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Effects of Turbine Structure on Life of Turbine
Blade for Liquid Rocket Engine
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Abstract: Effects of shrouded blade, unshrouded blade, blade with partial-shroud and hollow blade on
blade life for rocket engine turbine were studied. Results reveal that unshrouded blade avoids fatigue at
blade tip, while damage at root on suction side increases. The critical point locates at root on suction side.
Life of unshrouded blade is close to shrouded blade. Blade with partial shroud not only eliminates fatigue
at blade tip nearing trailing edge, but also mitigates fatigue at root on suction side. The critical point lo-
cates at root nearing leading edge. Life of blade with partial shroud is larger than the shrouded blade by
116%. Thermal strain and stress could be effectively reduced by using hollow blade, and thus low cycle
fatigue damage decreases. The critical point locates at root nearing leading edge. Life of hollow blade is
370% larger than the shrouded blade.
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Tab. 1 Material parameters for GH4169

T/C E/MPa ”" 60/ MPa Q/MPa b

400 221 600 0.3 287 1000 —201 6.312
550 186 220 0.3 092 880 —261 5. 829
650 174 030 0.3 075 868 —295 6. 832
730 157 610 0.3 523 764 —310 8. 189
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Fig. 1 Models of turbines with different structure
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Fig. 2 Parameters at the inlet and outlet of turbine and speed
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Fig. 3 Temperature distribution at the end of each stage
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Fig. 4 Von Mises stress distribution at the end of each stage
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Fig. 5 Radial stress-plastic strain hysteresis loops at node A
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Fig. 6 Radial stress-plastic strain hysteresis loops at node B
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Tab. 3 Strain range and LCF damage at node A ~E

[ 1 2 3 4 5 6 7 8 9 10
MRS (1072)
A 0. 730 0.726 0.722 0.719 0.718 0.717 0.716 0.715 0.714 0.714
B & 1.473 1.189 1.170 1.167 1.184 1.185 1.187 1.189 1.190 1.192
M 1.010 0. 747 0. 749 0. 750 0. 752 0.752 0.753 0.753 0.753 0.753
H 0. 743 0. 730 0.730 0. 730 0. 730 0.730 0. 730 0. 730 0. 730 0. 730
= 1. 049 0.976 0. 962 0. 955 0. 952 0. 950 0. 949 0.948 0. 947 0. 947
KB 71/ MPa
A B 697 736 763 780 793 803 811 818 822 823
B & 1406 1210 1162 1131 1116 1096 1079 1063 1049 1036
C 1 446 1388 1347 1316 1290 1269 1250 1235 1220 1218
D 1010 1000 1000 998 996 995 993 991 990 990
E i 1446 1281 1233 1 207 1191 1179 1169 1161 1155 1153
R FF i (10 )
A 0. 024 0. 032 0. 039 0. 044 0. 047 0. 051 0.053 0. 056 0. 059 0. 059
B 4.853 2.052 1. 760 1. 621 1.624 1.551 1. 487 1.431 1. 382 1. 338
C i 2.138 0. 764 0. 695 0. 642 0. 603 0.568 0.538 0.513 0. 492 0. 472
D 0. 206 0.184 0.182 0.179 0.179 0.177 0.175 0.174 0.173 0.172
E i 2.355 1. 388 1.184 1. 085 1.028 0. 987 0. 957 0.934 0.915 0. 900
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Fig. 7 Von Mises stress distribution at the end of each stage.

f ) S S S S S S S S S S S S S B B R B N

tls

(a) BB A SRTE

1 000
.
e
i \
500 - \:>_
£ ol
= 0
© || =
-500 A
_ -I ! ! ! ! | ! ! ! ! | ! ! ! !
10000 40 80 120

tls

(b) B A REA



58 FLBARE AR 2020 4 9 H
0.010 2 000
[ —— - g
[ - o
- T T T ! 1000
/ I i
0.005 |-, |
7 £ \
I 1\ =S 0 \
W™ | \ © \
\
0 ~
-2 000
_0005 Il 1 1 1 1 1 1 1 1 1 1 Il Il _ 1 Il
0 40 80 120 1000 120
tls
(¢) HEC mET
0.0 050 1500
- - - *Iﬁﬁ
1000 [ T
0.0 025 :
500 F \
\ o \
- N £ Of :
0 = u [
L S Hf - - - ——— = - = =
1 [ -500 F
~0.0 025 H -1 000 ;
i -1500
L P R R SR T R N | L C
-0.0 050 0 40 30 120 ~2 000 (I) L L L 4|0 L L 8|O L L L 720

tls

(e) BI% D KL%

(f) BI% D KN

B8 A, C, D =mf2EKEL A EFHE

Fig. 8 Histories of radial strain and stress at node A, C, D
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Tab. 4 Strain range and LCF damage at node A, C, D

& 1 2 3 4 5 6 7 8 9 10
NAZWRAE (1072

A 0. 663 0. 657 0.653 0. 651 0. 651 0. 647 0. 648 0. 648 0. 647 0. 647

C i 0.582 0. 635 0. 626 0. 619 0.617 0. 609 0. 608 0. 604 0. 601 0.599

D A 0. 758 0. 739 0. 741 0. 742 0. 745 0.743 0. 746 0.746 0.746 0.746
KB F)/MPa

A 625 671 703 724 739 751 761 769 777 783

C 2 050 2 040 2 030 2 020 2020 2010 2010 2 000 2 000 2 000

D 1280 1260 1250 1240 1230 1220 1213 1206 1200 1196

AR I 845 (10—2)

AR 0. 009 0. 009 0.012 0.015 0.017 0.017 0. 020 0.021 0.022 0.023

C 1.199 1.535 1. 452 1. 391 1. 365 1. 304 1. 291 1. 261 1.234 1. 211

D 5 0. 608 0.518 0.504 0. 490 0. 484 0. 465 0. 462 0. 452 0. 443 0.435
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Fig. 9 Von Mises stress distribution at the end of each stage

0.006

e
ok

e — - — = = = = = =

0.003

tls
(a) HE C mNTE

2000
ro- - - A
i PRI
1000 —— - - - - - - - -1
£
= 0
N
~1000
— 1 1 1 1 1 1 1 1 1 1 1
2000 40 80 120

tls
(b) ME C R A



60 FRL AR AR 2020 4E 9 H
0.0 050 2000
it/ 7 R S AN
i AN I O
00025 1000}
i o i
B [aW \
w” O N = Of  — = — = —— — — — — — — ~
© /
-0.0 025 -1 000
—-0.0 050 Il L Il Il Il L L Il L L L L _ I Il Il Il Il Il Il Il Il L Il L L L L
0 40 30 120 2000 40 80 120

tls
(¢) I D mEE

tls

(d) BI% D RELH

10 C, D RERANTNAREHE
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Tab. 5 Strain range and LCF damage at node A, C, D

(EED 1 2 3 4 5

BEAZ R AE (1072)

A 0. 625 0. 625 0. 623 0. 621 0. 621

C i 0.599 0.576 0. 561 0.550  0.542

D A 0. 806 0.811 0.814 0.814 0.814
e K Wi 71 /MPa

A 550 585 614 635 650

C i 1 680 1650 1631 1616 1610

D 1 245 1225 1216 1 209 1205

R o5t (10

A M 0. 009 0. 009 0. 009 0. 009 0. 009
C 5 0.683 0.559 0. 483 0.431 0.392
D i 0. 680 0. 658 0. 647 0. 635 0. 624
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Fig. 11 Von Mises stress distribution at the end of each stage
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Fig. 12 Histories of radial strain and stress at node C, D
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Tab. 6 Strain range and LCF damage at node A, C, D
D 1 2 3 4 5 6 7 8 9 10
NARIEAE (1072
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e K )i 71 /MPa
A 753 763 775 784 791 797 801 805 808 808
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D & 1343 1328 1317 1307 1 300 1293 1288 1283 1279 1276
A I7 845 (10—%)
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Fig. 13 Evolution of LCF damage with number of cycles at critical points for different structure
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Tab.7 Life of turbine blade with different structures
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