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Abstract

An experimental study has been conducted to investigate the effects of the free stream turbulence
intensity and Reynolds number on the heat transfer and flow characteristics in the linear turbine
cascade. Profiles of the time-averaged velocity, turbulence intensity, and Reynolds stress were measured
in the turbine cascade passage. The static pressure and heat transfer distributions on the blade suction
and pressure surfaces were also measured. The experiments were made for the Reynolds number based
on the chord length, Rec = 2.2x10* to 1.1x10° and the free stream turbulence intensity, FSTI, =
0.6% to 9.1%. The uniform heat flux boundary condition on the blade surface was created using the
gold film Intrex and the surface temperature was measured by liquid crystal, while hot wire probes
were used for the flow measurements. The results show that the free stream turbulence promotes the
boundary layer development and delays the flow separation point on the suction surface. It was found
that the boundary layer flows on the suction surface for all Reynolds numbers tested with FSTI; =
0.6% are laminar. It was also found that the heat transfer coefficient on the blade surface increases as
the free stream turbulence intensity increases and the flow separation point moves downstream with an
increasing Reynolds number. The results of skin friction coefficients are in good agreement with the

heat transfer results in that for FSTI; =2.6 %, the turbulent boundary layer separation occurs,
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Fig. 1 Schematic diagram of the turbine cascade.

Table 1 Cascade variables.

Axial Chord(Cx) 100 mm
Pitch(p) 160 mm
Span(s) 400 mm
Pitch/Chord(p/Cx) 1.6
Aspect Ratio(s/Cx) 4

Inlet Flow Angle( £;) 49.8°
Outlet Flow Angle( 85) -63.5°

Table 2 Performance of turbulence grids.

Case S(]}a::e mf;css FSTI%) | FSTLA%)
Gridl |30 mm| 3 mm | 26 23
Gridz |40 mm| Smm | 58 41
Grid3 100 mm| 10 mm | 9. 76
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