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Parallel flows are typical for many important apparatuses of process industries, e.g. flows in shell&tube or plate heat exchangers, heaters, reactors. Sometimes flow irregularities, instabilities or just only non-uniform distribution of flow in parallel channels occur [4]. These undesirable phenomena can be caused by natural convection if the apparatus operates at non-isothermal conditions, which is typical for heat exchangers or heaters. 

The effect of flow asymmetry was observed experimentally in lateral parallel channels of continuous direct ohmic heater, which is under development at the Process Engineering department of FME CTU (electrical current flows directly through the heated liquid), see [1,2,3]. While the flow in parallel channels is uniform at isothermal conditions, in the case of heating one stream is delayed and even stopped or reversed if the temperature increase is too high. 

Simple integral model, based upon momentum and heat balances has been suggested with the aim to predict influence of heater geometry, fluid properties and operational parameters (flowrates, intensity of heating) upon the non-uniformity of parallel laminar flows. It has been found that the most important factors are hydraulic diameter of parallel channels, viscosity of liquid and the temperature increase of liquid flowing through the heater. The analysis enables to express the effect in terms of dimensionless criteria, Rayleigh, Reynolds and Nusselt number. The theoretical model predicts existence of three regions: At a certain range of heating intensity (low feeding voltage) the flow is perfectly stable, while at more intensive heating finite disturbances cause flow asymmetry, and in the case that the intensity of heating exceeds certain limit the flow stability is lost completely (even if the flow remains laminar). Further development of the model concerns more detailed description of laminar flow structure in the direct ohmic heater with consideration of cross-flow between the parallel streams (perforation of walls of channels, in our case electrodes of heater). This zonal model enables to calculate residence time distribution (RTD) of the heater and its results predict that the effects of asymmetries upon RTD is significant. Therefore the measurement of RTD characteristics seems to be promising method for detection of the parallel flow anomalies.

Experimental verification was based upon flow visualisation (injection of a coloured tracer and monitoring the tracer by Canon MV-100 camera), measurement of temperature profiles (11 thermometers Pt100), and stimulus response experiments using KCl as a tracer for conductivity methods (2 Pt conductivity probes) and Tc99 as a radioisotope tracer (collimated scintillation detectors). Results confirm the asymmetry effects and predicted influence of operational parameters as well as the influence of geometry (diameter of channels had been gradually changed by inserts). The effect of suppression of the cross-flow at heating has been also demonstrated. Some new experimental techniques have been tested or developed, for example: Monitoring time course of tracer injection by pressure transducer. Software for simultaneous calibration of detectors (the algorithm takes into account the fact that for example the temperature of all calibrated thermometers immersed into a thermostat bath is the same, but not exactly known). New and very simple method for identification of impulse responses from recorded stimulus and response functions can be used instead of the more complicated FFT or spline regularisation methods [4], in the case that the stimulus function is relatively short. This method substitutes a difficult deconvolution by solution of an ordinary differential equation (boundary or in some case even initial value problem). Important results follow from comparison of the conductivity method and radioisopes. While the conductivity method is superior at isothermal flows, radiotracers are more suitable when the temperature is changing, first of all because the electrical conductivity of KCl solution depends upon temperature and injection of tracer changes the electrical power of heater. 

Theoretical as well as experimental results of the current research are used not only in development of direct ohmic heater, but can be applied in analysis of heat transfer apparatuses with parallel flows generally. Asymmetry of parallel flows in continuous heater seems to be a nice model situation for verification of new experimental methods for flow visualisation using radioisotope tracers and multiple collimated detectors, see [3]. Last but not the least, the improvement of experimental techniques and methods of data processing has a positive impact to applications in industry for assessment and diagnostics of continuous processes (for example RTD measurement of a pasteurisation line /heat exchanger and holding tube/ for yolk and eggs gumbo at Delta Food Hradec Králové).
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