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Introduction

High viscosity of bio-based materials induces difficulties to design technical settlers A numerical tool, based on the ReDrop concept (Representative Drops) [1], was

due to wide drop-size distribution, e.g. quantitative prediction of the remaining developed in order to simulate the separation of liquid-liquid dispersion and thus

fraction of fine drops found at the settler outlet. to improve the design of continuous settler. Sedimentation and coalescence are

In parallel, trace components influence the coalescence and thus the settling evaluated for a sufficiently large ensemble of representative individual drops at

behavior. It varies with the ions type and with their concentration making settling each time step.

quite unpredictable. Usually, settling experiments are conducted in a so-called The coalescence modeling is a major challenge in these simulations due to trace

settling cell. From the experiment, the system can be characterized [1,2]. components influence and is investigated in detail.

Material and Method * the two-phase system is stirred o ,, double-wall

* system paraffin oil + deionized water with salt is chosen in order to play easily during 30 sec at 800 min‘t ‘J’“ 1 Egt glass vessel
with the viscosity * experiments are conducted 3 times ‘ ’ ) ‘ 2 counter-rotating

* different paraffin oil viscosity and salt concentration are tested to validate reproducibility oy i%' ;. <hafts

* ReDrop simulation will be compared to the settling experiments in order to * the settling time is reached when i |" sz .! engine
validate the coalescence model only half of the interface remains ” 'ﬁzi" 2 "‘!’l’-'- 1 ©

covered by a monolayer of droplets s S—
Table 1. Density and viscosity of a specific studied system y y P

: * experiments are recorded on video L1 ‘
25°C in order to obtain the experimental 'a" &
1. 10 H : W -
saturated paraffin oil density (kg/m3)  819.597 data point A7 Ay v : second vessel
viscosity (mPas)  8.48 * SOPAT inline probe is used to V) - & "‘ for internals
saturated deionized water density (kg/m?)  999.041 measure the initial drop-size
+ 50 mmol/L of NaCl viscosity (mPas)  1.030 distribution Figure 1')_,;_,”5(:}1,(6 Sett,,-ng}CJ,
Coalescence model Coalescence efficiency
e fluid-d ic d d iabl coalescence probability o , _
uid-aynamic dependent variables | | * the coalescence efficiency depends on the contact time, which can be,
hav§ to be Cha.raCte”ZEd once for a collision rate coalescence efficiency conceptually divided into time step, At.
dedicated equipment ﬂi?dpzr;:;‘;?cs ‘ ‘ * for each time step, a probability of non-coalescence can be defined as
[ 1 .
the coales.cence tlme, depends on contact time coalescence time Pnon-coalescence,At- For 2At, the following has to hold.
the material properties: solvent, depends on depends on
salt concentration, trace fluid dynamics material system Pnon-coalescence,2At — Pnon-coalescence, At
components Figure 2. The coalescence model [3] * the probability of the entire process is,

Collision rate

tcontact )

Pcoalescence = 1—exp (" ;
coalescence

* the collision rate depends on the diameters of the drops, d, and d,, their height .
in the settling cell, h, and h,, on the relative velocity, v, and on the area of the Contact time

rel’

cell, A, and on the correction factor, y, which takes into account the reduction e 0.20
of the free volume: equatl.on 0 motlon of two drops 2 15-_
2 following their own curvature was P 5 model
et i : £ 2(dq+d>)
i AL (dl + dz) Veel solved to get.a first impression of 5 0.10} tontact= v1 2
collision = A |1 - o the contact time, tcontact, the 3 j rel
: results are shown on figure 3 5 0.057 . |
Coalescence time . . . S simulation -
* model found in the literature [6] fits oooL— . . .

* the coalescence time is evaluated by the balance between the fluid-dynamic to the simulation 0.0 0.2 0.4 0.6 0.8
force induced by the film drainage and the buoyancy force, which is the upper drop diameter in mm
driving force of the coalescence phenomenon during the settling. The Figure 3. Contact time between a first drop of 1
asymmetric dimple model of Henschke was applied [1]. mm and a second drop with varied diameter

ReDrop concept First results & Perspectives

. . . local holdup d,, inm
. . T T . e-
definition of the system hogzonta(!I poslltlg.n o.fbdrozs IS as§ulmed 122 e le:3

* material properties: to be randomly distributed, special care ol o

Is taken to evaluate contact probability
to quantify correctly the coalescence
* the initial drop-size distribution can be
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density, viscosity, etc.
* simulation parameters:
initial hold up, drop-size

1 le-4

cell height in mm

distribution, time step, chosgn according to various distribution 0} 1
coalescence parameter, etc. functions _ _ 237 > 22___
l' * gas bubbles and solid particles can be 0 50 100 150 200 250 o e W0 kp A 20 |
.y . timeins L timeins &>
| | hold luated time loop accounted for as additional dispersed Figure 4. Redrop Simulation representing the evolution of the local
foca c;' hUF') iva Iua = phases holdup (left) and of the Sauter mean diameter (right)
or each height element - - .. : : : :
f ﬂ * drop-drop an.d drop-interface | * the ReDrop program can mimic system with curved sedimentation profile, as
: | coalelscence is accounted for during the shown on the left side of Figure 4.
rop loo simulation : . . .
e o P 109p . . * the evolution of the Sauter-mean diameter shows small dispersed drops in the
* individual velocity via * deformation of the drops in the close- . . . . . .
: : . continuous phase at the end of the simulation. This effect is observed during
sedimentation model packed zone due to hydrostatic pressure . . .
: " experiment by a turbid continuous phase.
* vertical position of each drop modelled . . . . . .
: : : L . * asa first conclusion, the ReDrop simulation can mimic effects observed during
* coalescence in sedimentation * ability to record the drop-size and the . . .
e settling experiment.
and close-packed zone and local holdup at a specific time and . . .
: .. . L ®* as a next step, settling experiment will be compared to ReDrop
with the major interface height for further validation . . .
simulation in order to validate the coalescence model
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