Developments of Performance Analysis Program for Centrifugal Pump
During Abnormal Operation
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Abstract

Most centrifugal pumps including reactor coolant pump in a nuclear power plant are usually
operated at off-design condition. In order to estimate dynamic characteristics and
waterhammer in piping system on off-design or transient operation, it is necessary to
understand full pump performance curve. Especially pumping system designer must estimate
system transient and motor overload in transient operation to confirm the safety and
reliability of system. To predict complete performance of centrifugal pumps in general, it is
essential to develop the procedure for estimation of 'head slip’ of the centrifugal impeller at
various operation conditions. The past theory and correlations available for the head slip only
concern the normal operation of the centrifugal pumps. In this study a concept of 'negative
head slip’ for centrifugal impellers during reverse flow operation and appropriate loss models
have been presented. For the normal flow operation, prediction results are in good agreements
with experimental data, which are better than the prediction by commercial computer code.
Particularly, the predictions for the reverse flow operation agree well with the trend of



experimental data.
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D diameter, m N number of rotation, r.p.m.

r radius, m N, specific speed, r.p.m., m

Q volumetric flow rate, m®/sec or m?/min. H head, m

U blade speed, m/sec \W% relative velocity, m/sec

\% absolute flow velocity, m/sec Z number of impeller blades
o slip factor a absolute flow angle, degree
b relative flow angle, degree from tangential direction

from tangential direction
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