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ABSTRACT

The free-surface of aerated hydraulic jumps is characterized by three-dimensional time-varying motions. LIDAR
technology allows for continuous and quasi-synchronous recordings of the air-water free-surface with high-spatial
resolution providing better understanding of free-surface features. To assess the comparative performance of
LIDAR against commonly applied free-surface measurement methods (acoustic displace meter and wire gauge),
free-surface properties were simultaneously recorded with these instruments in hydraulic jumps showing close
agreement in distributions of free-surface properties. The average difference of the mean free-surface elevations
and fluctuations measured with LIDAR and traditional instruments were less than 17 mm (13%) and 2.7 mm (12%),
respectively. LIDAR demonstrated the advantage of simultaneous jump toe tracking which provided more precise
mean jump toe positions than visual observations. Similar results in free-surface properties, while providing
continuous high-spatial resolution data including the jump toe position, suggest that the LIDAR is superior
compared to traditional instrumentation for the observation of free-surface processes of aerated hydraulic jumps.
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1 INTRODUCTION AND METHODOLOGY

Air-water flows are common in many hydraulic structures and natural channels including hydraulic jumps.
Traditional methods to measure free-surface properties in aerated hydraulic jumps include pointer gauges,
conductivity probes, acoustic displacement meter (ADM) and wire gauge (WG). For continuous measurement
of free-surface motions, ADMs and WGs are used but these have limitations including the point source
measurement and the inference of a visually observed mean jump toe. Recently, LIDAR has been explored as
a novel method to record free-surface features of air-water flow phenomena comprising channel junctions (Rak
et al. 2017), hydraulic jumps (Montano et al. 2018), stepped spillway (Kramer et al. 2019) and stilling basin (Li
et al. 2020a). LIDAR shows advantages of high spatial and temporal resolution providing continuous and quasi-
synchronous measurements (Montano et al. 2018). Montano et al. (2018) have shown that LIDAR data were
consistent with previously reported free-surface properties recorded with ADMs, video cameras and WGs.
However, a direct comparison of measurements methods is needed to clarify reported differences and to
eliminate the effects of inflow conditions, scale effects and other experimental bias (Li et al. 2020b).
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Figure 1. Experimental setup and exemplary raw LIDAR data (d: = inflow depth, L, = roller length, x =
horizontal distance from jump toe, y = elevation): (a) experimental setup; (b) dimensionless free-surface
profiles y/di1 (Inflow Froude number Fri1 = 3.5); (c) instantaneous jump toe position Xwe (Fr1 = 8).
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An experimental study to compare LIDAR with common fast-sampling instruments, ADMs and WGs, was
conducted at the UNSW Water Research Laboratory. The free-surface of hydraulic jumps with inflow Froude
numbers Fr1 of 3.5, 5 and 8 corresponding to Reynolds numbers Re = 9.2x10%, 1x10% and 1.2x10% were
simultaneously recorded for up to 30 minutes using LIDAR along the centreline and ADMs and WGs on each
side with an offset of 0.07 m (Figure 1a). An example of instantaneous free-surface profiles y/d. of Fr1 = 3.5
recorded with LIDAR is shown in Figure 1b. LIDAR also demonstrated the ability to simultaneously track the
jump toe position xwe While recording the free-surface (Figure 1c).

2 RESULTS AND DISCUSSION

A comparison of mean free-surface elevations and standard deviations simultaneously recorded with LIDAR,
ADM and WG is shown in Figure 2a. Overall there was strong agreement between the three instruments over
the Froude numbers tested with respect to basic free surface properties. The mean free-surface profiles
measured with LIDAR were on average 9.5 mm (6%) lower than ADM measurements and 17 mm (13%) lower
than WG measurements. The average difference in standard deviations y' was 2.7 mm (12%) between LIDAR
and ADM and 1.4 mm (10%) between LIDAR and WG. The relative differences in free-surface properties can
be explained with the different measurement principles of the three instruments including a larger spot size of
the ADM compared to the LIDAR and potential wetting and drying processes of the intrusive WG. More detailed
and advanced comparison of free-surface features of the three instruments is presented in Li et al. (2020b).
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Figure 2. Results of free-surface and jump toe measured with LIDAR, ADMs and WGs: (a) free-surface profile
and fluctuations (Fr1 = 5); (b) difference between visual observations and LIDAR measurements of the mean
jump toe position AXie (38 experiments for Fr1 = 3.5, 5 and 8).

A key advantage of LIDAR over ADM and WG is the ability to track the time-varying jump toe (Figure 1c). In
previous studies using traditional instruments, such as ADM, the mean jump toe position was visually
determined. However, it is difficult to precisely visualise the mean jump toe position due to strong jump toe
oscillations. In the present experiments, the best-visual estimates of mean jump toe position were compared
against the mean jump toe position recorded with LIDAR. The differences between the visual observations and
LIDAR measurements of mean jump toe position (AXwe) Of the three hydraulic jumps are shown in Figure 2b.
Although the average AXiee Of all repeated experiments is close to 0, a AXwe Up to 70 mm can be observed.
Free-surface data adjusted relative to the LIDAR jump toe position provided very close agreement between
instruments (Figure 2a). The consistency in free-surface data measured with LIDAR compared to traditional
instrumentation and the ability of the LIDAR to continuously track the free-surface with high-spatial resolution
including the jump toe motions shows that LIDAR technology provides new opportunities to better understand
complex air-water flows.
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