<]
TUDelft

Delft University of Technology

Discussion of "Performance of Intrusive Phase-Detection Probe with Large Sensor Size in
Air-Water Flow Measurement and Application to Prototype Hydraulic Jump Study"

Shi, Rui; Withrich, Davide; Chanson, Hubert

DOI
10.1061/JHEND8.HYENG-13563

Publication date
2023

Document Version
Final published version

Published in
Journal of Hydraulic Engineering

Citation (APA)

Shi, R., Withrich, D., & Chanson, H. (2023). Discussion of "Performance of Intrusive Phase-Detection
Probe with Large Sensor Size in Air-Water Flow Measurement and Application to Prototype Hydraulic Jump
Study". Journal of Hydraulic Engineering, 149(11), Article 07023001.
https://doi.org/10.1061/JHEND8.HYENG-13563

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without the consent
of the author(s) and/or copyright holder(s), unless the work is under an open content license such as Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.1061/JHEND8.HYENG-13563
https://doi.org/10.1061/JHEND8.HYENG-13563

Green Open Access added to TU Delft Institutional Repository

'You share, we take care!’ - Taverne project

https://www.openaccess.nl/en/you-share-we-take-care

Otherwise as indicated in the copyright section: the publisher
is the copyright holder of this work and the author uses the
Dutch legislation to make this work public.



Downloaded from ascelibrary.org by Technische Universiteit Delft on 10/20/23. Copyright ASCE. For personal use only; al rights reserved.

Discussions and Closures

L)

Check for
updates

ASCE

Discussion of “Performance of Intrusive Phase-Detection
Probe with Large Sensor Size in Air-Water
Flow Measurement and Application to
Prototype Hydraulic Jump Study”

Rui Shi

Hydrologist, Rio Tinto Iron Ore, Central Park 1, 152/158 St Georges
Terrace, Perth, WA 6000, Australia. ORCID: https://orcid.org/0000-0001
-9387-9496

Davide Wthrich

Assistant Professor, Dept. of Hydraulic Engineering, Delft Univ. of Tech-
nology, Delft 2628 CN, Netherlands (corresponding author). ORCID:
https://orcid.org/0000-0003-1974-3560. Email: d.wuthrich@tudelft.nl

Hubert Chanson

Professor, School of Civil Engineering, Univ. of Queensland, Brisbane,
QLD 4072, Australia. ORCID: https://orcid.org/0000-0002-2016-9650

This paper presents a discussion of ‘“Performance of Intrusive
Phase-Detection Probe with Large Sensor Size in Air-Water Flow
Measurement and Application to Prototype Hydraulic Jump Study”
by Rongcai Tang, Ruidi Bai, and Hang Wang. https://doi.org/10
.1061/(ASCE)HY.1943-7900.0002022.

Air-water flows are commonly observed in hydraulic structures.
While their behavior has been widely investigated at laboratory
scale, including hydraulic jumps, spillway flows, breaking bores,
and plunging jets, prototype measurements are scarcely available,
mostly because air-water flow measurements in the real world are
currently hindered by the fragility of phase-detection probes. In this
context, the study by the authors provides relevant information

and an interesting methodology in support of the development of
thicker and sturdier instruments that will bridge the gap between
laboratory and prototype.

Some studies have shown that prototype measurements are an
ambitious yet reachable goal, with pioneering investigations by
Cain and Wood (1981) on the smooth spillway chute of Aviemore
Dam (New Zealand), where a void fraction probe (@; = 0.05 mm)
and dual-tip probes (@, =1 mm) withstood velocities up to
21.7 m/s. Chanson (1988) successfully applied a dual-tip phase-
detection probe with a 0.2 mm inner electrode and a 0.8 mm outer
diameter to self-aerated flows with interfacial velocities up to
20 m/s. Hohermuth et al. (2021) tested air-water flow properties
in the smooth tunnel spillway of the Luzzone Dam (Switzerland)
with velocities up to 38 m/s using dual-tip conductivity probes
with inside/outside diameters of 0.125 and 0.6 mm, respectively.
A more comprehensive summary of previous studies with various
probe sizes is presented in Table 1. Overall, these studies show that
the construction of mechanically resistant probes is an achievable
goal, even in high-velocity flows at large Reynolds numbers. While
it is acknowledged that all intrusive phase-detection probes affect
the measured signal, studies have shown that probe sensor size
has a minor influence on the void fraction and interfacial velocity
data, in contrast to measurements of bubble count rate, bubble
size distributions, and bubble clustering characteristics, for which
large differences have been observed. Simply, any discussion of the
effect of sensor size on air-water flow properties in hydraulic jumps

Table 1. Summary of selected air-water flow studies, with details on probe sensor size

Needle size (mm)

Type Reference F, R d; (m) V, (m/s) Probe type @, @, Flow type
Prototype  Cain and — 2.2-3.2 x 10° — 18.1-21.7 Conductivity (dual tip) 1.0 6.0 Spillway chute
Wood (1981) — — — — Conductivity 0.05 —
Volkart and — 1.8-2.8 x 10° — 16.2-18.5 — 0.5 —  Tunnel spillway
Rutschmann (1984)
Hohermuth et al. — 1.95-6.0 x 10° — 23-38  Conductivity (dual tip) 0.125 0.6 Tunnel spillway
(2021)
Laboratory Chanson (1988) — 2.1-4.8 x 10° — 9.0-17.9 Conductivity (dual tip) 0.2 0.8 Smooth chute
Cummings (1996)  7.6-18  2.4-72x 10* 0.010-0.012 2.4-6.1  Conductivity (dual tip)  0.025 0.2 Plunging jet
Chanson and 6.3-8.5 3.28-4.40 x 10* 0.014 2.34-3.14 Conductivity (dual tip) 0.025 0.2 Hydraulic jump
Brattberg (2000)
Murzyn et al. 2.0-4.8 4.60-8.85x 10* 0.021-0.059 1.50-2.19 Optical fiber (dual tip) 0.010 — Hydraulic jump
(2005)
Tang et al. (2022) 15.1 1.4 x 10° 0.021 6.8 Conductivity (dual tip) 0.1 0.8 Hydraulic jump
1.0 3.0
Wiithrich et al. 24 1.9 x 10° 0.084 2.21 Conductivity (dual tip) 0.25 0.8 Hydraulic jump
(2022)
Present study 2.4 1.9 x 10° 0.084 2.21 Conductivity (dual tip) 0.25-0.64 1.0-1.3 Hydraulic jump

Note: F, = Froude number for hydraulic jumps and plunging jets, defined as F; = V,/(gd,)">, where d, = initial depth and V, = initial flow velocity; @, =
diameter of inner conductor filament; @, = diameter of outer stainless needle; and R = Reynolds number defined as R = pVd, /i for hydraulic jumps and
R = pV|R,,/ i for spillway chutes, where R;, = hydraulic radius (i.e., approximately the clear water depth).
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Fig. 1. Experimental facility and instrumentation at University of Queensland: (a) side view; and (b) top view. Details of dual tip conductivity probes

are also provided.

must be closely associated with the air-water flow property under
consideration.

In addition to the authors’ valuable contribution, the discussers
would like to present some results of experiments that were re-
cently conducted at the University of Queensland (Australia).
Here, a hydraulic jump was induced in a horizontal channel with
a rectangular section 3.2 m long, 0.5 m wide, and 0.4 m deep
(Shi et al. 2021). The study used dual-tip conductivity probes with
two identical needle sensors having a longitudinal separation dis-
tance Ax, mounted with a transverse separation distance Az
(Fig. 1). The probe had an inner conductor filament with a diameter
@,, covered with coating material with a diameter @, isolating
the conductor from an outer needle, which was made of stainless
steel with a diameter @,, as detailed in Fig. 1. Altogether, four
double-tip phase-detection conductivity probes were tested, with
their details summarized in Table 2. Note that Probes 1 and 2 were
tested side by side, as well as Probes 3 and 4 (Fig. 1). In line with
Tang et al. (2022), the probes were sampled at 20 kHz for 45 s.
Tested flow conditions, provided in Table 2, resulted in a Froude
number F| = V,/(gh,)*> = 2.4, as also tested by Wiithrich et al.
(2022).

The probe signal was post-processed using a single threshold
technique at 50% of the voltage difference AV between air (V ;)
and water (V,.¢), in line with the authors and with the literature.
At two elevations (y/d; = 1.13 in the shear layer and y/d, = 1.67
in the recirculation zone), the probability distribution functions
(PDFs) of the raw signal are presented in Fig. 2, showing that the
probes tested by the discussers had differences in behavior in line
with the ones presented by the authors. More specifically, at both
selected locations most differences were observed for higher volt-
ages, in the range 0.5 < (V-Vi,)/AV < 1, which confirms the
authors’ theory that increasing probe diameters is likely to result
in incomplete voltage drops in the phase-detection signal.

Based on these data, the void fraction C was computed as the
cumulative time that each tip spent in air over the sample duration.
The bubble count rate F' was defined as the average number of

bubbles encountered by each sensor per second. For the present
data, Fig. 3 showed negligible differences in terms of void fraction
for the profiles measured with Probes 1 to 4 (@; = 0.25-0.64 mm;
@, = 1-1.3 mm), compared with data measured with Probe 5
(@, = 0.25 mm and @, = 0.8 mm) by Wiithrich et al. (2022). This
suggests that despite the difference in signal PDFs (Fig. 2), a small
increase in outer probe diameter (0.8—1.3 mm) was not responsible
for any substantial difference in void fraction. Contrarily, the maxi-
mum bubble count rate showed a decreasing trend for larger probe
diameters, with probe 3 (@, = 0.64 mm) detecting 80% and 86%
of the bubbles compared with Probes 1 and 2 (@; = 0.25 mm) at
Xoe/d; = 1.19 and 3.57, respectively. These differences become
more important for the thicker probes with @, = 1 mm and @, =
3 mm, as shown by the authors (Tang et al. 2022). This suggests
that for probes up to @, = 0.64 mm and @, = 1.3 mm, traditional
signal processing techniques can be applied to compute the void
fractions, while an adapted technique introduced by the authors
might only be necessary for larger probes (3, = 1 mm and @, =
3 mm) to enable detection of smaller air bubbles and therefore
more reliable bubble characteristics.

It is worthwhile to point out that, for a hydraulic jump with the
same Froude number F;, = 2.4, Murzyn et al. (2005) reported val-
ues of Fp,, X d;/V, <1, despite the small diameter @, = 10 pum
of their optical fiber probe. While many factors might affect such a
difference (including the type of probe), the authors believe that it is
linked to the lower Reynolds number used in the experiment by
Murzyn et al. (2005), R = 7.54 x 10%, leading to a lesser aeration
of the hydraulic jump which must be considered for any compari-
son between laboratory and prototype environments, as recently
discussed by Estrella et al. (2022).

In conclusion, the discussers agree with the authors that more
research is needed to identify the influence of probe size on ob-
tained air-water flow properties, in support of the development
of thicker and sturdier instruments that will bridge the gap between
laboratory and prototype.

Table 2. Technical details of double-tip phase-detection conductivity probes used in the present study

References Probe No. @, (mm) @, (mm) @, (mm) Ax (mm) Az (mm) Conductor material ~Manufacturer of conductor
Wiithrich et al. (2022) 5 0.25 0.80 0.298 5.10 1.80 silver Goodfellow, UK
1 0.25 1.00 0.298 7.5 2.47 silver Goodfellow, UK
Present stud 2 0.25 1.00 0.330 7.8 2.20 silver SDR Scientific, UK
esent study 3 0.38 1.10 0.480 7.0 222 silver SDR Scientific, UK
4 0.64 1.30 0.760 6.8 3.23 silver SDR Scientific, UK
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Fig. 2. Probability distribution functions (PDFs) of raw signal collected with all tested probes at x — x,,./d; = 1.19: (a) in the shear layer at
y/d; = 1.13, where F = F,,, in Fig. 3(b); and (b) in the recirculating zone at y/d; = 1.67, where C ~0.5. Same legend applies to both graphs.

Probe 1 - &, =0.25 mm; & =1 mm;
Probe 2 - &, =0.25 mm; &> =1 mm; 4
Probe 3 - J1 =0.38 mm; & = 1.1 mm;
Probe 4 - & = 0.64 mm; J = 1.3 mm;
Probe 5 - Wiithrich et al. (2022)
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Fig. 3. Air-water properties measured with different probe sizes in hydraulic jump with Froude number F; = 2.4: (a) void fraction at (x — x.)/
d, = 3.57; and (b) bubble count rate at (x — x,,.)/d; = 1.19, with zoom-in on the behavior of F,,,, as a function of probe inner diameter @,. Present
data were compared with those by Wiithrich et al. (2022) with F; = 2.4 and R = 1.9 x 10° (Table 1); Legend applies to both graphs.

Data Availability Statement

Some or all data, models, or code that support the findings of
this discussion are available from the corresponding author upon
reasonable request.

Acknowledgments

The authors acknowledge the technical assistance of Jason Van Der
Gevel and Stewart Matthews (University of Queensland).

References

Cain, P, and I. R. Wood. 1981. “Measurements of self-aerated flow on
a spillway.” J. Hydraul. Div. 107 (11): 1425-1444. https://doi.org/10
.1061/JYCEAJ.0005761.

© ASCE

07023001-3

Chanson, H. 1988. “A study of air entrainment and aeration devices on a
spillway model.” Ph.D. thesis, Dept. of Civil Engineering, Univ. of
Canterbury.

Chanson, H., and T. Brattberg. 2000. “Experimental study of the air-
water shear flow in a hydraulic jump.” Int. J. Multiphase Flow 26 (4):
583-607. https://doi.org/10.1016/S0301-9322(99)00016-6.

Cummings, P. D. 1996. “Aeration due to breaking waves.” Ph.D. thesis,
School of Civil Engineering, Univ. of Queensland.

Estrella, J., D. Wathrich, and H. Chanson. 2022. “Two-phase air-water flows
in hydraulic jumps at low Froude number: Similarity, scale effects and the
need for field observations.” Exp. Therm. Fluid Sci. 130: 110486. https:/
doi.org/10.1016/j.expthermflusci.2021.110486.

Hohermuth, B., R. M. Boes, and S. Felder. 2021. “High-velocity air—water
flow measurements in a prototype tunnel chute: Scaling of void fraction
and interfacial velocity.” J. Hydraul. Eng. 147 (11): 04021044. https:/
doi.org/10.1061/(ASCE)HY.1943-7900.0001936.

Murzyn, F., D. Mouaze, and J. R. Chaplin. 2005. “Optical fibre probe
measurements of bubbly flow in hydraulic jumps.” Int. J. Multiphase

J. Hydraul. Eng.

J. Hydraul. Eng., 2023, 149(11): 07023001


https://doi.org/10.1061/JYCEAJ.0005761
https://doi.org/10.1061/JYCEAJ.0005761
https://doi.org/10.1016/S0301-9322(99)00016-6
https://doi.org/10.1016/j.expthermflusci.2021.110486
https://doi.org/10.1016/j.expthermflusci.2021.110486
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001936
https://doi.org/10.1061/(ASCE)HY.1943-7900.0001936

Downloaded from ascelibrary.org by Technische Universiteit Delft on 10/20/23. Copyright ASCE. For personal use only; al rights reserved.

Flow 31 (1): 141-154. https://doi.org/10.1016/j.ijmultiphaseflow.2004
.09.004.

Shi, R., D. Wiithrich, and H. Chanson. 2021. Intrusive and non-intrusive
air-water flow measurements in breaking jumps at low Froude num-
ber and large Reynolds number. Hydraulic Model Rep. No. CH119/
21. Brisbane, Australia: School of Civil Engineering, Univ. of
Queensland.

Tang, R., R. Bai, and H. Wang. 2022. “Performance of intrusive phase-
detection probe with large sensor size in air-water flow measurement
and application to prototype hydraulic jump study.” J. Hydraul. Eng.

© ASCE

07023001-4

148 (11): 06022015. https://doi.org/10.1061/(ASCE)HY.1943-7900.00
02022.

Volkart, P., and P. Rutschmann. 1984. “Rapid flow in spillway chutes with and
without deflectors—A model-prototype comparison.” In Proc., Symp. on
Scale Effects in Modelling Hydraulic Structures, edited by H. Kobus, 1-7.
Stuttgart, Germany: Univ. of Stuttgart.

Wiithrich, D., R. Shi, and H. Chanson. 2022. “Hydraulic jumps with low
inflow Froude numbers: Air—water surface patterns and transverse dis-
tributions of two-phase flow properties.” Environ. Fluid Mech. 22 (4):
789-818. hittps://doi.org/10.1007/s10652-022-09854-5.

J. Hydraul. Eng.

J. Hydraul. Eng., 2023, 149(11): 07023001


https://doi.org/10.1016/j.ijmultiphaseflow.2004.09.004
https://doi.org/10.1016/j.ijmultiphaseflow.2004.09.004
https://doi.org/10.1061/(ASCE)HY.1943-7900.0002022
https://doi.org/10.1061/(ASCE)HY.1943-7900.0002022
https://doi.org/10.1007/s10652-022-09854-5

