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Characteristic-based Numerical Analysis of Transitional Flow
in Servo-controlled Hydraulic Piplines

MU Dong-jie, LI Chang-chun, YAN Hao, SUN Meng
(School of Mechanical, Electronic and Control Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: According to the oscillating flow in servo-controlled hydraulic piplines, the actual movement of
the transient transition flow was considered. The momentum change of the fluid was analysised in the
transient process based on considering its micro-compression, and an improved fluid dynamic model of
pipeline was proposed. Based on the one-dimensional fluid transient theory, the analytical model of fluid
transients in hydraulic piplines was carried out by the characteristic method and the finite difference meth-
od. The correctness of the simulation was approved by the comparison of calculation data with experiment
data . The results show that these models give more reasonable descriptions for water hammer and flow os-
cillation during servo valve starting process and can provide guidance for designs and experiments of the
hydraulic pipe system.
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Fig. 1  Circuit of valve-controlled hydraulic piping system
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Fig.2 The characteristic lines of the plane x-y
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Fig.3 The pipeline’ s characteristic solution io x-t plane
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Fig.4 Experimental schematic of fluid transients in

servo-controlled hydraulic piping
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Fig.5 The bench of fluid transients in servo-controlled

hydraulic piping
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Fig.6 The control and feedback curves of the servo valve

WP 7 ~ B8 Jirai , 0l o s RGeS 3 Ik A1
BETY 14 MPa IR 4 00 A5 ISR A O M I 2 i
P T 285 S e x L

24

203

16;

JEJ) IMPa

| 1 Sz

L 1 1 1 |_e_ i\ IAg ﬂ\:hgjé
0 20 40 60 80 100 120 140 160 180
i8] /ms

K7 ko o T s

Fig.7  Actual measurement and calculated curves of water

4

hammer under the conditions of micro-elastic fluids
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Fig.8 Actual measurement and calculated curves of water

hammer under the conditions of rigid fluids
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hammer under the conditions of micro-elastic fluids
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