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Figure 1.   (A)  Standard  spacers  are not  tailored  for  variable  
conditions across     module     length.     Tailored spacers   will   mitigate   
concentration and  thermal  polarization  throughout the   module.        
(B)   Example   of   CFD models resolving f low in a 3D printed spacer   
topology,   such   as   the   one developed by (C) Aqua Membranes.  

CFD model ing and operando measurements 
of  mul t iscale heat  and mass t ransfer for 
membrane module customizat ion

Chal lenge 
The reverse osmosis (RO) module is the heart of the RO 
process: it is a complex, spiral-wound set of membranes and 
spacers that allow fresh water to permeate through the 
membrane while rejecting concentrated brine. Optimizing 
RO modules presents a challenge because improving some 
aspects of the design under one condition can lead to 
reduced performance under other conditions. The 
development of cost-effective, tailored optimization and 
fabrication methods are crit ical for enabling the industrial 
application of new membrane processes for treatment of 
high salinity brines. 

Research Approach
Recent breakthroughs in computational f luid dynamics (CFD) 
combined with innovations in 3D printing technology may 
enable a major breakthrough in the design of spiral-wound 
RO modules. This project will use X-ray techniques to 
directly measure velocity and concentration gradients in 
complex membrane module f low channels. These 
measurements will be used to validate advanced CFD 
models of RO, Osmotically Assisted Reverse Osmosis 
(OARO), and Membrane Distil lation.? The validated CFD 
models will inform the design of tailored 3D printed spacers 
geometries that maximize mass and heat transport rates 
throughout the module for specif ic feed chemistries and 
operating conditions (including non-steady state operation).? 

Impact
Coupling CFD directed f low velocity optimization with 
innovative manufacturing methods in an industrially 
scalable workf low has the potential to substantially reduce 
costs, improve energy eff iciency, and reduce the risk of 
mineral scaling on membrane surfaces. These cost 
reductions could facil itate the adoption of membrane-brine 
concentration processes over traditional energy-intensive 
thermal processes. Past cost-optimization process 
simulation work suggests that doubling module-level heat or 
mass transport rates in multi-stage MD1 and OARO2 
processes for concentrating brine from 100 to 200 g/L would 
reduce costs by ~18%  to ~5.6 $/m3 and 20%  to ~4.6 $/m3, 
respectively.
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