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Analysis and test for limit speed of centrifugal impeller

in liquid rocket engine
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Abstract; In order to guarantee the safety and reliability of centrifugal impeller in the liquid
rocket engine (LRE) , two failure criterions, that is the maximum positive equivalence stress method
for strength and the double tangent intersection method for stiffness, are proposed to compute the limit
rotation speed of centrifugal pump impeller in LRE. The corresponding overspeed spin tests were con-
ducted to verify and compare the above two failure criterions. The results show that the maximum posi-
tive equivalence method can correctly predict the initial position and form of the failure, whose rela-
tive error is less than 15% , and the double tangent intersection method has predicted the closest re-
sults compared to that of the spin testing, whose relative error is less than 5%. For the centrifugal im-
pellers with high plasticity, the yield speed is selected instead of the burst speed for the limit speed

design and analysis, which is more helpful for realization of the low cost and high reliability of design
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Fig.1 Double tangent intersection method
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Tab.1 Material properties of centrifugal impeller
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Fig. 4 Hydrostatic stress of centrifugal impeller 1

at the rated speed
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Fig. 6 Variation of feature point displacement

of impeller 1 with speed
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Fig. 10 Variation of feature point displacement

with speed for impeller 2
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Fig. 11 Mounted status for overspeed spin testing

of two centrifugal impellers

12 s o s de 1 i i A T
RENBIRE 2k, F 1. 96 %5 HUE el il g 5% 1
ARGURSNKF 2RI R, 2 2. 04 f5UE 5 N
PRBIKP e ARG Th i, 2 2. 31 A5 UE 5% 8 I
B R AR, R R g A 1 e ol 1 AR
Nk 2218, il s S R R PO 8
e R, FrbEERS A sl 1813 fr
NN R Y RGR R B MR R, REA K
M AT S e AL G P (1813 F B X 4k
1) EaG I REY R, B0 LT B aIR . ik
BWoCHURTE R B, EORARK, EAS
R P X B I, HARE K R
B, AR — AR T TR H R IR
BRSPS DRI e 1 A Gl B B 3l R BE AR B 5



50 KOFPOHE

2017 4E 10 A

&, AACHYRBIKF SR T T IR AR
gk, R, BROFE 1 B ke S i R 3
AR RIBCR 1. 96 AR HUE §EH -5 2. 31 A5 HUE O

2.5 2.5
— s
———e RIS
2.0 RH R — | 2.0
1
” ‘
=] pd [l
RS L d ! =
21 /! P
& L ; £
R AL | / il
10 / |: 1015
/ ':
0.5 L / ! ! ! 1 .0.5
p i
’/ ]
/ M
0.0-4 : - L 0.0
0 40 80 120 160 200
I 18]/ s

12 Bk 1 BRI FHE 2 R IR0 75 # 2
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