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Figure 1 Meridional view of the 3-stage high-loaded compressor mesh (after deformation).
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Figure 2 (Color online) Performance curves of the multistage compressor at design speed. (a) Pressure ratio vs. mass flow rate; (b) efficiency vs.

pressure ratio.
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Figure 3 (Color online) Spanwise distributions of parameters at design point of the multistage compressor. (a) Pressure ratio; (b) temperature ratio.
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Figure 4 (Color online) Effects of different meshes on numerical results. (a) Pressure ratio vs. mass flow rate; (b) efficiency vs. pressure ratio.
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Figure 5 (Color online) Effects of the mixing plane in the 3rd stage on streamwise development of total pressure loss. (a) For all span; (b) for region

above 95% span.
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Figure 7 (Color online) Performances of stages at design speed. (a) Pressure ratio vs. mass flow rate; (b) efficiency vs. mass flow rate.
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Figure 10 (Color online) Static pressure rise coefficient of blade rows at design speed. (a) Curves of rotors; (b) curves of stators.
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Figure 13 Limiting streamlines on suction surfaces of blade rows at design point. (a) Stage 1; (b) Stage 2; (c) Stage 3.
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Figure 14 (Color online) Relative Mach number contours near suction surfaces of rotors at design point. (a) Stage 1; (b) Stage 2; (c) Stage 3.
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Figure 15 (Color online) Isentropic relative Mach number distribu-
tions at 40% Span of R3 before and after design.
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Figure 16 Limiting streamlines on suction surfaces of R3 before (left)
and after (right) design.

(b)

Figure 17 Limiting streamlines on hub endwalls of R3 at design point (a) and near stall point (b).
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Figure 18 Limiting streamlines on suction surfaces of stators and the hub endwall of S3 at the computation limitation point. (a) Suction surface of
S1; (b) suction surface of S2; (c) suction surface of S3; (d) hub endwall surface of S3.
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Aerodynamic analysis of a high-loaded multistage axial compressor at
design conditions

WANG XiaoChen', REN XiaoDong', LI XueSong', WU Hong” & GU ChunWei'”

! Institute of Gas Turbine, Department of Energy and Power Engineering, Tsinghua University, Beijing 100084, China;
* China United Gas Turbine Technology Co. Ltd., Beijing 102209, China

Transonic compressors are an important approach for meeting the requirement of high-loaded compressors in state-of-the-art gas
turbines. Such compressors increase the average pressure ratio per stage but cause complicated flow structures introduced by shock
waves. This study numerically investigates a three-stage transonic axial compressor and evaluates aerodynamic performances and
detailed flow structures at the design speed and design point. The numerical results are validated using experimental data, and the
effects of some factors, e.g., grid parameters, are discussed. A numerical scheme with high accuracy and limited computation cost is
selected for further study; this scheme shows a deviation of less than 1 percent point (1 pp). in efficiency. The contributions of
diffusion and loss in each rotor and stator are analyzed and compared in detail, and the performances of the third stage of the
compressor are found to be poorer than those of other stages. The third stage shows strong correlations with the appearance of choke
and stall at the design speed. A separation bubble induced by shock is found at mid span in the third rotor; this bubble is caused by the
appearance of the peak relative Mach number prior to the local shock. The third stator cannot maintain its high performance under
variations in mass flow rate at the design speed, and its hub corner stall could explain the instability of the compressor under RANS
computations in the steady state.

3-stage transonic axial compressor, shock wave, boundary layer separation, hub corner stall
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