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PIECEWISE APPROXIMATION STATE-SPACE MODELS
OF DISTRIBUTED PARAMETER LIQUID PIPES

Liu Kun Zhang Yulin

(Dept. of Aerospace Technology. National Univ. of Defence Technology, Changsha, 410073)

Abstract: The piecewise approximation state space models of laminar flow and turbulent dis-
tributed parameter liquid pipes. which take both steady-state friction and frequency-dependent fric-
tion into consideration.are presented respectively. The laminar {low pipes’ piecewise approximation
state space model is linear and the turbulent pipes’ one is nonlinear. The models including the fre-
quency-dependent friction can more precisely predict the dynamic performance of the fluid lines
transients than the ones only considering the steady-state friction, whereas its order increase by
times. Corroboration of our models was given by simulated results of the water hammer with single
pipe after valve closure and the calculated results using our models with two segments already
show good agreement with those using method of characteristics
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Fig. 2 Pressure at valve after instantaneous valve closure (D=0.0lm. D,=1.6X10 *, Zy=09)

*note; CM-——characteristics method., SAM -segmentation approximation method,
SSF——steady-state friction, FDF——{requency-dependent friction
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Fig. 3 Pressure at valve after valve closure Fig. 4 Pressure at valve after the valve's relative
by power curve (D=0.05m. D,=6.4x10 ¢, position changing from 1 to (. 03 by power curve
Zi=00) (D=0.0lm, D,=1.6xX10 *. Zz=a finite value)
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