538 % o 13 M= NFH Vol.38 No. 1
2023 4F 1 H Journal of Aerospace Power Jan. 2023

XEHS: 1000-8055(2023)01-0127-07 doi: 10.13224/j.cnki.jasp.20210283

AR W B E KIS X 1t se B LT

A, kOR
CREZEfL s K s Femi 2202, ILZR G 264001)

i B WRGEFERD AR L S HUE PR AR A R, 8T T E N AL 2 AR
25 5 R A, JF R TR R Rl R S LR AL A IS B S . KR K s A T o R 4 AT R LR B LR LI i 24
FEA, BN T W K LR 50 R D T A A A, S8 BT AR AL B A A B AR AL IR, I R A T SOk 3R
PEIAT T XL 0T o G5 SRR Th SRR I 2R B 7 00 I 8] 2 R RO AR 1k, R8P 10 h TSk 10.2%, #E
TR T 3.2%; FAD i R S AL— e B 5% K AR K 0.7%~ 3.4%. J& BE Ik 1.0%~3.0%, S ML & T M 4.1%.
BTN 3.1%. 3 R LU T B 4.5%:; KA R AR ¥ H SR AL AE AR R s ZE R R 1 be i, ¥ KB 1.5%, SR
B 0.5%; T ) 7 8% 8 805 PR i 7 3R 1 G T BE 38 S A /NI 3R T

* O ARSIl AL, TR, BN 2B

FESES: V235.1 MHRFRERRS: A

Sand ingestion test and performance degradation evaluation of
turboshaft engine

LIU Wei, ZHANG Yun

(Naval Aeronautical University, Aviation Foundation College, Yantai Shandong 264001, China)

Abstract: In order to grasp the effect of sand and dust erosion on the turboshaft engine, the
differences and applicability of the sand ingestion test terms at home and abroad were analyzed. The sand
ingestion test of a turboshaft engine was implemented and investigated. A rapid test data evaluation model
of turboshaft engine was established based on the aero-thermodynamic equations and engine matching
constraint. The method was used to evaluate the performance degradation of overall unit and components,
which was validated using data from other references. The results indicated that the power and fuel
consumption rate degradation presented a quadratic function law. The output power degradation was
10.2% and specific fuel consumption degradation was 3.2% after 10 h of sand ingestion. The chord length
of the compressor first stage blade became shorter by 0.7%—3.4% and the thickness was reduced by
1.0%—3.0%, which resulted in the compressor flow rate decrease by 4.1%, the efficiency decrease by
3.1% and the pressure ratio decrease by 4.5%. The turbine cooling hole had slight blockage and ablation,
the cooling air volume was reduced by 1.5%, and the gas turbine efficiency was reduced by 0.5%. The

power turbine efficiency had a slight improvement due to blade smoothness.
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Table 1 Test requirements of sand ingestion
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R/ (mg/m?) 53 53
TP (] /h 0.5 50
FrAMbAS[R]/h 1.5 54
DI/ % 5 10
FEMRFRI /% 5 10
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Table 2 Sand particle diameter and proportion distribution
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Fig. 1 Schematic of sand ingestion test device!'”)
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Fig. 2 Schematic structure of distributor!'”!
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Fig. 3 Test procedure of sand ingestion
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Fig. 4 Schematic diagram of the test engine
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Table 3 Iteration model for test data analysis
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Fig. 5 Degradation trend of shaft power
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Fig. 6 Degradation trend of specific fuel consumption
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Table 4 Component performance degradation evaluation results
] /h Aai/% Am/% An /% An /% Any/% Aa/% Any/% A /% Amy/%
0 0 0 0 0 0 0 0 0 0
2 -0.3 —2.8 -25 -1.3 -0.5 0.7 —0.5 0.1 -0.2
4 -0.5 -32 -3.2 -1.8 —0.8 1.2 -0.4 0.2 -0.5
6 -0.9 -3.5 -3.1 -2.1 —-1.1 1.3 -0.5 0.3 -1.1
8 -1.2 -39 =35 =25 -1.3 1.5 —0.5 0.3 -1.3
10 -1.3 -4.1 -3.6 -3.1 -1.5 1.7 -0.4 0.1 -1.5

M 4 AT, B E AL R iR, RS
ML 7 FE mg, BEAR 4.1%, R0 n, A 3.1%, 3 TE
L, AR 3.6%. Kods KB, IESHL—m Hsg K
AR 0.7%~3.4%, JB BE Ik 1.0%~3.0%, 42 [E]
B AT BT HG Y, R w S R AL — S e
FRTGAT UL 7. it R 5% K IR B A A8 Ak 25 i
BRI AR I L B T2 RN R R AR B,
ot I R A RO L BRI
1 Tl 50 5 A TR R U LR 2R, ok i
B Pk W PR A B2 1 S 0, (HR g R B, KA
WG ny T s & TFB 5, PR O o sk 8 45 vl B
A UEAT S N M L SRR [13] A T RN R
HLEB A 1 A7 D a6 25 SR, WD 9 oK K AR K
1.5%, M2 (] BRIEhn 1.5 4%, SR EAK 6.7%, JE L
R 3.5%, Wit BE A 2% 14%.

(b) G

(a) APV

B 7RG T Y

Fig. 7 Compressor first rotor blade abrasion
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Fig. 8 Molten sand adhered to first gas turbine guide blade!*"
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