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Vortex flow characteristics investigation into Francis turbine
operating at part load conditions

SUN Long-gang, GUO Peng—cheng*

(State Key Laboratory of Eco-hydraulics in Northwest Arid Region, Xi’an University of Technology, Xi’an
710048, E-mail: guoyicheng@126.com)

Abstract: The internal flow pattern of the hydraulic turbine at off-design operating conditions is
very complex. The vortex rope in its draft tube and the inter-blade vortex are two typical flow
phenomena when the turbine is working under part load conditions, however, the vortex patterns
and corresponding dynamic characteristics are different. In the presented paper, the numerical
solution is carried out to investigate the vortex rope in draft tube and inter-blade vortex towards a
Francis turbine with low water head. The results show that the vortex rope in draft tube is fully
developed and the precessing frequency is about 30% of the rotating frequency at 70% of the
rated output condition. It can observe a continuous inter-blade vortex at 45% output,
accompanying with serious recirculating flow in draft tube. Furthermore, this paper present the
compared analysis of the axial and circumferential velocity profiles in the draft tube and the
influence of two typical vortexes on the hydraulic performance of the turbine.

Key words: Francis turbine; Vortex rope in draft tube; Inter-blade vortex; Part load; Numerical

simulation; Hydraulic performance
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