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(a) Purpose of study or research hypothesis
The turbulent flow in a hydraulic jump is numerically investigated by the multifluid numerical modeling
method at a Froude number of 7.5 and at a Reynolds number of 66,000 to elucidate the rich dynamics of
the flow including remarkable air entrainment, substantial fluctuations of velocity and pressure fields and
the turbulent roller.

(b) Key issue(s) or problem(s) addressed
The hydraulic jump is a rapidly varied open channel flow through a sudden transition from a supercritical
to subcritical regime, which is characterized by the discontinuities in flow depth, velocity and pressure
fields. The flow recirculation region, located immediately downstream of the jump toe and between the
upper border of wall jet and the free surface, is called by the jump roller. The roller exhibits very complex
flow behaviors, including interfacial exchange of air and water along the free surface and strong air
entrainment at the jump toe at sufficiently high Froude number.

(c) Methodology or approach used
The turbulence flow is simulated by a hybrid RANS/LES approach. The free surface fluctuation, intense
air entrainment, and segregated and dispersed flow behaviors are modeled by a hybrid volume of fluid
method. The governing equations are solved by the second-order-accurate finite volume method, based on
the OpenFOAM open source tool box.

(d) Results or conclusions derived from the project
Our preliminary numerical simulations reproduce the location of jump toe, the length of hydraulic jump,
significant air entrainment and intense pressure and velocity fluctuations which are comparable with
experimental measurements. Based on the good agreement of computed time-averaged velocity and
pressure fields and their turbulence statistics with the measurement, the present numerical solutions
further elucidate the rich, three-dimensional dynamics of the free surface, jump roller and pressure field at
the bottom in the final paper.

(e) Implications of the project relevant to congress themes

Experimental and field measurements of velocity profile, air concentration, pressure distribution and
turbulent statistics in hydraulic jump are restrictive due to the dynamic behavior of the flow characterized
by the high level of turbulence, the emergence of the remarkably turbulent roller, strong interaction of
entrained air and free surface as well as bottom wall jet. The present numerical model is a promising
engineering tool that can be used to elucidate the physics of hydraulic jump, and the results could be
useful for the eco-design of hydraulic structures in river.
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