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Turbine Cascade Endwall under Pulsating Inflow Conditions
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Abstract: To clarify the effects of hydrogen-blended/full-hydrogen combustion-induced gas
pulsation on the convective heat transfer and cooling characteristics of downstream turbine
cascades, based on real hydrogen-blended/full-hydrogen combustion pulsation measurement data
and transonic wind tunnel test data from a research institute and employing unsteady numerical
methods, the influence of gas pulsation frequencies (1, 3, and 5 kHz) on the endwall flow and
film cooling performance of a turbine cascade under design operating conditions is investigated.
The results show that pulsating inflow significantly reduces the endwall film cooling effectiveness,
exhibiting non-monotonic frequency dependence. The smallest reduction in film cooling effectiveness
(approximately 4. 02%) occurs at 3 kHz, while the largest reduction (approximately 11. 28 %) occurs at
5 kHz. The fluctuation amplitude of film cooling effectiveness initially decreases and then increases
with rising frequency. with the largest fluctuations observed downstream of the film cooling holes

and near the cascade throat. The fluctuation frequency of film cooling effectiveness strictly
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synchronizes with the inlet pulsation frequency, indicating no attenuation of pulsation frequency

within the cascade passage. As the pulsation frequency increases, the cavity vortex downstream

of the step gradually expands toward the endwall. Under high-frequency (5 kHz) pulsation, the

intensities of the cavity vortex and horseshoe vortex significantly strengthen, destabilizing the

secondary flow structures in the endwall region and leading to degraded film cooling performance

and increased fluctuation amplitudes. This study reveals the coupled mechanism of flow and

cooling as well as the pulsation characteristics in the endwall region of hydrogen-fueled turbine

cascades, providing insights for the design of high-efficiency cooling configurations in endwall

region.
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Fig. 1 Three-dimensional geometric structure and meridional

channel schematic diagram of vane cascade

A1 AR E TR
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Fig. 2 Computational model and mesh of vane cascade
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Fig. 6 Endwall adiabatic film cooling effectiveness distribution
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Fig. 7 Endwall adiabatic film cooling effectiveness distribution
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Fig. 10 Variation of relative endwall adiabatic film cooling effectiveness distributions within a pulsation period
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the area-averaged endwall film cooling effectiveness

2.2 AERKENIRE T i B S IR AR MBI 9 #7

SRR ST BT A Rk sl 3 28 (9 ¥ S B R
R SCIE Ao PR B AR 3 CFF T 430385 43 A1 77 78 WK
KSR M R S B A VA R A I 7S ) A
AT TS B R NE 13 BoR.

151 1 kHz
~ 14t — /=3 kHz
‘» — f=5kHz
L 13F
< 70NNV D -
g 12 AN ¢ V4
Ef 1 P 12g/s
2oq0r
3 . \ . . )
0 02 04 06 08 10
i 1) /ms
() WS it W I S0k e
3015 65 -1 kHz
55l — f3kHz
~ = — S kHz
2oLl 1Kz
i
Lo
= 13 3kHz
= VA
= 10F |~ __5kHz B
s | = RSt
= sk 046 045
AL
i ’;\1 PR S ! 1 1 |
0 2 4 6 8 10 12 14 16 18 20
S /kHz

(OB A E=ERifE, FFT 453

F1kHz — f=3kHz — =5 kHz

0.420 - N
0.415 \ /\ /
o AN AVAN A VAW m)
: URIG.470
0.405 | \/
= 0400
L X N\
0.395 / \,\ ,’\ /\_\ 7 0397 /\
0390 f-nf--nk- e A o
\ ' 3
Y VY A VAL ¢
0.380 - : g

0 0.2 04 0.6 0.8 1.0
[ 1) /ms

030 030
Jelkah
0.29F l 02978 029F  3.78%
0.51% T},
z 0.28 - 028" I <1.02%_3 ggo,
= = t =
027r 027+ ~o l Navg™
N 02758
0.26 026 ’
0.25 025 L0 I I ]
1 3 5 :
0 025 050 0.75
//kHz fe T
() B ¥ 1H (b) f=1 kHz I} Z|{&

zkxb. xjtu. edu. cn

Co) W 368 T 00 7 TR A i B <04 02803

I A5 B




10 1

GRS A Ik B SR AR KR ST e T A i B R v R

83

1 kHz
0.016 0.015 -
00141 — 3 kkﬁz
2 0.012 ~ki
;"0010
% 0.0081
1;0006 RS R 25C Ak
T 0.004} KHz W
0.002
L./><AA S T
0 8 10 12 14 16 18 20
AR /kHz
() W 38 8 T TR A ity BE OBV FD AR FFT 45
13 o P I B R A R AR 4 o A

Fig. 13 Pulsated values and FFT analysis of monitor points

in the turbine vane cascade
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