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What is the major reason that causes the difference on surface boundary layer between CISPH and
ISPH?

[m] 2

In both ISPH and CISPH methods the pressure is calculated implicitly from the Poisson Pressure
Equation written as:

V.(ivpmj:_ﬁo i )
P Po At

in which pyand p. are initial and intermediate particle densities, respectively. Furthermore, in both
methods a particle is considered as a free-surface particle if the following criterion is met:

(p.). <Bp, ; B=Constant=0.99 2)

Particle densities are also calculated as:

(p), =ijW(\n—n\) (3)

j#i

Hence we can see that g or particle density at particle i is a direct function of weight function which
itself is a function of relative particle positions. Accordingly, pi is fully dependent upon the
instantaneous relative positions of neighboring particles j. Improved conservation of momentum
would lead to a more integrated particle motion with less particle disorders (or less random
movement of particles), as a result we will have a less-fluctuating density field resulting in a
less-fluctuating and more accurate pressure field (Eqg. 1) together with a more accurate detection of
free surface particles (Eg. 2). Graham and Hughes (2008) have discussed the effect of particle
disorders (or randomness of particle configurations) on the accuracy as well as the convergence of
SPH flow models. Khayyer et al. (2008) have shown that the order of convergence in CISPH is
higher than that in ISPH.

References:

1. Khayyer, A., Gotoh, H. and Shao, S.D., 2008. Corrected Incompressible SPH method for
accurate water-surface tracking in breaking waves, Coastal Engineering, 55(3), 236-250.

2. Graham, D. and Hughes J. P., 2008. Accuracy of SPH viscous flow models, Int. J. Numer. Meth.
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I understand your success in correcting the conservation of momentum which results in realistic

simulation of breaking waves. But numerical models of this kind often cause energy dissipation due



to numerical viscosity. Please tell me whether the present model has improved the conservation of
energy or not.

[

In both ISPH and CISPH methods the internal interacting forces, namely, the internal forces due to
pressure and viscosity are written as:

—VpJ Zm(—+— W, (1)

1 T T
VT =) m(—S+-2)- VW, )
P ji ZJ: Yl A J

i ]

where p = density; p = pressure; T = viscous stress tensor; VW, = gradient of the kernel with
respect to the position of particle i. Furthermore, particle densities are calculated as:

(p), :ijW(‘rj—ri‘) 3)

j#i

As shown by Bonet and Lok (1999), Egs. 1 and 2 are variationally consistent with the definition of
density in ISPH and CISPH methods (Eq. 3). Therefore, compared to other particle methods with
variationally inconsistent schemes, in both ISPH and CISPH methods we will have a more accurate
computation of deformation, density and pressure and accordingly a more accurate calculation of
the internal energy of the system. However, due to approximations introduced by simplified
differential operator models in calculation of gradients or Laplacian, as well as simplified time
integration schemes, we will have some dissipation of mechanical energy of the system in both
ISPH and CISPH.

In development of CISPH, main focus has been on the momentum conservation. Corrective
terms are derived to assure the invariance of potential energy of the system with respect to rigid
body motions and accordingly guarantee the angular momentum preservation. As long as the basic
differential operator models, as well as the numerical schemes for time integration are the same in
both ISPH and CISPH methods, the CISPH method has not improved the conservation of total
mechanical energy of the system and in short term calculations (such as those performed in our
paper) the rate of energy dissipation in ISPH and CISPH is quite close. To assure the conservation
of both mechanical energy and momentum, some researchers have focused on developing
Hamiltonian particle methods such as HSPH (Bonet et al., 2004) and HMPS (Suzuki et al., 2007)
which adopt more complicated numerical frameworks compared to those of the ISPH and CISPH
methods.

References:

1. Bonet, J. and Lok, T. S., 1999. Variational and momentum preservation aspects of smooth
particle hydrodynamic formulation. Comput. Methods Appl. Mech. Eng. 180, pp. 97-115.

2. Bonet, J., Kulasegaram, S., Rodriguez-Paz, M.X., Profit, M., 2004. Variational formulation for
the smooth particle hydrodynamics (SPH) simulation of fluid and solid problems,” Comput.
Meth. Appl. Mech. Eng. 193(12), 1245-1256.

3. Suzuki, Y., Koshizuka, S. and Oka, Y., 2007. Hamiltonian moving-particle semi-implicit
(HMPS) method for incompressible fluid flows,” Comput. Meth. Appl. Mech. Eng. 196(29-30),
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Have you ever checked the atmospheric pressure at the first and the second events? A Pressure
drop can increase the mean water level and affect your estimate of wave setup amount.”
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"I suggest to revise the abscissa of figure 15 from “water depth in meter” to “d/Ho" so that the result
could become universal and applicable for rivers others than the specific rivers analyzed"
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