable of operating under various conditions with a wide speed range, this study focuses on achieving high through—flow capacity of the
fan at low corrected speeds through theoretical analysis. By utilizing the one—dimensional isentropic hypothesis, the relationship between
the incidence of the final stage stator vane and the inlet flow angle under low corrected speed conditions was derived. A design method for a
fore—loaded, high—camber profile for the final stage stator vane was proposed. Subsequently, the aerodynamic design of a three—stage fan
was completed, and its performances under a wide speed range were established using the Numeca numerical simulation software. The
simulation results indicate that the newly designed three—stage strongly pre—cooled fan meets the efficiency and surge margin requirements
across all operating conditions. Compared to a conventional fan design with the same design requirements, the strongly pre—cooled fan
exhibits a higher relative flow rate at the 55% relative corrected speed choking point, a superior flow—pressure ratio characteristic, and a
2.25% increase in flow rate at the matching operating point. These numerical simulation results not only validate the rationality of the one—
dimensional isentropic derivation but also demonstrate that the design with fore=loaded, high—camber final stage stator vanes reduces
losses by 20% under the "over—negative" incidence condition.

Key words: strongly pre—cooled fan; aerodynamic design; high through—flow; one—dimensional isentropic; fore=loaded profile; high—

camber stator; aeroengine
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