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A computational model for interfacial ﬂows including the eﬀect of surface tension force
has been constructed based on the C-CUP (Cubic interpolated propagation, Combined Uniﬁed Procedure) method, the level set method and the CSF (Continuum Surface Force)
model. The computational model can simulate largely deformed interfaces as those found in
hydraulic jump phenomena. By using this computational model, we performed axisymmetric (r-z) simulations to clarify the structure formation of the circular hydraulic jump. The
transition from a type I to a type II jump, which was induced by changing the depth of the
ﬂuid far away from the jet in the laboratory experiment, was investigated numerically. We
found that the transition is associated with a rise in pressure beneath the surface immediately after the hydraulic jump. This result shows that the hydrostatic assumption used in
most of the theoretical studies may not be appropriate for the formation of a type II jump.

The schematic figure of a circular hydraulic jump can be shown in Fig. 1(a).
The vertical liquid jet impinges on the horizontal plate and spreads out radially, and
the circular hydraulic jump is then formed. The phenomenon can also be observed
in a kitchen sink and has been so far investigated experimentally and theoretically
by many researchers.
In some experiments, 1) the depth on the outside of the jump was controlled by
varying the height of a circular wall d as shown in Fig. 1. Experimental results show
that a circular hydraulic jump has two kinds of steady states that are reached by
changing d. 1) When d is small or 0, a steady state with the eddy on the bottom is
formed as in Fig. 1(a). This flow structure is called type I. On increasing d the jump
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Fig. 1. Schematic ﬁgures of the circular hydraulic jump. The radius of the wall is much larger than
the radius of the jump. The ﬂow from the nozzle is constant. In experiment, a high viscous
liquid is used for controlling the instability of ﬂow pattern. (a) and (b) are called Type I and
Type II respectively.
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Fig. 2. (a) shows the surface proﬁles for diﬀerent d. Q = 5.6 ml/s, νl = 7.6 × 10−6 m2 /s and
σ = 4.5×10−2 N/m are used. The dynamic pressure [Pa] contours and the surface proﬁles around
the jump of the second and the third from the lowest are shown in (b) and (c) respectively.

becomes steep until a critical dc is reached. If d becomes larger than dc , the liquid
outside the jump topples. Then, another steady state with not only the eddy on the
bottom but also on the surface is formed as in Fig. 1(b). This flow structure is called
type II and the eddy on the surface is called a roller.
In this work, numerical simulations on circular hydraulic jumps were conducted
by using the C-CUP method, 2) the level set method 3) and CSF model. 4) We investigated the transition from a type I jump to a type II jump. Non-hydrostatic pressure
distributions in the gravitational direction were observed in our simulations. In our
studies, we call ‘dynamic pressure’ the net amount of the pressure resulting from
extracting the hydrostatic pressure from the actual pressure. We found that the dynamic pressure around the jump, which has been neglected in most of the theoretical
studies to date, is important for the transition. 5) In a type I jump, a steeper jump
is always associated with a higher wall height (Ref. 1) and Fig. 2(a)). Thus, as d is
increased, the curvature of the interface immediately after the jump becomes larger,
then the surface tension is strengthened, because the surface tension is proportional
to the curvature. In order to counteract this surface tension and keep the jump surface steady, a larger rise in pressure is required (Fig. 2(b),(c)). If the wall height is
increased over the critical dc , the reverse pressure gradient generated by the dynamic
pressure becomes stronger than the flow from below and a transition occurs.
In summary, axis-symmetrical simulations were carried out for the circular hydraulic jump. The transition from type I to type II was reproduced by changing
d. We found that a type II jump formation depends on the establishment of a high
pressure region after the jump.
Numerical computation in this work was partially carried out at the Computer
Information Center, RIKEN and the Yukawa Institute for Theoretical Physics, Kyoto
University.
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