Non-Newtonian Flows in Laminar Regime in Chevron Plate Heat Exchangers
The Influence of Geometrical Configuration Q

o N

I~ \_/

Universidade do Minho Carla S. Fernandes2®, Ricardo P. Dias®, Jodo M. Nébrega? and Jodo M. Maia? B o e aranotodta

21PC - Institute for Polymers and Composites, Department of Polymer Engineering, University of Minho, 4800-058 Guimaraes, Portugal
b Escola Superior de Tecnologia e de Gestao, Instituto Politécnico de Braganca, Campus de Santa Apoldnia, Apt. 1038, 5301-854 Braganca, Portugal
cveliga@ipb.pt, ricardod@ipb.pt, mnobrega@dep.uminho.pt, jmaia@dep.uminho.pt

1. Introduction P

Physical processing brings about irreversible textural and sensorial properties of nearly all the fluids on the food
Industry [1]. In liquid food processing, plate heat exchangers (PHES) are commonly used in the heating or cooling
stages due to their advantages, such as high efficiency, ease of maintenance and cleaning and flexibility on account of
the modular design. Laminar or low Reynolds number, Re, flows are usually obtained when liquid foods are processed
In PHEs, the thermal-hydraulic performance being strongly dependent on the geometrical properties of the chevron 8
plates and shear thinning properties of the processed fluids.

2. Plate Heat Exchanger Channel N

A uniform flow was considered inside each channel and, for this reason, a symmetry axis was established simplifying
the geometrical domain to half of a channel . Analysing the results obtained in previous studies [2] with this geometry,
It was possible to observe the periodicity of the flow along the width of the channel, which allowed the simplification
of the geometrical domain to a thinner channel. The geometrical periodicity in the width of the channel could also be
observed on its length. Periodic unitary cells could be found along the length of the channel. Local Fanning friction
factors, f, and Nusselt numbers, Nu, were calculated in each of the consecutive unitary cells an asymptotic value being
found on the fifth or sixth cell (hydraulic and thermally fully developed flows). Since the last cell was non-periodic, L
the simulations were performed in channels constituted by 7 consecutive unitary cells.

As In previous studies [2, 3], an unstructured mesh constituted by tetrahedral, hexahedral and pyramidal elements was Unitary cell
used, the size of the elements being fixed after a grid independence test.

3. Results

The Influence of the corrugation angle, £, and shear thinning properties of the fluids on the thermal-hydraulic performance of PHEs was numerically studied using the finite element commercial package
POLYFLOW. Non-isothermal laminar flows of a Newtonian and a power law fluid were numerically studied considering non-slip and constant temperature at the PHEs channels walls.

The pressure drop in each cell, the resultant values of f and Re numbers allowed the calculation of coefficient K present in the relation f =K Rel. For Newtonian flows, coefficient K compares very well with literature
data [4]. For the pseudoplastic fluid, due to the high shear rates (increase with the decrease of ) developed in PHEs channels and the shear thinning effect, K were much lower than those from Newtonian flows.
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The temperature profiles allowed the calculation of the heat flux across each cell. Knowing the heat flux, temperature at the wall and average
temperature in the cell, the convective heat transfer coefficients were estimated, which in turn were used for the calculation of the Nusselt
numbers. For a same Re and /£ a faster heating is obtained with the pseudoplastic fluid.

For a same Re number, Nu number reaches a maximum for S = 50°, this trend being Interesting since Is many times referred that Nu number
Increases with the decrease of 5. As reported in works with other type of heat exchangers [5], the Nu numbers from the pseudoplastic fluid are
lower than those from the Newtonian fluid. The higher thermal-hydraulic performance, j/f, obtained with the pseudoplastic fluid is therefore
explained by the impact of the shear thinning effect on f.

4. Conclusions

When pseudoplastic fluids are processed in PHEs, high thermal-hydraulic performances are obtained due to the impact of the shear thinning effect in the Fanning friction factors. In the studied range,
the thermal-hydraulic performance increase with the increase from the corrugation angle. In laminar regime, Nusselt number reaches a maximum in the interior of the common used chevron angles
range. The estimation of wall shear rates can be useful to predict the viscosity breakdown of liquid foodstuffs during their processing in PHEs.

References

Y.S. Fangary, M. Barigou and J.P.K. Seville, Simulation of yoghurt flow and prediction of its end-of-process properties using rheological measurements, Trans. Inst. Chem. Eng., 77(1999) Part C 33-39.
C.S. Fernandes, R.P. Dias, J.M. Nobrega, .M. Afonso, L.F. Melo and J.M. Maia, Simulation of stirred yoghurt processing in plate heat exchangers, J. Food. Eng., 69 (2005) 281-290.

C.S. Fernandes, R.P. Dias, J.M. Nobrega, I.M. Afonso, L.F. Melo and J.M. Maia, Thermal behaviour of stirred yoghurt during cooling in plate heat exchangers, J. Food. Eng., 76 (2006) 433-439.
A.S. Wanniarachchi, U. Ratnam, B.E. Tilton and K. Dutta-Roy, Approximate correlations for chevron-type plate heat exchangers, in: Proceedings ASME HTD — vol. 314, 1995 National Heat Transfer Conference, vol. 12, 1995, pp. 145-151.

g s W e

T.J. Rennie and G.S. Raghavan, Thermally dependent viscosity and non-Newtonian flow in a double-pipe helical exchanger, App. Thermal Eng., 27 (2007) 862-868.

Annual European Rheology Conference, April 12 — 14, Naples, Italy


http://www.uminho.pt/default.aspx
http://www.uminho.pt/Default.aspx?tabindex=0&tabid=4&pageid=7&lang=pt-PT

