
            
                
            

            Skip to Main Content

    




    

    

    
        
    

    


    



 
    



    


    
            
        
         



            
            
                    
                
                
            
                
        
        
            
                
                        
                                
                            
                            
                        
                
                Close
            

                    	
                        Journals 

                            	
                        ASME Journals 

                            	
                        All Journals 

                    
                
	
                        Virtual Issues 

                    
                
	
                        Mechanical Engineering Magazine Select Articles 

                    
                
	
                        Applied Mechanics Reviews 

                    
                
	
                        ASCE-ASME Journal of Risk and Uncertainty in Engineering Systems, Part B:  Mechanical Engineering 

                    
                
	
                        ASME Letters in Dynamic Systems and Control 

                    
                
	
                        ASME Open Journal of Engineering 

                    
                
	
                        Journal of Applied Mechanics 

                    
                
	
                        Journal of Autonomous Vehicles and Systems 

                    
                
	
                        Journal of Biomechanical Engineering 

                    
                
	
                        Journal of Computational and Nonlinear Dynamics 

                    
                
	
                        Journal of Computing and Information Science in Engineering 

                    
                
	
                        Journal of Dynamic Systems, Measurement, and Control 

                    
                
	
                        Journal of Electrochemical Energy Conversion and Storage 

                    
                
	
                        Journal of Electronic Packaging 

                    
                
	
                        Journal of Energy Resources Technology 

                    
                
	
                        Journal of Engineering and Science in Medical Diagnostics and Therapy 

                    
                
	
                        Journal of Engineering for Gas Turbines and Power 

                    
                
	
                        Journal of Engineering for Sustainable Buildings and Cities 

                    
                
	
                        Journal of Engineering Materials and Technology 

                    
                
	
                        Journal of Fluids Engineering 

                    
                
	
                        Journal of Heat and Mass Transfer 

                    
                
	
                        Journal of Manufacturing Science and Engineering 

                    
                
	
                        Journal of Mechanical Design 

                    
                
	
                        Journal of Mechanisms and Robotics 

                    
                
	
                        Journal of Medical Devices 

                    
                
	
                        Journal of Micro and Nano-Manufacturing 

                    
                
	
                        Journal of Nanotechnology in Engineering and Medicine 

                    
                
	
                        Journal of Nondestructive Evaluation, Diagnostics and Prognostics of Engineering Systems 

                    
                
	
                        Journal of Nuclear Engineering and Radiation Science 

                    
                
	
                        Journal of Offshore Mechanics and Arctic Engineering 

                    
                
	
                        Journal of Pressure Vessel Technology 

                    
                
	
                        Journal of Solar Energy Engineering 

                    
                
	
                        Journal of Thermal Science and Engineering Applications 

                    
                
	
                        Journal of Tribology 

                    
                
	
                        Journal of Turbomachinery 

                    
                
	
                        Journal of Verification, Validation and Uncertainty Quantification 

                    
                
	
                        Journal of Vibration and Acoustics 

                    
                



                
	
                        ASTM Journals 

                            	
                        All Journals 

                    
                
	
                        Advances in Civil Engineering Materials (ACEM) 

                    
                
	
                        Geotechnical Testing Journal (GTJ) 

                    
                
	
                        Journal of Testing and Evaluation (JTE) 

                    
                
	
                        Materials Performance and Characterization (MPC) 

                    
                
	
                        Smart and Sustainable Manufacturing Systems (SSMS) 

                    
                
	
                        Cement, Concrete and Aggregates (CCA) 1979-2004 Backfile 

                    
                
	
                        Journal of ASTM International (JAI) 2004-2012 Backfile 

                    
                
	
                        Journal of Composites, Technology & Research (JCTR) 1978-2003 Backfile 

                    
                
	
                        Journal of Forensic Sciences (JOFS) 1972-2005 Backfile 

                    
                



                



                
	
                        Conference Proceedings 

                            	
                        ASME Conference Proceedings 

                            	
                        All Conference Proceedings 

                    
                
	
                        Browse by Series 

                    
                
	
                        Browse by Subject Category 

                    
                
	
                        Browse by Year 

                    
                



                



                
	
                        eBooks 

                            	
                        ASME eBooks 

                    
                
	
                        ASTM eBooks 

                    
                
	
                        AWS eBooks 

                    
                
	
                        BEP eBooks 

                    
                



                
	
                        Standards 

                    
                
	
                        Publishing Partners 

                            	
                        ASME 

                    
                
	
                        ASTM International 

                    
                
	
                        American Welding Society 

                    
                
	
                        Business Expert Press 

                    
                



                
	
                        Resources 

                            	
                        About 

                    
                
	
                        Authors 

                    
                
	
                        Librarians 

                    
                
	
                        FAQs 

                    
                
	
                        Contact Us 

                    
                
	
                        ASME.ORG 

                    
                
	
                        Purchase 

                    
                



                



        
    



    
        




    
        
        
            Cart 
        

    




    
    

        User Tools Dropdown
    


    




    
        
        
            Cart 
        

    




    
    


    

    

        
        
            
                
Sign In                
            
            
                

            

        





        

    




    
        
            
                    
                
                
            
        
    





    
        





            Toggle MenuMenu
            
                        	

                        Issues

                    
                
	

                        Accepted Manuscripts

                    
                
	

                        All Years

                    
                
	

                        Purchase

                    
                
	

                        Submit

                            	

                        Submit Paper

                    
                
	

                        Information for Authors

                    
                
	

                        Indexing Information

                    
                
	

                        Permissions & Reprints

                    
                
	

                        Announcements and Call for Papers

                    
                



                
	

                        About

                            	

                        About Journal of Biomechanical Engineering

                    
                
	

                        Meet the Editors

                    
                



                



            




        
            Search Dropdown Menu
        

    
        
            
                
                    header search
                    
                        search input
                        
                        
                        
                        
                        
                        
                        
                        
                            Search input auto suggest
                        
                        
                        

                    

                        
                            
                                filter your search
                            
                            All Content
All Journals
J. Biomech Eng.


                        

                    
                        Search
                    

                

            

        


    Advanced Search

    


    
    
    
    
    
    
    
    

        

    



 
    




    
        
            
                Skip Nav Destination
                








    

        
            Close navigation menu
        
        Article navigation


        
    
        


    
        
                    

                Volume 144, Issue 11

                
        


        
November 2022        


            


    

    


    
                
            
                
    

    


 
    

                
        	
            Previous Article
        
	
            Next Article
        


 
    


            



        

    


 
        

    
        
                
        

    
        Article Navigation
    


    
        

    
        




    Technical Briefs





    
                
                    Importance of Non-Newtonian Computational Fluid Modeling on Severely Calcified Aortic Valve Geometries—Insights From Quasi-Steady State Simulations
                

    

    
                

                            
            Asad Mirza, 


                    

    
        
    Asad Mirza
            



    


    
        Department of Biomedical Engineering, Florida International University
, Miami, FL 33174 


    


    
        e-mail: amirz013@fiu.edu

    

    
        Search for other works by this author on:
    



    This Site



    
        PubMed
    

    
        Google Scholar
    


                    

                

                

                                Sharan Ramaswamy

                    

    
        
    Sharan Ramaswamy
            



    


    
        Department of Biomedical Engineering, Florida International University
, Miami, FL 33174 


    


    
        1Corresponding author. e-mail: sramaswa@fiu.edu

    

    
        Search for other works by this author on:
    



    This Site



    
        PubMed
    

    
        Google Scholar
    


                    

                

    








    
    
        
    




    
        
            Author and Article Information
        
    




         
Asad Mirza                                   


                
                    Department of Biomedical Engineering, Florida International University
, Miami, FL 33174 


                

        


         
Sharan Ramaswamy                                   


                
                    Department of Biomedical Engineering, Florida International University
, Miami, FL 33174 


                

        




            
                    
                        
                            e-mail: amirz013@fiu.edu
                        

                    

                    
                        
                            1Corresponding author. e-mail: sramaswa@fiu.edu
                        

                    

            










        
            J Biomech Eng. Nov 2022, 144(11): 114501 (6 pages)

        

        
                Paper No: 
                BIO-21-1281

                https://doi.org/10.1115/1.4054630
        

        
            
                Published Online: June 16, 2022  
            

                
                    
                        Article history
                    

                    
                            
                                Received:

                                August 6, 2021

                            

                            
                                Revised:

                                May 16, 2022

                            

                            
                                Published:

                                June 16, 2022

                            

                    

                

        







    






 
    

    
         
    

    
         
    

    
         
    

    
         
    


    

    	
  
    Views Icon
    
      Views
      
    
  
  	Article contents
	Figures & tables
	Video
	Audio
	Supplementary Data
	Peer Review



	
        
            Share Icon
            
                Share
                
            
        
        	
        Facebook
    
	
        Twitter
    
	
        LinkedIn
    
	
        Email
    


    
	

    
        
            Cite Icon
        
        Cite
    


    
	
    
            
        
            
                Permissions
            
        
    

 
    



	
    
        
        Search Site
    







  Citation

  Mirza, A., and Ramaswamy, S. (June 16, 2022). "Importance of Non-Newtonian Computational Fluid Modeling on Severely Calcified Aortic Valve Geometries—Insights From Quasi-Steady State Simulations." ASME. J Biomech Eng. November 2022; 144(11): 114501. https://doi.org/10.1115/1.4054630

  Download citation file:

  	Ris (Zotero)
	Reference Manager
	EasyBib
	Bookends
	Mendeley
	Papers
	EndNote
	RefWorks
	BibTex
	ProCite
	Medlars






        
            
                toolbar search

    
        

        
            Search Dropdown Menu
        

    
        
            
                
                    toolbar search
                    
                        search input
                        
                        
                        
                        
                        
                        
                        
                        
                            Search input auto suggest
                        
                        
                        

                    

                        
                            
                                filter your search
                            
                            All Content
All Journals
J. Biomech Eng.


                        

                    
                        Search
                    

                

            

        


    Advanced Search

    


    
    
    
    
    
    
    
    
 
    


            

        

    





    

    
    
        

    

        





            Abstract

            
                
                    
                    The Newtonian model has commonly been used to represent the viscosity of blood in the aorta, despite blood itself being a non-Newtonian fluid. This is justified where shear rates tend to be large. However, we hypothesized that using the Newtonian model to predict the hemodynamics on the aortic valve, particularly in those with severe calcifications, is inaccurate owing to valve leaflet geometry irregularities inducing multiple regions of low shear rates, <100 s−1, where a Newtonian model is invalid. We investigated the utility of three fluid viscosity models via quasi-static simulations: Newtonian, Carreau, and Quemada on a severely calcified aortic heart valve and compared their ability to capture important hemodynamic parameters of wall shear stress (WSS) and the oscillatory shear index (OSI). Our findings indicate that when the shear rates were large enough, >100 s−1, the use of a Newtonian model was justified. However, in spatial regions of relatively low shear rates, <100 s−1, specifically on the inner cusps of the fibrosa side of the valve, WSS calculations under a Newtonian model were found to be noticeably different when compared with their non-Newtonian, Carreau and Quemada counterparts. We hereby conclude that to facilitate more accurate computational flow simulations in severe aortic heart valve calcification, which is subjected to relatively large spatial regions of low shear (<100 s−1), a non-Newtonian model should be applied.
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