Chapters 1 Preliminary Concepts & 2 Fundamental Equations of
Compressible Viscous Flow
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Some Examples of Viscous Flow Phenomena

Analytical Fluid Mechanics (AFD)

Potential Boundary
flow regime Tayer flow

§ = Boundary layer thickness
R =Radius of pipe

L=Transitien length
v =Velocity

Development of bonndary-layer flow in pipe
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(a) Definition sketch for Stokes’ first problem and (b) the solution curves in terms Figure 9.13  Velocity distribation in laminar flow nesr an oscillating plate. The distributions at wr =1
of the similarity variable and in terms of the dimensional variables. /2. =, and 3x /2 are shown. The diffusive distance is of order § = 4./V/a. i



Experimental Fluid Mechanics (EFD)
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Computational Fluids Mechanics (CFD)

Karman-like Shedding K-H Vortices

b Stem Vortex (SV)

P " helle
Aftbody Hairpin Vortex (ABHPY) [ (‘)%'
L1 080

0.60

0.40

0.20

Fore-body Side 0.00
-0.20

« Vortex breakdown location -0.40

Aft-body Side Vortex (ASV) -0.60

Karman-like Samplepointson vortex core
shedding
Stemn Vortex (SV)

EN [T [ [
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 $=30°: (a)bow view and
(b)bottom view.

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



CFDShip-lowa &ANSYS Fluid Structure Interaction (FSI)
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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.
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On the Use of Parametric Model Embedding for Structural
Optimization with Application to High Speed Small Craft

Riccardo Pellegrini, Matteo Diez Erik R. Kubina
National Research Council Naval Surface Warfare Center
Institute of Marine Engineering Carderock Division, Carderock, Bethesda
ITALY UsA

Frederick Stern
The University of lowa, Iowa City, IA
USA
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Figure 2: Variables hierarchy.
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(@) Design loads for the GPPH hull. (b) Hydrodynamic pressure, snapshot during
slamming in regular wave.

Figure 3: Loads and their distribution on the GPPH hull.

(c) DS2, Sol. 1. (d) Ds2, sol. 2.

() 1Y comerpence.

Figure 10: Structural response (FS) of Sol. 1 and Sol. 2 designs under regular head wave loads
Figure 8: HV convergence and HF evaluated solutions, Pareto set, and selected solutions of when the slam occurs.
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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
Irreqular 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, VVol. 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.
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ITHR 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, VVol. 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
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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-
ICNMMZ2010, 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,” 34" 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 CED for
Surface Combatant 5415 at Straight Ahead and Static Drift $=20°,”" 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.
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