
 
23rd International 
Towing Tank 
Conference 

Proceedings of the 23rd ITTC – Volume II 491

 

Fluids Engineering, Vol. 120, pp. 171-178. 

Gowing, S., and Shen, Y., 2001, “Nuclei Ef-
fects on Tip Vortex Cavitation Scaling, 
CAV 2001 − 4th International Symposium 
on Cavitation, Pasadena, CA, USA. 

Holl, J.W., Arndt, R.E.A., Billet, M.L., 1972, 
“Limited Cavitation and the Related Scale 
Effects Problem”, Proc. 2nd Int. Symp. 
Fluid Mech. Fluidics, JSME, Tokyo, pp. 
303-314. 

ITTC, 1990, “Report of the Cavitation Com-
mittee”, Proc. 19th International Towing 
Tank Conference, Vol. I, Madrid, Spain. 

ITTC, 1993, “Report of the Cavitation Com-
mittee, Proc. 20th International Towing 
Tank Conference, Vol I, San Francisco, 
CA, USA. 

ITTC, 1996, “Report of the Cavitation Commit-
tee”, Proc. 21st International Towing Tank 
Conference, Vol. I, Trondheim, Norway. 

Kates, J., 1978, “Determination of Solid Nu-
clei and bubble Distribution I Water by 
Holography”, Report No. Eng. 183-3, 
California Institute of Technology, Pasa-
dena, CA, USA. 

Keller, A.P., 1994, “New Scaling Laws for 
Hydrodynamic Cavitation Inception”, 2nd. 
International Symposium on Cavitation, 
Tokyo, Japan. 

Keller, A.P., 2000, “Cavitation Scale Effects, a 
Representative of its Visual Appearance 
and Empirically Found Relations”, 
NCT’50 International Conference of Pro-
peller Cavitation, Newcastle Upon Tyne, 
United Kingdom. 

Keller, A.P., 1981, “Tensile Strength of Liq-
uids”, Proc. 5th International Symposium 
on Water Column Separation, IAHR Work 
Group, Obernach, Germany. 

Korkut, E., and Atlar, M., 2001, “On the Impor-
tance of the Effect of Turbulence in Cavita-
tion Inception Tests of Marine propellers”, 
Proc. Royal Soc. London A (2002), 458. 

Maxey, M.R., and Riley, J.J., 1983, “Equation of 
Motion for a Small Rigid Sphere in Nonuni-
form Flow”, Physics of Fluids, Vol. 26.  

McCormick, B.W., 1962, “On Cavitation Pro-
duced by a Vortex Trailing From a Lifting 
Surface”, ASME Journal of Basic Engi-
neering, Vol. 84, pp. 269-279. 

Pauchet, A, Briançon-Marjollet, L., Gowing, 
S., Cerrutti, P. and Pichon, T., 1994, “Ef-
fects of Foil Size and Shape on Tip Vortex 
Cavitation Occurrence”, 2nd International 
Symposium on Cavitation, Tokyo, Japan. 

Plesset, M.S., 1948, “Dynamics of Cavitation 
Bubbles”, Journal of Applied Mechanics, 
Vol. 16. 

Semionicheva, E.Ya., and Startsev, S.B., 
2001, “Multi-Point Profiles of Hydrofoils 
and Propulsor Blades in Nonuniform 
Flow”, MARIND 2001  − Third Interna-
tional Conference on Marine Industry, 
Varna, Bulgaria. 

Shen, Y.T., Chahine, G., Hsiao, C.T., and Jessup, 
S., 2001, “Effects of Model Size and Free 
Stream Nuclei on Tip Vortex Cavitation Scal-
ing”, CAV 2001 − 4th International Sympo-
sium on Cavitation, Pasadena, CA, USA. 

Shen, Y.T., Gowing, S., and Ceccio, S., 1994, 
“Salt Water Effects on bubble and sheet 
Cavitation”, 2nd International Symposium 
on Cavitation, Tokyo, Japan. 

Tanger, H., and Weitendorf, E.A., 1989, “Ap-
plicability Tests for the Phase Doppler 
Anemometer for Cavitation nuclei meas-
urement”, ASME International Sympo-
sium on Cavitation Inception, San Fran-
cisco, CA, USA. 



 
23rd International 
Towing Tank 
Conference 

Proceedings of the 23rd ITTC – Volume III 717

 

I. DISCUSSIONS 

I.1. Discussion on the Report of the 23rd 
ITTC Specialist Committee on Water 
Quality and Cavitation: Minimum 
equipment necessary to a new 
cavitation tunnel 

By: Neil Bose, Memorial University of New-
foundland, Canada 

If one wants to build a new cavitation tun-
nel, what would the Committee consider to be 
the minimum equipment necessary to carry 
out useful and worthwhile tests? 

What equipment would be needed to 
measure the water quality and what equipment 
would be needed to control the water quality 
(gas content, nuclei distribution, etc.)? 

I.2. Discussion on the Report of the 23rd 
ITTC Specialist Committee on Water 
Quality and Cavitation: Importance 
of the flow history in cavitation 
inception 

By: Thomas J.C. van Terwisga, MARIN, The 
Netherlands 

The Committee made it clear that both the 
facility and the operating conditions of the 
facility, including the total air content, do 
have an effect on the nuclei density spectrum. 

Furthermore the Committee states that the 
flow history has an effect on the nuclei den-
sity spectrum. 

Could the Committee indicate how impor-
tant the flow history is in, e.g., cavitation in-
ception tests? And, if important, which 
method would be most suitable to measure the 
nuclei density spectrum during the testing pe-
riod in a practical and cost efficient way? 

I.3. Discussion on the Report of the 23rd 
ITTC Specialist Committee on Water 
Quality and Cavitation: Control of 
water quality in cavitation tunnel 

By: Hiraku Kamiirisa, Mitsui Akishima 
Laboratory, Japan 

Concerning the control of water quality in 
cavitation tunnel, extensive researches have 
been made in our laboratory so far. I would 
like to discuss some issues in controlling nu-
clei in the tunnel showing some typical meas-
urements in our laboratory. 

Nuclei measuring device 

From the viewpoint of the practical nuclei 
control, it is required that the nuclei measur-
ing device is rather low-cost one with appro-
priate accuracy and quick response. 

The Specialist Committee on  
Water Quality and Cavitation 

Committee Chair: Dr. Michael Billet (ARL-PSU) 
Session Chair:  Prof. Hiroharu Kato (Toyo University ) 
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We measured bubble nuclei distribution 
by the light-extinction device which is more 
convinient than other device. It was found that 
the measured nuclei distribution was different 
by the water tube sampler length as shown in 
Figure I.3.1.  

An arrangement of the device is shown in 
Figure I.3.3 and the light-extinction nuclei 
measuring device is shown in Figure I.3.4. 

In related to this problem, we will develop 
the optimum nuclei measuring device for nu-
clei control in the future. 

Nuclei control method 

For the purpose of the nuclei control, we 
put the micro bubble (the 20 micron peak) 
into the cavitation tunnel, and measured the 
nuclei distribution. 

The nuclei size increased gradually as 
shown in Figure I.3.2. We found that this 
might be caused by the coalescence during the 
bubble circulating in the tunnel. Simulation 
study is now being made extensively in order 
to investigate its cause and develop a practical 
nuclei control method. 

 

 
Figure I.3.1 Effect of sampling tube length on nuclei measurement by light-exctinction method. 
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Figure I.3.2 Nuclei distribution by micro bubble injection (initial: 0.1056 MPA, 4.0 m/s, Gas content: 120%). 



 
23rd International 
Towing Tank 
Conference 

Proceedings of the 23rd ITTC – Volume III 719

 

Figure I.3.3 Arrangement of nuclei measuring device and micro bubble generator. 
 

 
Figure I.3.4 Conceptual sensor structure of light extinction nuclei measuring device. 
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II. COMMITTEE REPLIES 

II.1. Reply of the 23rd ITTC Specialist 
Committee on Water Quality and 
Cavitation to Neil Bose 

The Committee strongly recommends that 
some knowledge of water quality is necessary 
for each facility.  The influence of nuclei size 
and concentration for both cavitation incep-
tion and cavitation patterns is well docu-
mented.  It is not necessary, however, to 
measure the nuclei concentration liquid ten-
sion during each test. 

A summary of different devices is given in 
the report. A device that measures the free 
gas/oxygen content represents some knowl-
edge, but is not sufficient. A device that meas-
ures liquid quality has been shown to correlate 
most water quality effects. However, 
cavitation studies in water tunnels require a 
device that measures both nuclei size and dis-
tribution. 

II.2. Reply of the 23rd ITTC Specialist 
Committee on Water Quality and 
Cavitation to T.J.C. van Terwisga 

First of all, the Committee agrees with Dr. 
Tom van Terwisga that it is very important to 
quantify the effect of flow history on water 
quality effects.  This is a very difficult ques-
tion to answer because each facility is differ-
ent, and this has led to much discussion by the 
Committee.  One example is given in Section 
5.4 documenting the propeller cavitation tests 
conducted at CEIMM facility. As the velocity 
is increased, the absolute pressure at inception 
increases. As the pressure is changed, so is the 
nuclei distribution. An estimated effect is in 
the order of 10% for a given oxygen content. 

The report summarizes several measuring 
techniques. It is important for each facility to 

determine which measurement device is most 
practical and cost effective for the types of 
experiments conducted. 

II.3. Reply of the 23rd ITTC Specialist 
Committee on Water Quality and 
Cavitation to H. Kamiirisa 

The Committee is encouraged to hear the 
nuclei measurement and control activities re-
ported in this contribution and would be 
pleased to make comments on these activities. 

As far as the nuclei measurements activi-
ties are concerned, one of the recommenda-
tions of this Committee is to have some 
knowledge of water quality for any cavitation 
testing facility. The Committee therefore en-
courages these measurements.  Several papers 
reported in the committee report, particularly 
those compare different measuring devices 
could be relevant to the contributor to com-
pare their proposed device. It is also recom-
mended to do these measurements as close as 
possible to the testing section. 

As far as the nuclei control activities are 
concerned, as it is underlined in the Commit-
tee report, the nuclei content is strongly con-
nected to the facility. The Committee also 
emphasises to the following points: 

 A high level of oxygen content results in 
an increase of bubble size with time and 
in vaporous cavitation; 

 The recirculation of nuclei can be impor-
tant and must be taken into account dur-
ing test procedure. 

The Committee also notes the large 
concentration of nuclei used in this study.  It 
is not necessary to reach such high 
concentration to reduce the effect of water 
quality as it can be observed on different 
figures in the Committee report. 
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