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· Spacer features affect significantly transport phenomena.
· Electrical resistance and deformation can be effectively predicted.
· Results are easily integrated in multi-scale process models.

1. Introduction
In the last years, the scientific community has been exhibited a growing interest towards several separation processes based on membrane technologies. For the development of novel and optimized designs, the implementation of robust and reliable process models is a challenge. An effective modelling strategy, able to provide accurate predictions with a sustainable computational demand, is represented by a multi-scale modelling approach [1]. In a structured separation of scales, numerical simulations analyze in detail transport phenomena at the lowest scale of modelling and provide correlations to the higher scale models, which simulate the whole membrane/channel assembly, unit and plant.
This work presents computational fluid dynamics simulations aimed at characterizing flow and mass/heat transport mechanisms in spacer-filled channels for membrane processes, with particular reference to (reverse) electrodialysis and membrane distillation. Further kinds of numerical simulations were performed in order to assess aspects poorly studied so far, i.e. electrical “shadow” effects of spacers and membrane deformations.
2. Methods
Spacer-filled channels and profiled-membrane channels were simulated by the periodic unit cell approach, i.e. assuming fully developed conditions. The basic set of differential equations includes continuity and Navier-Stokes equations, transport of enthalpy and convective-diffusive transport of solute. Equilibrium, compatibility and constitutive equations were solved in simulations aimed at finding configurations deformed under an imposed load mimicking a trans-membrane pressure. Finally, the Laplace equation for the electric potential was solved in simulations assessing the Ohmic resistance. Grid-sensitivity of results was assessed, in order to present results practically unaffected by the discretization degree. The finite-volume Ansys-CFX code and the finite-element Ansys-Mechanical code were used.
3. Results and discussion
Dimensionless quantities were computed from CFD simulation results, namely Darcy friction factor (f), Sherwood number (Sh) and Nusselt number (Nu). Figure 1 reports some typical results for different configurations. It can be observed that woven spacers enhance mass/heat transfer compared to overlapped spacers, but at the expense of larger pressure drops. The P/H value has straightforward effects only in the case of woven spacers. SST k- turbulence model predictions for non-steady flows fairly agree with laminar simulation trends, but direct numerical simulations would be more appropriate for incipient turbulence regimes. Nu and f predictions were validated against experimental data and exhibited a good agreement.
Significant effects of membrane deformation were observed: friction and mass transfer coefficients increased in the compressed channel, while they decreased in the expanded channel.
The spacer shadow factor for the Ohmic resistance was found to be close to the reciprocal of the average between porosity and open area, in agreement with experimental findings.
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Figure 1.  f, Sh and Nu in spacer-filled channels as functions of the Reynolds number (Pr=4.33, Sc=600).
4. Conclusions
Simulation tools implementing well-established and validated physical models and numerical methods were presented. CFD predictions showed that spacer features can significantly affect flow and heat/mass transfer characteristics. Novel models showed to be effective in the simulation of aspects poorly investigated so far, such as the mechanical response and the electrical resistance.
The present outcomes provide correlations to integrated process simulators in order to calculate pressure drop, temperature/concentration polarization effects, electrical resistance and fluid-structure interactions. The present numerical simulations represent basic predictive tools for optimization studies and for the development of novel designs and concepts.
Acknowledgments
This work has been performed within the REvivED water project (Low energy solutions for drinking water production by a REvival of ElectroDialysis systems), Horizon 2020 programme, Grant Agreement no. 685579, www.revivedwater.eu.
References
[1] A. Campione, L. Gurreri, M. Ciofalo, G. Micale, A. Tamburini, A. Cipollina, Desalination 434 (2018) 121–160.
image2.png
AALMHS a s (al(e]l@]

)

Bty 8 secveasos oot £

8 onsmenesnte 0B rowansnom saste. £ 8 Casioa it

8 rogessandpomet )0 pecereceveorens () 8)

Shoving match 3 of 3 | Prevs.

perodicty was Imposed at thes faces, while 3 consant source vecor
2, Gore per it mas, .. acceleration),directed along the main flow
diection, was adapted a the driing term balancing ficonal loses.
Note tht,withthis treatment,p represents th periodic component o
presare, hile it large-scale streamwise gradient is s Further
decals of the unit ol approach have been extensivly discused In
previous papers concerning Reverse Hecuodialyss [19], Membrane
Distillation [35) and other problems (3.

“he convetiv-difusiv ansport of salt, reated a a neutral spe-
cos, was described by a scalr ransport equaton:

Ch o

sy it e ot s e gl
component of salt concentrston (expressed in mol/m, while the
mpeaive e S5 e . gt and e o 1o

el resiance

“The further detals o the computationl technique differ according.
1o whethe spacerfld channels or profied membranes have 10 be
simuiated.

32 Spacerfled chamels

I the case of spacer.filled channels, delimited by planar fon ex.
change membranes, the CFD. simulations were linited 10 the con-
centrate and dilte fuid compartments, considered one at a time. At
both wall,simulating the solution-membrane inerfaces, 3 third-type
(Robin) boundary condiion was Imposed for the sclar ¢ (concenta-

)

<l Ccompuint ol 5 e
[y —
i i o e i

el i e 541 2017535610

i which D i the salt difsiity in the solution, () is the local  adequat, because now neithr concentraton nor clctrical potntial

"= [T

(e —
i e -
Coupling CFD with a one-dimensional
‘model to predict the performance of
reverse electrodialysis stacks

Avsers: M. L3 Cerva, M. berto, L Gurrer et 3

O T el e

Tags:
0525 Sravont sy yr e
e s,y s s bl
Jretviet e i bl
Author Keywords:

Comosons FdDyrancs o Excge ererne;
VR e cRcsoaohes e et

Cataiog s
DL o menen iz 070 .





image3.emf
1

10

100

1000

1 10 100 1000

f

, 

Sh

, 

Nu

Re

f - P/H=2

Sh - P/H=2

Nu - P/H=2

f - P/H=3

Sh - P/H=3


image4.png




image5.emf
1

10

100

1000

1 10 100 1000

f

, 

Sh

, 

Nu

Re


image1.jpeg




