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Effect mechanism of pulsating flow on unsteady aerodynamic

performance of turbine

JI Bing, LI Jun, WANG Zhiduo

(Aeronautics Engineering College

Air Force Engineering University, Xi'an 710038, China)

Abstract: A periodic pulsating incoming flow was used to simulate the flow field at the
outlet of a rotating detonation combustor. The effect mechanism of the amplitude and fre-
quency of the incoming pulsation on the unsteady internal flow characteristics of the GE-E*
high pressure turbine stage was studied. Results indicated that the increase of the pulsation
amplitude of the inflow could enhance the unsteadiness of the internal flow field and amplify
the difference of the parameters in the internal flow field in time and space. With the increase
of the pulsation frequency, the pulsation amplitude of the internal flow field gradually weak-
ened, and the distribution of the time averaged loading of the blade was inclined to be con-
sistent. Under the condition that the incoming pulsation frequency was 5244 Hz, when the
pulsation coefficient increased to 0. 4, the turbine efficiency was reduced by 13.99% ; under
the condition that the incoming pulsation coefficient was 0. 3, when the pulsation frequency
increased to 10488 Hz, the turbine efficiency was reduced by 15.57%. Increased pulsation
amplitude and frequency could enhance the endwall secondary flow and cascade flow separa-
tion, make the inlet attack angle of blades deviate from the design state, and reduce the tur-

bine working efficiency.
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Fig. 13 Instantaneous total pressure distribution of turbine flow field at 50 % span (£#=0. 3)

K i s 7 W AR TR 8 1) e H I8 14 ot

B 13(d) R T80 7(k=0. 3, f=10488 Hz) it
TP 56 Ui I PR A3 A 1 P AR A O . TR L
DT o 25T 58 A PR 3 58 I — TR e R 1 Tl 0 A A
PRIt 2 PSRBT CT O B 3 100 5 7 bk 3l 98 3 5
E . T/8~T/2 %5 1A J& 1 bk 2l R it i 4o
B AR T3 5 PN R I 1 e A A s AR X AN R R e, B
B FiI & i Hs 7 6080/ 5 35 K i 3l i B2 Ji 2k i
JE 3 e ¥ KG9/ s 5T/8 ~ T X Be i [al 4 B4
Bl i 48 32 1 IR ) 8k S5 AE T/8~T/2 1 1a] #H
. Bt B1.B2 frab iy st b T/8~T/2
WiE shnt B2.B1 Fr& i i . Wik, 78—k
KR I W B A T P9 AR SR Bl i i s 34 28 A
RN .

B TR ge it C i DA 00N s D) o8
A8 S0P Ik 3 s SCHE — A U Y 2 5> gl it
UG 2 2857 v T B 3 1 it s JHG I X A a0 8K v T
P51k 250 T B Bl T L S Z IR AR 5 T A0 AR B
A Byt 2B 42 e AR I » B B 3 e g 2 4 0
TR L.

ZEA I 13~ 13(D MUIFE AT LA H . h
TR 1 Wk B R M AR R AR S TE — A N
S 38 2o v o A A (A I N R ) T R e
T BE 5 1] 43 A A B B A I R I Ik Sl A R ) B

TN e B 3 A TS T PR B 0 A Y
ARSI .

X AN ) 11 T ik sl 931 25 b 8 8l i i 2 [+
— AR A B T Bl AR AT bR T A B A
(FET) .45 21 Hs 77 Bk 3 i 32000 L AR e 45 21 7 i ik
W 35 L 2l R R R SR K S R R AR NSk 4

F4 FRIRTRBEQ RS ETEE SN
Table 4 Pressure pulsation at turbine inlet and rotor

blade leading edge under different cases

T 48 3k B i 2%

EiRes k /f/Hz k J/Hz
5 0.3 2622 0.162 2950
3 0.3 5244 0.097 4916
6 0.3 7866 0. 092 7866
7 0.3 10488 0. 087 10820

AT RLF 5200 B e 1 SO B R i g
R 25 i 14 1 7 Ik sl 9t 230 5 e o 3 10 3 5 B R A
Jir 22 5 AHSEA QRGN L33 15 SCHRL 18 THY S 4 25
WS AH WA 0 - B8 58 S 1 g T U 5 1 Bk Sl A
AROFF— 2. WA B AT SR 00 B R Bk sl R RS
P A T 0T B X IR %E & 1
A o e I O e R R S 1R B T A



wel TUKEE L Bk i R S M RE R e B B 419

R . fE T 3(k=0.3, f=5244 Hz) 3154
ER BTG A R Bk R Bk 0. 097, 5
A0 I 1E 3 3 1 TR J K Sl A B 3 3 1 ik Bl
BRI/ T 29 67. 7%, 3% 5 3CHk (18] v e 5% 1
RE R WK B 45k 4 846 Hz) 1y 52 56 45 R 2 L #K
TS URIIR

L4 53R T R [ HE F1 R 38 ik 3h 450 32 I8 5
P I ) P 2. SR Ae k1o Ak
LI BOAH B K Sh R A 4 R IR ES I EE
LI T [ G A 2 R Tk Sl AR 1 3
HE T S Y K S IR A A . Y R Tk Bl
BN 2622 Hz 30 %) 5244 Hz B, 858 5 1 3
T k2 R LN 0. 476 FEAKF] 0. 436, 24 3 11 &
JE Bk Zh 45 % M\ 7866 Hz 4k 2L 34 i & 10 488 Hz, i
& E Y B 2l R B 0. 255 BEAIRE] 0. 049,
Sh4r 2 4 sl ET S R K Bl R B0 AR Al ks FART
DAAS HE S 2R 11 K AT A0 IOk 30 000 23 8 v IOk 3 A 3 ok
T8 225 1k 3l R e s Dk ]

0.8
B —P—f:() Hz
I /72622 Hz
06k ———O—— f=5244 Hz
’ ——— f=7866 Hz

7=10488 Hz

» : AN i A\
N VG A\VRYN

0>..1‘|H‘.|‘...|..H
1 2 3 4

W

ml(kg/s)

B14 ksl s 0 b 10 U 4 1 5%
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turbine efficiency
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