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Abstract

The cooling efficiency of a flat plate air film with a round hole and a cooling jet Angle of 35° under
different excitation modes was simulated using FLUENT. The simulations were done for nominal
blowing ratio ranging from 0.3 to 1.0, and the Sr number 0.15, 0.3 and 0.6. The pulsating wave-
forms are sinusoidal wave and square wave respectively. The results show that when the blowing
ratio M = 0.5, the pulsation will reduce the film cooling efficiency, and the Sr number has little ef-
fect on the cooling efficiency. When the blowing ratio M = 1.0, the film cooling efficiency is im-
proved when the Sr number is low, and the increase of Sr number leads to the decrease of the film
cooling efficiency. The change of blowing ratio M affects the mass flow rate and lifting height of
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pulsating jet. As the blowing ratio decreases, the air film cooling efficiency increases first and then
decreases. When M = 0.7, the cooling efficiency of pulsating jet increases by 20% compared with
that of stable jet. When the square wave is used for pulsation, main stream intrusion occurred in
the hole. After the amplitude of the square wave pulsation is modified, the efficiency is still lower
than the sinusoidal pulsation.
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Figure 1. Schematic diagram of geometric model
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Figure 2. Schematic diagram of mesh
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Figure 3. Grid independence verification
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Figure 4. Validation of turbulence model
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Figure 5. Temperature contours on Z = 0 section
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Figure 6. Transverse average film-cooling effectiveness
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Table 1. In condition on M = 0.5/1.0, Steady/Sr=0.15/0.3/0.6, surface average efficiency and rate of efficiency change on
[-D, 5D] and [-D, 10D] sections
£ 1.M=0.5/1.0, Steady 5 Sr=0.15/0.3/0.6 TR ~[-D, 5D] [-D, 10D]E FII5 R R HER T L FR

[-D, 5D] 7, n, 0.15 n, 03 n, 0.6
M=0.5 0.2468 0.2301 0.2279 0.2281
M=1.0 0.1324 0.1358 0.1351 0.1340
[-D, 10D] 7, n, 0.15 n, 03 n, 0.6
M=0.5 0.2095 0.1913 0.1895 0.1906
M=1.0 0.1172 0.1187 0.1172 0.1148
[-D, 5D] 7 % 7 %0.15 7 %03 7 %0.6
M=0.5 1 —6.76% =7.67% =7.56%
M=1.0 1 2.56% 1.99% 1.18%
[-D, 10D] 7 % 7 %0.15 7 %03 7 %0.6
M=0.5 1 —8.68% -9.51% —8.99%
M=1.0 1 1.32% 0.05% —2.03%
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Figure 7. Average film-cooling effectiveness contours on Y = 0 section
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Figure 8. Temperature contours on Z = 0 section
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Figure 9. Transverse average film-cooling effectiveness curve
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Figure 11. Average film-cooling effectiveness contours on Y = 0 section
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Table 2. In condition on M = 0.3/0.5/0.7/1.0, Steady/Sr=0.3, surface average efficiency and rate of efficiency change on [-D,
5D] and [-D, 10D] sections
%% 2.M=0.3/0.5/0.7/1.0, Steady 5 Sr=0.3 TR T[-D, 5D][-D, 10D|EFHH RS RT I ER

[-D, 5D] M=023 M=05 M=0.7 M=10
n, 0.2414 0.2468 0.1566 0.1325
n, 0.2277 0.2279 0.2001 0.1351
7% % ~5.64% ~7.67% 27.80% 1.99%

[D, 10D] M=03 M=0.5 M=0.7 M=1.0
n, 0.1827 0.2095 0.1388 0.1172
, 0.1743 0.1896 0.1708 0.1173
7% % ~4.63% -9.51% 23.08% 0.05%
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Figure 12. Different waveforms of pulsated jet
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