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Thermal processing in helically coiled tubes: 2D representation of a 3D phenomenon

Introduction

• Helically coiled tubes are used for heating and cooling in continuous thermal processing of viscous liquid foods; • The secondary flow induced by the tube curvature enhances mixing and heat transfer [START_REF] Dean | The stream-line motion of fluid in a curved pipe[END_REF].

Objective

Develop a 2D axisymmetric model to represent flow and heat transfer in a helically coiled tube.

Materials and methods

• The 2D model was based in laminar flow in a straight tube;

• Enhancement factor ( ) for the radial thermal conductivity;

• Velocity profile from residence time distribution (RTD) experiments;

• Fluids tested: Newtonian (glycerin) and pseudoplastic (Carboxymethyl cellulose -CMC). • Colorimetric method at room temperature and flow rates from 0.5 to 2.0 L/min;

• RTD models derived from laminar flow were adjusted to experimental RTD data.
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Models tested: m-laminar, y-laminar, generalized convection, exponential and sinusoidal [START_REF] Pegoraro | Residence time distribution models derived from non-ideal laminar velocity profiles in tubes[END_REF].

The velocity profile of the RTD model with best fit was included in the 2D model.

• A coiled tube with fluid flow (0.5 to 2.0 L/min) was immersed in thermostatic bath for heating or cooling processes; • The outlet temperature was obtained for eight experimental conditions. • The value of was obtained by lumped capacitance experiments.

𝑩𝒊 0.1 [START_REF] Incropera | Fundamentals of heat and mass transfer[END_REF] Results and discussion

Conclusions

RTD results: y-laminar velocity profile

Simulation results: model solved by finite difference method in gPROMS using a refined mesh with 1000 axial points and 200 radial points.

Enhancement factor ( ) as function of Reynolds number:

• Experimental RTD provided a velocity profile as an input for the 2D model; • The 2D model could predict the bulk temperature along the tube length and the radial temperature profile; • Different trends for values in the heating and cooling processes.

Values closer to 1 were obtained in cases with a weak secondary flow; • Future: measurements of temperature along the tube length.