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Effects of Leakage Flows from Secondary Flow Passages on the
Flow and Efficiency of a High—Pressure Turbine
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ABSTRACT

In this work, numerical simulations were conducted to analyze the effects of leakage flows from secondary flow passages
on the main flow and the efficiency of a high-pressure turbine. Among a total of six leakage flows, it was observed that the
leakage flows located upstream of the nozzle had a limited impact on the main flow. In contrast, other leakage flows
downstream of the nozzle significantly influenced the total pressure distribution in the spanwise direction of the high-pressure
turbine. The results showed that the efficiency of a high-pressure turbine decreased by approximately 0.31% in the presence
of leakage flows compared to the case without leakage flows. Furthermore, the isentropic efficiency could decrease by up to
0.50% with variations in the leakage flow rate. Finally, the effects of the four leakage flows downstream of the nozzle on the
turbine efficiency were analyzed using a response surface method, and an attempt was made to physically interpret the

relationship between the turbine efficiency and each leakage flow.
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Fig. 1 Computational domain and mesh for high—pressure turbine

Table 1 Number of nodes for three different grids

. Grid No.
Domain
1 2 3

Upstream 161,364 275,100 561,834

Nozzle 114,144 208,608 386,753

Mid 28,640 78,750 118,976

Rotor 249,810 391,332 820,830

Downstream 138,368 245,240 463,392
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Fig. 7 Turbulence kinetic energy distribution on periodic

surfaces with leakage flows
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