An acoustic sensor to measure bubbles in food foams to monitor production
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In food production  the volume and distribution of air affects not just the physical properties of the finished product but, through these and the cooking process, the taste and texture. In cake production, the topic investigated in this work,  the bulk volume of air is often considered the most  important quantity for quality. Monitoring the air content of the batter through the specific gravity is therefore of considerable interest. 

Mechanically, food foams may be modelled as viscoelastic  materials with a suspended matrix of gas bubbles. Typical gas volumetric fractions are around 0.1.
However to acoustic signals of appropriate frequency the bubbles have an effect far greater than predicted by their volumetric fraction because of resonance. The backscattering coefficient has a sharp peak in intensity at the resonance frequency, which depends on bubble size, and there are also significant changes in velocity and absorption. In addition bubbles are highly nonlinear, causing energy to shift to higher and sometime sub-harmonics of the excitation frequency.

 Acoustic measurements are therefore particularly sensitive to monitoring bubbles and in principle can be used to estimate the volumetric size distribution of a bubble suspension. However the high attenuation means that measurements are primarily from regions close to the surface. In this work the dependence of backscattered intensity on the volumetric fraction of bubbles was investigated. Spectral analysis of the signal received should lead to information on bubble size as well.  
The presentation will describe an ultrasound  sensor to monitor air content in foams, which has been tested in a laboratory and in a process plant. Cake batters typically contain bubbles which resonate at frequencies between around 10kHz and 1MHz.  Although the attenuation of the signal increase with frequency (assuming similar resonant behaviour) high frequency measurements are desirable because they offer high precision and a small transducer. A  2.25 MHz transducer, with a water filled buffer rod, measured the acoustic power reflected at a batter interface. Initial work in laboratory tests resulted in a calibration procedure to estimate bubble volumetric fraction from reflection measurements. Tests were then run in a pilot plant in which batter moved  about 1m/sec. Results will be presented which show that there is good correlation between reflected power and bulk volumetric ratio, even with  low signal penetration resulting form high attenuation. They show too that repeatability was maintained over the test period of several hours in spite of the batter ‘stickiness, and that the measurement is reasonably insensitive to changes in configuration. These are encouraging results for widespread application in the food industry.   

