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Abstract: This paper proposes a method based on blade surface microstructures to solve the prob-
lem of water droplet erosion (WDE) of turbine blades and improve the safety and stability of tur-
bine operation. This method is devised based on the structural characteristics and WDE character-
istics at the location where WDE occurs frequently. Such microstructures can achieve better effect
in WDE prevention without affecting the performance of the blade. Following the WDE resistance
principles and given structural economy, this paper designs five kinds of microstructures;
grooved, striped, dimpled, protruded and serrated. Two kinds of blade materials are used to
make standard test-pieces and five kinds of microstructural test-pieces. The WDE experiment was
carried out in the WDE test system self-developed for this purpose. The average volume loss is

proposed as a parameter to evaluate WDE resistance by different structural specimens, and the di-
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mensionless WDE resistance performance parameters are used for comparison. It is found that the

serrated microstructure has the best WDE resistance, with a WDE resistance coefficient 1. 57

times that of a plane structure. Striped, grooved and dimpled microstructures can also improve

the surface WDE resistance coefficient in varying degrees. The research data provided by this pa-

per can be a reference for WDE resistance in the actual engineering field.

Keywords: blade; water droplet erosion; surface microstructure
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Fig. 1 Schematic diagram of high-speed rotating WDE test

system
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Fig. 2 Geometric dimensions of test block
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Fig. 3 Three-dimensional modeling of WDE prevention

structure
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Fig. 4 Schematic diagram of data analysis methods

2 ZR51e

2.1 AREREHMEMHKMEFHERIEER
2.1.1 F@msEH

S 1k 2 T 1Y) 4% ok A B I TR] Y 722 Ak T 1#] 5
i, HES ATLIE W, 17-4PH 5 2Cr13 WAk
14~ T 3k 9 T AR Tk T B e e AR R AR — 3, B
R R .\ %, BTl Ry HOR A MR,
A L0 L S A A A, e TE L B T AR TR IR
Bt 5 48 15 4L L 7E 8~10 min Z2 47 iR F 2 T8 T 44
IR A A= o M1 3k 4 (M) AR o A FE IR B 1L
17-4PH a4 3 B8 M40 49 B 1] g b 2Cr13 W, H
B b 2Cr13 b HUK, i 3R T 28 B 1 m) 2 e 1M1
GUZE W R K e 3T 4 42 ok T 470 58 W B O U R
FR A= I U1 5 El O A Je i — 2% WD b 1 A2 ol THT 5 e
S o A2 ol TR S — 2 728 B 8 R e ¢ 3k S T 1) 4 ke
Tl i R B AR R A T I B K el g R A R AT T

http: // zkxb. xjtu. edu. cn

I .
'r'm{\EI 16'0| min
Al T
B
min(4 7
17-4PH (4 4
¥ |F§ 4

2Crl3
P

B 5 T B R I R I TR AR

Fig. 5 Surface erosion morphology of plane specimens
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Fig. 6 Cumulative volume loss curve of plane specimens
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Fig. 7 Surface erosion morphology of groove specimens and stripe specimens

TR 45 80 5 T AR A R B G il
e 8.9 s, | 8.9 vl LAH . —J5 i, 5 i
f# i 160 min B, PIRRZS R 04 PR B 26 249/ T 1
50, B 7 25 ) 14 B K ol R T 5 53— T 1 5
AR B R AR T 0 I B R TR 450 . X 2 i T
FA S I T B R A R 2 A B
BT I, BB K ko R A SR AT X R B 2
T ) R 5 ) 1 I B T SR R o R A ) A R R
MNF - A

2.6

[——17-4PHFH _M2.546

o 2Ar o 17-4PHYg il e

g 22F——2Cr13°F ,/ 2.219
O 2.0b——2Cr13tE 7
“g 1.8f 4

E 16}

N

£ 14}

B 12

ﬁ L.op _-=0940
& 0.8 P
BE 0.6 , T

Foar 2 —

02 —1"‘;7/.

0 20 40 60 80 100 120 140 160 180
F AU R]/min

(&l 8 S 1T - YA R X L A B 2K il £
Fig. 8 Cumulative volume loss curve of plane-groove

specimens

http: // zkxb. xjtu. edu. cn

O 17-4PHF 2546
o 2Ar . 17-4PHRLL " ma303
g 22— 2Cr13Fif :
J 2.0F——2Cr13%4L
“g 18f g
£ 1.6f /
K 14} yaya
PS% 1.2f / ¢/
g 10 Y a0940
B 0.8F / e
B& 0.6 y: /.//‘
B gab ) =
Qo4 A
0.2 j." Y
- !

0 20 40 60 80 100 120 140 160 180
B A /min

B9 V- A 806 LR RS 2 il 42
Fig. 9 Cumulative volume loss curve of plane-stripe

specimens

2.1.3 ®REL5HRLEH

Bk R 3R Y 4R kR A R 1] 9 2 Ak
WK 10 fros, HE 10 Fal LUE L BRES 250 1 =
R R AR WP T 2218 . HLAEE i 30 min B, A
R 40 A Je 03 A 2 T 4R 1k 55 AT LA BH 2 5 - Bk
3 B Y 7K e AR kR 0 L B TR] T TS 43 1 K Tk R
TR /NS 223X 2 Y T BR S 45 40 25 B K R 4
GO o T Rl Tl S I =R A Qe AT TR s O R i
Tt I 5K 5 45 ) kg 728 o Rk 3 T Jmg S 9 B K e P RE




%5 5 1 I R SR o S5 ¢ e YR R o R I R R TR AR A B K e R S 73
lg min, 160 min
a2
17-4PH 17-4PH
B R
2Crl13 2Crl3
E2 3 i

B10 3R BBk Bl pR 2R I R 1R AR

Fig. 10 Surface erosion morphology of dimple specimens and protrusion specimens
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