T106A Bar passing flat plate

The following is edited from Stieger (2001).

The experimental facility, shown in Figure 3-2, consists of an aluminium plate 548mm long by 458mm wide and 30mm thick. A 14:3 ellipse was used for the leading edge and the trailing edge of the plate was blunt. A splitter plate 100mm in length was attached to the centre of the trailing edge to suppress vortex shedding. The flat plate was mounted in a wooden box of constant span with a glass window to provide optical access for the LDA measurements. A pair of contoured walls was mounted in the box to impose a pressure distribution on the flat plate. A symmetrical arrangement was chosen to ensure zero incidence at the leading edge. The shape of the contoured walls was designed using a simple one-dimensional continuity argument to match the pressure distribution measured on the flat plate to that measured by Cicatelli (1998) on the T106 LP turbine cascade.

A moving bar wake generator was used to create unsteady wake passing conditions. Carbon fibre bars of 7.8mm diameter were attached to a pair of reinforced nylon belts. The belts passed across the inlet of the test section and then around the outside of a wooden box containing the flat plate and contoured end-walls. The return path of the bars was well downstream of the test section so that no downstream effect of the bar passing was generated. The distance between the centre of the bars and the leading edge of the plate was 250mm. As the bars passed across the inlet of the test section, they shed wakes, which convect over the flat plate and simulate the wake passing conditions in a turbomachine.

An IGES file T106A_flat_plate_v02.iges is available containing the geometrical definition of the experiment.

Modelling the unsteady flow conditions for the flat plate

The kinematics of the rotor-stator interaction is primarily governed by the velocity triangles and, according to Schulte and Hodson (1998), may be simulated in a cascade by matching the flow coefficient
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In converting the geometry of a bar passing cascade experiment to a flat plate, it is not possible to correctly match the wake kinematics over the whole plate due to differences in the angle between the convecting wake and the plate surface. The symmetrical arrangement of the flat plate experiment also lacks the circulation due to the blade loading. However, the region of interest for this investigation is the rear of the suction surface where the separation bubble is located. In LP turbine blade profiles, this region has little curvature. Thus for the flat plate, the flow coefficient was based on bar speed and exit velocity and was chosen to be representative of a repeating stage of the T106 profile so that =0.83, where in this case, 
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The reduced frequency is
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is the ratio of the convection time scale (t=C/V2is) to the wake passing time scale (t=1/f) and provides an indicator of the unsteadiness of the flow. This parameter must be matched if a representative flow is to be obtained. The matching of the boundary layer is achieved through the Reynolds number. This sets the flow velocity. Matching the flow coefficient then sets the bar speed. Thus to match the reduced frequency the remaining parameter to be set is the bar passing frequency which, for a given bar speed, is achieved by selecting the spacing between the bars.

The far wake (x/d>80) of an aerofoil is almost the same as that of a cylindrical body having the same drag. The structure of the convected wake is thus matched by choosing the size of the bars. However, it was believed to be more important to match the turbulence levels at the leading edge of the flat plate to those measured by Howell (1999) in the bar passing cascade. The bar diameter was therefore chosen using the relation suggested by Schlichting (1979)
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A summary of the parameters chosen for the flat plate experiment is presented in the table below.

	
	Flat Plate

	Re2s 
	214000 

	Suction surface length [mm]
	552.0 

	Chord [mm] 
	548.0 

	Inlet flow angle []
	0.0 

	Design exit flow angle [] 
	0.0

	Bar diameter [mm] 
	7.8 

	Bar Pitch [mm] 
	960.0 

	Axial distance: center of bars to LE [mm] 
	245 

	Reduced frequency (fr) 
	0.67

	Flow Coefficient (=V2/U) 
	0.83 


Comparison of unsteady flow parameters for Flat Plate 
and T106 Cascade
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Figure 3-2: Flat Plate bar passing rig.
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