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I. Name: Kenneth E. Jansen              Department: Aerospace Engineering Sciences 

Current Rank: Full Professor   School: Engineering 
Phone: (303) 492-4359    Email: jansenke@colorado.edu   
 

 Educational Preparation 
 

9/93  Ph.D. in Mechanical Engineering, Division of Applied Mechanics, with minor in Aeronautics 
and Astronautics, Stanford University, Stanford, CA. 

6/88  M.S. in Mechanical Engineering, Stanford University, Stanford, CA. 
5/87  B.S. in Mechanical Engineering, University of Missouri-Columbia, Columbia, MO. 
 

II. Professional Experience 
 

1/10-present Full Professor, Department of Aerospace Engineering Sciences. Joint appointment to 
Department of Computer Science. University of Colorado, Boulder.   
 
12/07-1/10 Full Professor, Department of Mechanical, Aerospace and Nuclear Engineering, with joint 
appointments in Biomedical Engineering, Computer Science and in Information Technology, Rensselaer 
Polytechnic Institute  
 
12/01-12/07 Associate Professor, Department of Mechanical, Aeronautical and Nuclear Engineering, 
with joint appointments in Biomedical Engineering, Computer Science and in Information Technology, 
Rensselaer Polytechnic Institute   

 
8/96-12/01 Assistant Professor, Department of Mechanical Engineering with joint appointments in 
Computer Science (2001) and in Information Technology (1998), Rensselaer Polytechnic Institute   
 
9/93-8/96 Post-doctoral Fellowship, Center for Turbulence Research, NASA Ames/Stanford University. 
Large-eddy simulation utilizing unstructured-grid finite element methods.  
 
8/88-9/93 Research Assistant, Stanford University, Dissertation research: Reynolds-averaged Navier-
Stokes equations modeling with the finite element method. 

 
9/92-6/93 Course Assistant, (Finite Element Methods in Fluid Mechanics, graduate level), Stanford 
University. 
 
5/87-9/87 and 6/88-9/88 Summer Internship, McDonnell Douglas Aerospace Corporation, St. Louis, MO. 

 



III. Honors and Awards 
 

"Most Comprehensive Flow Visualization Animation", AIAA CFD Flow Visualization Event, AIAA-
AVIATION17, "Interaction of a Synthetic Jet Actuator on a Separated Flow Over a Vertical Tail", Jansen, 
K.E., Rasquin, M. Farnsworth, J.A., Rathay, N., Mastriano, M., Amitay, M, associated with paper AIAA-
3243. 
 
 AIAA Associate Fellow 2011 
 
Boeing Supplier of the Year 2011 in the technology category (1 per year, given to RPI based collaborating 
work) 
 
Rensselaer School of Engineering Faculty Research Award 2009 
 
Young Investigator Award from the International Association for Computational Mechanics, September 
2004. 
 
The Lewis T. Assini Undergraduate Teaching and Counseling Award from the Department of 
Mechanical, Aerospace and Nuclear Engineering at Rensselaer Polytechnic Institute, May 2004. 
 
National Science Foundation CAREER Award awarded on 2/1/00. 
 
R.H. Gallagher Young Investigator Award from the United States Association of Computational 
Mechanics for 2001. 
 
Scientific Program Committee for the Seventh and Eighth U.S. National Congress on Computational 
Mechanics 7/03 and 7/05. 
 
Scientific Committee Member for the First and Second AFOSR International Conference on Direct 
Numerical Simulation and Large Eddy Simulation, 8/97 and 6/99. 
 
Office of Naval Research Graduate Student Fellowship (8/87-1/91). 
 
National Science Foundation Graduate Student Fellowship (8/87 declined to accept ONR). 



 
IV. Teaching 

 
 

A. Student Thesis Supervision 
 

Thesis Completed – Masters 
 

 David Pope, “Implementing a Loosely Coupled Fluid Structure Interaction Finite 
Element Model in PHASTA” (2015) 
 

Nicholas Mati, “Numerical Investigation of Subsonic Flow through an Aggressive 
Flat Bottom Diffuser” (2014) 
 
Jeff Martin, “Numerical Analysis of Synthetic Jet Flow Control on a Vertical Tail” 
(2012) 
 
John A. Evans, “Multiscale and Stabilized Methods for Steady Fourth Order 
Problems in Fluid Dynamics” (2006) Faculty at University of Colorado Boulder. 
 
Onkar Sahni, “An Anisotropic Adaptive Procedure for Efficient Blood Flow 
Simulations” (2004) (Co-advised with Shephard) 
 
Fatih Uygar Danacioglu, “A New Matrix of Intrinsic Time Scales for Advection-
Diffusion Systems” (2003) 
 
Dave Corson, “Prediction of Complex 3-Dimensional Flows Using the k-e-v2 
Turbulence Model” (2002) 
 
Michael Yaworski, “Performance of Near-Wall Modeling Techniques in Reynolds-
Averaged Navier Stokes Simulations” (2001) 
 
Jurijs Bazilevs, “Comparison of Equal and Mixed-order Stabilized FEM 
Formulations for Incompressible Flow” (2001) Faculty at Brown University. 
 
Dali Wang, “Investigation of Reynolds Averaged Mean Values and Fluctuations of 
Turbulent Flows in Liquid Encapsulated Czochralski (LEC) Crystal Growth 
Systems” (2001) 

 
Anil Karanam, “Hierarchical Hexahedral Elements for Fluid Dynamics Simulations 
Using Stabilized Finite Element Methods” (2000) 
 
Panagiotas Lapatas, “Effect of Mixed Element Topology with Hierarchical Basis on 
Computational Fluid Dynamics Solutions” (2000) 
 
Saurabh S.Tendulkar, “A Performance Analysis of Sparse Iterative Linear Solvers for 
the Compressible Navier-Stokes Equations” (1999) 

 



Thesis Supervisor – Masters  
 

 Benjamin Wright (RPI) 
 Benjamin Matthews (UCB) - Computer Science 
  

Thesis Completed – Doctoral 
 
Joseph Pointer “Influence of Interpolation Variables and Discontinuity Capturing 
Operators on Inviscid Hypersonic Flow Simulations Using a Stabilized Continuous 
Galerkin Solver” (2022 
 
Felix Newberry “Multi-Fidelity Uncertainty Quantification: Model Design and 
Software Tools for Immersive Simulations” (2021) 
 
Corey Wetterer-Nelson “Interactive Geometric Domain Iteration of Massively 
Parallel CFD Simulations “ (2021) 
 
Riccardo Balin “Physics and Modeling of Turbulent Boundary Layer Flows Under 
Strong Pressure Gradients” (2020)  
 
Meredith Purser “A Study of Methods for Improving Volume Conservation in 
Incompressible Two-Phase Flow on Unstructured Meshes” (2019) 
 
Kyle Woolwine, “Reduced Order Model of an External Compression Supersonic 
Engine Inlet” (2016) 
 
Kedar Chitale, “Anisotropic Mesh Adaptivity for Turbulent Flows with Boundary 
Layers” (2013) 
 
Yi Chen, “Subsonic Flows through S-Ducts with Flow Control” (2012) 
 
Farhad Behafarid, “Multi-Scale, Multi-Physics Simulation of Gas Injection into the 
Liquid Using DNS/Level Set Method” (2012) 
 
Victor Marrero,” Non-Newtonian Studies of Patient-Based Cardiovascular Models 
Using a Stabilized Finite Element Flowsolver” (2010) 
 
Joseph Rodriguez, “Numerical Simulation of Two-Phase Annular Flow” (2010) 
 
Min Zhou, “Petascale Adaptive Computational Fluid Dynamics” (2010) 

 
Igor Bolotnov, “Cascade Modeling of Single and Two-Phase Turbulence” (2008) 
(co-advised with R.T. Lahey) 
 
Chun Sun, “Parallel Algebraic Multigrid for the Pressure Poisson Equation in a Finite 
Element Navier-Stokes Solver” (2008) 
 



Anil Kumar Karanam, “A P-adaptive Stabilized Finite Element Method for Fluid 
Dynamics” (2008) 
 
Guillermo Araya, “DNS of Turbulent Heat Transfer in Wall Bounded Flows” (2008) 
(co-advised with L.Castillo) Tenured Professor at University of Puerto-Rico 
Mayaguez 
 
Onkar Sahni, “Automated Adaptive Viscous Flow Simulations” (2007) (co-advised 
with M.S. Shephard) 
 
Azat Galimov, “An Analysis of Interfacial Waves and Air Ingestion Mechanisms” 
(2007) (co-advised with R.T. Lahey) 
 
Irene E. Vignon-Clementel, “A Coupled Multidomain Method for Computational 
Modeling of Blood Flow”, (2006) (co-advised with C.A. Taylor at Stanford 
University) Faculty at INRIA Sorbonne. 
 
C. Alberto Figueroa, “A Coupled-Momentum Method to Model Blood Flow and 
Vessel Deformation in Human Arteries:  Applications in Disease Research and 
Simulation-Based Medical Planning”, (2006) (co-advised with C.A. Taylor at 
Stanford University) Tenured Professor at University of Michigan. 

  
Elaine Bohr, “Inflow Generation Technique for Large Eddy Simulation of Turbulent 
Boundary Layers”, (2005) 
 
Sunitha Nagrath, “Adaptive Stabilized Finite Element Analysis of Multi-phase Flows 
using a Level Set Approach” (2004) Tenured Professor at University of Michigan. 
 
Juin Kim, “Studies of Non-Newtonian Fluid Flows with a Stabilized Finite Element 
Method” (2003) 
 
Andres Tejada-Martinez, “Dynamic Subgrid-Scale Modeling in Large-Eddy 
Simulation of Turbulent Flows with a Stabilized Finite Element Method” (2002) 
Tenured Professor at University of South Florida. 
 
Je-Hoon Kim, “Fin Shape Effects in Turbulent Heat Transfer in Tubes with Helical 
Fins” (2000) (co-advised with M. Jensen) 
 
Christian H. Whiting, “Stabilized Finite Element Methods for Fluid Dynamics Using 
a Hierarchic Basis” (1999) 
 

 
Thesis Supervisor - Doctoral 

    
                James Wright (joint with John Evans) 
   Aviral Prakash (joint with John Evans) 
   Mark Blanco (joint with John Farnsworth) 
   Leila Ghafffari (joint with Jed Brown) 
                                       Dasha Gloutak (joint with John Farnsworth) 



   Connor Morency 
     Preston Tee 
 
                          
 

Thesis Committee Member 
  

Viswanath Ramakkagari (RPI) 
Emilie Marchandise  (Univeritie Catholic Louvain, Belgium) 
Anne Amblard  (I.N.S.A.  de Lyon, France) 
Xiarong Li (RPI) 
Rob Lotz (RPI) 
Yong Qu (RPI) 
Thomas Giddings (RPI) 
Takumi Hawa (RPI) 
Rao Garimella (RPI) 
Xiaoyue Liu (RPI) 
Mustafa Dindar (RPI) 
Zhen Wang (RPI) 

    Ting Xie (RPI) 
    Xiaoqing Ge (RPI) 
    Aleksandr Ovcharenko (RPI) 
    Kevin Basore 
    Tim Jung 
    Scott Waggy 
    Charles Woods 
    Tara Gallaway (RPI) 
    Jing Fu (RPI) Christopher Cooley 

Eric Peters 
Ethan Culler 
Joseph Straccia 
Luke Engvall 
Daniel Gretz Bateman 

 
 

C. Course and Curriculum Development 
 

MEAE-6965 Turbulence Modeling was a completely new course. 
MEAE-6963 Finite Elements in Fluid Dynamics was a completely new course. 
MEAE-6720 Computational Fluid Dynamics was a significant overhaul of existing course 

in catalog.  
ENGR-1100 Introduction to Engineering Analysis: assisted in conversion from traditional 

delivery to current laptop/studio delivery. 
 
V. Publications 
 
 A. Books, Monographs, Recordings, Large Scale Musical or Video Works, 



  Commissions 
 

1. Numerical Methods in Turbulence Simulation, Jansen, K.E. and Brown, J., “Chapter 5 Finite 
Element Methods for Turbulence”, (ed. R.M. Moser), Elsevier (2023), 

2. Exascale Scientific Applications: Scalability and Performance Portability, CRC Press, Jansen, 
KE, Rasquin M, Brown J, Smith C, Shephard MS, Carothers C. "Chapter 15 Extreme Scale 
Unstructured Adaptive CFD for Aerodynamic Flow Control." Ed.Straatsma TP; Antypas KB; 
Williams TJ. (November 13, 2017). 

3. Direct and Large-Eddy Simulation IX, Springer, Dechamps, X, Rasquin, M, Jansen, KE, and 
Degrez, G, (Contributed a Chapter entitled “Numerical Study of Turbulent Pipe Flow with 
Transverse Magnetic Field Using a Spectral/Finite Element Solver”), Ed. Frohlich, J,  Springer, 
(2015). 

4. Finite Element Methods, 1970’s and Beyond, L.P. Franca Ed. CIMNE, Barcelona, Spain 
(2004) (Contributed a Chapter entitled “A Look at Turbulence from the Finite Element 
Perspective”). 

5. Finite Element Flow Simulation, Takashi Nomura Ed., Springer-Verlag Tokyo, Japan, 1998, 
(Contributing author of Chapter 7 with Hughes, TJR, Johan, Z, and Hauke, G.) 

6. Computational Nonlinear Mechanics in Aerospace Engineering, (ed. S.N. Atluri), AIAA, 
Washington D.C. (1992), (Contributing author of Chapter 5, ``Fast projection algorithm for 
unstructured meshes” with Shakib, F, and Hughes, TJR) 
 

 B.   Journal Articles  
 

1. Prakash, A., Balin, R. Evans, J.A., and Jansen, K.E., “Turbulent boundary layer with strong 
favorable pressure gradient and curvature effects: streamline coordinate and scaling analysis”, 
Journal of Fluid Mechanics, (2023), arXiv preprint arXiv:2306.05972. 

2. Balin, R., Simini, F., Simpson, C., Shao, A., Rigazzi, A., Ellis, M., Becker, S., Doostan, A., 
Evans, J.A.,  Jansen, K.E., “In Situ Framework for Coupling Simulation and Machine Learning 
with Application to CFD” arXiv preprint arXiv:2306.12900, 2023 

3. Joseph Pointer, Kenneth Jansen, Brian Argrow, "Supersonic Compression Ramp for CFD 
Verification,"  to be submitted to Computers & Fluids, 6/2023. 

4. Farnsworth, JA, Rathay, N, Rasquin, M, Jansen, KE, and Amitay, M, “Interaction of a 
Synthetic Jet Actuator with a Severely Separated Crossflow”, Journal of Fluid Mechanics, 
(final editing) (2023).  

5. Rasquin, M, Rathay, N, Amitay, M, and Jansen, KE, “Interactions of an Array of Synthetic Jet 
Actuators with a Severely Separated Crossflow”, Journal of Fluid Mechanics, (in preparation) 
(2023). 

6. Rasquin, M, Farnsworth, JA, Balin, R, and Jansen, KE, “Modeling Strategies of Active Flow 
Control Applied to a Vertical Tail Assembly”, AIAA Journal, (in preparation) 2023. 

7. Rasquin, M, Marion, P, Vishwanath, V, Matthews, B, Loy, RM, Zhou, M, Sahni, O, Carothers, 
CD, Shephard, MS, Hereld, M, Papka, ME, Kumaran, K, Geveci, B, and Jansen, KE, “Co-
Visualization of Full Data and In Situ Data Extracts from Unstructured Grid CFD”, Computing 
and Visualization in Science; (in preparation) (2023). 

8. Balin, R, Rasquin, M, Chitale, K, and Jansen, KE, "Investigation into the Performance of 
Turbulence Models for the Computation of High-Lift Flows at Large Angles of Attack", (in 
preparation) AIAA Journal (2023). 

9. Skinner, R, Rasquin, M, and Jansen, KE, “A Comparison of Turbulence Models for the 
Simulation of Adverse Pressure Gradient Flow Control via Unsteady Tangential Blowing”, 
Computers & Fluids, (in preparation) (2023).  



10. Kim HJ, Lee CM, Rundfeldt HC, Lee S, Lee I, Jansen K. "Convergence of Phase-
Averaged, Transitional Flow in an Abdominal Aortic Aneurysmal Model." JOURNAL OF 
BIOMECHANICAL ENGINEERING-TRANSACTIONS OF THE ASME. 145 (11) (November 
01, 2023): ARTN 111007. 

11. Peters, EL, Balin, R, Jansen, KE, Doostan, A, Evans, JA, "S-Frame Discrepancy Correction 
Models for Data-Informed Reynolds Stress Closure", Journal of Computational Physics, 448, 
110717,  (2022). 

12. Prakash A, Jansen KE, Evans JA. "Invariant data-driven subgrid stress modeling in the strain-
rate eigenframe for large eddy simulation." COMPUTER METHODS IN APPLIED 
MECHANICS AND ENGINEERING. 399 (August 10, 2022)  

13. Prakash A, Jansen KE, Evans JA. "Optimal Clipping of Structural Subgrid Stress Closures for 
Large-Eddy Simulation." AIAA JOURNAL. 60 (12) (August 24, 2022): 6897-6909.  

14. Newberry, F., Wetterer-Nelson, C., Evans, J.A., Doostan, A. and Jansen, K.E., "Software Tools 
to Enable Immersive Simulation", Engineering with Computers, 38 (5) (2022),  

15. Newberry F, Hampton J, Jansen K, Doostan A. "Bi-fidelity reduced polynomial chaos 
expansion for uncertainty quantification." COMPUTATIONAL MECHANICS (October 09, 
2021). 

16. Balin, R., & Jansen, K. (2021). Direct numerical simulation of a turbulent boundary 
layer over a bump with strong pressure gradients. Journal of Fluid Mechanics, 918, 
A14. doi:10.1017/jfm.2021.312 

17. J.R. Wright, R. Balin, J.W. Patterson, J.A. Evans, and K.E. Jansen, “Direct Numerical 
Simulation of a Turbulent Boundary Layer on a Flat Plate Using Synthetic Turbulence 
Generation ”, arXiv preprint:2010.04277 (2020). 

18. J.W.Patterson, R. Balin, and K.E.Jansen, “Assessing and improving the accuracy of synthetic 
turbulence generation”, Journal of Fluid Mechanics, 906, R1. doi:10.1017/jfm.2020.859 
(2020). 

19. D. Subhayan, J. Britton, M Reynolds, R. Skinner, K.E. Jansen, and A. Doostan, ”On Transfer 
Learning of Neural Networks Using Bi-Fidelity Data for Uncertainty Propagation”, 
International Journal for Uncertainty Quantification”, 10, 6, (2152-5080), 543-573 (2020). 

20. Fang, J, Purser, MK, Smith, C, Balakrishnan, R, Bolotnov, IA, Jansen, KE, “Annular Flow 
Simulation Supported by Iterative In-Memory Mesh Adaptation”, Nuclear Science and 
Engineering, 194, (8-9), 676-689) , (2020). 

21. Fang, J, Cambareri, JJ, Rasquin, M, Gouws, A, Balakrishnan, R, Jansen, KE, and Bolotnov, 
IA, “Interface Tracking Investigation of Geometric Effects on the Bubbly Flow in PWR 
Subchannels”, Nuclear Science and Engineering, 193:1-2, 46-62, (2019) 
DOI: 10.1080/00295639.2018.1499280 

22. Woolwine, KJ, Jansen, KE, Kopasakis, G, and Connolly, JW, "Reduced Order Modeling of a 
Supersonic Flow Field", AIAA Journal of Propulsion and Power, 35, 2, pp. 277-288, (2019) 
10.2514/1.B37064. 

23. Skinner, R, Doostan, A, Peters, E, Evans, JA, and Jansen, KE, "A Reduced-Basis Multi-
Fidelity Approach for an Efficient Parametric Study of NACA Airfoils", AIAA Journal, 57, 4, 
pp.1481-1491, (2019). 

24. Jansen, KE, Rasquin, M, Farnsworth, JA, Rathay, N, Mastriano, M, and Amitay, M, 
“Interaction of a Synthetic Jet Actuator on Separated Flow over a Vertical Tail”, AIAA 
Journal, 56, 7, pp.2653-2668,  (2018). 

25. Smith, CW, Rasquin, M, Ibanez, D, Jansen, KE, and Shephard, MS, "Improving unstructured 
mesh partitions for multiple criteria using mesh adjacencies." SIAM Journal on Scientific 
Computing ,40, 1, pp.47-75, (2018). 



26. Smith, CW, Granzow, B, Diamond, G, Ibanez, D, Sahni, O, Jansen, KE, and Shephard, MS, 
"In-memory integration of existing software components for parallel adaptive unstructured 
mesh workflows." Concurrency and Computation: Practice and Experience 30 18 (2018) 
doi:10.1002/cpe.4510  

27. Doosttalab, A, Araya, G, Newman, J, Adrian, RJ, Jansen, KE, Castillo, L, "Effect of small 
roughness elements on thermal statistics of a turbulent boundary layer at moderate Reynolds 
number", Journal of Fluid Mechanics, 787 (January 01, 2016): 84-115. 

28. Sahni O, Ovcharenko A, Chitale KC, Jansen KE, Shephard MS. "Parallel anisotropic mesh 
adaptation with boundary layers for automated viscous flow simulations." Engineering with 
Computers. 33 (4) (2016): 767-795.  

29. Behafarid, F, Jansen, KE, and Podowski, MZ, “A Study on Large Bubble Motion and Liquid 
Film in Vertical Pipes and Inclined Narrow Channels”, International Journal of Multiphase 
Flow, 75 (2015) 288-299. 

30. Vaccaro, JC, Elimelech, Y, Chen, Y, Sahni, O, Jansen, KE, and Amitay, M, “Experimental and 
Numerical Investigation on Steady Blowing Flow Control within a Compact Inlet Duct”, 
International Journal of Heat and Fluid Flow, 54 (2015) 143-152.  

31. Marrero, VL, Tichy, JA, Sahni, O, and Jansen, KE, "Numerical Study of Purely Viscous Non-
Newtonian Flow in an Abdominal Aortic Aneurysm." Journal of biomechanical engineering 
136, no. 10 (2014). 

32. Chitale, KC, Sahni, 0, Shephard, MS, Tendulkar, S, and Jansen, KE, "Anisotropic Adaptation 
for Transonic Flows with Turbulent Boundary Layers." AIAA Journal, 53, No. 2, (2014): DOI: 
10.2514/1.J053159. 

33. Rasquin, M, Smith, CW, Chitale, K, Seol, SE, Matthews, B, Martin, J, Sahni, O, Loy, R, 
Shephard, MS, and Jansen, KE, "Scalable fully implicit flow solver for realistic wings with 
flow control." Computing in Science and Engineering, 16, no. 6 (2014) 13-21. 

34. Rodriguez, JM, Sahni, O, Lahey, RT, and Jansen, KE, “A parallel adaptive mesh method for 
the numerical simulation of multiphase flows”, Computers & Fluids, 87, (2013). pp. 115-131. 

35. Vaccaro, JC, Elimelech, Y, Chen, Y, Sahni, O, Jansen, KE, and Amitay, M, “Experimental and 
numerical investigation on the flow field within a compact inlet duct”, International Journal 
of Heat and Fluid Flow, 44, (2013) pp. 478-488. 

36. Cardillo, J, Chen, Y, Araya, G, Newman, J, Jansen, K, and Castillo, L, “DNS of a turbulent 
boundary layer with surface roughness”, Journal of Fluid Mechanics, 729:603-637 Aug 2013 

37. Behafarid, F, Shaver, D, Bolotnov, IA, Antal, SP, Jansen, KE, and Podowski, MZ, “Coupled 
DNS/RANS Simulation of Fission Gas Discharge During Loss-of-Flow Accident in 
Generation IV Sodium Fast Reactor”, Nuclear Technology, 181, 1 (2013) pp. 44-55. 

38. Wong, JSH, and Jansen, KE, “Residual Distribution Finite Element Method for Convection-
Dominated Problems”, Computer Methods in Applied Mechanics and Engineering, 245, (2012) 
pp. 232-242 

39. Bolotnov, IA, Antal, SP, Jansen, KE, and Podowski, MZ, “Multidimensional Analysis of 
Fission Gas Transport Following fuel Element Failure in Sodium Fast Reactor”, Nuclear 
Engineering and Design, 247, (2012) pp. 136-146. 

40. Zhou, M, Xie, T, S. Seol, Shephard, MS, Sahni, O, Jansen, KE, “Tools to Support Mesh 
Adaptation on Massively Parallel Computers”, Engineering with Computers, 28, (2012), pp 
287-301, DOI: 10.1007/s00366-011-0218-x 

41. Ovcharenko, A, Sahni, O, Jansen, KE, Carothers, CD, and Shephard, MS, “Neighborhood 
Communication Paradigm to Increase Scalability in Large-Scale Dynamic Scientific 
Applications”, Parallel Computing, 38, 3 (2012), pp. 140–156 



42. Zhou, M, Sahni, O, Xie, T, Shephard, MS, and Jansen, KE, "Unstructured Mesh Partition 
Improvement for Implicit Finite Element at Extreme Scale", Journal of Supercomputing, 59, 3 
(2012) pp.1218-1228, doi:10.1007/s11227-010-0521-0.  

43. Bolotnov, IA, Jansen, KE, Drew, DA, Oberai, AA, Lahey Jr., RT, and Podowski, MZ, 
“Detached direct numerical simulations of two-phase bubbly channel flow”, International 
Journal of Multiphase Flow, 37, 6 (2011) pp. 647-659 

44. Araya, G, Castillo, L, Meneveau, C, and Jansen, KE, “A dynamic multi-scale approach for 
turbulent inflow boundary conditions in spatially developing flows”, Journal of Fluid 
Mechanics, 670 (2011) pp. 581-605.  

45. Sahni, O, Wood, J, Jansen, KE, and Amitay, M, “Three-dimensional Interactions between a 
Finite-Span Synthetic Jet and a Cross Flow”, Journal of Fluid Mechanics, 671 (2011) pp 254-
287.  

46. Liu, N, Fu, J, Carothers, CD, Sahni, O, Jansen, KE, Shephard, MS, “Massively Parallel I/O for 
Partitioned Solver Systems, Parallel Processing Letters, 20, 4 (2010) 377-395. 

47. Bolotnov, IA, Lahey Jr. RT, Drew, DA, Jansen, KE, and Oberai, AA, “Spectral analysis of 
turbulence based on the DNS of a channel flow”, Computers & Fluids, 39, 4 (2010) 640-655.  

48. Kim, HJ, Vignon-Clementel, IE, Figueroa, CA, Jansen, KE, and Taylor, CA, “Developing 
computational methods for three-dimensional finite element simulations of coronary blood 
flow”, Finite Elements in Analysis and Design, 46, 6 (2010) 514-525. 

49. Galimov, AY, Sahni, O, Lahey Jr., RT,  Shephard, MS, Drew, DA and Jansen, KE, “Parallel 
Adaptive Simulation of a Plunging Liquid Jet”, Acta Mathematica Scientia, 30, 2 (2010) 522-
538.  

50. Kim, HJ, Jansen, KE, and Taylor, CA, “Incorporating Autoregulatory Mechanisms of the 
Cardiovascular System in Three-Dimensional Finite Element Models of Arterial Blood Flow”, 
Annals of Biomedical Engineering, 38, 7 (2010) 2314-2330. 

51. Zhou, M, Sahni, O, Shephard, MS, Carothers, CD, Jansen, KE, “Adjacency-based Data 
Ordering Algorithm for Acceleration of Parallel Finite Element Computations”, Scientific 
Programming, 18, 2 (2010) 107-123. 

52. Vignon-Clementel, IE, Figueroa, CA, Jansen, KE, and Taylor, CA, “Outflow boundary 
conditions for three-dimensional simulations of non-periodic blood flow and pressure fields in 
deformable arteries”, Computer Methods in Biomechanics and Biomedical Engineering, 13,5 
(2010) 625-640.  

53. Avila, RS, Zulueta, JJ, Shara, N, Jansen, KE, Veronesi, G, Wang, H, and Mulshine, JL, “A 
quantitative method for estimating individual lung cancer risk”, Academic Radiology, 17, 7 
(2010) 830-840. 

54. Kim, HJ, Vignon-Clementel, IE, Coogan, JS, Figueroa, CA, Jansen, KE, and Taylor, CA, 
“Patient-Specific Modeling of Blood Flow and Pressure in Human Coronary Arteries”, Annals 
of Biomedical Engineering, 38, 10 (2010) 3195-3209. 

55. Zhou, M, Sahni, O, Kim, HJ, Figueroa, CA, Taylor, CA, Shephard, MS, and Jansen, KE, 
“Cardiovascular Flow Simulations at Extreme Scale”, Computational Mechanics, 46, 1 (2010) 
71-82. 

56. Zhou, M, Sahni, O, Devine, KD, Shephard, MS, and Jansen, KE, “Controlling Unstructured 
Mesh Partitions for Massively Parallel Simulations”, SIAM Journal on Scientific Computing, 
32, 6 (2010) 3201-3227. 

57. Sahni, O, Luo, XJ, Jansen, KE and Shephard, MS, “Curved boundary layer meshing for 
adaptive viscous flow simulation”, Finite Elements in Analysis and Design, 46, 1-2 (2010) 132-
139. 



58. Sahni, O, Carothers, C, Shephard, MS, Jansen, KE, “Strong scaling analysis of a parallel, 
unstructured implicit solver and the influence of the operating system interference”,  Scientific 
Programming, 17, 3 (2009) 261-274. 

59. Devine, K, Diachin, L, Kraftcheck, J, Jansen, KE, Leung, V, Luo, X, Miller, M, Ollivier-
Gooch, C, Ovcharenko, A, Sahni, O, Shephard, MS, Tautges, T, Xie, T, and Zhou, M, 
“Interoperable mesh components for large-scale, distributed-memory simulations”,  Journal of 
Physics: Conference Series, 180, 2009. 

60. Vaccaro, J, Sahni, O, Olles, J, Jansen, KE, and Amitay, M, “Experimental and numerical 
investigations of active control of inlet ducts”, Journal of Flow Control, 1, 2 (2009) 133-154. 

61. Bolotnov, IA, Lahey Jr, RT, Drew, DE, Jansen, KE, and Oberai, AA, “Spectral cascade 
modeling of turbulent flow in a channel”, Japanese Journal of Multiphase Flow, 23, 2  (2009) 
190-204. 

62. Araya, G, Jansen, KE, and Castillo, L, “Inlet condition generation for spatially developing 
turbulent boundary layers via multiscale similarity”, Journal of Turbulence, 10, 36 (2009). 

63. Kim, HJ, Vignon-Clementel, IE, Figueroa, CA, LaDisa, JF, Jansen, KE, Feinstein, JA, and 
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X.  Research Interests 
 
The motivation of my research is to provide scientists and engineers with a better predictive capability 
for fluid dynamics problems. I am especially interested in problems where the broad range of scales 
expected to be present would be impractical to completely resolve, what may be termed multiscale fluids 
problems. The classical example is turbulence, which provided a driver for my development of very fast, 
massively parallel, adaptive and highly accurate finite element methods. These methods are under 
continuous development and application to turbulence as well as other multiscale problems such as 
aerodynamic flow control, blood flow within a patient-specific diseased artery, and two-phase flows. 
Some detail will be given in the following sections concerning work in these areas, but before discussing 
applications, some discussion of the enabling research in massively parallel adaptive computational fluid 
dynamics will be described. 

 
 

Exascale Adaptive Computational Fluid Dynamics 
 
To enable simulation of real world flows, my research is focused on improvements to the numerical 
methods used to solve the various forms of the Navier-Stokes equations. In particular, research is 
underway in parallel, adaptive approaches that utilize varying grid size and varying order interpolation 
functions to improve the approximation of the numerical method (stabilized finite element method). 
Further research is underway in the development of error estimators and error indicators that are necessary 
to drive this h-p adaptivity. This aspect of the problem is particularly difficult for unsteady flows where 
previously proposed error indicators may suggest adaptivity too often or too late (i.e. fine scale structures 
are constantly moving). We have recently developed and applied statistics-based error adaptivity that 
seems to hold great promise for unsteady flows. We have pioneered the development of anisotropic 
adaptivity that can preserve boundary layer mesh quality for viscous flows. We have demonstrated strong 
scalability of the flow solver up to 32k processors and are in the process of extending this to 128k 
processors. We are supported by the NSF (PetaApps) and the DOE (SciDAC-ITAPS, and NERI) to 
address the core issues required to extend these methods and the adaptivity tools that support them to 
petascale computers. 
 
CEED-PHASTA: The same discretization strategy used in PHASTA has been developed within the 
libCEED and PETSC framework in collaboration with Jed Brown in computer science. These 
frameworks have been highly optimized for graphic processing units (GPUs). Over the past year this 
approach has been used and extended to massively parallel machines like Polaris and Aurora at Argonne 
national labs. Aurora is set to become the first exascale computer. This work was developed within two 
Argonne national labs Early Science Projects. The code has already demonstrated scaling to the full 
Polaris machine which uses Nvidia A100 GPUs and on Aurora which uses Intel PVC GPUs to the largest 
number of processes currently available with excellent performance. Once the full aurora machine is 
complete our team will be given dedicated access under the two ESP projects to carry out the largest CFD 
computations ever attempted. 

 
 
 

Turbulence Simulation 
 
In many flows of practical interest, turbulence plays a non-negligible role. To this end, my turbulence 
research, at the most applied level, seeks to develop simple models that describe the net effect or average 
of the turbulence upon the mean flow equations (the Reynolds-averaged Navier-Stokes (RANS) 



equations). These models, when combined with a fully unstructured-grid finite element method, allow 
engineers to model arbitrarily complex flow problems. Unfortunately, these models are not yet able to 
describe all turbulent flows with sufficient accuracy. Therefore, other forms of turbulence simulation are 
also pursued. These forms are: 1) Large-Eddy Simulation (LES) where the large scale motions of the 
turbulence are resolved in the computation leaving only the fine scale motions to be modeled, 2) Hybrid 
Models (e.g., Detached Eddy Simulations (DES)) that blend LES and RANS, and 3) Direct Numerical 
Simulation (DNS) where all of the turbulent motions are resolved in the computational model. These 
alternate forms are useful both to develop a more basic understanding of the theory of turbulence and to 
improve the averaged models used by engineers. 

 
To get a sense of the scale and longevity of our large-eddy simulation effort, we may contrast the first 
unstructured grid study of a high lift airfoil where we solved 10 million nonlinear equations at each time 
step for 150 thousand time steps (1.5 trillion nonlinear equations solved) in 1996 to our current 
simulations which are about 100 times larger.  Some other simulations that we have performed include 
flow over a notch, flow within an IC engine, and more basic, well-understood flows such as decay of 
isotropic turbulence and channel flow. We are also undertaking a significant effort to develop new models 
for large eddy simulation that take advantage of the natural sum decomposition of scales afforded to finite 
element methods when using a hierarchical basis. We have called this new model the Variational 
Multiscale Model because it makes use of finite element projections rather than filters to separate the 
scales. 

 
 

Aerodynamic Flow Control 
 
The above effort in turbulence simulation has enabled a focused effort in aerodynamic flow control. The 
idea is to apply a relatively small flow disturbance to drive a large scale flow response. For example, 
synthetic jets have been shown experimentally to produce large scale flow changes (e.g., re-attachment 
of separated flow) from micro-scale input (e.g., a 0.1 W piezoelectric disk resonating in a cavity); a 
process that has yet to be explained fundamentally. Three applications of this concept are currently funded 
in joint, experimental-computational efforts with Michael Amitay.  The first is a fundamental study of 
synthetic jets on wings with sweep and taper (AFOSR).  The second is a detailed study of tangential 
blowing to reduce separation in offset engine inlet ducts (Northrup Grumman). The third is a detailed 
study of synthetic jets to alter the flow sufficiently to create virtual camber and thus aerodynamic control 
authority on commercial aircraft (Boeing support approved for Jan. 1 2009 start).  

 
 

Virtual Vascular Surgical Planning 
 
Turbulence is not the only mechanism that may create a broad range of scales. Another example is flow 
within the human cardiovascular system. Here, we are interested in studying the flow in the vicinity of a 
diseased arterial section. Charles Taylor at Stanford University has developed tools to rapidly extract a 
patient-specific solid model of the diseased arterial section from Magnetic Resonance or Computed 
Tomography data. Using Magnetic Resonance techniques, unsteady (pulsatile) velocity field data can be 
obtained to prescribe inflow boundary conditions for the simulation domain allowing it to be placed a 
short distance upstream of the diseased section. The downstream boundary conditions present a much 
greater challenge due to the unsteady nature of the flow. Charles and I (and Ph.D. students that we co-
advise) are working together to develop simplified models of the downstream vascular bed to create 
realistic outflow boundary conditions for the computational domain. We are currently extending these 
techniques to include inflow conditions and elastic modeling of the artery walls which is fully coupled to 



the flow solver. Through this collaboration, SimVascular, was created to combine Stanford’s model 
extraction and problem definition tools with our flow solver and adpativity in a NIH open-source 
repository housed in SimBios. We continue to improve these tools toward the goal of providing the real 
time feedback that surgical planners require to virtually test a variety of surgical options, choosing the 
best one in time to carry out a successful surgery.  
 
 
Two-phase flow simulation 
 
Richard Lahey, and I have been investigating extensions to our methods to enable two-phase flows to be 
efficiently simulated. We have developed Level Set methods and have applied these approaches to a 
variety of flows including sonoluminescense, bubbly flows, water-jet bubbled ingestion, and turbulent 
annular flow. Michael Podowski and I are currently supported under a DOE NERI grant to apply these 
methods to nuclear reactor accident scenarios. 
 
 
Pre and post-processing 
 
The broad spectrum of applications listed above would not be possible without significant development 
of pre- and post-processing techniques. In particular, as we have moved to a hierarchical basis (where 
degrees of freedom are no longer limited to the nodes of a mesh but are now associated with edges, faces 
and regions as well) it became very important to link our pre-processing to a solid model description of 
the flow. This link is critical when performing adaptivity to insure that refined meshes continue to match, 
and therefore improve, the description of the boundary. Furthermore, by associating boundary conditions 
with the solid model faces, not only is the initial work of the user reduced but subsequent adaptivity will 
automatically inherit the appropriate boundary conditions. 


