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Fig. 2 Stribeck curve for mineral oil and grease
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Study on Transient Characteristics of Free-surface-pressurized Flow

in Tailrace Systems Under Downstream River Water Level Fluctuation
LI Wen-jie' ,ZHOU Da-qing"*, GUO Jun-xun’
(1. School of Electrical and Power Engineering, Hohai University, Nanjing 211100, China;
2. College of Water Conservancy and Hydropower Engineering, Hohai University, Nanjing 210098, China)
Abstract: In actual hydropower operations, activities like flood discharge and load adjustment induce downstream wa-

ter level fluctuations, heightening the possibility of free-surface-pressurized flow transitions in the tailrace system and
challenging system reliability and operational stability. To investigate the impact of downstream river water level fluctua-
tions on the transient characteristics of free-surface-pressurized flow in the tailrace system, numerical simulations inclu-
ding the VOF multiphase flow, turbulence and compressible model were conducted to simulate four free-surface-pressur-
ized flow conditions with different water level variation rates. The results show that the amplitude of pressure fluctuations
within the tailrace system exhibits a positive correlation with the rate of change in the downstream water level. Further-
more, pressure fluctuations in the tailrace tunnel downstream of the surge shaft exhibit periodic oscillations, primarily
generated by the coupling effect between downstream water level variations and water level fluctuations within the surge
shaft itself. The surge shaft absorbs high-frequency pressure pulsations generated by downstream water level changes,
thereby exerting a low-frequency influence on the operation of the two turbine units sharing the same tailrace tunnel. Dur-
ing rapid downstream water level changes, the tailrace tunnel experiences sharp pressure surges and drops; Concurrently,
numerous vortex structures emerge accompanied by flow separation, leading to highly disordered flow patterns, which
adversely affect the operational stability of the generating units.

Key words: free-surface-pressurized flow; transition process; VOF model; pressure pulsation; flow field evolution
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Study on the Theory and Application of Oil-free

Technology for Kaplan Turbine Hubs
ZHENG Ji-si', HE Wen-cai’, LI Si-wei*, SU Jing-jun', ZHENG Cheng-yao®
(1. Shenzhen Energy Science and Technology Co. . Ltd. . Shenzhen 518133, China; 2. Guangdong Hydropower
Planning & Design Institute Co. , Ltd. , Guangzhou 510630, China; 3. Hunan Water Resources and
Hydropower Survey, Design, Planning and Research Co. , Ltd. , Changsha 410007, China;
4. Guangdong Polytechnic of Water Resources and Electric Engineering, Guangzhou 510635, China)

Abstract: To address the issue of oil inside the Kaplan turbine hub and the resulting risk of river pollution due to
leakage, this study proposes an oil-free operation technology for Kaplan turbines. Based on the mechanical characteristics
of the friction pairs within the hub, the study identifies the key factors of the friction - lubrication system using the N-S
equations under the assumption of Newtonian fluid lubrication. Recognizing that the lubrication lies in using a medium
with appropriate shear strength to improve friction performance, the analysis is extended to non-Newtonian fluids, as well
as solids and mixtures. This leads to the establishment of a theoretical foundation and key technical principles for elimina-
ting mineral oil lubrication within the Kaplan hub in terms of the classical Stribeck lubrication mechanism. Practical appli-
cation on 106 Kaplan turbine units demonstrates that the proposed technology not only significantly reduces mineral oil
consumption but also improves lubrication efficiency. More importantly, it fundamentally protects riverine ecological
safety, offering substantial economic and environmental benefits.

Key words: Kaplan turbine; N-S equations; Stribeck curve; self-lubrication material; operation of turbine hub with-

out oil



