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A Method for the Determination of Transient Flow Rates
from Pressure Measurements
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Abstract

A transient hydraulic flow rate computation scheme is described here so that the transient

hydraulic flow rate can be determined using the dynamic pressure measurements at the ends of
a straight flowline with a dynamic model of the hydraulic line. This method can be applied to

determine the orifice area of high response valve. Simulation results indicate that the method is

relatively robust to realistic levels of uncertainties in the fluid properties.
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Fig. 1 Test circuit for transient pressure generation

Fig. 2 Block diagram of internal
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Fig. 3 Block diagram of line segment dynamics near

the solenoid valve
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Fig. 4 Block diagram of line segment dynamics near

the pressurized volume
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Table 1 System constants

Fluid absolute visco-| #=4.12x107*N —sec/cm?
sity

Fluid density

Fluid bulk modulus
Chamber volume

0=8.722x107°N —sec*/cm*
£=68963 N/cm®

V' =1639cm?

Flowline length L=101.6cm

Line segment length | Jx=10.16cm

Line diameter D=1.016cm
Integration method | Runge-Kutta 4th order
Maximum integr- 10 5sec

ation interval

Print interval 10 %sec

Simulation time 0.01sec
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Fig. 5 Simulated pressures P, {¢), Po(f) at the ends
of flowline
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Fig. 6 Simulated flow rates @,(¢), @o(¢) at the

ends of flowline
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Fig. 7 Computed flow rates @, (1), Qi (¢) at the

ends of flowline
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Fig. 8 Computed and original valve orifice areas ¢ (¢)
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Fig. 9 Computed and original valve orifice areas
a(t) +109% error in viscosity
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Fig. 10 Computed and original valve orifice areas
a(t) +10% error in density
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Fig. 11 Computed and original valve orifice areas
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Fig. 12 Computed and original valve orifice areas
alt) —50% error in bulk modulus
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Fig. 13 Computed and original valve orifice areas
a{t) +10% mismatch in pressure transducer
gain
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