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Chapter 1


Introduction

1.1 Motivation for the Research

Stirred tank reactors are extensively used in a variety of industries like the paper and pulp, pharmaceutical, fine chemicals, food industry etc. A large number of these applications involve multiphase flows. In designing such reactors, understanding the fluid dynamics is critical particularly when the reaction rates are faster than or comparable to the mixing rates. Characterization of fluid dynamics implies the quantification of velocities and turbulence parameters in every region of the reactor. In this work, we examine the fluid dynamics of both single and multiphase flows in stirred tanks reactors.

Although single phase flows in stirred tanks have been extensively studied using different experimental techniques like Streak Photography (SP) (Cutter, 1967), Hot Wire Anemometry (HWA) (Fort et al., 1982), Laser Doppler Anemometry (LDA) (Schaeffer and Hofken, 1999) and Digital Particle Imaging Velocimetry (DPIV) (Myers et al., 1997), all these techniques provide only Eulerian measurements where, every point or local region is characterized independently. Such measurements do not directly provide the three-dimensional information of large structures, which are responsible for mixing (Lamberto et al.,1996; Roussinova and Kresta, 1999; Hasal et al., 2000). Why is this information important? The phenomenon of mixing, as currently visualized (Ottino, 1989; Baldyga and Bourne, 1984) is one of a cascade of turbulence occurring from the largest scales of the flow to the smallest scales of flow. This occurs through a complex process of continuous evolution and transformation of eddies of larger size to medium size and to ever smaller sizes through vortex stretching and other related phenomena. It is this cascading process that represents the rate limiting step in mixing. Given this, the 

Lagrangian nature of the Computer Automated Radioactive Particle Tracking (CARPT) experimental technique, where we follow the tracer particle as it moves around the vessel, makes it well suited for obtaining information on large flow structures. From the CARPT tracer particle trajectories, we hope to quantify the mixing caused by the large structures at least partially. 

Characterization of multiphase reactors is further complicated by the presence of the dispersed phase which has its own fluid dynamic characteristics i.e. its own velocities, fluctuations etc. Therefore, the design of multiphase reactors, where reaction rates are faster than mixing or comparable to mixing, requires the fluid dynamic information of both the phases. The existing measurement techniques are restricted to characterizing multiphase flows with very low holdups of the dispersed phase. This is primarily because the non-invasive techniques like LDA and DPIV are optical techniques. With increasing holdup of the dispersed phase the vessel becomes progressively more and more opaque and we can no longer “see” into it with our usual tools. Hence, fluid dynamic characterization of such flows is often restricted to measuring global parameters like the relative power demand, overall gas holdup, critical speed for suspension or for ultimate homogenization (Dohi et al., 1999; Katsanevakis and Smith, 1999). Global parameters tend to conceal the detailed local information, which often contains the clues to the mixing rates (Gosman et al., 1992). Very few papers exist (we have identified a handful which are reviewed in Chapter 2) which provide local fluid dynamic measurements in multiphase flows. Without such local information the rational design and scale-up of multiphase flows in stirred tank reactors is not possible. At CREL and elsewhere CARPT and CT have been successfully applied in a variety of multiphase reactors (Chaouki et al., 1997a, 1997b) viz. bubble columns (Devnathan, 1991; Degaleesan, 1997), Liquid Solid Risers (Roy and Dudukovic, 2001) etc. These are non-optical techniques, which can be used regardless of the magnitude of the dispersed phase holdup. The CARPT technique provides the detailed local fluid dynamic information throughout the entire reactor such as the local velocities, the turbulence parameters. CT provides detailed time averaged local holdup profiles in various planes of the entire reactor and also yields the global 

holdup which is the only variable measured with existing experimental techniques. Together CARPT and CT can provide the detailed local fluid dynamic information in the same setup and under identical operating conditions which would increase our understanding of multiphase flows. 

The inability of existing measurement techniques to provide Lagrangian information in single-phase flows, and limitations on their use in multiphase flows with high dispersed phase holdup, provide the motivation for the current work and the implementation of CARPT/CT in single phase and multiphase stirred tanks.

1.2 Research Objectives

The specific objectives of this work are:

· To investigate the single phase flow field in stirred tanks with CARPT and provide quantitative estimates of the capabilities of the technique.

· To develop a data base using CARPT – CT in gas – liquid flows in stirred tanks at high gas holdups where other techniques fail.

· To critically evaluate the ability of commercial CFD codes to predict the observed flow fields in single and two phase flows in stirred tanks.

1.3 Structure of Thesis

In Chapter 2 the single phase and multiphase experimental data and CFD predictions of such data available in the literature are discussed. In Chapter 3 and Chapter 4 details of single phase CARPT measurements in the STR are presented. In Chapter 3 qualitative validation of the CARPT results is presented and in Chapter 4 detailed quantitative validation of the CARPT results is given. In Chapter 5 and 6 the efforts to understand and model the different sources of errors typically arising in CARPT measurements are discussed. In Chapter 7 the two phase flow results obtained in the stirred tank reactor via CARPT and CT are outlined. In Chapter 8 the conclusions and recommendations resulting from this study are presented.
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