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INTRODUCTION

Increasing turbine inlet temperatures require a detailed investigation of heat transfer
phenomena in convectively cooled low pressure turbines. Convective heat transfer is
described by the local heat transfer coefficient and the associated boundary layer along the
blade’s surface. The boundary layer development depends on various flow parameters
predominantly the Reynolds number, pressure gradient, and turbulence level, which vary both
locally and with time. A tremendous impact on heat transfer is attributed to periodical
fluctuations caused by moving blade wakes. The wakes are transported by the flow
downstream through the next row of airfoils. Accurate computation of this complex unsteady
flow is still difficult, although considerable progress was achieved in numerical modelling
through recent years. Especially the treatment of near wall regions requires further efforts.
Since detailed experimental data on local heat transfer coefficients of low pressure turbine
airfoils is not available in the open literature, the present study aims on the generation of a
database for developing new models and correlations describing the time averaged heat
transfer under fluctuating flow conditions.

EXPERIMENTAL TEST FACILITY AND MEASUREMENT SYSTEM

Experimental tests were conducted in a linear cascade (three blades) under subsonic flow
conditions. Cascade inflow Mach numbers up to 0.4 and Reynolds numbers up to 700000
were investigated. The flow medium is preheated air with temperatures from 333 K to 383 K.
The pressure/velocity distribution of the blades shows a typical aftloaded behaviour with an
extended region of accelerated flow on the suction surface. To establish periodic flow
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Fig. 1. Schematic of test rig





[image: image2.png]conditions with three blades only, the cascade is bounded with flexible sidewalls and
tailboards. Figure 1 shows a schematic of the test section. For simulating turbine like wake
conditions, a rotating disk with cylindrical spokes passing the cascade inflow was used as
wake generator. In varying the number of bars along the circumference of the disk and the
rotational speed, a wide range of Strouhal
numbers could be realised. The
superposition of elevated background
turbulence and wake induced turbulence
was investigated by inserting turbulence
grids into the cascade inflow duct. The
background turbulence level was in the
range of 2% to 8% with corresponding
length scales from 7 mm to 4.5 mm. The
inner blade of the cascade was instrumented
for heat transfer measurements. The method
for determining time averaged heat transfer
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Fig 2. Temperature field in the test blade’s
cross section (FE- calculation)

coefficients is based on surface temperature
measurements and a heat flux calculation
using finite elements. To introduce heat
flux, the blade is convectively cooled by
water through 11 cylindrical cooling holes. The surface temperature, necessary as boundary
condition for the finite element code, is measured by 48 thermocouples of 0.25mm diameter
embedded into small grooves in the surface. The flow and turbulence parameters downstream
of the wake generator were measured with a hot wire system.

RESULTS
Steady flow results
In the present study the effects of Reynolds number and turbulence level on the boundary

layer development of the LP turbine blade were investigated. The dominating effects on heat
transfer at this particular profile can be summarised as follows:
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Fig. 3. Stanton number and acceleration parameter for Re;=250000
and different turbulence levels.





[image: image3.png]e At low Reynolds numbers, increasing turbulence leads to the formation of a
»pseudolaminar boundary layer on surface areas with positive acceleration parameters.

® Increasing Reynolds number and turbulence level leads to an upstream shift of the onset
of transition and to a reduction in transition length on the suction surface.

¢ The laminar-turbulent transition increases the stability of the boundary layer and hence
prevents flow separation in an area with negative acceleration near the trailing edge.

Unsteady flow results

Wakes are characterised by their high turbulence
intensity, which in general exceedingly surpasses
the background turbulence. Since the affecting
time of the passing wake is higher than the
reaction time of the boundary layer, position and
development of the laminar-turbulent transition is
highly influenced by the wake flow. In this part of
the study the effect of the Strouhal number on the
local heat transfer on the LP turbine blade is
investigated. Figure 4 shows distributions of heat
transfer coefficients for different Strouhal
numbers. For reasons of comparison a heat
transfer distribution at 8% background turbulence
is shown as well.
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Fig. 4. Turbulence distribution in the
wake
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