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Model processes and cavitation indicators for a quantitative description

of an ultrasonic cleaning vessel: Part II - Multivariate data analysis
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4. Discussion and conclusions

Bubble oscillation and the interaction of bubbles are strongly
non-linear processes. In high pressure fields as used for cavitation
applications, this characteristic often results in a chaotic bubble
oscillation [32] which leads to a random behaviour of many output
parameters. Although the experimental parameters were carefully
controlled in this study via the flow system significant variances of
all variables were observed. They were, however, successfully
managed by statistical methods of multivariate data analysis
which is discussed in detail in the following.

A factor analysis gives insight into the structure of data and can
account for common causes or specific relations between variables.
The amount of possible explanation, the communality depends on
the number of factors and the data quality. Increasing the number
of factors raises the communality and if the variability, i.e. the vari-
ances of data increases, the number of factors should be increased,
too. For the analysis shown in Fig. 2 two factors would be sufficient
to have a communality of 95% whereas the analysis of Fig. 5 achieves
a communality of only 90% with three factors. A correlation could be
found between the communality, i.e. the necessary number of fac-
tors and the variation range of parameters, mainly temperature
and O, content. If, for example, the temperature was varied between
10 °C and 35 °C instead of being kept constant, the communality de-
creased by about 15% and an additional factor was necessary. This
can be interpreted as an independent effect of temperature on cav-
itation and, in fact, the method described in Section 3.4 often
worked well with the temperature as the representing variable. In
general, for applications covering the complete parameter range,
quite good results could be obtained when temperature, electrical
power and O, content were used as representing variables.
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