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Stirred tank reactors are used extensively in industry and most often involve multiphase flows. The fluid dynamics in stirred tanks of even single phase flow is extremely complex due to presence of rotating internals and regions of large velocity gradients. In this study, the Computer Automated Radioactive Particle Tracking (CARPT) technique was implemented successfully to characterize such complex flows in a standard baffled tank equipped with the Rushton turbine. CARPT was shown to capture the key features associated with single phase flow like the presence of a radial jet in the impeller region and the recirculating loops above and below the impeller. In addition to providing standard Eulerian fluid dynamic measures, CARPT also provided valuable new “Lagrangian” information to the modeling community, like sojourn time distributions in different zones of the tank, return time distributions to the impeller region, Hurst exponents, etc. “Dynamic bias” was shown to become significant in the CARPT measured velocities when the flow time scales are 10-50 times lower than the data acquisition time, and a systematic experimental effort enabled the quantification of this effect leading to a needed correction factor. A Monte Carlo based model was developed which allows a priori prediction of this effect in large industrial systems. The issue of “flow followability of the tracer” was also addressed by performing novel numerical experiments which allowed a systematic evaluation of the effect of tracer size and density on their ability to follow the fluid. 

The predictive capabilities of two quasi steady computational fluid dynamic (CFD) approaches, the multiple reference frame (MRF) and the Snapshot approach were evaluated. Both of these approaches were shown to predict the single phase flow field reasonably well with no experimental inputs. Both approaches can be extended to simulate multiphase flows and offer promise as valuable design tools.

Gamma ray computed tomography (CT) and Computer Automated Radioactive Particle Tracking (CARPT) were then used to provide detailed local gas holdup profiles and liquid velocity distributions in two phase flows in the same stirred tank. Such data are currently not available and this thesis has initiated the creation of a reliable database, which when extended to include different impeller types and flow conditions, should be useful. CT is shown to capture the internals of the reactor and features of the flow, like gas jets emerging from the sparger etc. 

The CARPT technique was shown to identify the regime transitions in stirred tank reactor by capturing the changes in the liquid flow structure. The detailed liquid velocity profiles obtained from CARPT provide valuable inputs to compartmental models, like number of compartments to use, location and size of compartments, residence time distributions of liquid in these compartments, liquid flow rate between compartment to compartment etc. for reactor design of stirred tanks. 

Attempts at CFD simulations of gas – liquid flows in stirred tanks revealed that physically based closures for liquid – gas drag, which account for background turbulence, are currently lacking and must be developed. Current drag closures predict unrealistically high values of the slip velocity between the gas and liquid. This limits the ability of the current CFD models to predict gas phase recirculation correctly. 

