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Investigation on the Flow Structure of Turbine Vane Endwall under
Effects of Effusion Cooling and Leading Edge Slot Jet

SUN Tianyi, LI Zhigang, LI Jun

(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The vortex system near the turbine vane endwall, total pressure loss coefficient,
adiabatic cooling effectiveness distribution on the endwall and vane surface, as well as the
distribution of two cooling structures, are numerically investigated via the case without effusion
cooling and the cases with three kinds of effusion cooling mass flow rates (M). The obtained
results show that the peak total pressure near endwall of the inlet is increased by 3. 7% when M
increases from 5% to 7%. The increase of M can strengthen the impingement vortex and weaken
the suction-side corner vortices. The effusion cooling with low mass flow rate can reduce the total
pressure loss, however, the total pressure loss is increased by 4. 5% when M increases from 5%
to 7%. With effusion cooling, coolants are carried to the vane surface by the impingement
vortex, thus the phantom cooling effect on the pressure surface is significant. When M is 7%,
the impingement vortex may exhibit spanwise extension and a tertiary vortex is split out. The
calculation results of the contribution percentage of effusion cooling show that the endwall

upstream of the boundary layer separation line is covered mainly by the slot jet flow. while the
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cooling effectiveness of vane surface and downstream endwall is dominated by effusion cooling.

The upstream combustor liner effusion cooling may significantly affect the flow structure near

endwall, as well as the aerothermal and cooling performances of turbine vane endwall.

Keywords: turbine vane endwall; effusion cooling; slot jet; flow structure
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Fig. 1 Computational model of vane endwall, effusion

cooling and slot jet™
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Table 1 Geometric parameters of the computational model
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Fig. 2 Computational mesh of vane endwall, effusion

cooling and slot jet
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Fig. 3 Laterally averaged end wall temperature for different

grid-node numbers
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Fig. 4 Comparison of numerical cooling effectiveness and

static pressure coefficient with experimental data
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Fig. 7 Vorticity distributions near hub endwall in different

working conditions
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Fig. 9 Spanwise distributions of laterally averaged total

pressure coefficient on inlet profile
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