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Comparative study of characteristic line method and its variants in nonlinear modeling of

hydraulic turbine and water diversion system

LIU Dong"*, ZHANG Hui’, REN Gang’, DING Qiqi’, CHEN Shang"*, XIAO Zhihuai' ’
(1. School of Power and Mechanical Engineering, Wuhan University, Wuhan 430072, China
2. Key Laboratory of Hydraulic Machinery Transients, Ministry of Education, Wuhan University, Wuhan 430072, China
3. Xiluodu Hydropower Plant, China Yangtze Power Co., Ltd., Yongshan 657300, China)

Abstract: Establishment of hydraulic variation model for water diversion system is an important content in
the nonlinear modeling and simulation of hydropower units, and the influence of hydraulic factors on the
transition process of hydro—turbine regulating system (HTRS) is also the main problem to be considered sys-
tematically for the stability analysis of units and power systems. In this paper, an improved characteristic
line method is proposed, and a combined nonlinear model including the basic characteristic line method
and a modular nonlinear model including optional water hammer models are developed for hydro—turbine
and water diversion system to conduct the comparative study for characteristic line method and its varia-
tions, so as to provide some theoretical guidance for the simulation of large and small fluctuation of hy-
dro—turbine regulating system in the future. On this basis, taking the isolated grid operation of a large hy-
dropower station in China as an example, under the large and small disturbances of frequency and load,
the simulation of rigid and elastic water hammer, characteristic line method and its variant model is stud-
ied, the difference of instantaneous water head calculated by each model is analyzed, and the regulation
rules and influence effects of different model parameters are obtained. The results show that the description
of the variation trend of water head by different models of water diversion system is basically the same un-
der the condition of large and small fluctuations, and the calculation results are only different near the lo-
cal extremes, which is more obvious under the condition of large fluctuations. However, this difference can
be reduced by adjusting specific model parameters.

Keywords: characteristic line method; resampling; water diversion system; unsteady friction
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Development and application of bidirectional coupled ecohydrological model:

II. Model application

ZENG Sidong"z, XIA Jun"’, DU Hong*, LI Hao’

(1. Chongqing Institute of Green and Intelligent Technology, Chinese Academy of Sciences, Chongqing 400714, China;
2. Changjiang Institute of Survey, Planning, Design and Research, Wuhan 430010, China;
3. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China;
4. College of Resources and Environmental Science, South—Central University for Nationalities, Wuhan 430074, China;
5. Lancang—Mekong River Cooperation Center of CWRC, Wuhan 430015, China)

Abstract: The coupling characteristics of landsurface ecological and hydrological processes are mainly focus
on the interactions and feedback of water—carbon cycles. It is significant to study the coupling relationships
of water—carbon cycles and the responses of hydrological, energy transfer and carbon budget processes to
changing environment for understanding the mechanisms of ecohydrological processes. In this study, the bidi-
rectional coupled ecohydrological model DTVGM-CASACNP is validated over a forest ecosystem in Ameri-
flux Duke Forest Loblolly Pine site. The results show that the model could simulate water, energy and car-
bon flux quite well, which can characterize the vegetation dynamic and hydrological processes of this ecosys-
tem. Furthermore, the coupling characteristics of water—carbon cycles and the controlling mechanisms of tran-
spiration are investigated. The results show a close relationship between vegetation productivity and evapo-
transpiration. Besides, the controlling effects of stomatal conductance on transpiration is stronger in winter,
while the controlling effects of environmental factors are stronger in summer. In the diurnal cycle, the ef-
fects of environmental factors are stronger in the daytime than in the nighttime. The enrichment of CO, will
result in a reduction in transpiration and an increase interception evaporation and sensible heat and highly
efficient carbon sinks.
Keywords: ecohydrology; DTVGM-CASACNP; model application; coupling characteristics
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