Characterization of micromixing in a rotor-stator spinning disc
reactor: effects of gap distance
Citation for published version (APA):
Manzano Martinez, A., Assirelli, M., & van der Schaaf, J. (2019). Characterization of micromixing in a rotor-stator
spinning disc reactor: effects of gap distance. 1. Abstract from 2019 AICHE annual meeting, Orlando, United
States.

Document status and date:
Published: 11/11/2019
Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)
Please check the document version of this publication:
• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.
If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 21. Jun. 2021

153b - Characterization of Micromixing in a

Rotor-Stator Spinning Disc Reactor: Effects
of Gap Distance
•

Monday, November 11, 2019
12:51 PM - 1:12 PM
o

Hyatt Regency Orlando - Bayhill 32

Abstract
In the chemical industry many processes involve complex reaction systems where fast reactions
take place, deriving in a range of products while in fact only one is the desired one. In the past, in
order to achieve high selectivity and yield towards the main product, a common approach has
been to slow down the reactions by diluting the feeding streams, usually with solvents. As a
consequence, large reactors are needed to meet the production requirements, and the removal of
the solvents derive in high energy costs.
More recently, novel equipment has been developed in the framework of Process Intensification
(PI), aiming to enable production conditions that were not possible with traditional equipment by
the enhancement of mass and heat transfer rates. With these novel reactors, high yields can be
obtained without the need to dilute the reaction systems.
In those high concentrated systems with higher reaction rates, the selectivity is then determined
by the mixing efficiency, especially in systems where competitive consecutive or parallel
competitive reactions take place. More specifically, for very fast competitive reactions the
micromixing time -which is the homogenization of the system at the molecular scale- determines
the product distribution. The micromixing time has been extensively investigated and well
correlated to the turbulence intensity, mainly in stirred vessels where homogenous and isotropic
turbulence is observed.
For novel reactors such as the rotor-stator spinning disc reactor, high shear forces applied to very
small reaction volumes lead to a very high turbulence intensity. These are in the range of 4 to 6
orders of magnitude higher than those achieved in stirred vessels. In other words, very high
micromixing efficiency is expected[1].
In literature, there are models that can describe the relationship between micromixing time and
energy dissipation rate. The micromixing time has been theoretically and experimentally
determined to be proportional to the Kolmogorov microscale:

Where ν is the kinematic viscosity of the fluid, ε is the (local) energy dissipation rate. One of the
most consistent models based on turbulence theory is the Engulfment model[2]. In this model the
term C takes a value of 17.23, based on a derivation from the most hydrodynamic eddy of the
turbulent field engulfing liquids from the surroundings and allowing a small reaction zone to

grow and react. Similarly, other models like the incorporation model[3], uses this term C as a
correlation to obtain a micromixing time that is proportional to the incorporation of liquids from
the surroundings of the reaction zone.
Furthermore, some test reaction systems have been developed, in order to determine the
micromixing times[4][3]. Assuming enough knowledge of the kinetics of the system, the
fundamental basis of these test reactions is that by performing competitive reactions, one can
analyze the product distribution and relate it to a micromixing time, using one of the available
models.
In the rotor-stator spinning disc reactors, the shear rate and therefore the energy dissipation rate
is known to have a proportionality to the radius of the disc[5][6]:

The previous relationship allows for a good estimation of the local energy dissipation rate by
performing a momentum balance.
Naturally, by reducing the gap distance between the rotor and the stator, the reactor’s volume
will also decrease. This suggests that the energy transferred from the disc into the liquid will be
locally higher, and also a function of the gap clearance. In the turbulent regime with merged
boundary layers, the shear rate –and energy dissipation rate– is a function of the gap distance
[5][6]:

Experimental results in a rotor-stator spinning disc reactor at various gap distances show,
however, that there is not significant effect observed when modifying this parameter. In the first
graph it can be observed that the estimated local energy dissipation rate obtained from the
momentum balance is underestimated for bigger gap distances. On the other hand, on the second
graph the results indicate that the main parameter to define the micromixing time is the rotational
speeds.
The results suggest that the average local energy dissipation rate estimated from the correlations
from literature [6] give a good approximation for the macromixing effects (bubble formation[5],
convective heat transfer[7], mass transfer [8]) in the enclosed space between a rotating disc and a
wall . However, for the non-homogeneous, anisotropic turbulent field created by the high shear
forces in such a small volume, the local energy dissipation rate requires a correlation to the
tangential velocity. This is a topic of ongoing research.
Furthermore, a comparison between two test reaction systems is presented, adopting a new
kinetic model and addressing previous concerns about the use of the Villermaux-Dushman
system (unpublished work). With this new kinetic model, lower micromixing times are obtained
than those previously reported using the Villermaux-Dushman method when compared to the
Diazo-coupling of naphthols [9]. This is however not surprising, since the iodide-iodate reaction
in the Villermaux-Dushman is much faster (kinetic coefficient in the order of magnitude 8) than
the diazo coupling of 2-naphthol (kinetic constant in the order of magnitude 5). The iodideiodate reaction occurs in a more localized zone with higher turbulent intensity.
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