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FOREWORD

The Twentieth Symposium on Naval Hydro-
dynamics was held in Santa Barbara, California, from
August 21-26, 1994. This international symposium
was organized jointly by the Office of Naval
Research (Mechanics and Energy Conversion S&T
Division), the National Research Council (Naval
Studies Board), and the University of California,
Santa Barbara. In addition to promoting the
exchange of naval technical research developments
of common interest to all the countries of the world,
this biennial symposium encourages both formal and
informal discussion of the presented papers, and the
occasion provides an opportunity for direct commu-
nication among international peers.

More than 130 participants from 13 countries
attended the symposium. The attendees represented a
mix of experiences and expertise: some were newly
graduated students and others were of established
international repute. Sixty-six papers were presented
in twenty topical areas, including ships in a seaway;
propeller cavitation performance; ship motions under
way and wave resistance; oscillating propulsors; ship
motions—nonlinear; cavitation; propeller noise; ships
in shallow water; cavitation inception and
supercavitating flows; diffraction and nonlinear drift;
wave breaking; near-surface turbulence; ship-
generated vortices; hydrodynamic impact; bubble
flows; waves; turbulent ship flows; ship viscous
flows; forced wave motion; and computation of
viscous propulsor flows. These topical areas were
chosen because of the recent significant advances
made in them. Examples of such advances presented
in the papers include nonlinear motions for ships in
seaways, the effect of irregular waves on extreme
ship motions, the effect of three-dimensional
propeller geometry on cavitation, acoustic radiation
produced by unsteady propeller cavitation, shallow

vii

water ship hydrodynamics, numerical experiments
for breaking waves, direct simulations of free-surface
turbulent flows, computations of bubble interactions
with turbulent flows, computations of unsteady
viscous three-dimensional propeller flows, and near-
field numerical prediction of turbulent nonlinear free-
surface flows around ships.

This brief list illustrates the quality and time-
liness of the symposium for naval hydrodynamics.
This occasion for the symposium marked its
twentieth anniversary.

During the opening ceremony, the prestigious
Distinguished Public Service Award was presented to
Marshall Tulin by RADM Marc Pelaez, USN, Chief
of Naval Research, on behalf of John Dalton,
Secretary of the Navy, for a distinguished career and
achievements that include the founding of this
symposium series.

The success of this symposium was the result of
hard work on the part of many people. The
Organizing and Paper Selection Committee consisted
of myself, Dr. Patrick Purtell, and Mr. James Fein
(Office of Naval Research), Mr. Lee Hunt (National
Research Council), Prof. Marshall Tulin (University
of California, Santa Barbara), and Dr. William
Morgan and Dr. Justin McCarthy (David Taylor
Model Basin). The contribution of this committee
was certainly the cornerstone for the success of the
symposium. However, the administrative preparation
and execution would not have been possible without
the support of Mrs. Susan Campbell, Mrs. Mary G.
Gordon, and the staff of the Naval Studies Board of
the National Research Council.

Edwin P. Rood
Office of Naval Research
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The prestigious Distinguished Public Service Award presented to Professor Marshall P. Tulin, Director,
Ocean Engineering Laboratory, University of California-Santa Barbara, by RADM Marc Pelaez, USN,
Chief of Naval Research, on behalf of John Dalton, Secretary of the Navy, for a distinguished career and
achievements that include the founding of this symposium series.
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Professor Marshall P. Tulin, Director, Ocean Engineering Laboratory
University of California—Santa Barbara.




CONTENTS

OPENING REMARKS

Rear Admiral Marc Pelaez, USN
Chief of Naval Research

TECHNICAL SESSIONS

Invited Lecture

Wave Loadings and Motions of Ships and High-Speed Marine Vehicles
O. Faltinsen (Norwegian Institute of Technology, Norway)

Ships in a Seaway

Prediction of the Seakeeping Characteristics of Ships
H. Bingham, F. Korsmeyer, J. Newman (Massachusetts Institute of Technology, USA)

Irregular Waves and Their Influence on Extreme Ship Motions
J. De Kat (Maritime Research Institute, The Netherlands)

Nonlinear Analysis of Bow Wave Breaking and Deck Wetness of a High-Speed Ship by the
Parabolic Approximation
H. Maruo, W. Song (Yokohama National University, Japan)

Propeller Cavitation Performance

Effects of Skew and Rake on Cavitation Inception for Propeller Blades with Thick Blade Sections
G. Kuiper (Maritime Research Institute, The Netherlands)

Cavitation Performance Evaluation of Naval Surface Ship Propellers with Standard and

Advanced Blade Sections
S. Jessup, W. Berberich, K. Remmers (David Taylor Model Basin, USA)

A Surface Vortex Lattice Method for Calculating Performances of Non- or Super-Cavitating
Propellers
H. Yamasaki, M. Ikehata (Yokohama National University, Japan)

Ship Motions Under Way; Wave Resistance

Time-Domain Theory of Wave Diffraction for Ship Motions with Forward Speed
Z. Zhou (China Ship Scientific Research Center, China),
Z. Liang, D. Yishan (Harbin Shipbuilding Engineering Institute, China)

Free Surface Flows without Waves; Applications to Fast Ships with Low-Wave Resistance
M. Tulin, O. Oshri (University of California—Santa Barbara, USA)

xi

27

48

68

101

117

136

157




QO

Oscillating Propulsors

Hydrodynamic Design of Thrust Generators Based on Oscillating Wings
K. Rozhdestvensky, V. Ryzhov (St. Petersburg Marine Technical University, Russia),
A. Kurapov (Cambridge University, United Kingdom)

Boundary Layer Formation on an Oscillating Hydrofoil
D. Hart (Massachusetts Institute of Technology, USA)
Ship Motions—Nonlinear
Energy-Stable Model Equations for Water Waves and Ship Motions
E. van Daalen (Twente University of Technology, The Netherlands)

Large-Amplitude Motions and Wave Loads for Ship Design
W.-M. Lin, M. Meinhold, N. Salvesen (Science Applications International Corp., USA),
D. Yue (Massachusetts Institute of Technology, USA)

Nonlinear Ship Motion Computations Using the Desingularized Method
R. Beck, Y. Cao, S. Scorpio, W. Schultz (University of Michigan, USA)

Invited Lecture
Observations of Cavitating Flows
C. Brennen (California Institute of Technology, USA)
Cavitation
Viscous Effects in Tip Vortex Cavitation and Nucleation

R. Amdt, B. Maines (University of Minnesota, USA)

Bubble Dynamics and Cavitation Inception in Non-Uniform Flow Fields
G. Chahine (Dynaflow, Inc., USA)

Free Oscillation of a Nonspherical Bubble in a Quiescent Fluid
N. McDougald, G. Leal (University of California-Santa Barbara, USA)

Cloud Cavitation on an Oscillating Hydrofoil
G. Reisman, E. McKenney, C. Brennen (California Institute of Technology, USA)

Propeller Noise

An Experimental Investigation of the Mechanism and the Pressure of Counter-Rotating Vortices

on a CPP at the Off-Design Condition
N. Okamura, R. Fujino, T. Tanaka (Ishikawajima-Harima Heavy Industries Co., Ltd., Japan)

Pressure Field Analysis of a Propeller with Unsteady Loading and Sheet Cavitation
W. van Gent (Maritime Research Institute, The Netherlands)
Ships in Shallow Water

Hydrodynamics of a Body Moving over a Mud Layer
G. Zilman, T. Miloh (Tel-Aviv University, Israel)

Nonlinear Theory of Asymmetric Motion of a Slender Ship in a Shallow Channel
X. Chen (University of Stuttgart, Germany), S. Sharma (Mercator University, Germany)

xii

170

187

199

205

227

268

290

386



Linear and Nonlinear Calculations of the Free Surface Potential Flow Around Ships
in Shallow Water

K. Kim, Y. Choi (Daewoo Shipbuilding and Heavy Machinery, Ltd., Korea),

C. Jansson (Chalmers University of Technology, Sweden),

L. Larsson (Flowtech International AB, Sweden)

Cavitation Inception; Supercavitating Flows
Observations of the Influence of Nuclei Content on the Inception and Form of Attached Cavitation

C. Li, S. Ceccio (University of Michigan, USA)

Nonlinear Analysis of Viscous Flow Around Cavitating Hydrofoils
S. Kinnas, S. Mishima, W. Brewer (Massachusetts Institute of Technology, USA)

Artificial Variation Problems Method for Three-Dimensional Lifting Cavity Flows
A. Achkinadze, G. Fridman (Marine Technical University of St. Petersburg, Russia)

Diffraction; Nonlinear Drift

Three-Dimensional Nonlinear Diffraction Around a Fixed Structure
A. DiMascio, M. Landrini, F. Lalli, U. Bulgarelli
(Istituto Nazionale per Studi ed Esperienze di Architettura Navale, Italy)

Wave-Drift Forces on Ships in Cross-Flow Conditions
R. Huijsmans (Maritime Research Institute, The Netherlands),
L. Sierevogel (Delft University of Technology, The Netherlands)

Time-Domain Calculations of the Second-Order Drift Force on a Tanker in Current and Waves
H. Prins, A. Hermans (Delft University of Technology, The Netherlands)

Invited Lecture
The Structure of Extreme Ocean Waves
O. Phillips (Johns Hopkins University, USA)
Wave Breaking
The Transition to Turbulence in a Spilling Breaker

J. Duncan, V. Philomin, H. Qiao (University of Maryland, USA)

The Vortical Structure of a Near-Breaking Gravity-Capillary Wave
D. Dommermuth, R. Mui (Science Applications International Corp., USA)

Wave Groups, Wave-Wake Interaction, and Wave Breaking: Results of Numerical Experiments
Y. Yao, P. Wang, M. Tulin (University of California—Santa Barbara, USA)

Kinematic and Dynamic Evolution of Deep Water Breaking Waves

O. Griffin, R. Peltzer, H. Wang (Naval Research Laboratory, USA),
W. Schultz (University of Michigan, USA)

xiii

408

466

477

487

501

521

530

551

568




Invited Lecture

Physical Processes of the Local Air-Sea Interactions—Current Understanding and
Qutstanding Questions
Y. Toba (Tohoku University, Japan)

Near-surface Turbulence

Attached Vortices in Free-Surface Turbulence
S. Kumar, R. Gupta, S. Banerjee (University of California—Santa Barbara, USA)

Dynamics of a Turbulent Jet Interacting with a Free Surface
N. Mangiavacchi, R. Gundlapalli, R. Akhavan (University of Michigan, USA)

Direct Numerical Simulation of Free-Surface Wave Generated by Turbulent Shear Flow
M. Zhu, H. Miyata (University of Tokyo, Japan), '
T. Hino (Ship Research Institute, Japan)

Flow Structure Around a Surface-Piercing Blunt Body
E. Pogozelski, J. Katz (Johns Hopkins University, USA),
T. Huang (David Taylor Model Basin, USA)

Ship-generated Vortices

Numerical Prediction of the Effect of Forward Speed on Roll Damping
Y. Al-Hukail, P. Bearman, M. Downie (University of Newcastle upon Tyne,
United Kingdom), J. Graham, Y. Zhao (Imperial College, United Kingdom)

The Influence of Vorticity upon Estimation of Manoeuvring Derivatives
G. Hearn, D. Clarke (University of Newcastle upon Tyne, United Kingdom),
H. Chan, A. Incecik, K. Varyani (University of Glasgow, United Kingdom)

Turbulence in Trailing Vortex Pairs
W. Devenport, J. Zsoldos, C. Vogel (Virginia Polytechnic Institute and State

University, USA)
Hydrodynamic Impact
Hydroelastic Analysis of a Flexible Bag Structure
T. Ulstein, O. Faltinsen (The Norwegian Institute of Technology, Norway)

Blunt-Body Penetration into a Slightly Compressible Liquid
A. Korobkin (Lavrentyev Institute of Hydrodynamics, Russia)

Application of the Flux-Vector Splitting Method to Capture Shock Waves and

Calculate Pressure in Ship Slamming
X. Wang, Z. Huang, C. Hsiung (Technical University of Nova Scotia, Canada)

Bubble Flows

Interaction of Bubbles with Turbulent Flow: Particle Tracking and Flow Field Characterization
A. Kolaini, S. Sinha, V. Rajendran (University of Mississippi, USA)

Direct Simulations of Bubbly Flows
P.-W. Yu, A. Esmaaeli, S. Ceccio, G. Tryggvason (University of Michigan, USA)

Xiv

588

598

618

650

657

669

682

702

722

730




Experimental Study of a Bubbly, Turbulent, Free Shear Layer
P. Rightley, J. Lasheras (University of California-San Diego, USA)

Waves

Effects of Regular Waves on the Body Submerged in a Stratified Fluid
E. Ermanyuk, I. Sturova (Lavrentyev Institute of Hydrodynamics, Russia)

A Method for Simulation of Viscous, Nonlinear, Free-Surface Flows
B. Hodges, R. Street, Y. Zang (Stanford University, USA)

A Panel Method for Lifiing Potential Flows Around Three-Dimensional Surface-Piercing Bodies
Z. Zou, H. Soding (Universitit Hamburg, Germany)

Steady and Unsteady Ship Waves by a Higher-Order Boundary Element Method
S. Hong (Korea Research Institute of Ships & Ocean Engineering, Korea),
H. Choi (Seoul National University, Korea)

Invited Paper

A Review of Reynolds Stress Models for Turbulent Shear Flows
C. Speziale (Boston University, USA)

Turbulent Ship Flows

Numerical Simulation of the Drift Motion of a Ship
E. Campana, P. Esposito, R. Penna
(Istituto Nazionale per Studi ed Esperienze di Architettura Navale, Italy)

Prediction of Incompressible Tip Vortex Flows
L. Ega, J. Falcdo de Campos (Instituto Superior Técnico, Portugal),
M. Hoekstra (Maritime Research Institute, The Netherlands)

Near-Field Flow Prediction for Ship Design
K. Weems, R. Korpus, W.-M. Lin, M. Fritts (Science Applications International
Corp., USA), H.-C. Chen (Texas A&M University, USA)

Calculation of Boundary Layer Considering Free-Surface Effect Around Ship Hulls
Y. Wang, Q. Wang (Dalian University of Technology, China)

Ship Viscous Flows

Three-Dimensional Flow Around a Surface-Piercing Body
R. Yeung, X. Yu (University of California—Berkeley, USA)

On the Intersection Flow Near a Fine Ship Bow
P. Sclavounos (Massachusetts Institute of Technology, USA)

Numerical Simulation of a Wave-Viscous Flow about a Ship Including Propeller Effects

O. Watanabe, A. Masuko, Y. Shiorose
(Isikawajima-Harima Heavy Industries Co., Ltd., Japan)

XV

766

776

791

810

835

856

871

887

906

913

934

946




Forced Wave Motion

Comparison of Calculated and Measured Loads on a Flared Body Oscillating in a Free Surface
B. Maskew (Analytical Methods, Inc., USA),
M.-L. Wang, A. Troesch (University of Michigan, USA)

Computation of Viscous Propulsor Flows

Computation of Viscous Marine Propulsor Blade and Wake Flow
F. Stern, D. Zhang, B. Chen, H. Kim (University of lowa, USA),
S. Jessup (David Taylor Model Basin, USA)

Three-Dimensional Navier-Stokes Solutions for a One-Stage Axial-Flow Pump
Y.T. Lee (David Taylor Model Basin, USA),
C. Hah, J. Loellbach (NASA Lewis Research Center, USA)
An Integrated Method for Computing the Internal and External Viscous Flow Field Around
the Ducted Propulsor Behind an Axisymmetric Body
L. Zhou, F. Zhao (China Ship Scientific Research Center, China)
Computation of Unsteady Viscous Marine Propulsor Blade and Wake Flow
B. Chen, F. Stern, W. Kim (University of lowa, USA)

APPENDIX—LIST OF PARTICIPANTS

xvi

959

980

1001

1011

1021

1043






