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Abstract: In order to improve the performance of the turbine rotor blade squealer tip, the effects of the rib
structure on the vortex inside the tip clearance and the mechanism of reducing the heat transfer coefficient and
aerodynamic loss are investigated. Effects of the rib layout on the heat transfer and aerodynamic performance of
the turbine rotor blade squealer tip were numerically investigated using the three—dimensional Reynolds—Aver-
aged Navier—Stokes (RANS) solution and k—w turbulence model. Based on the GE-E? turbine rotor blade squeal-
er tip structure, four kinds of rib layouts of full rib layout, half rib layout connected with suction side, half rib

layout connected with pressure side, and half rib layout in the rear squealer cavity along the camber line were de-
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signed in equal spacing. The numerical prediction heat transfer coefficient distribution was well agreement with
the experimental data. The accuracy of the numerical method and turbulence model was validated. The obtained
results show that the averaged heat transfer coefficients of the blade tip with the half rib layout in the rear squealer
cavity decreases by 11.3%, 3.1%, 11.3% and 2.8% by comparison of the squealer tip without rib layout and with
full rib layout, half rib layout connected with suction side, half rib layout connected with pressure side. The simi-
lar total pressure coefficient of the rotor blade with half rib layout connected with pressure side and half rib layout
in the rear squealer cavity is obtained. The total pressure coefficient of rotor blade with half rib layout connected
with pressure side and half rib layout in the rear squealer cavity reduces by 1.4%, 2.7% and 4.0% compared to
the squealer tip without rib layout and with full rib layout, half rib layout connected with suction side. The rib lay-
out can efficiently decrease the vortex strength in the squealer tip cavity and corresponding aerodynamic loss. In
addition, the weaker strength vortex in the upstream squealer tip cavity enters into the downstream cavity through
the half rib in the rear cavity. This flow behavior reduces the heat transfer coefficient of the rear region in the

squealer tip. The squealer tip with the half rib layout in the rear squealer cavity shows the best aerothermal perfor-
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mance.
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Fig. 1 Computational domain of a turbine stage "
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Fig.2 Computational grid of rotor blade with squealer tip

Table 1 Geometry parameters of the turbine stage "'

Parameters Value
Vane 38
Blade 76

Axial chord/mm 28.5
Blade height/mm 40
Tip clearance height/mm 0.4
Rim thickness/mm 0.4
Cavity depth/mm 0.8
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Table 2 Boundary conditions of the turbine stage

Item Boundary conditions Value
Total temperature/K 709
Total pressure/kPa 344.74
Flow angle/(°) 0
Inlet
Turbulence intensity/% 5
Ma 0.352
Re 2.86x10°
Static pressure/kPa 141.44
Outlet
Ma 0.761
Wall temperature/K 496.3
Rotating speed/(r/min) 8450
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Jmm Blade tip Table 3 Grid independent test
\&

‘o No. Grid number Averaged hI(W/(m2-K))

1 2.5%10° 864.5

2 4.0x10° 857.6
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Fig. 3 Cascade for turbulence model validation 4 7.0x10 853.0
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Fig. 4 Comparison of / contour distribution on the blade
tip surface among the numerical results and experimental
data
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(b) Squealer tip without and with rib layout
Fig. 5 Turbine rotor blade squealer tip without and with 4
different rib layouts
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rib layouts
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