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Abstract: Large and super-large scale natural gas turbo-expanders in China are all imported. Based
on the super-large scale LNG project of a company, this study completed the key technologies research on
the project’s super large scale natural gas turbo-expander such as the high-efficiency compressor with both
large flow rate and low pressure ratio, the vibration mode analysis of high-power impeller, the high-power
torque transmission structure design, the rotor thrust balance scheme, the bearing development and so on.
The company designed and built a prototype of super-large scale natural gas expander-compressor unit based
on the research findings. The simulated performance test results of the prototype show that the performance
of this expander-compressor unit has reached the top-level achieved in China. This research and
development results lay a strong foundation for promoting the locally designed and built major technical
equipment such as large and super-large scale natural gas turbo-expanders.
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Tab.1 Technical parameters of turbo-expander-compressor unit
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Tab.2 List of compressor schemes
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Compressor impeller meridian of

compressor scheme 1
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Fig.2  Compressor impeller meridian of

compressor scheme 2
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Tab.3  Excitation source frequency
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Tab.4 Static stress of expander impeller
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Tab.5 Isolation margin of excitation source
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Tab.6  Static stress of compressor impeller
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Fig. 3 Size of six-edged shaft and hole

59



60

RASSOE | 5003 4 4

2.3.2 BERKK

X7 AL R it B AR DG R AT HE =, I R AT B
PR A — 22 50 i BE A A% AR, A A b SR, S bR
Bl FLBF TR B, I S R T o A B R A
a5 F .
2.3.2.1 HAHBERZ

AL +20% T, i KBy ) 7, =
202. 18 MPa, F:#h3k fH 40CrNiMo FPii & 44 ™ B 4
ZHS,, =2, VFRIBTIRL 1 7] =229. 625 ~258. 85 MPa,
T < L] HLTEG 500 BE 05 1 0K
2.3.2.2 NigH FLFERERZ

R AL o TR IR AL & R K TR N =
3631.76 x1.2=4358. 112 kW,n =11 050 r /min.

N

FESBRIHIAE T =9.55 x10° X = =3766 5131 N + mm,

ANUHHEYETIRRLS) o) =61. 32 MPa, 835 G VF HIHF 1 I 71
[o,]=124.1 ~146 MPa, o, <[ o, ], 55 i 2

2.3.2.3 MRZIEEFTEERZ

PELLRIA  M24 x 1.5, L =90, #1%}:06CrlI9Nil0, 3=
U ARBRE o, =205 MPa, HLHI5RE o\, =520 MPa, 12
QI @ =1.187 9°, MR Y HIEEYE M p, =7.406 9°,
i i 1 5% BT 0K T A A B T e 1 AR T A SR AR
¥, RIEET W )] F =3 742 N,

P DU B BRGNS o, = Vo? +377 =14.54
MPa, i 71 [ o] =102.5 MPa, [ 7] = 56.375 ~
63.55 MPa,

T o, <[o],BiN)]0=9.52 MPa<[ o], 875
J17=6.35 MPa< [ 7]

BT T N R

SVRFI G540 RO e 88 R 1 25 75X A 3L, o B il
JEER
2.4 IHEARFEAR

Xof R IR BILZEL T 5, a0 200 Al ) 3 4 ) 76 Lk i el 7R 7
R IR N, 75 DR L BB BL R, S BV TCHE T
W AkiztT . Hrshz 1K 4,

M4 HFSHENE

Fig.4  Aerodynamic force diagram of rotor
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Tab.7 Technical parameters of bearings
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Tab.8 List of bearing schemes
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Tab.9 Test data of compressor
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Fig.5 Performance test curve of scheme 1 compressor
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Tab. 10  Test data of expander
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Tab. 11 Test results of vibration and bearing temperature
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Fig.6 Performance test curve of expander
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Fig.7 Excitation point of expander impeller modal test
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Fig.8 Test of 1st to 3rd vibration mode
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Tab. 12 Comparison of test and numerical calculation results
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a)l Bl

a) Ist vibration mode

b)2 iRy

b)2nd vibration mode
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¢)3rd vibration mode
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Fig.9 Calculation of 1st to 3rd vibration mode
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Tab. 13  Deviation between test data and numerical calculation
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