Abstract

Due to the increase of applications of using pumps as turbines, it is very important to get
true practical information related to this subject. The aim of this work is to model an inline
centrifugal pump in direct mode as a pump and in reverse mode as a turbine “PAT” experimentally
and computationally and to study the relation between their performance curves in both modes. In
addition, the validity of different correlations concerning pump and turbine performance with the
inline centrifugal pump type is studied.

The experimental setup is comprised of an inline centrifugal pump that is coupled directly
with a DC motor. The performance of the pump direct mode is tested by controlling a delivery
valve opening and an electronic load controller “ELC” to control the speed of rotation of the motor
in order to predict its performance curves at various speeds of rotation. In addition, the pump is
tested in the reverse direction as a turbine by controlling its delivery valve opening and adjusting
the electronic load controller “ELC” in order to predict the performance curves at the same speeds
of rotation of the direct mode. Hence, the relation between the two sets of the performance curves
is studied.

Computational Fluid Dynamics (CFD) using the commercial code FLUENT was used to
predict pump and pump as turbine performance curves at several speeds of rotations. It shows the
behavior of the flow through the pump and PAT and illustrates the losses in the volute casing in
pump case. The computational results are validated and verified using the experimental results.
The effect of the outlet pipe shape was studied carefully.

The comparison between the computational and experimental results show a good agreement in
the trend behavior, but still the deviation between their values is distant. Therefore, this problem
needs further research to reduce this gap between them. The trend of the computational results are
validated with the experimental ones which assure the CFD tool as a reliable solution for
complicated problems.

The obtained results reveal that:

e A pump could be operated as a turbine at different speeds of rotation without mechanical
problems.

e An inline centrifugal pump which is considered a special type with low power could
operate effectively as a turbine.

e The shape of the volute casing has a great effect on the results at the pump mode.

e The comparison between the computational and experimental results shows good
agreement at the turbine mode and shows a slight deviation at the pump mode.
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