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Introduction: Hemodialysis is the most widely used Renal Replacement Therapy for the treatment of failed kidneys. The hemodialyser known as the “Artificial kidney” is the replacement of the natural kidney and is the heart of the hemodialyser machine. The dialyser module comprises of thousands of hollow fibers which act as the semipermeable membrane to filter the impurities from the blood. One of the main challenges in hemodialyser membrane design is to enhance the clearance rate of solutes.  Three dimensional models of the hemodialyser membrane were developed using COMSOL to study the impact of varying the fiber’s orientation (geometry). In the existing dialysers, the fibers are oriented in either straight or crimped configurations. The objective of the research work is to vary the fiber geometry and  study the clearance rate of the solutes, hence comparative studies were performed on the transport characteristics of urea in straight and crimped models. This kind of analysis helps to design efficient hemodialyser membranes.
Computational Methods : The process of dialysis was simulated using the finite element solver and simulation software COMSOL Multiphysics 5.2 a.  The models of the straight and crimped fibers were imported to the COMSOL environment through CAD import module. The geometry of the models were imported and the necessary parameters for computing the clearance i.e. blood flow rate, dialysate flow rate, membrane porosity, velocity for blood flow and dialysate flow, the number of fibers  were fed as input parameters.

Governing Equations
The partial differential Equations are used in modeling the process of diffusion which is governed by Fick’s law. The chemical species transport module is used, which has two interfaces (i) Transport of diluted species and (ii) Species transport through porous media.

The partial differential Equation (1) describes the diffusion and convection process which governs the dialysis process and aids the transport of solutes from the blood side to the dialysate side across the membrane. Both blood and dialysate were considered to have laminar flow. 



where, Di denotes the diffusion coefficient (m2/s), ci represents the concentration of the solute (mol/m3) in the liquid phase and u denotes the velocity (m/s) in the liquid phase.
		
The diffusion coefficient was calculated from Equation 



where, MW is the molecular weight of the respective solute. 

The clearance rate is calculated using Equation  
	
                                                                    

where,   K is the Clearance rate (ml/min), Qb is the Blood flow rate (ml/min), Cinis Inlet concentration of blood (mol/m3) and Cout is Outlet concentration of blood (mol/m3).












Results:The initial concentration of urea assigned to the model is Cin=1000mol/m3. Using the Equation (3), the clearance rate K was calculated, where Qb is 200ml/min and Qd as 500ml/min. The simulations were carried out for straight fibers of length 56mm and 210 mm and crimped fibers having crimp frequency of 1, 2, 4 and 8 for the length of 56mm.The clearance rate of urea obtained for straight and crimped fibers are plotted in the graph.. 
Conclusions: The inference from the study is, the crimped fibers show good clearance rate of urea, when the order of crimping is increased for the same length of fiber. Hence the effect of crimping (altering the fiber geometry) enhances the filtration performance of the hemodialyser membrane. The results were validated with the experimental results obtained from the manufacturer’s data sheet, which is shown in Figure. 
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 4. COMSOL help file – Separation through dialysis 
                   Figure 1. (a) F6 HPS dialyser module  (b) Schematic for 3D model
Figure 2. Concentration profile of urea in crimped fiber with length 56mm
(a) Cn=1  (b) Cn=2  (c) Cn=4  (d) Straight  fiber of length 210 mm and Cn= 8
 Figure 3.For Qb= 200 ml/min and Qd= 500ml/min (a) Comparison of clearance rate of urea for straight and undulated fibers with varying crimp count (Cn) (b) Clearance profile of F6HPS Hemodialyser membrane
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