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Aim & Objectives Glass tubes;

|€ Baffle spacing (/) | Smooth edged baffle type (SPC) Sharp edged baffle type (SEPC)
Inner tube m/- Orifice |—|

diameter diameter
/\_/_\_ (d,)

(d = 10 mm)

* To determine the optimal
geometry

By characterising the tubes using
solid-liquid residence time
distribution (RTD)

DoE approach to investigate the
effect of baffle spacing (1), orifice
diameter (d,) and baffle type on
RTD

PVC particles are used because
of their similarities in flow
properties to crystals.
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Batch Suspension Studies (critical amplitude: centre-to-peak)

12 4 °Pe SEPC Conclusions:
10 - * Increased oscillation frequency
- provides a lower critical
E_ amplitude required to suspend
-‘c‘é 8 B2 Hz particles
»
E 6 B5Hz * Sharp edged-baffles of the same
g' dimensions proved to require
‘é . m7 Hz higher critical amplitude
£ 1
o * TubeA(l =30 mm, d,=3.5mm)
2 - g proved to require the lowest
EHH amplitude for suspension.
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Continuous Liquid-solid RTD

CO‘U. t °
Wi(t) = C—Z() , FO)=1-W (), 6 =% Conclusions:
Smooth-edged baffle type:
1.2 SPC 12 b SEPC * Gives lower energy input
d requirement (e.g critical
1.0 amplitude)
—_—A 0.8 * Narrower RTD (close to plug
g flow behaviour)
c S os
*  Uniform mixing
0.4
E | Sharp- edged baffle type:
02 * Chaotic mixing
f * Broader RTD
3.0 a0 0 00 Lo 50 20 .o ° Bubbleretention/trapping.
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Plug flow with axial dispersion (D/uL)

» Levenspiel Open- Open

Smooth edged baffles (SPC) Sharp edged baffles (SEPC) boundary condition:

0.09 -
‘ | E(O) = 1 exp l_ (1 —8)2

0.08 1 § Jan(D,/uL) 46(D./ul)
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Fitting parameters:

D/uL [-]

» Superficial velocity (m/s)

* Axial dispersion
coefficient (m?/s).
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Plug flow with axial dispersion DoE plots
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Conclusion
* The open baffle area, « identified as the dominant design parameter in controlling solids backmixing and
batch suspension of particles, with small values of &= 0.12 resulting in minimised axial dispersion
* Strong eddy vortices generated at lower values of ¢, that presumably led to trapping of particles, an effect
not previously observed in OFRs
[ ]

Tube A (I/d = 3.0) showed clear flow characteristic advantages over the other meso-tubes studied.
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Thank You!

Smallscale technologies such as meso-reactors have recently attracted interest
especially from the pharmaceutical industries because they provide = safer, quicker
and cheaper platform for process development and intensification. Fiuid pulsations
in  fube provided with period constrictions (PC) are known to enbance heat, mass
transfer and partice suspension st reduced shear rates, with controllsble mixing

The fiuid mechanics in an ascillstory bafied reacior (OBR) are governed by
zeometric variables and gynarmic dmenzioniess graups:
Met fiow Reyrolds rumber: Rg, =22
Osillztory Reynolds number: .
Strouhal number: St

The objective of this study is to cary out 3 Design of Experiment [Dof)
optimization of meso-scale tube grametries [Figure 1) that favours homogeneous
icle suspension and sharp residence time distribution (RTD) for the sofid
phiase. presenting the highest potential for continuous crystalisation.

Wish out RTD technigue
Tue & (smooth FT) Tube G {Sham Eged pr)  © Monodispersed PYC
particles suspende by
- - ascitation in SPC, tube 4 ana
B - an | e SEFC, tupe G grometries

| showing (top view]

* fal-{b) the settied particies
n the tube without
oscilation:
{cH] the cnset of
oscilation; and
[e}-f] ezdies propagation of
fully suspenced particies
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¥ Manodispersed PVC particles were suspenced in water

¥ Critical ascillstion smplitude was experimentally determined for 3 fAuid
frequency of 25 Hz for a range of sharp edged [SEPC) and smooth periodic
constricted [SPC] tubes with 10mm id

¥ Continuous salics RTD were cirried out 3t a fined net flow rate of 17.8 mi/min

¥ The tubes were imaged in reskime with a CCD Gmers and particle

from the based on grey scale
intensity. Figure 1 shows the experimental set up of the process.
Baffe zpacing (The age exit distribution |

Inner tube T~ w7 Orifice is cloulated from the

diameter §_o— o~ Fdiameter | following equation
Eiry =it

A

SPC energetically more efficient for batch suspension:

5" li. ]
H | ) e
z | e g an
i g

B | 4

E: | h I 2

Fgure 1 Bere wipe wofich) 13 senaion Jn SAC ond SATC

iz Pt cacilrion crmgitae, 5, for &
Cormempoing saciiion ek eboctty, Y, for Al st of perices

Sharper solid-figuid RTD F{8) Curves in smoothly constricted
tubes:

T oo e, tubr

4 | Plug flow with axial dispersion model:
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Figure 5. Sartace Dl pices et the Feemacton Setwee iy gemrcs! peramames o ST and SO
e 2 cree. oot lgeeo-Flrmarae e, i o axis dperaor afider I,

The 5PC geometries presented the lowest x, for full PYC suspension companed to SEPC
The solid RTDs in the SPC and SEPC mesc-tubes were successhully mocelied using 2 phig
Fiow with axial dispersion mocel
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