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AERODYNAMIC OPTIMIZATION OF SPATIAL FORM OF IMPELLER BLADE
OF SUPERSONIC COMPRESSOR STAGE

The study is addressed to an aerodynamic optimization of a high-loaded impeller of a supersonic compres-
sor stage. A numerical simulation of the flow through the impeller is the basic tool using the complete averaged
Navier—Stocks equations and a two-parameter model of turbulence. The special features of the approach used are
the application of sufficiently rough computational grids sensitive to variations in the blade form; the formulation
of the qualitative criteria as values of the power characteristics of the impeller averaged on the air flow; the appli-
cation of a sufficiently simple procedure of variations in a spatial form of the impeller blade; the search of an
optimal spatial form of the blade using points of the equally distributed sequences in space of variables. From the
study made two versions of a spatial form of the impeller blade have been chosen providing an increase in values
of its power characteristics in comparison with the prototype (in the first case an adiabatic efficiency only in-
creases, in the second case an adiabatic efficiency and the pressure ratio of the impeller increase). A given choice
is validated by the subsequent computation of the power characteristics of the impeller with the reference and
optimized blades using a comprehensive computational grid. It is demonstrated as a whole that based on the pro-
posed rational choice of a moderate number of the parameters employed for varying a spatial form of the blade, its
pressure ratio can be increased significantly in a simultaneous increase in an adiabatic efficiency. The research
results can be used for an aerodynamic optimization of a spatial form of blades of fixed and rotating blade rims of
COmpressors.

Keywords: aerodynamic optimization, impeller of compressor stage, numeri-
cal simulation, spatial form of blade, power characteristics.

1. Ashihara K. Turbomachinery blade design using 3-D inverse design method, CFD and optimization algorithm
/ K. Ashihara, A. Goto // Proc. of ASME TURBO EXPO 2001. — New Orleans, Louisiana (USA), 2001. — 9 p.

2. Chan-Sol Ahn. Aerodynamic design optimization of an axial flow compressor rotor / Chan-Sol Ahn, Kwang-
Yong Kim// Proc. of ASME TURBO EXPO 2002. — Amsterdam (The Netherlands), 2002. — 7 p.

3. Svashanmugam V.K. Aero-structural optimization of an axial turbine stage in three-dimensional flow /
V. K. Svashanmugam, M. Arabnia, W. Ghaly // Proc. of ASME TURBO EXPO 2010. — Glasgow (UK), 2010. — 14 p.

4. Ershov S V. Aerodynamic optimization of spatial form of blades of vapor and gas turbines (in Russian) /
S V. Ershov, V. A. Yakoviev // Aviatsionno-Kosmicheskaya Tekhnika i Tekhnologiya. — 2008. — No 7. — P. 66
-70.

5. Menyaylov A. V. Applications of evolution methods for solution of problems of optimization of compressors
for gas-turbine engines (in Russian) / A. V. Menyaylov, A. A. Tronchuk, Ye. M. Ugryumova // Aviatsionno-
Kosmicheskaya Tekhnika i Tekhnologiya. — 2008. — No 5. — P. 59 — 65.

6. Jinguang Yang. Multi-row inverse method based on the adjoint optimiza-
tion / Jinguang Yang, Xiuquan Huang, Hu Wu // Proc. of ASME TURBO EXPO 2011. — VVancouver, British
Columbia (Canada), 2011. - 11 p.

7. Xiang X. Optimum initial design of centrifugal compressor stage with genetic algorithm / X. Xiang,
X. L. Zhao /I Proc. of XV International Symposium on Air Breathing Engines. — Bangalore (India), 2001. —
6 p.

8. Oksuz O. Turbine cascade optimization using an Euler coupled genetic algorithm / O. Oksuz, I. S. Akmandor
/I Proc. of XV Int. Symp. on Air Breathing Engines. — Bangalore (India), 2001. — 9 p.

9. Rongye Zheng. Blade geometry optimization for axial flow compressor / Rongye Zheng, Jianhua Xiang, Jinju
Sun // Proc. of ASME TURBO EXPO 2010. — Glasgow (UK), 2010. — 12 p.

10. Xu C. A turbine airfoil aerodynamic design process / C. Xu, R. S. Amano // Proc. of ASME TURBO EXPO
2001. — New Orleans, Louisiana (USA), 2001. — 10 p.

11. Melashich S. V. Technique for parameter description of compressor cascades profiles (in Russian) /
S. V. Melashich // Tekhnicheskaya Mekhanika. —2012. - No 2. - P. 77 - 82.

12. Kvasha Yu. A. Aerodynamic optimization of impellers for supersonic compressor stages (in Russian) /
Yu. A. Kvasha, N. A. Zinevich // Tekhnicheskaya Mekhanika. — 2016. — No 2. — P. 55 — 63.

13. Design and Overall Performance of Four Highly Loaded, High-Speed Inlet Stages for an Advanced High-
Pressure-Ratio Core Compressor : NASA Technical Paper 1337. — 1978. — 132 p.

14. Kvasha Yu. A. Computations of 3D turbulent flow through interblade channels of supersonic compressor
stages (in Russian) / Yu. A. Kvasha // Tekhnicheskaya Mekhanika. — 1999. — No 1. - P. 9 — 13.

15. Numerical studies of two-stage fan (in Russian) / Ye. Yu. Rublevsky, D. A. Plakushchiy, V. I. Pismennyi, Yu.
A. Kvasha // Vestnik Dvigatelestroeniya. — 2013. — No 2. — P. 169 — 176.

16. Kvasha Yu. A. Selection of computational grids for numerical simulation of 3D turbulent flows through impel-
lers of supersonic compressor stages (in Russian) / Yu. A. Kvasha, N. A. Zinevich // Tekhnicheskaya Mek-
hanika. - 2013. - No 3. - P. 34 — 41.

17. Sobol I. M. Selection of Optimal Parameters for Multi-Criteria Problems (in Russian) / I. M. Sobol,
R. B. Satnikov. — Moscow : Nauka, 1981. — 110 p.

35



