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This paper presents a discussion of “Transverse Nonuniformity of
Air—Water Flow and Lateral Wall Effects in Quasi-Two-Dimensional
Hydraulic Jump” by Rongcai Tang, Jingmei Zhang, Ruidi Bai, and
Hang Wang. https://doi.org/10.1061/(ASCE)IR.1943-4774.0001697.

The original article presented a challenging and worthwhile
data set on hydraulic jumps with high inflow Froude numbers. It
discussed a number of very relevant considerations linked to trans-
verse variations in air—water flow properties in hydraulic jumps
with marked roller. Several seminal studies highlighted the exist-
ence of large three-dimensional coherent structures in hydraulic
jumps (Hoyt and Sellin 1989; Long et al. 1991) (Fig. 1). Fig. 1
illustrates a hydraulic jump in a human-made waterway. Despite
a quasi-two-dimensional inflow, large transverse variations were
observed as well as large air—water surface structures, with trans-
verse sizes up to three to five times the roller height (Fig. 1). More

generally, in the presence of sidewalls, e.g., in a laboratory flume,
the development of these large surface features would be hindered
by the lateral solid boundaries. In this discussion, the impact of
sidewall on the air—water flow properties are discussed in depth
and compared with previous work on weak hydraulic jumps with
low Froude numbers. Complementary results are presented sup-
porting the comments on the intrinsic limitations of sideview flow
visualization approaches. Simply, one needs to be very careful with
any definitive conclusion, based on sidewall imaging obtained in
laboratory channels.

The sidewall presence affects the air—water flow field because of
the combined effects of (a) the no-flow-through condition, (b) the
no-slip condition, and (c) the zero-void condition at the wall. With
an impervious sidewall, the no-flow-through condition implies that
Vy(y =0) =0 and v(y = 0) = 0 at the wall, with V, the trans-
verse velocity coordinate, v, the root-mean square of the transverse
component of turbulent velocity, y the transverse coordinate, and
y = 0 at the sidewall (Fig. 2). At the sidewall itself, the tangential
velocity is zero, i.e., the no-slip condition, and this implies V,(y =
0) =0and v,(y=0)=0, as well as V_(y =0) =0 and v/(y =
0) = 0, at the wall, with V, and V_ the longitudinal and vertical
velocity coordinates, v{ and v/ the root-mean square of the longi-
tudinal and vertical components of turbulent velocity, respectively.
At the wall, the bubble concentration is zero because bubbles cannot
withstand the very high shear stresses (Madavan et al. 1984; Marie
et al. 1991; Chanson 1994). That is, the time-averaged void frac-
tion and bubble count rate at the sidewall respectively satisfy C(y =
0)=0 or 1 and F(y =0) =0, with C the time-averaged void
fraction and F the bubble count rate. The zero-void condition at
the sidewall further means zero clustering at the wall, inferring a

Fig. 1. Three-dimensional air—water surface features in a hydraulic jump along Katashima River, Japan, in October 2012 (shutter speed: 1/250 s).
Arrows point in the inflow direction. (Image by Hubert Chanson.)
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Fig. 2. (a) Definition sketch of channel’s coordinate system; and (b) photograph looking downstream toward the impingement perimeter roller toe.

massive difference in bubble—turbulence interplay between the near-
wall region and the bulk of air—water breaking roller where high
clustering rates are observed (Chanson 2007).

The lateral aeration boundary layer (LABL) introduced by the
authors is indeed the sidewall equivalent of the air concentration
boundary layer observed at the invert of a smooth spillway and in
turbulent boundary layers (Serizawa et al. 1975; Sato et al. 1981;
Chanson 1989; Moursali et al. 1995). This sharp gradient in void
fraction, bubble count rate, and clustering rate might be conducive
of major turbulence modulation, including bubble-induced drag re-
duction (Marié 1987a; Chanson 1994). Many researchers argued
that drag reduction by bubbles is induced by the thickening of the
inner region, following Lumley (1977) and others (Madavan et al.
1984; Marié 1987a, b; Ceccio 2010; Murai 2014). Lohse (2018,
p-29) suggested that “bubble deformability . . . is responsible for
the strong drag reduction” in Taylor-Couette flows. As hinted in ear-
lier works (e.g., Chanson 1994; Moursali et al. 1995), recent direct
numerical simulation (DNS) data showed some major difference in
bubble deformability between the near-wall region and the outer
region (Lu and Tryggvason 2008). Thus, bubble-induced drag re-
duction might occur at both invert and sidewalls, in view of the
occurrence of void fraction boundary layers.

Importantly, the authors’ study complemented the earlier works
of Wiithrich et al. (2020) in weak hydraulic jumps with breaking
roller, undertaken at relatively high Reynolds numbers (Table 1).
Both data sets showed important transverse variations in air—water
flow properties in the hydraulic jump roller, with large differences
between sidewall and centerline air—water hydrodynamic charac-
teristics. The combined results of these two studies were obtained

across a broad range of inflow Froude numbers (Table 1) and are
thus very general. The findings openly questioned whether data
near the sidewalls are truly representative of the behavior in the
bulk of the air—water flow. In turn, the results raised the challenges
of adverse sidewall effects on image-based techniques, such as
bubble image velocimetry (BIV), optical flow (OF), and particle
tracking velocimetry (PTV) applied to sidewall photography and
cinematography. Typical interactions between air—water surface
features and sidewall are illustrated in Fig. 2(b) and the Appendix
for weak hydraulic jumps with inflow Froude numbers Fr; =
2.1-2.4. The flow conditions for these experiments are listed in
Table 1 and compared with the original experimental conditions of
the authors.

The authors’ data were obtained for Froude numbers Fr; =
10.6-15.1, significantly higher than the experiments of Wiithrich
et al. (2022), which focused on hydraulic jumps with inflow Froude
numbers Fr; = 2.1-2.4 and Re = 1.89-2.03 x 10°. The analogies
and differences in the air—water flow properties are reviewed briefly
(Figs. 3 and 4). In terms of void fraction distributions, most differ-
ences between centerline and sidewall data were observed in the jet
aerated region (0 < y < Y*) for both data sets, while the profiles in
the recirculation zone were similar. With the bubble count rate, ma-
jor differences were systematically observed in the jet layer. At both
low and high Froude numbers, the sidewall count rate data were
much lower than the centerline data [Fig. 3(b)]. This was consistent
with Kramer and Valero’s (2020) data for Fr; = 4.25. The interfa-
cial velocity data showed small differences in the jet region, with
15% smaller sidewall velocities. The difference could be partially
linked to the smaller recirculation and fewer bubbles detected by

Table 1. Detailed studies of transverse variations of air—water flow properties in hydraulic jump rollers

Invert slope 6 Channel Discharge Inflow depth

Reference (degrees) breadth B (m) Q (m?/s) d; (m) Fr, Re; Comment

Original article 0 0.40 0.028 0.0133 11.9 5.7 x 10* Pre-aerated inflow
0.0564 0.0207 15.1 1.41 x 10°
0.0462 0.0230 10.6 1.16 x 10°
0.0634 0.0262 11.9 1.59 x 10°

Wiithrich et al. (2022) 0 0.50 0.102 0.097 2.1 2.03 x 10° Partially developed inflow
0.092 0.084 24 1.86 x 10°

Note: Fr; = inflow Froude number; and Re; = inflow Reynolds number.
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Fig. 3. Comparison of air—water flow data between Fr; = 2.4 and Fr; = 11.9 and 15.1.
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Fig. 4. (a) Definition sketch of the LABL near the sidewalls; and (b) comparison with experimental data by Wiithrich et al. (2022).

the phase-detection probes. Overall, the ratios of the centerline to
sidewall air—water flow properties values were comparable for both
weak and strong hydraulic jumps (Fig. 3).

In relation to the transverse distributions of air—water flow prop-
erties and LABL, three main regions were observed across all
Froude numbers as shown in Fig. 4. For Fr; = 2.1-2.4, the bimodal
profile was also observed for y < Y qpax, probably associated with
the different behavior in the shear layer, resulting in less pronounced
maximum void fraction Cy,,, for low Froude numbers. Simply, the
authors’ work provided some nice evidence of the importance of
sidewall effects for high Froude numbers. The findings are shown
to be consistent with studies at both low and high Froude numbers,
thus extending its validity. This quantitative comparison confirmed,
once again, the importance of these findings in the developments of
image-processing techniques based on pictures and videos collected
near the sidewalls.

Finally, the authors present velocity data sets derived from the
adaptive window cross-correlation (AWCC) method. Considering
the very high rejection rate of that technique for C > 0.3 (Kramer
et al. 2019; Chanson 2020), a longer sampling duration could be
considered. Furthermore, the differences in rejection rates between
centerline and sidewall data sets might affect any direct compari-
son in terms of the sidewall effects on the air—water velocity field.

© ASCE
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A comparison in terms of time-averaged velocity data could be de-
veloped with those obtained with the more robust traditional cross-
correlation technique (Kipphan 1977; Kipphan and Mesch 1978;
Crowe et al. 1998). The results would lead to a comprehensive dis-
cussion of the pros and cons of the adopted processing method, as
well as a more exhaustive interpretation of the effects of sidewalls
on the air—water velocity field.

Appendix. Interactions between Hydraulic Jump
Roller and Sidewall

Hydraulic jump experiments were undertaken in a rectangular
horizontal channel with an internal width B = 0.50 m and a test
section length of 3.2 m. The horizontal invert was made of high-
density polyethylene (HDPE), while the sidewalls were 0.40 m
high made of glass to ensure maximum visibility. The inflow con-
ditions were controlled by a vertical gate equipped with a semicir-
cular shape (¢ = 0.3 m), and the tailwater conditions were set by a
vertical overshoot gate located at the downstream end of the test
section. Photographic observations of hydraulic jump air—water
surface features were recorded in rectangular channels (Table 1).
Fig. 5 presents high-shutter photographs of the interactions of the
sidewalls with the breaking roller and air—water surface features.
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(c)

Fig. 5. High-shutter-speed photographs of sidewall effects on air—water flow features in hydraulic jumps with marked roller, looking downstream
toward the impingement perimeter roller toe. Circles highlight interactions between air—water surface features and sidewall-flow direction from
foreground to background: (a) Fr; = 2.1, Re = 2.03 x 10°, B = 0.50 m; (b) Fr; = 2.4, Re = 1.86 x 10°, B = 0.50 m; and (c) further effect of
sidewalls on the free-surface flow features (Fr; = 2.1, Re = 2.03 x 10°, B = 0.5 m).

All photographs were taken from upstream looking downstream at
the roller toe and roller surface.
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