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Question by : X.B. Chen 
I’d like to understand the additional term in (1) representing the viscous effect. In the classical 
studies, that is written like xzUwυ2−  (with υ  kinematic viscous coefficient and w the vertical 
fluid velocity). Your xzztUφυ4−  is supposed to include much more effect from other 
dissipating effects, is not it? 
 
Author’s reply:  
The presence of this extra( viscous) term in the otherwise inviscid linearized free-surface 
condition has been derived by a number previous researchers, including those references in 
the paper. For example it can be shown that if the viscous effect is weak, then the entire 
influence is felt only as a boundary layer at the free-surface, rather than throughout the fluid 
domain. Hence, curiously, the (inviscid) Laplace equation is still applicable. 
 
The discussion by Tuck, Scullen and Lazauskas (2002) suggested that the additional factor of 
2 can be explained by the difference between the phase velocity and the group velocity. 
 
----------------------------------------------------------------------------------------------------------------- 
 
Question by : T. Miloh 
The linearized free-surface boundary condition including a correction for the dynamic 
viscosity has been known long before Tuck et al. (2002). As to Dr. Chen’s question why the 
xzzφ  term is proportional to υ4  instead of υ2 , I would like to draw your attention to two 

papers one by Ruvinsky & Friedman, and the other by Longuet-Higgins (both JFM late 70’s 
or early 80’s) in which this viscous term is specifically derived by considering a shear layer 
on the free-surface and applying the boundary condition over the displaced surface. 
 
Author’s reply:  
I would like to thank Prof. Miloh for the additional references in the J. Fluid Mechanics which 
should shed further light on the question by Dr. Chen. 
 
----------------------------------------------------------------------------------------------------------------- 
 
Question by : M. Tulin 
A very interesting paper. In comparing measurements with linearized predictions how can you 
distinguish between the effect of finite beam (i.e non-linear wave resistance effects) at low 
Froude number with the viscous propagation effect?  
 
Comment by : M. Tulin 
In this connection, it would be interesting to have more closely spaced measurements at the 
lower Froude numbers in order to see if the predicted crests and troughs in the resistance 
curve actually exists. 
 
Author’s reply:  
Prof. Tulin’s question is a very probing one. In general, of course, one can never be absolutely 
certain when adding a particular refinement to a theory that the refinement is indeed the 
explanation of any improved correlation between theory and experiment. In the present case, 
the viscous effect eliminates the high frequency waves at both low and high Froude numbers 
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resulting in better agreement in these two extreme limits; this is a strong indication that the 
physics of the problem are better represented in this manner. 
It is true that the nonlinear finite-beam effects are ignored in the theory and that they might 
also possibly explain the difference between the classic inviscid linear theory and the 
experiments. Interestingly, it seems possible that the current viscous effects in the theory 
might eliminate the unrealistic linear high-frequency waves and thus might provide an 
engineering model for improving the predictions. 
I agree with the suggestion of obtaining more data points at low Froude numbers and these 
tests are currently in the planning stage. 


