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Hybrid model for multi-stage centrifugal compressor based on
radial basis function neural network
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Abstract: The large centrifugal compressor is a complex system with many factors and strong nonlinearities; the per-
formance of which cannot be predicted accurately. To deal with this problem, we propose a hybrid model for predicting the
performance of a multistage centrifugal compressor by employing the radial basis function (RBF) neural network. First,
according to the structural parameters of the compressor instead of the experimental characteristic, we deduce a theoretical
prediction model based on the first law of thermodynamics and the energy loss mechanism. This model is used to predict the
design performance and the off-design performance of the compressor. Then, a RBF neural network, which is updated in
time, is applied to the theoretical model to form a hybrid model, in which the error of the theoretical model is continuously
corrected to raise its accuracy in the process of performance prediction. This hybrid model has been used to predict the
performance of practical multistage centrifugal compressors in industrial applications; the results of performance prediction
are satisfactory
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Fig. 1 Schematic diagram of multistage compression process

of large centrifugal compressor
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4.1 RS 45 (Schematic of hybrid model)
TR A BRI S5 A A 2T 7. BT LA B AR A
h TR, T E R TI 22 2% 1250 Hs Ag AL [ EE A
bE. R H T B RS A AE MR R 224, il
MR R T O AR A A AR SR AT, B A
B 55 SERR A B AR ORI 22 BEL Ik, A SR
RBFU 6210 22 [0y 28 565 471 BB 280 e B RT3t b 70 0L
PR ZE AT IR IE.

JELE
s, [rowanl—©

HUBR AR

RBF

K2 G R L
Fig. 2 Schematic diagram of the hybrid model
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Table 1 RMSE and MAE of models

JE = A A ¥ A1

RMSE RMSE MAE MAE

HLEEAR Y 0.4476 0.1904 1.7075 0.2867
BAR2010  0.0711  0.0110 0.6056  0.028
TRARI2011  0.0142  0.0014 0.0767 0.0058

6 458 (Conclusion)

NSO T 22 G080 R AR WL RE TG 11 7 #5458
T R A 0 I AL 22 R A R R (K LR
PR L5 A D HLBE AR DR ZE A IE A% IR BF A 22 Y 25 -
R T . IX TR IR IR 15 45 A ANE REAR B 4 AL
FILEARFE, 10 HARGS (il o T i - B B sk A
94 AL MV 20 B 25 Bl DA YR 0 A% i DR 3 AR AL
BRI 8 2 BRI i jl, KO vy R 20 1 TR
JE. 27 VAFIREE ] HAB SR S A LA 1 e 15U,
IR 4B B Bh I B2 T LA, thAh, A SCE i
R XTRBFA 28 W 2% (1) S0, 3E— D de v TR AR

FR PRI K5 P2 A P

& ik (References):

(11 BER, THAE, T¥%, 55 8O0 R ghLHE 72 A iR Eh 287

5tk (31, HUB RE24IR, 2009, 45(5): 311 - 316.

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(JI Chunjun, WANG Yajun, WANG Xuejun, et al. Analysis and op-
timization of the internal flow in centrifugal compressor volute [J].
Journal of Mechanical Engineering, 2009, 45(5): 311 - 316.)

D3B3, WO, Ak, B TE IE A0 R AR L BE B Ry
2% [0 AT AL KA, 2010, 37(6): 32 - 34.

(LI Yong, WANG Lirong, LI Bin. Modeling method for performance
of refrigeration compressor based on fuzzy-neural network corrected
fuzzy control [J]. Control and Instruments in Chemical Industry,
2010, 37(6): 32 -34.)

TR, KA, . B ERHLEA ) M AR RBTRI AR5 7 0],
HERE TR AR, 2000, 34(9): 1298 - 1300.

(DING Guoliang, ZHANG Chunlu, ZHAN Tao. Fuzzy modeling
method of thermodynamic performance of refrigeration compres-
sor [J] Journal of Shanghaijiaotong University, 2009, 34(9): 1298
—1300.)

GRADVDAHL J T, WILLEMS F, DE JAGER B, et al. Modeling
for surge control of centrifugal compressors comparison with experi-
ment [C] //Proceedings of the 39th IEEE Conference on Decision and
Control. Sydney: Sydney Convention and Exhition Centre, 2000, 8:
1341 — 1346.

JIANG W, KHAN J, DOUGAL R A. Dynamic centrifugal compres-
sor model for system simulation [J]. Journal of Power Sources, 2006,
158(2): 1333 — 1343.

COHEN H, ROGERS G F C, SARAVANAMUTTOO H I H. Gas
Turbine Theory [M]. 4th ed. Essex, UK: Longman, 1996.

WATSON N, JANOTA M S. Turbocharging the Internal Combustion
engine [M]. New York: MacMillan, 1982.

WILSON D G. The Design of High-Efficiency Turbomachinery and
Gas Turbines [M]. Cambridge, MA: MIT Press, 1984.

WATSON N, JANOTA M S. Turbocharging the Internal Combustion
Engine [M]. New York: MacMillan, 1982.

FERGUSON T B. The Centrifugal Compressors Stage [M]. London:
Butterworths, 1963.

WHITE F M. Fluid Mechanics [M]. 2nd ed. New York: McGraw-
Hill, 1986.

CUMPSTY N A. Compressor Aerodynamics [M]. Essex, UK: Long-
man, 1989.

LORETT J A, GOPALAKRISHMAN S. Internaction between im-
peller and volute of pumps at off-design conditions [J]. Journal of
Fluids Engineering, 1986, 108(3): 12 — 18.

PAMPREEN R C. Small turbomachinery compressor and fan aero-
dynamics [J]. Journal of Power Engineering, 1973, 95(7): 251 — 256.
SONG T W, KIM T S, KIM J H, et al. Performance prediction of
axial-flow compressors using stage characteristics and simultaneous
calculation of inter-stage parameters [J]. Journal of Power and En-
ergy, 2001, 215(6): 89 —98.

WALCZAK B, MASSART D L. The radial basis functior partial least
squares approach as a flwxible nonlinear regression technique [J]. An-
alytical Chimica Acta, 1996, 33(3): 177 — 185.

FORMBERG B, LEHTO E. Stabilization of RBF-generated finite
difference methods for convective PDEs [J]. Journal of Computa-
tional Physics, 2011, 230(6): 2270 — 2285.

GAO Q, YAN W W, SHAO H H. Regularized RBF network based
inferential sensor and its application in product quality prediction [J].
Acta Simulata Systematica Sinica, 2005, 17(7): 1609 — 1612.

CHEN S, COWAN F N, GRANT P M. Orthogonal least squares
learning algorithm for radial basis function networks [J]. I[EEE Trans-
actions on Neural Networks, 1991, 2(2): 302 — 309.



1210 &

I 29 %

(20]

(21]

[22]

HAN H G, CHEN Q L, QIAO J F. An efficient self-organizing RBF
neural network for water quality prediction [J]. Neural Networks,
2011, 24(7): 717 - 725.

WOLD S, SJOSTROM M, ERIKSSON L. PLS-regression: A basic
tool of chemometrics [J]. Chemometrics and Intelligent Laboratory
System, 2001, 58(2): 109 — 119.

SIS, B, WA, & BT BOE S BRI AR A R d
TN (3], FEHIE S 5 A, 2010, 27(3): 391 - 394.

(JIA Runda, MAO Zhizhong, CHANG Yugqing, et al. Nonlinear ro-
bust partial least squares based on projection pursuit and its applica-
tion [J] Control Theory & Applications, 2010, 27(3): 391 — 394.)

B3 A& AT (Appendix Units of the variables)
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re S22 (m);

T: 05 (K);

U AR 1R S ()
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ept “UMRIASE FE LA / (kg - K));
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