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Advances in fundamental turbulence research and its promotion of applied research
ZHANG Hongwu, YANG Runyi, YU Wuyang, JIE Yongsheng, WANG Yanbo
(Yellow River Research Center, Tsinghua University, Beijing 100084, China)
Abstract: In the context of global climate change and the increasing frequency of extreme hydrological events,
energy transformation and ecological governance impose higher demands on reducing energy consumption,
improving system efficiency, and fostering new quality productive forces. Focusing on the core objectives of
“scientific innovation” and “energy consumption reduction”, this study proceeded from fundamental turbulence
theory and systematically elucidated the guiding role of fundamental research breakthroughs in applied research
and engineering technology development. By introducing a turbulence framework grounded in the physics
of eddy motions, the limitations of the classical mixing length theory were overcome, and new analytical
formulations for velocity distribution, turbulence intensity, sediment concentration distribution, and flow
resistance were derived, overcoming the theoretical deficiencies of the classical logarithmic velocity profile and
the Rouse equation in the near-wall region and near the free surface. The proposed sediment-carrying capacity
formula is applicable not only to ordinary sediment-laden flows but also to high-sediment-concentration flows.
These results enrich the theoretical foundations of hydraulics and river dynamics, promote theoretical advances
in key river research issues such as water-sediment transport in the Yellow River, mobile-bed resistance, and
model similarity laws, strengthen the academic support for the analysis of the prototype Yellow River, and

provide strong support for the construction of the “Three Yellow Rivers”. Moreover, the proposed framework

fs HER:2026-04-30 {&[E HHEA:2026-05-21
TEER M AR, KELE, BSRESE, TENETTEESESM R TE, E-mail: zhhw@mail.tsinghua.edu.cn
E¢UH: IFHAARRHEEXRET (2024JBGS0016 ); SP/RSHTHKFIRI K ERE € FEITE (20232000090),




ST AY
BY o

CHINA WATER RESOURCES  2026.11

demonstrates significant interdisciplinary application potential in areas including industrial pipeline transport,

aeolian sand control, atmospheric and ecological process modeling, and energy-efficiency optimization of aero-

engines. The findings indicate that advances in fundamental turbulence research can effectively support system-

level energy-efficiency improvements, providing important scientific evidence for the coordinated advancement

of energy transition, watershed ecological governance, and climate change adaptation.

Keywords: sediment-carrying capacity formula; eddy motion; fundamental turbulence research; energy

efficiency improvement; water-sediment transport; mixing length theory
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