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Numerical investigation of the Gibson’s method

Pontus P. Jonsson, Michel J. Cervantes & Marie Finnström

Avd. för strömningslära
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Gibson’s method, also known as the pressure ti-
me method, is commonly used to measure the
flow rate in hydroelectric power plants. Gibson’s
method is derived from Newton’s second law,
which uses the relation of the decelerated wa-
ter, during a rapid closure of the guide vanes
and the corresponding pressure force in the pen-
stock. Some criterions have to be fulfilled in or-
der to achieve an accurate result with this met-
hod, see IEC 41 standard 1. A major criteria is
the l ength between the pressure measuring sec-
tions, which should be at least 10 m. Furthermo-
re, the mean velocity times the distance between
the pressure measuring sections should be larger
than 50 m2/s. These criterions are rarely fulfil-
led in Swedish hydropower plants due to low he-
ads. To extend this method to low head machi-
nes, a numerical study is first made to evaluate
the effects of the connecting tubing between the
pressure taps.

The pressure waves occurring when the flow ra-
te is decreasing will travel up and down in the
penstock until it has damped out due to friction.
This kind of damping will also occur in the me-
asuring tubes, which can give a different pressu-
re value for different tubing configurations. To
study this phenomenon, numerical simulations
are made and compared with well defined la-
boratory experiments. A one dimensional code,
programmed in Matlab, is used for the numeri-
cal simulations where the governing equations,
continuity and equation of motion, are discreti-
zised with a Godunov-type scheme with second
order accuracy. The friction is modeled using the
Brunone with Vitkovsky formulation. The simu-
lations are made for different initial flow rates
and different closure functions, i.e. same as in the
experiments. The effects of the tubing between
the measuring sections and the pressure sensors
will be quantified. The results will be compared
to well defined experiments.

Figur 12: A schematic drawing of the waterways in a hydroelectric power plant.

1Field acceptance tests to determine the hydraulic performance of hydraulic turbines, storage pumps and
pump-turbines, vol. 41, IEC, Geneva, Switzerland, third ed., 1991.
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