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Appendixx A 

Abstract t 

Flowss that are partly bounded by a freely moving boundary occur in many phys-
icall  systems and engineering applications. Accurate prediction of the behavior 
off  such free-surface flows is therefore of fundamental importance, for instance, in 
thee design and evaluation of immersed structures and vessels. Numerical methods 
playy an important role in the solution of free-surface flow problems. Most practical 
computationall  methods for solving free-surface flows around a surface-penetrating 
bodyy are presently based on a potential flow model. However, to advance the 
aforementionedd engineering applications, it is imperative to progress to a more 
sophisticatedd flow model, viz., the Navier-Stokes equations. 

Ann important class of free-surface flow problems for which efficient numer-
icall  techniques for the Navier-Stokes equations are still unavailable, are steady 
free-surfacee flows. Concurrent computational methods for the steady free-surface 
Navier-Stokess equations generally resort to a straightforward time-integration 
method.. However, the particular transient behavior of free-surface flows often 
abatess the efficiency of this method. Alternative solution methods exist, but the 
performancee of these methods usually depends sensitively on the parameters in 
thee problem, or their applicability is too restricted. An investigation into nu-
mericall  methods for the steady free-surface Navier-Stokes equations is therefore 
warranted. . 

Followingg the formulation of the free-surface flow problem, we present an 
analysiss of the free-surface Navier-Stokes equations in primitive variables, by 
meanss of perturbation methods and Fourier techniques. The analysis elucidates 
thee characteristic features of viscous free-surface flows. Results concern the oc-
currencee of surface gravity waves and their dispersive behavior, the asymptotic 
temporall  behavior of wave groups and the structure of the free-surface boundary 
layer.. Moreover, by virtue of the formulation in primitive variables, the analysis 
cann serve in the assessment of numerical methods, by replacing the differential 
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operatorss by their difference approximation conform the considered discretization. 
Wee prove that the usual time-integration method is generally inefficient for 

solvingg steady free-surface flows at high Reynolds numbers, due to the asymptotic 
temporall  behavior of surface-gravity-wave groups, and a stability restriction on 
thee admissible time step. We propose a novel iterative method, based on a so-
calledd quasi free-surface condition. To demonstrate the efficiency of the method, 
wee show that its computational complexity is mesh-width independent. Numerical 
resultss are presented for a two-dimensional model problem. The results confirm 
thee mesh-width independence of the convergence behavior. Comparison of the 
numericall  results with measurements shows good agreement. 

Next,, we investigate the numerical solution of steady free-surface flows by the 
adjointt optimal shape design method. To obtain an indication of the properties 
off  the method, we investigate its application to the steady free-surface potential-
floww equations. The method can be extended to the Navier-Stokes equations, but 
thee details are much more involved in that case. The free-surface flow problem 
iss reformulated as an optimal shape design problem. By means of perturbation 
methodss and Fourier analysis we show that the design problem displays the usual 
characteristicc features of steady free-surface flows. We determine the asymptotic 
convergencee behavior of the method. Moreover, we show that preconditioning 
iss essential to avoid mesh-width dependence of the convergence behavior and we 
presentt a preconditioner for the optimal shape design problem. Numerical results 
aree presented for a two-dimensional model problem. The observed convergence 
behaviorr confirms the asymptotic estimates. 

Freee surface flows being a special case of two-fluid flow, we finally explore the 
interfacee capturing approach to solving two-fluid flow problems. In the absence 
off  viscosity, two-fluid flows are described by a system of hyperbolic conservation 
laws.. We consider Godunov's method for discretizing hyperbolic systems. To 
reducee the computational cost of the flux evaluation in Godunov's method, an 
Osher-typee approximate Riemann solver is constructed. Details are presented for 
twoo fluids with a barotropic equation of state. The pressure oscillations that are 
commonlyy incurred by conservative discretizations of two-fluid flows are addressed. 
AA pressure- invariance condition is formulated and a non-oscillatory conservative 
discretizationn for two-fluid flows is presented. The implementation of the interface 
capturingg approach with efficient solution methods for steady hyperbolic systems 
iss deferred to future research. 


