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ABSTRACT

This paper presents a numerical investigation of the effect of the dihedral stator on the loss in a transonic axial compressor.
Four stator geometries with different stacking line variables are tested in the flow simulations over the whole operating range.
It is found that a large shroud loss at the rotor outlet and the subsequent shroud corner separation in the stator passage occur
at low mass flow rate. The hub dihedral stator and bowed blade generate unexpected hub-corner-separation, thereby causing a
large total pressure loss over the entire operating range. However, the corresponding blockage forces the high momentum flow
near the hub to divert toward the upper part of the passage suppressing the negative axial velocity region. The dihedral stator
increases deflection angle and secondary vorticity near the endwall where the dihedral is applied. As a result, the endwall loss

which is related to the endwall relative velocity decreases.
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Fig. 1 Three-dimensional view of Stage 37

Station: 2 3
30
R\| S

E20
E
2
<
= 10 p—

0 I

-20 -10 0 10 20

Axial distance from rotor-blade-hub-leading edge [cm]

Fig. 2 Flow path and measurement positions of Stage 37
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Table 1 Design specifications of Stage 37

Parameter Rotor Stator
Design mass flow rate (kg/s) 20.188
Rotational speed (rpm) 17185.7
. 0.0356
Tip clearance (cm) (045% span)
Aspect ratio 1.19 1.26
N 1.75 (hub) / | 147 (hub) /
Solidity 1.3 (tip) 1.3 (tip)
angle ;
End-wall
Pressure side
Suction side
< Stacking line
depth

Fig. 3 Axial view of positive dihedral bowed stator configuration
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Fig. 7 Flow characteristics in rotor passage
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Fig. 10 Four different Iso-surfaces of negative axial velocity
(-0.1m/s) regions inside stator passage at near stall condition

Table 2 Normalized areas of iso-surface of negative axial velocity
(-0.1m/s) region inside stator passage at near stall

condition regarding to the spanwise direction

Near hub | Near shroud Total

Reference 1.00 1.00 1.00
Hub dihedral 156 A 089 v 1.08 &
Shroud dihedral 113 A 1.01 1.01
Bowed blade 133 aA 094 v 110 A
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