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A hydraulic jump is a type of rapidly varied flow that occurs when
supercritical flow transitions to subcritical flow over a short distance. This
phenomenon has gathered significant attention from researchers due to its
numerous advantages. In this study, the air-water two-phase flow field of the
hydraulic jump is simulated in two dimensions using two software packages:
OpenFoam and ANSYS Fluent. The Froude number for the hydraulic jump
is 7.5, and the Reynolds number is 1.4 x 10"6. In order to simulate the flow
field, the volume of fluid (VOF) method, along with Reynolds-Averaged
Navier-Stokes (RANS) equations, were employed. The results from the two
software packages were compared with one another, as well as with existing
laboratory results and findings from the literature. The results include
various hydraulic characteristics of the jump, such as roller length,
secondary conjugate depth, free surface profile, maximum forward and
backward velocity along the channel and the air concentration of the flow.
These findings indicate an appropriate agreement between numerical
simulations and experimental data. The calculated length of the hydraulic
jump roller was 1.51 meters using OpenFoam and 1.55 meters using ANSYS
Fluent, resulting in errors of approximately four and seven percent,
respectively, compared to laboratory values. The coefficient of
determination for the free surface profile was 99% for OpenFoam and 95%
for ANSYS Fluent, while the Kling-Gupta Efficiency (KGE) index for the
free surface profile was 0.94 and 0.8, respectively. The maximum air
concentration in the shear region of the roller was observed at a depth of
1.42 times the initial depth of jump, with a concentration value of 0.41.
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RANS turbulence models Hydraulic jump roller’s length (m) Error
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Table 3. Boundary condition for Openfoam

Variable Inlet Outlet Walls Atmosphere
U Fixedvalue ZeroGradient No slip Pressureinletoutletvelocity
P_rgh Fixedfluxpressure Zerogradient Fixedfluxpressure Ttotalpressure
Alpha.water Fixedvalue Zerogradient Zerogradient Inletoutlet
Nut Calculated Calculated Nutkroughwallfunction Calculated
K Zerogradient Zerogradient KgRwallfunction Zerogradient
Epsilon Zerogradient Zerogradient EpsilonWallfunction Zerogradient

Table 4. Boundary condition for Fluent

Inlet Outlet Walls Atmosphere

Boundary condition Velocity inlet Pressure outlet Wall Pressure inlet
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Figure 11. Bubbles in hydraulic jump:laboratory image of Viti (2019)
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