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A Study of Instantaneous Flow Rate Measurement in a High-Frequency

Region, Based on Hydraulic Pipe Line Dynamics

by Kazuo NAKANO, Shinichi YOKOTA, and Tutomu MIYAMOTO

Concerning the dynamic characteristics of oil hydraulic pipe lines, experimental research from the
view point of focusing on the unsteady flow rate through a pipe is insufficient because of the lack of
adequate flowmeters. The authors develop a new system to measure the unsteady flow rate of oil
through a circular pipe. The sampling frequency of the measurement is 1.28 kHz. The frequency
responses and the transient responses of the oil hydraulic pipe lines are obtained by measuring the flow
rate through a certain cross-section of the pipe and the pressure at the section simultaneously. The
experimental results are compared with the theoretical results, which are calculated by making use of
the so-called frequency dependent friction model. As a result, it is verified for the first time that the
theory predicts the rate of the unsteady flow of the line quite accurately. At the same time, it is
ascertained that the accuracy of the instantaneous flow rate measuring system is sufficient for the
general dynamic test of oil hydraulic circuits and equipment.

Key Words: Fluid Power system, Hydraulic Pipe Line, Dynamic Characteristics, High-Frequency
Unsteady Flow Rate Measurement, Unsteady Laminar Flow, Laser Doppler
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