TEHNOMUS - New Technologies and Products in Machine Manufacturing Technologies

THE ENHANCEMENT OF ULTRASOUND REACTOR DESIGN
USING TRACER METHODOLOGY

Mircea-Teodor NECHITA, Elena Niculina DRAGOI, Adrian Citilin PUITEL, Gabriel
Dan SUDITU*

Technical University “Gheorghe Asachi” of lasi, Faculty of Chemical Engineering and
Environmental Protection “Cristofor Simionescu”, Bd. Prof. Dimitrie Mangeron, No. 73, 700050, lasi,
Romania, *gabriel-dan.suditu@academic.tuiasi.ro

Abstract: In this work a hydrodynamic study over an ultrasound reactor was performed using
the tracer methodology. The occurrence of flow short-circuits and dead-zones was demonstrated
using two of the residence time distribution functions C(t) and E(t). In order to improve the reactor
design two baffles were added to its construction. The presence of the baffles significantly affects
the fluid flow, increasing the residence time and the degree of mixing inside the reactor.
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1. Introduction

The concept of ‘‘sonochemistry’” generally
describes the overall chemical and physical
processes that take place in a solution exposed
to a sonic field in the range from 20 kHz to 2
MHz [Colmenares,2017]. Even though a large
number of applications of sonochemistry are
reported in the literature [Colmenares,2017;
Mason,2001; Pokhrel,2016; Rosca,2003], the
design and optimization of ultrasound reactors
also known as sonochemical reactors or as
cavitation reactors are still open to progress
[Cravotto,2005; Gogate,2003; Gogate,2004;
Dong,2020; Asgharzadehahmadi,2016;
Sutkar,2009]. The transducer type and number,
the transducer cooling system, the ratio of
vessel/transducer diameters, the frequency of
the sound field, the liquid height, the flowrate
and the liquid temperature are among the
parameters that must be considered when
designing ultrasonic reactors [Sutkar,2009;
Wo0d,2017; Asakura,2008; Gogate,2000].
Besides these specific parameters, the reactor
performances are highly influenced by the
efficiency of the mass transfer, which is directly
depending on the mixing time and flow pattern
[Asgharzadehahmadi,2016; Dong,2017].

40

It is @ common practice to use commercial
ultrasound (US) apparatus (baths, cleaners,
sterilizers) as ultrasonic  emitters  for
sonochemical reactors [Cravotto,2005;
Romdhane,1997] but this comes with a series of
design constraints related with the shape, size
and position of input/output pipes that
significantly affects the fluid flow through the
reactor and consequently the reactor
performances. Therefore, the understanding the
flow patterns inside any reactor is essential for
the engineering design. It is even more
important for photochemical, sonochemical or
microwave reactors where the homogeneity of
the radiation exposure is required. From the
engineering point of view, the residence time
distribution methodology (RTD) is one of the
most enlightening characterizations of the fluid
flow in a reactor [Sans,2012]. It is fast, cheap,
simple and easy to elucidate and supplies
valuable information about so called flow
“defects”: channeling (short-circuits, by-
passing), dead-zones (stagnancies), back-
mixing and allows the comparison with some
ideal systems [Berard,2020; Gondrexon,1998].

The ultrasound reactor (US-R) under study
is a part of a lab-scale prototype that contains a
series of three reactors: chemical, ultrasound,
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ultraviolet (pending patent), a tampon vessel
and a recirculation pump [Suditu,2021]. The
tracer methodology (RTD analysis) was used to
investigate the fluid flow through the US-R.
The first results indicated the presence of short-
circuits and dead-zones. In order to improve the
reactor design and to increase the residence
time, two baffles were added to its
constructions. The presence of the baffles
significantly affects the fluid flow and the
degree of mixing inside the reactor.

2. Experimental

2.1. Reactor design, input/output location,
baffles placement

The ultrasound reactor with rectangular
parallelepiped shape and a total volume of 750
cm® was made from plexiglass. The
input/output pipes were placed on the top of the
reactor in opposite corners, as presented in Figs.
1, A, B. In order to increase the fluid path
through the reactor two paralleled baffles were
placed inside the US-R as presented in Fig. 1,
C,D.
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Figure 1: The ultrasound reactor: side view and
top view without baffles (1, 2); side view and top view
with baffles (3, 4); the green line: — hypothetic fluid
pathways through the reactor, the red circle: input
pipe; the yellow circle: output pipe.

2.2. Tracer methodology
A sodium chloride solution of 20% mass

concentration was used as a tracer, the response
being registered with a WTW conductivity
meter Cond 315i. The conductivity -
concentration conversion was made using a
calibration curve (R? = 0.99965) [Nechita,
2019]. The raw experimental data given by the
concentration vs time plot (C - curve) were
supplementary explored using the residence
time distribution function E(t). The analysis of
the E - curve provide valuable information
about the presence of flow defects
(“channeling” or  “short-circuits”  and
“stagnancies” or “dead zones”).

2.3 Experimental set-up

The experimental set-up is presented in Fig.
2. The US-R was placed into an ultrasonic bath
type Ultrasonic Cleaner PS-10A. The water
flow rate was controlled using a flow regulator
and measured at the exit of the system using a
flowmeter. The NaCl solution was inserted with
a medical syringe into the silicon pipe, close to
the reactor input. The conductometer was place
on the exit pipe, near the reactor output.

Ultrasonic

Input pipe bath

Ultrasonic
reactor

Output pipe

Sonic field

Conductometer

Tracer
A
=)

Flow <«
regulator4

Figure 2. The experimental set-up for RTD analysis

3. Results and discussions

3.1 The C-curve

The C - curve gives the time evolution of the
tracer concentration and provides the raw data
for RTD investigation. Just by observing the C
- curves alone, without any supplementary data
analysis, the baffle influence is evident. The
peak visible at the beginning of the experiments
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(Figs. 3 A, B) is a clear evidence of short-
circuiting or by-passing, when a considerable
part of the tracer passes directly through the

US-R, probably without or limited mixing. The
long tail that appear in Figs. 3 (A, B) is

commonly

related with the presence of
stagnancies and/or dead-zones, when a part of
the tracer stays in the reactor a prolonged time.
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Figure 3 The C curves: A (without baffles, without US); B (without baffles, with US); C (with baffles,

without US); D (with baffles, with US)
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Figure 4.The E — curves: A — without US, without baffles vs. without US, with baffles;
B — with baffles, with US vs without baffles, without US

Due to the reactor geometry and the placement
of input/output pipes the most probable position

co
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of the stagnancies are at the reactor’s bottom
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3.2 The E —curve

E(t) - the residence time distribution also
known as the exit age distribution is one of the
main RTD functions [Sans,2012; Fogler,2016].

It can be appraised using Eq. (1):
e(t) =)

[c(-dt (1)
0
and its main property is that:
[E(t)-dt=1 (2)
0

The analysis of E — curve allows a relative
quantification of the time spent in reactor by the
elements of fluid [Fogler,2016]. The
examination of the E curve for the reactor
without baffles and without US exposure (Fig.
4 A, inset) shows that 14.84% of the material
has spent 15 or less than 15 seconds in the
reactor. Note that during this time no signal
were yet recorded in the case of the reactor with
baffles. On the other hand, after 60 seconds, the
percent of the tracer passed through was
78.98% for the reactor without baffles and
85.94% for the reactor with baffles. The baffles
insertion narrows the residence times for the
elements of the fluid. The sonic field also has
an influence towards the residence time (Fig. 4
B): 83.81% of the tracer spent 60 or less than
60 seconds inside the reactor with baffles in
presence of US, a little lower than 85.94% when
the US where not used. The fact that the
presence of US faintly widens the residence
time (Fig. 4, B) might be related with the
mixing effect caused by the sonic vibrations
[Wo0d,2017; Xu,2013 Vichare,2001].

Similar profiles of the E(t) curves,
highlighting the presence of short-circuits, were
recently reported for a cylindrical sonochemical
reactor [Ilewicz,2020].

In order to estimate the degree of mixing
(age distribution of the fluid elements) some
other RTD functions must be plotted and also
the flowrate influence have to be considered
[Tlewicz,2020; Toson,2019], and these will be
the subjects of our future studies.
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4. Conclusions

In order to study the flow behavior in a
rectangular parallelepiped shape ultrasound
reactor tracer investigations were conducted.
Two representative RTD functions were plotted
as function of time and the results were
interpreted following the RTD methodology.
Due to the constructive restrains of the reactor
the presence of flow defects such as short-
circuits and dead zones cannot be avoided. In
order to enhance its design two baffles were
placed inside the reactor. The RTD analysis
shows that the presence of the baffles
significantly affects the fluid flow, increase the
residence time and the degree of mixing inside
the reactor.
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