55 35 % 55 1 fin = zh 14 Vol. 35 No. 1
2020 4F 1 H Journal of Aerospace Power Jan. 2020

XEHS :1000-8055(2020)01-0205-10 doi: 10. 13224/j. cnki. jasp. 2020. 01. 024

ZERMAXNERINSKEIEE M2
RICFIEETA R

X&', B4, ¥ KB, T¥5', hEr'
(1. MEAEMRKYE BIRS 2k LA EA NS ARG E AL E, M 2100165
2. Sedbfiias Zsh ML R lE Ao, JEET 100191)

i B WO R VAR E T AR X S A Bl AR e T S L R TR AT st i e L Dy iR IR 5 X
%, %4&1&73{1%2)\%%0@% SIS . IRIRA R F R AW AZEIRG R A LSRRG A 5
I o Hs A 5 R IR W L AR B DR . 2R VRO T B s b FORR R R B R AR Y e L% Dl 600
r/minfl 800 r/min I}, *%ﬂi%‘rﬁﬁ'“&ﬂiﬁl 5% 6. 3% o ZETRIL AL (i) H AR IR JE AL AR 7 2 3 R A R R
FGE M BE N BT O g 2, 2455 W 600 r/min Al 800 r/min I, 88 #8 HE 43 B FEAIK 6. 3026 F1 12. 64 %, Xtk 46
FE ST 2R A BB 5, 45 R R W] R KL #2600 r/min Al 800.r/min B, £ 5 #5 B2 43 51 B AIG
3.21%F0 8.12%.

X B R FRWA; BEREE; BRI SRS SR AR

RESES: V2313 XEIREB: A

Experimental and numerical investigation on aerodynamic

stability of steam ingestion in a compressor

FU Wenjun', TU Baofeng''*, HU Jun'?, WANG Xuegao', XU Haoyang'

(1. Jiangsu Province Key Laboratory of Aerospace Power System,
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2. Collaborative Innovation Center for Advanced Aero-Engine, Beijing 100191, China)

Abstract: In order to investigate the effect of steam ingestion and swirl distortion on the
aerodynamic stability of the compressor, a two-stage low-speed axial compressor was used as
the experimental research object. The compressor test bench for steam ingestion and swirl
distortion was established. The experimental results showed that steam ingestion caused the
inlet total pressure and total temperature distortion. With the increase of rotating speed, the
total pressure distortion intensity increased and the total temperature distortion intensity de-
creased. Steam ingestion caused the decrease of total pressure ratio and stability margin.
When the compressor rotating speed was 600 r/min and 800 r/min, the stability margin was
reduced by 1. 5% and 6. 3%, respectively. The stability margin decreased more significantly

when the steam ingestion and the reverse bulk swirl distortion were combined. When the
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compressor rotating speed was 600r/min and 800r/min, the stability margin was reduced by

6.30% and 12. 64 %. Numerical simulation investigated the effect of steam ingestion on the

experimental compressor. The results showed that the stability margin decreased by 3. 21%

and 8.12% when the compressor rotating speed was 600r/min and 800 r/min, respectively.

Key words:

steam ingestion; swirl distortion; axial compressor experiment;

total pressure distortion; total temperature distortion
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Table 1 Design parameters of the two-stage low-speed

axial compressor
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Table 2 Stability margin reduction with steam ingestion

25 n=600r/min n=2800r/min
faw  AEMERE 0. 28250 0. 27450
e FERWA 0.27828 0. 25720
Ko 72 8 B AR AEL/ % 1.5 6.3
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Table 3 Maxium total pressure ratio reduction with

steam ingestion
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Bk FEE R A 1. 005366 1.00944
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Table 4 Gauge pressure parameter of the inlet

total pressure
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Table 5 Gauge pressure parameter of inlet static pressure

Feyt/(r/min)  FEMERIE/Pa ZEIRRA IR L)L/ Pa
600 —52.760 —45. 255
800 —94. 270 —87. 807
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Table 6 Stability margin reduction with swirl distortion
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Table 7 Maxium total pressure ratio reduction with

swirl distortion
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Table 8 Stability margin reduction with swirl distortion

and steam ingestion

ZH n=600r/min n=23800r/min
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Table 9 Maxium total pressure ratio reduction with

swirl distortion and steam ingestion

S n=600r/min n=3800r/min
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Fig. 6 Computational model
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Fig. 7 Verification of grid independence
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Table 10 Stability margin reduction of CFD and

experiment with steam ingestion

=¥ n=600r/min n=2800r/min
g CFD £ UEIRA 0.280455 0.276628
R CFD %835 A 0.27145 0.25403
BER CFD 3.21 8. 12
TR/ % R 1.5 6.3
11 HEHESKBEHNERSBRARKBEL TEE
Table 11 Maxium total pressure ratio reduction of CFD
and experiment with steam ingestion
=¥ n=600r/min n=2800r/min
LN CFD H iR & 1. 00532 1.00941
SEE CFD#®W A  1.00525 1.00919
AR CFD 0.0080 0.0216
TR/ % N 0. 006 4 0.0196
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suction surface during steam ingestion at 800 r/min
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