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Abstract

Increasing gas temperature at inlet of the turbine is useful to improve the output power and the
efficiency of the aero engine thermal cycle, thereby increasing the thrust-to-weight ratio and re-
ducing the fuel consumption rate. It is the main technical approach to improve engine perfor-
mance. However, with the increase of gas temperature, the thermal load of turbine blade will in-
crease dramatically, which poses a severe challenge to its mechanical strength, working stability
and service life. As an important cooling method, film cooling has always been one of the research
hotspots of high-performance aero engines. The use of the least cooling medium to obtain the best
cooling effect to meet the normal working needs of the blades, and to minimize the influence of the
cooling medium on the aerodynamic performance of the turbine, is the significance of the film
cooling research. Full film cooling was designed for the single stage transonic turbine of an aero
gas turbine engine. The coolant injections were simulated by source term model, and the turbine
flow fields under different conditions of coolant injections were obtained by numerical simulation.
The influence of coolant injections on aerodynamic characteristics and the film cooling effective-
ness of turbine blade surface were studied. It shows that, the expansion ratio and aerodynamic ef-
ficiency of the turbine decrease by about 2% with the increase of injections, and the output power
increases to a certain extent because of enhanced through-flow capability and partial utilization of
the kinetic energy from coolant. The film cooling efficiency on the blade surface indicates that the
optimal film cooling effect is obtained when the coolant-to-mainstream flow ratio is 0.09.
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Figure 1. Arrangement of film cooling holes
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Figure 2. Computational grid
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Figure 3. Influence of coolant injection on flow rate
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Figure 4. Influence of coolant injection on expansion ratio
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Figure 5. Influence of coolant injection on turbine work
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Figure 6. Influence of coolant injection on aerodynamic efficiency

6. ARSI S AR

4.2. SEAIBRIH
RN AR RS R AR, HE SON:
_I-T,
n= T{*—T*

Hrr, TRVT 73 B9 EFANA SRR, To AZEAEER . [ 7~ 10 BLRAMEREZONBIZ H 1A
Al R B (Me/M)X I P 3R T UV A R 320

)

Mc/M=0.07 Mc/M=0.09

Mc/M=0.1 Mc/M=0.11 Mc/M=0.13

Figure 7. Film cooling efficiency distribution on suction surface of NGV

7. BHIRHESEANES T

DOI: 10.12677/app.2020.103028 227 S A B


https://doi.org/10.12677/app.2020.103028

XN

Mc/M=0.03

Mc/M=0.1 Mc/M=0.11 Mc/M=0.13

Figure 8. Film cooling efficiency distribution on pressure surface of NGV
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Figure 9. Film cooling efficiency distribution on suction surface of rotor blade
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Figure 10. Film cooling efficiency distribution on pressure surface of rotor blade
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