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Dynamic Response of Pneumatic Transmission Lines
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Acoustic Element(®39oi2] & &4]), Harmonic Sinusoidal Pressure(Z 3 ¢#)

ABSTRACT

Transient analysis for compressible fluid flow has been performed experimentally and
analytically to study the dynamic characteristics of the end volume transmission lines
following a sudden pressure change at its entrance. The numerical method was developed
based on the method of characteristics. The sudden pressure at its entrance was
generated by rupture of diaphragm in a shock tube. The sudden pressure was used to
obtain the response, as input signal for the numerical analysis. The response to the sudden
pressure at the end volume waé measured using a pressure transducer. The experimental
result shows good agreements with the numerical resulf. The effects of tube length, its
diameter and end volume magnitude are evaluated on the responses of the pressure and
on the damping factor. It is found that the viscous damping effects on the response
through the transmission pipeline becomes larger with increasing pipeline length and
decreasing diameter of the pipe and the fluid-elastic stiffness decreases with increasing
the terminal volume. The numerical approach presented in this paper can be very useful
in designing the instrument and control system.

- Acceleration of gravit
sy £ gravity
H Pressure head

A Cross section area of the pipe k Fluid-elastic stiffness coefficient

c Acoustic veloocity L Pipe length

Ce + Critical damping coefficient m Effective mass of fluid in the pipe
C, : Coefficient of entrance loss ) Pressure

D Pipe diameter Q Flow rate
f Friction factor Re . Reynolds number

S ELE TS SE f Time
** Z o) St T Period of oscillation
x4y, dgd g VAR u : Mean flow velocity
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v, . Fixed volume of the receiver

x . Axial coordinate
Greek Letters

¢ Damping factor
U . Viscosity of fluid
o Density of fluid
w Circular frequency
Superscript
+ . Nondimensional parameter
Subscripts
a . Based on acoustic velocity,
d . Damping
e . Entrance
! . Based on lumped acoustic element method
mean . Mean value
rad : Radiation resistance
ves . Sending reservoir
7t . Receiver
s : Static step input
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Fig. 1 Characteristic lines in the x-t plane
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Table 1 Dimension of tube diameter, length, and end
volume of the pressure transmission line

D (mm) Ve (co) L (m) Material
10 1
34 500 5
2000 10 ASTM
10 1 TP316
74 500 5
2000 10
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Fig. 3 Natural circular frequency for lumped acoustic
elements
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Fig. 5 Comparison of experimental result to analytical
one (a) for D=74 mm, L=5m, Vy=10 cc
and (b) for D=34 mm, L=1 m, V4=500 cc
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Fig. 6 Effects of tube length to the response (a) for
D=34 mm, V4=10 cc and (b) for D=74 mm,
Ve = 10 cc
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Effects of end volume to the response (a) for
D=34 mm, L=5 m and (b) for D=74 mm,
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Fig. 8 The trend of maximum peak pressure with
tube length and end volume
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Fig. 9 Response time of the maximum peak pressure
with tube length and end volume.
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