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Chapters 1 Preliminary Concepts & 2 Fundamental Equations of 

Compressible Viscous Flow 

Historical Outline 

Faces of Fluid Mechanics 
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http://www-gap.dcs.st-and.ac.uk/~history/PictDisplay/Taylor_Geoffrey.html
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21st Century Scientific Method Paradigm 

 

           Logic                  Observation/Experimentation               

   
                            Mathematical Physics                                             Data Driven/ML&AI 

 

 
 

Future: Digital design, which combines logic/mathematical physics/computers, 

experiments/validation and data driven ML&AI along with productivity, 

manufacturability and virtual shipyard methods for scientific engineering 

 
 

El Capitan: fastest in world 
Speed: 1.809 exaFLOPs (quintillion 

calculations per second) 

11 million CPU and GPU cores  
Hewlett Packard Enterprise (HPE) 

Lawrence Livermore National Laboratory 

 

Digital Design  

https://www.hpe.com/us/en/newsroom/blog-post/2025/11/three-hpe-built-exascale-systems-sweep-list-of-worlds-fastest-for-the-third-time-reconfirming-hpes-supercomputing-leadership.html
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Some Examples of Viscous Flow Phenomena 

 

Analytical Fluid Mechanics (AFD) 
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Experimental Fluid Mechanics (EFD) 

   

IIHR wave basin 

 

 

 

Local Flow 4DPTV Measurement System in IIHR Towing Tank 

 

 

 

 

Beach

Wavemaker

 

 

4DPTV  IIHR DES 
(Limiting streamlines and pressure contours, starboard view) 

Portside 

 

 

4DPTV IIHR DES 
(Limiting streamlines and pressure contours, starboard view) 

Starboard side 
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Computational Fluids Mechanics (CFD) 

 

Karman-like Shedding   K-H Vortices 
 

                 
helicity: •1.00·0 .80 -0 .60•0.40•0.20 0.00 0.20 0.40 0.60 0.80 1.00  

K-H Vortices 

 

Vortex systemofKVLCC2(iso surface of Q=200 colored by helicity) at =30o: (a)bow view and 

(b)bottom view. 

 

 

 

CFDShip-Iowa DNS of breaking wave and bulge-scare air-water interface instability 
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shedding 

1 .00 

0.40 



6 
 

CFDShip-Iowa &ANSYS Fluid Structure Interaction (FSI) 

 

Stagnation Flow Model: Extended Bernoulli Equation Analysis 

𝑝𝑆𝑅 =  𝜌 (
Δ𝑣𝑛

2

2
− 𝑎𝑛

∗ 𝑙) =   𝑝𝑆𝑅|2way − 𝑝𝑆𝑅|1way  ∝  𝜌 (
Δ𝑣𝑛

2

2
−  𝑙𝑎𝑛

∗) 

 

FSI Conservation of energy analysis 

−
𝛿𝑊

𝑑𝑡
  =  

𝑑𝐸

𝑑𝑡
=

𝜕

𝜕𝑡
∭ 𝑒𝜌 𝑑𝑉

𝑉(𝑡)
+∬ 𝑒𝜌(𝒖 ∙ 𝑛̂)𝑑𝑆

𝑆(𝑡)
 

𝑒 = 𝑘𝑒 + 𝑝𝑒𝜀 + 𝑝𝑒𝑔 

Kinetic energy and elastic and gravitation potential energies 

 

R. Pellegrini, M. Diez, Z. Wang, and F. Stern, 2025, "High-Fidelity Computational 

Two-Way Fluid-Structure Interaction and Physical Analysis of Flexible Plate 

Slamming," 09/23/2025 in press Physics of Fluids, Movie 1, 2, 3. 
 

 

 

https://iowa-my.sharepoint.com/personal/frstern_uiowa_edu/Documents/2026%20Spring%20Class/Chapters%201%20&%202/New%20references/PHFPOF25-AR-16963_Proof.pdf
https://iowa-my.sharepoint.com/personal/frstern_uiowa_edu/Documents/2026%20Spring%20Class/Chapters%201%20&%202/New%20references/PHFPOF25-AR-16963_Proof.pdf
https://iowa-my.sharepoint.com/personal/frstern_uiowa_edu/Documents/2026%20Spring%20Class/Chapters%201%20&%202/New%20references/PHFPOF25-AR-16963_Proof.pdf
https://iowa-my.sharepoint.com/personal/frstern_uiowa_edu/Documents/2026%20Spring%20Class/Chapters%201%20&%202/New%20references/Video1.mp4
https://iowa-my.sharepoint.com/personal/frstern_uiowa_edu/Documents/2026%20Spring%20Class/Chapters%201%20&%202/New%20references/Video3.mp4
https://iowa-my.sharepoint.com/personal/frstern_uiowa_edu/Documents/2026%20Spring%20Class/Chapters%201%20&%202/New%20references/Video3.mp4
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Modern V&V and UQ Methods 

Coleman, H.W. and Stern, F., “Uncertainties and CFD Code Validation,” ASME J. 

Fluids Eng., Vol. 119, December 1997, pp. 795 – 803 

Stern, F., Wilson, R.V., Coleman, H., and Paterson, E., “Comprehensive Approach 

to Verification and Validation of CFD Simulations-Part 1: Methodology and 

procedures,” ASME J. Fluids Eng, Vol. 123, Issue 4, December 2001 

Xing, T. and Stern, F., “Factors of Safety for Richardson Extrapolation,” ASME J. 

Fluids Eng, Vol. 132, June 2010 

Diez M., Broglia R., Durante D., Olivieri A., Campana E.F., Stern F., “Validation 

of Uncertainty Quantification Methods for High-Fidelity CFD of Ship Response in 

Irregular Waves,” ASME Journal of Verification, Validation and Uncertainty 

Quantification, JUNE 2018, Vol. 3. 

 

Multiple EFD and CFD Methods 

Stern, F., Olivieri, A., Shao, J., Longo, J., and Ratcliffe, T., “Statistical Approach 

for Estimating Intervals of Certification or Biases of Facilities or Measurement 

Systems Including Uncertainties,” ASME J. Fluids Eng, Vol. 127, No. 2, May 2005, 

pp. 604 – 610 

Stern, F., Diez, M., Sadat-Hosseini, H., Yoon, H., Quadvlieg, F., Statistical 

Approach for CFD State-of-the-Art Assessment: N-Version Verification and 

Validation, ASME Journal of Verification, Validation and Uncertainty 

Quantification, 2017, Vol. 2. 

 

 

 

 

 

 

 

 

https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQD6AyeM6To0TKzE_Mx2V9_jATUic-c88ydGXTQBT_WmIJg?e=gDpzCa
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQAfU_4QMdLSQbE677MHySa2AYtAmctt0jOat5are80tUbc?e=j4owWV
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQAfU_4QMdLSQbE677MHySa2AYtAmctt0jOat5are80tUbc?e=j4owWV
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQAfU_4QMdLSQbE677MHySa2AYtAmctt0jOat5are80tUbc?e=j4owWV
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQC63R4wc1sHS4iwl5Q_KiwLAfiWM9YDXf9sKS09oJhrMPo?e=7wlKUo
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBAmmHkq6PaQZAMCc4m120hAU7qK0l0R3VQ59iRtgPQA0c?e=08FzCu
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBAmmHkq6PaQZAMCc4m120hAU7qK0l0R3VQ59iRtgPQA0c?e=08FzCu
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBAmmHkq6PaQZAMCc4m120hAU7qK0l0R3VQ59iRtgPQA0c?e=08FzCu
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQDtC7ZBbBWXRYqgrPlp25ReAc4_fnRJa-5PM8XI6JBn_4o?e=qp1KGD
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQDtC7ZBbBWXRYqgrPlp25ReAc4_fnRJa-5PM8XI6JBn_4o?e=qp1KGD
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQDtC7ZBbBWXRYqgrPlp25ReAc4_fnRJa-5PM8XI6JBn_4o?e=qp1KGD
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQAdeolFJ8TbT5ElUpYr6L2nAc7tN2PoDy-OLFP7ads0gQo?e=PnqFW0
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQAdeolFJ8TbT5ElUpYr6L2nAc7tN2PoDy-OLFP7ads0gQo?e=PnqFW0
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQAdeolFJ8TbT5ElUpYr6L2nAc7tN2PoDy-OLFP7ads0gQo?e=PnqFW0
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IIHR Ship Hydrodynamics Selected Viscous Flow Examples 

Wave-Induced Separation 

Stern, F., Choi, J.E., and Hwang, W.S., “Effects of Waves on the Wake of a Surface-

Piercing Flat Plate: Experiment and Theory,” Journal of Ship Research, Vol. 37, No. 

2, June 1993, pp. 102 – 118 

Xing, T., Kandasamy, M., and Stern. F., “Unsteady Free-Surface Wave-Induced 

Separation: Analysis of Turbulent Structures Using Detached Eddy Simulation and 

Single-Phase Level Set,” Journal of Turbulence, Vol. 8, No. 44, 2007, pp. 1 – 35 

 

 

 

 

https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQA82LPbCHfSRYROmrNW13uXAfFULFPALuo7_wF87cf6S0o?e=gpejAC
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQA82LPbCHfSRYROmrNW13uXAfFULFPALuo7_wF87cf6S0o?e=gpejAC
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBtbGMpWjEFQL_QTj2Q6VW4AZcU3WJSbVrgCeLINoQGog8?e=Bppq8Q
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBtbGMpWjEFQL_QTj2Q6VW4AZcU3WJSbVrgCeLINoQGog8?e=Bppq8Q
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBtbGMpWjEFQL_QTj2Q6VW4AZcU3WJSbVrgCeLINoQGog8?e=Bppq8Q
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Wave Breaking & Air-Water Interface Instabilities 

Kang, DH, Ghosh, S., Reins, G., Koo, B., Wang, Z., Stern, F., “Impulsive Plunging 

Wave Breaking Downstream of a Bump in a Shallow Water Flume – Part I: 

Experimental Observations,” Journal of Fluids and Structures, invited for special 

issue for FEDSM2010-ICNMM2010, Vol. 32, July 2012, pp. 104 – 120.  Movie 

 

Koo, B., Wang, Z., Yang, J., Stern, F., “Impulsive Plunging Wave Breaking 

Downstream of a Bump in a Shallow Water Flume – Part II: Numerical Simulations, 

“Journal of Fluids and Structures, invited for special issue for FEDSM2010-

ICNMM2010, Vol. 32, July 2012, pp.121 – 134. 

 

Wang, Z., Yang, J., and Stern, F., “High-fidelity simulations of bubble, droplet, and 

spray formation in breaking waves, JFM, 2016, vol. 792, pp. 307-327.  Movie 

 

Timur Kent Dogan, Zhaoyuan Wang and Frederick Stern, “Experimental and 

Numerical Study of Air-Water Interface Instabilities with Machine Learning for 

Experimental Data Analysis,” 33rd Symposium on Naval Hydrodynamics Osaka, 

Japan, 31 May-5 June 2020.  Movies: EFD Instability, SL1 and SL2; DNS 1, 2 & 3 
 

Wei Liu, Wentao Wang, Gengyao Qiu, Decheng Wan, Jianhua Wang, Zhaoyuan 

Wang and Frederick Stern, “KCS Unsteady Bow Wave Breaking Experiments for 

Physics and CFD Validation,” 34th Symposium on Naval Hydrodynamics 

Washington, DC, USA, 26 June - 1 July 2022. 

 

Unsteady Separation 

Xing, T. Bhushan, S., and Stern, F. “DES for a Tanker at Drift Angles with Analogy 
to Delta Wings,” Ocean Engineering, Volume 55, December 2012, pp. 23 – 43. 
 

Bhushan, S., Yoon, H, Stern, F, Guilmineau, E., Visonneau, M., Toxopeus, S., 

Simonsen, C., Aram, S., Kim, S.-E. and Grigoropoulos, G., “Assessment of CFD for 

Surface Combatant 5415 at Straight Ahead and Static Drift =,” ASME JFE, 

MAY 2019, Vol. 141. 

 

Shanti Bhushan, Hyunse Yoon and Frederick Stern, “Detached Eddy Simulations 

and Tomographic PIV Measurements of Flows over Surface Combatant 5415 at 

Straight-Ahead and Static Drift Conditions,” Ocean Engineering Volume 238, 15 

October 2021, 109658. 

 

https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQCiDYh_EwTvQ4sO8g7Cvy8RAfoMdX7BAHx_wBeZjPNdz4E?e=Vkc3Oj
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQCiDYh_EwTvQ4sO8g7Cvy8RAfoMdX7BAHx_wBeZjPNdz4E?e=Vkc3Oj
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQCiDYh_EwTvQ4sO8g7Cvy8RAfoMdX7BAHx_wBeZjPNdz4E?e=Vkc3Oj
https://iowa-my.sharepoint.com/:v:/g/personal/frstern_uiowa_edu/IQDEyRG7Ml7eQrsf-ZylKMFoAYGSXJebTqgT9lMsZzD3eJk?nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJPbmVEcml2ZUZvckJ1c2luZXNzIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXciLCJyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGlua0NvcHkifX0&e=Xs9wBo
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQCBwJ19trhjSLcFdL0BIXUBAQ0phePtgl9Ve9PFuyyt5Tk?e=3H4y13
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQCBwJ19trhjSLcFdL0BIXUBAQ0phePtgl9Ve9PFuyyt5Tk?e=3H4y13
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBLcYcNEHZIQLP5qdw6Iv1jATY0IcZjn-mn4DFbpfURWhc?e=dyDJIc
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBLcYcNEHZIQLP5qdw6Iv1jATY0IcZjn-mn4DFbpfURWhc?e=dyDJIc
https://iowa-my.sharepoint.com/:v:/g/personal/frstern_uiowa_edu/IQCHMAQb_PdXSZkUq3k5XaBXAQkiqPp10JWhOkPZKAuqgKQ?nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJPbmVEcml2ZUZvckJ1c2luZXNzIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXciLCJyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGlua0NvcHkifX0&e=pNreUy
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBn7L3wrpbgTYkgVPVxPmA5AfhuYtUGOsPfST_qawmZdRU?e=mzk6O8
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBn7L3wrpbgTYkgVPVxPmA5AfhuYtUGOsPfST_qawmZdRU?e=mzk6O8
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBn7L3wrpbgTYkgVPVxPmA5AfhuYtUGOsPfST_qawmZdRU?e=mzk6O8
https://iowa-my.sharepoint.com/:v:/g/personal/frstern_uiowa_edu/IQCEqn8fwt9NRLMoFO_rjwTqAaiyUvGXQ3Q7HX9sUX2yg28?nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJPbmVEcml2ZUZvckJ1c2luZXNzIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXciLCJyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGlua0NvcHkifX0&e=3kRW31
https://iowa-my.sharepoint.com/:v:/g/personal/frstern_uiowa_edu/IQB4znBGO2u0TK1ksqgzOvweAcm1AmyKGzq6msdPLGcZsN0?nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJPbmVEcml2ZUZvckJ1c2luZXNzIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXciLCJyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGlua0NvcHkifX0&e=EoChjZ
https://iowa-my.sharepoint.com/:v:/g/personal/frstern_uiowa_edu/IQCbGSIhO2UdR4m5QvsDvyqCAY7_Qsy9X8I442RyC6uPGbk?nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJPbmVEcml2ZUZvckJ1c2luZXNzIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXciLCJyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGlua0NvcHkifX0&e=Zg4zGe
https://iowa-my.sharepoint.com/:v:/g/personal/frstern_uiowa_edu/IQBlAdVv2Y7iT4_9P5Pyq-wAAfuLWTMc-wIkr-BebdTczXU?nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJPbmVEcml2ZUZvckJ1c2luZXNzIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXciLCJyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGlua0NvcHkifX0&e=SpkQll
https://iowa-my.sharepoint.com/:v:/g/personal/frstern_uiowa_edu/IQAyn3w6w3-_QoBJwWThoK5WAVAHqfQnvc6yFqUvQQ-XcTE?nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJPbmVEcml2ZUZvckJ1c2luZXNzIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXciLCJyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGlua0NvcHkifX0&e=2JwuTx
https://iowa-my.sharepoint.com/:v:/g/personal/frstern_uiowa_edu/IQAQWaEkIg5MSbOX0cC8xV4pATrtJOTkMgAxVo6gSziXktI?nav=eyJyZWZlcnJhbEluZm8iOnsicmVmZXJyYWxBcHAiOiJPbmVEcml2ZUZvckJ1c2luZXNzIiwicmVmZXJyYWxBcHBQbGF0Zm9ybSI6IldlYiIsInJlZmVycmFsTW9kZSI6InZpZXciLCJyZWZlcnJhbFZpZXciOiJNeUZpbGVzTGlua0NvcHkifX0&e=eUmeHQ
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQCJZKHT8UQ1Rqn126q7-hwOAf8_VWwyThXpgwIccvZvQsc?e=81V249
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQCJZKHT8UQ1Rqn126q7-hwOAf8_VWwyThXpgwIccvZvQsc?e=81V249
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQD352AXyX3XTKJWiNjh7esDAQYgMCJYLN6GvJl2SmVZkOU?e=LZ49qR
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQD352AXyX3XTKJWiNjh7esDAQYgMCJYLN6GvJl2SmVZkOU?e=LZ49qR
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQDyOl8zo4pWR6PgDbRvqPtnAePpeKfzczm_k518HSK_cMY?e=aaajUX
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQDyOl8zo4pWR6PgDbRvqPtnAePpeKfzczm_k518HSK_cMY?e=aaajUX
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBRutXT8C_rTbKeSHgJfB-4AcvbT0bCRh1OS9q87sjxLiw?e=ADRrxL
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBRutXT8C_rTbKeSHgJfB-4AcvbT0bCRh1OS9q87sjxLiw?e=ADRrxL
https://iowa-my.sharepoint.com/:b:/g/personal/frstern_uiowa_edu/IQBRutXT8C_rTbKeSHgJfB-4AcvbT0bCRh1OS9q87sjxLiw?e=ADRrxL
https://www.sciencedirect.com/science/journal/00298018/238/supp/C
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S.M. Yeon, J. Yang, F. Stern, Large-Eddy Simulation of the Flow past a Circular 

Cylinder at Sub- to Super-Critical Reynolds Numbers, Applied Ocean Research, 59 

(2016) 687-708. 

 

Frederick Stern, “Effects of Sway Motion on Smooth-Surface Vortex Separation 

Onset and Progression: Surface Combatant and Surface-Piercing Truncated 

Cylinder,” AVT-307: Research Symposium on Separated Flow: Prediction, 

Measurement and Assessment for Air and Sea Vehicles, Trondheim, Norway, 07-09 

October 2019. 

 

Yugo Sanada, Sungtek Park, Dong Hwan Kim, Zhaoyuan Wang, Hironori 

Yasukawa, and Frederick Stern, “Experimental and CFD Study of KCS Hull-

Propeller-Rudder Interaction for Self-Propulsion and Port and Starboard Turning 

Circles,” submitted Applied Ocean Research, January 2021.  Movie 1 & 2 

 

Yugo Sanada, Zachary Starman, Shanti Bhushan, and Frederick Stern, “4D particle 

tracking velocimetry measurements of unsteady 3D vortex onset and progress for 

5415 straight ahead, static drift and pure sway,” Physics of Fluids, special collection 

Recent Advances Marine Hydrodynamics, editors pick, Vol. 35, Issue 10, 105125 

(2023). 

 

Frederick Stern, Yugo Sanada, Zachary Starman, Shanti Bhushan, Christian Milano, 

“4DPTV Measurements and DES of the Turbulence Structure and Vortex-Vortex 

Interaction for 5415 Sonar Dome Vortices,” 35th Symposium on Naval 

Hydrodynamics, Nantes, France, 7 July - 12 July 2024. 

 

Christian Milano, Shanti Bhushan, Zachary Starman, Zhaoyuan Wang, Yugo 

Sanada, and Frederick Stern, “CFDShip-Iowa ARS and IDDES of the Anisotropy 

and Scale-Resolved Turbulence for the JBC W2025 Test Case1,” proceedings 

Wageningen 2025: a Workshop on CFD in Ship Hydrodynamics https://w2025.nl/. 

Movie 1, 2 

 

Turbulence Anisotropy 

Longo, J., Huang, H.P., and Stern, F., “Solid-Fluid Juncture Boundary Layer and 

Wake,” Experiments in Fluids, Vol. 25, No. 4, September 1998, pp. 283 – 297 

Frederick Stern, “Integrated High-Fidelity Validation Experiments and LES for a 

Surface-Piercing Truncated Cylinder for Sub- and Critical Reynolds and Froude 
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