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FINITE-AMPLITUDE SOLITARY WAVES IN A TWO-LAYER FLUID

N. V. Gavrilov and V. Yu. Liapidevskii UDC 532.59

Second-mode nonlinear internal waves at a thin interface between homogeneous layers of immiscible
fluids of different densities have been studied theoretically and experimentally. A mathematical model
is proposed to describe the generation, interaction, and decay of solitary internal waves which arise
during intrusion of a fluid with intermediate density into the interlayer. An exact solution which
specifies the shape of solitary waves symmetric about the unperturbed interface is constructed, and the
limiting transition for finite-amplitude waves at the interlayer thickness vanishing is substantiated.
The fine structure of the flow in the vicinity of a solitary wave and its effect on horizontal mass
transfer during propagation of short intrusions have been studied experimentally. It is shown that,
with friction at the interfaces taken into account, the mathematical model adequately describes the
variation in the phase and amplitude characteristics of solitary waves during their propagation.
Key words: solitary wave, two-layer fluid, shallow-water equations, intrusion, gravity flow.

Introduction. Generation of internal waves in a density-stratified medium is an effective mechanism for
transformation of large-scale flows in the ocean and atmosphere to smaller-scale motions with the subsequent
dissipation of the energy of the wave. In the sea shelf area, nonlinear internal waves generated by tides or resulting
from the interaction of flows with the bottom relief propagate toward the coast in the form of trains of solitary
waves. A characteristic feature of both bottom and subsurface internal waves of large amplitude is their ability to
transfer fluid and impurity particles for considerable distances. Recently, the structure of such flow has been actively
studied both theoretically and experimentally. In stratified water reservoirs, internal waves with a trapped core have
been found in the bottom layer [1] and the surface layer [2], and at the interface between homogeneous fluid layers
of different densities [3]. Intrusion flows in the form of symmetric solitary waves at the interface between fluids
have been studied using experimental and theoretical methods [4-11]. Interest in this class of flows is motivated by
their unique ability to transfer mass along high-gradient interlayers in a stratified fluid due to the initial horizontal
momentum. Solitary-wave flow is similar to vortex-ring flow [12], with the entrainment of the surrounding fluid and
the vertical velocity component in rotational motion being effectively suppressed by stable stratification.

In the present work, symmetric solitary waves at the interface of a two-layer fluid were studied experimentally.
Analytical and numerical solutions of the problem of propagation of large-amplitude internal waves in intrusion and
gravity flows are constructed using a mathematical model of two-layer shallow water [13] which takes into account
nonlinearity and dispersion.

1. Experimental Setup. The experiments were performed in a laboratory tank (Fig. 1) 140 cm long,
20 cm wide, and 35 cm deep, whose side walls and bottom were made of transparent Plexiglas [14]. The tank end
of length Iy = 20 cm was separated by a sealed partition which could be lifted and lowered to form a solitary wave.

Before the experiments, the partition was lifted and the tank was filled with layers of immiscible fluids of
different densities p™ and p~. The layers had the same thickness H. The working fluids were fresh water and a weak
solution of sugar in water. In all experiments, the relative difference in density between the layers e = (p~ —p™)/p™
was not more than 0.005, which did not lead to a significant increase in the viscosity of the fluids. Sugar was used
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Fig. 1. Diagram of the experimental setup: 1) tank wall; 2) tank end; 3) sealed partition; 4) solitary
wave; 5) thin plate.

to produce stratification since its diffusion coefficient is much lower than, for example, the diffusion coefficient of
table salt. This made it possible to reduce the thickness of the diffusive zone. After the filling of the tank, a density
distribution was established between the layers, which is well approximated by the formula
- +

p(y)=p+" gp tanh (y_dH) (1.1)
where p = (p~ + p*)/2, 25 is the characteristic thickness of the pycnocline, y is the vertical coordinate directed
upward relative to the bottom of the tank, and p™ and p~ are asymptotic values of the density in the upper and
lower fluid layers, respectively.

A weak solution of sugar of the required density was produced by careful mixing of appropriate volumes
of a high-density solution (¢ = 0.05) and fresh water. The density of the concentrated solution was measured by
a standard areometer with an error of 0.05%. The experiments were performed immediately after the filling of
the tank; therefore, the thickness of the interlayer 20 was approximately the same, and before the beginning of the
experiments, it did not exceed 20 = 1.2 cm, which was checked by an electrical conductivity sensor with a horizontal
sensing element [15].

After the filling of the tank, the sealed partition was lowered. The fluid in section 2 (see Fig. 1) was carefully
mixed and slightly colored, and according to formula (1.1), a mean density p was established in it. After removal of
the partition, the fluid from the section flowed along the interface between the layers to the main part of the tank,
and the fluid from the main part of the tank flowed along the bottom and the free surface to the end section. Then,
the partition was lowered, resulting in the generation of a second-mode solitary wave 4 at the interface between the
layers at some distance from the partition. Waves of different intensities were produced by varying the time during
which the partition was open.

Solitary-wave propagation was recorded by a digital video camera (25 frames/sec) located at 2.5 m from
the tank. As in experiments [16], the flow pattern was visualized as follows: a uniformly illuminated screen with
inclined lines drawn on it (Fig. 2) was photographed through the fluid thickness. In the zones with a high density
gradient, a characteristic deviation of these lines was observed, and in mixing zones, the optical transparency of
the fluid was reduced. It should be noted that in the zones of increasing density gradient, the lines are seemingly
denser, and in the zones of deceasing density gradient, they diverge. Above and below the pycnocline and in the
solitary wave, the lines are not distorted, and, hence, the fluid in these regions is homogenous in density. The fluid
of intermediate density propagating in the form of an intrusion along the interface is slightly colored with ink to
visualize mass transfer (see Fig. 2).

In some experiments, a thin plate 5 was placed horizontally at the interface between the layers to study the
transition from a short intrusion to gravity flow (see Fig. 1). (The distance from the partition 3 to the leading edge
of the plate was I; = 45 cm, and plate length was lo = 30 cm.) Figure 2 gives photographs of the waves propagating
immediately after the filling of the tank (26 = 1.2 cm) and after the passage of the first wave (26 = 1.6 cm). It
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Fig. 2. Photographs of internal solitary waves incident on a horizontal plate (P) (H = 8 cm and
b= 2.5 cm/sec?): (a, c, e) wave propagation in the unperturbed layer (§ = 0.6 cm); (b, d, f) after
the passage of the first wave (§ = 0.8 cm); (a, b) ahead of the plate; (c, d) on the plate; (e, f) behind
the plate.

is evident from Fig. 2 that the incidence of the solitary wave onto the plate leads to a sudden change in the flow:
the wave profile lost its symmetry, and a region of intense mixing is observed behind the wave head, i.e., the main
features of gravity flow appear. These changes are most pronounced in the case of a thin initial interlayer (Fig. 2a,
¢, and e). Even a small increase in the interlayer thickness after the passage of the first wave is sufficient to prevent
a significant distortion of the next wave in the vicinity of the plate (Fig. 2b, d, and f). The photographs presented
in Fig. 2 also show the difference between the intrusion flows at the interface between the fluids and the gravity
flows in the vicinity of the bottom or the lead of the channel due to the friction effect on the flow structure. Below,
we construct exact solutions describing solitary waves within the framework of a dissipationless model and discuss
the friction effect on the evolution of solitary waves at the interface between fluids and in the vicinity of the plate.
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2. Mathematical Models of Two-Layer Shallow Water. As noted above, in the case of weak stratifi-
cation [(p~ — pT)/ptT < 1], flows symmetric about the central line of the channel can be implemented by intrusion
of a fluid of intermediate density p = (p~ + p™)/2 into the layer between the homogeneous layers. In this case, it
is sufficient to consider flows only in the lower part of the channel (0 < y < H) and use a two-layer flow scheme
to describe the evolution of the waves. In a long-wave approximation, nonlinear and dispersion effects are taken
into account in model [17]. The two-layer model is determined by the dimensional quantities p™, H, and b = £g/2
(g acceleration of gravity). In the dimensionless variables p™ =1, H = 1, and b = 1, we assume that h and u are
the depth and mean velocity of motion of the lower layer, ( and w are the depth and velocity of the layer in the
upper part of the flow region considered, and p is the pressure at the interface. We also assume that

(=1-h, Q=hu+Cw=0,

o _ 0 0 o _ 0 0 (2.1)
it~ ot o it~ ot " ox
In the Boussinesq approximation [(p~ — p™)/p™ < 1], the model [17] is represented by the following system

of equations [18]:

ht + (hu)m = 0,

d2h

1 2
U + Uy + 3h (h g2

)w—th—l—pm —0, (2.2)
di¢
dt?
For flows in a two-layer fluid with a thin initial interlayer between homogeneous layers (; = 1 — hg < 1, the
mass conservation law in each layer implies that the velocity of particle motion in the intrusion is close to the wave
velocity. Therefore, the vertical acceleration of particles in this region can be ignored, and in relations (2.2), the
pressure in the upper layer can be replaced by hydrostatic pressure. Thus, system (2.1), (2.2) is simplified [13]:

wt—l—wwm—kglC (CZ )E—sz:().

ht + (hu); =0,
1 5 d?h
ut—i—uuw—i—Bh (h dtz)w—l—hm—i—pw—o, (2.3)

Wt + wwy + pg =0,

d 0 ‘u 0
dt ot Ox’
Further simplification of Eqgs. (2.3) is possible for |u] < 1 and |h — ho| < 1. The corresponding weakly nonlinear

model suitable for describing small-amplitude waves becomes [17]

ht + (hu)m = 0,
U + Uy + hohitz /3 + he + Pz =0, (2.4)

Wi + Wwy + pe = 0.

Next, we analytically study solutions (2.2)-(2.4) which describe symmetric solitary waves at the interface
between homogeneous layers of different densities.

For the three models presented above, we consider traveling waves, i.e., solutions of Egs. (2.2)—(2.4) which
depend on the variable £ = x — Dt (D = const). We also require that for || — oo,

h — hg, R — 0, n'—0 (2.5)

(here and below, the prime denotes differentiation with respect to the variable &), ie., the solutions
are solitary waves.

We first consider traveling waves for the weakly nonlinear model (2.4). System (2.4) reduces to the following
system of ordinary differential equations:
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WD —u)=hoD, (1—h)(D—w)=(1-ho)D,

(2.6)
(u — D)*/2 4+ h+ hoD*h" /3 — (w — D)?/2 = hy,.

In view of (2.5), Eq. (2.6) can be integrated and presented in the form of one ordinary differential equation
for the function h = h(§):

3(h — ho)?(Fr? —h + h?)

h')? = Gy(h) = 2.7
(h') 1(h) Fv2 hoh(1 — h) (2.7)
Similarly, by virtue of (2.5) Eqs. (2.2) and (2.3) can be reduced to the differential equations

3(h — hg)?(Fr® —h 4 h?

(02 = Gy = 21~ Po) (I ). (2.5)
Fr? h2(1 — h)

h — ho)?(Fr? —h 4 h?

(W) = Ga(ny = 2~ hol (B —h V) (2.9)

Fr?(h3(1 — h) + (1 — ho)2h)’

where Fr = D/v/bH = D is the Froude number.

We note that Eq. (2.7) follows immediately from (2.6), Eq. (2.8) was obtained in [13], and Eq. (2.9) is
derived using the Boussinesq approximation from the corresponding representation for traveling waves in [17] (see,
for example, formula (13) in [18]). We also note that the parameter

B = (1—|—\/1—4Fr2)/2 (2.10)

does not depend on the initial thickness of the upper layer (o = 1 — hg; therefore, the functions G; (i = 1,2, 3) differ
only in the denominator, and the common numerator vanishes for h = hg and h = h,,, (0 < h < 1). As hy — 1, the
functions G; (i = 2, 3) have the common limit

Go(h) = 3(1 — h)(Fr® —h + h?)/ Fr*.
For models (2.2) and (2.3), the equation
(W')? = Golh) (2.11)

specifies the shape of the symmetric solitary wave propagating at the interface between the homogeneous layers
(¢o = 0). For the models considered above, including the limiting case hy — 1, the wave profiles are found from
relations (2.7)—(2.9) and (2.11) in quadratures

h
ds .
¢ =¢&i(h) = ih[ Jousy T 0,1,2,3. (2.12)

We restrict the further consideration to the case h,, < hg which corresponds to the class of intrusion flows described
in Sec. 1. Figure 3 shows curves of y = G;(h) (: = 0,1,2,3) for hg = 0.95 and Fr = 0.40 and 0.48. From Fig. 3
it follows that at a thin initial interlayer between homogeneous layers obtained experimentally, the graphs of the
functions y = Ga2(h) and y = G3(h) almost coincide. Consequently, the corresponding models give close profiles
of solitary symmetric waves propagating along the interface between fluids of different densities. Therefore, for
numerical calculations of nonstationary intrusion flows in a channel, we shall use the simpler model (2.3).

We note that for traveling waves, Eq. (2.10) leads to the constraint Fr < Fr, = 0.5 and independence of the
solitary-wave amplitude A = 2(1 — h;;,) on the initial thickness of the layer (; = 1 — hg. This is equally valid for all
models considered above. Since the root h = hg of the equation G;(h) = 0 is multiple for hg < 1, the dependence
h = h;(€) obtained from (2.12) describes the soliton-like solution of the corresponding system of equations for i = 1,
2, and 3 and h(§) < ho for all values of &.

As hg — 1, the limiting function (Go(h))~/? has an integrable singularity in (2.12), and hence, for large
values of ||, we have ho(£) = 1, i.e., the solution h = ho(€) corresponding to an infinitely thin interlayer (o = 0 is
a compacton. Solutions (2.12) can be used both to describe symmetric solitary waves and represent the front of
intrusion flows at the interface between fluids. Figure 4 shows stationary solutions (2.12) for (, = 0 and {p = 0.15
and a photograph of the symmetric solitary wave realized in the experiment (Fr = 0.488 and {p = 0.15). In this
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Fig. 4. Photograph of a solitary wave moving from left to right at the interface between the fluids (Fr = 0.488):
1) solution (2.12) for ¢ = 0 and (o = 0; 2) solution (2.12) for i = 2 and (o = 0.15.

case, the solution with nonzero initial thickness of the interlayer (curve 2) specifies the outer boundary of the
perturbations of the density field. We note that model (2.3) was obtained for A/{y > 1 and, hence can be used to
describe finite-amplitude waves only for a rather thin layer. At the same time, the wave considered has a moderate
amplitude A/{y = 5.2 relative to the thickness of the interlayer, and Egs. (2.3) adequately describe the solitary-wave
profile both for both thin interlayers and finite-thickness interlayers.

In the models used to construct traveling waves, dissipation effects were not considered. In real stratified
fluids, solitary waves cannot propagate at constant velocity. Friction leads to a deceleration of solitary-wave prop-
agation and corresponding change in the wave profile. Nevertheless, in a coordinate system attached to a solitary
wave, the flow is quasistationary: at each time, the shape of the solitary wave coincides with the shape of a station-
ary wave of the same amplitude, allowing a comparison of the exact solution with experimental data. Because of the
symmetry of the flows considered, the friction on the channel axis (y = 1) is equal to zero and the main contribution
to energy dissipation comes from the processes at the interface between the intrusion and the surrounding fluid
(y = h(t,z)) due to instability and turbulent mixing in the region of high velocity and density gradients. In the
two-layer model, these effects can be taken into account only by supplementing relations (2.3) with terms due to
turbulent friction at the interface between homogeneous layers. We also note that energy dissipation in a solitary
wave is caused not only by friction on its boundaries but also by mass loss of the intrusion during its propagation
because the total mass of the intermediate-density fluid transferred by the wave reduces with decreasing wave am-
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plitude. Immediately behind the wave, the thickness of the interlayer increases compared to the unperturbed state,
and differences between the exact solution and experimental data are observed only in a small region adjacent to
the region of constant flow behind the wave (see Fig. 4).

Next, model (2.3) modified in view of friction is used to perform a numerical analysis of the nonstationary
problem of the evolution of symmetric solitary waves in a two-layer fluid.

3. Solitary-Wave Decay. A comparison of models (2.2) and (2.3) for the stationary solutions representing
traveling waves of various amplitudes shows that, for the investigated intrusion flows, these models provide close
wave profiles over a wide range of determining parameters. Therefore, to analyze nonstationary flows, we confine
ourselves to system (2.3), which is similar in structure to the Green—Naghdi equations for a one-layer fluid. In
particular, for numerical implementation of this model, it is possible to use a generalization of the computation
method for nonstationary flows proposed in [19]. In view of the dissipative effects caused by turbulent friction on
the inner and outer boundaries of two-layer flow, for h + ¢ = 1 and @ = hu + (w = 0 system (2.3) becomes

he + (hu)e =0,  wy+ (W?/24p)e = (fi — 1)/

(hu? +¢ 2y Dy Ly ) =1 (3.1)
ETS T g g2 TP) T ’ '
fizclu—wlu—wl, ff=chulel, = cpulul,

¢; = const, cliu = const,

where f; and f* are the shear stresses at the interface between the fluids and on the outer boundaries of the
investigated flow region, respectively. As noted above, the specific features of the symmetric intrusion flow is that,
on the channel symmetry axis y = 1, the shear stress vanishes and f* = 0. This term is of significance only in
experiments with a horizontal plate placed at the center of the channel (see Sec. 1). We also note that in the
calculations presented below, accounting for friction at the channel bottom does not influence the flow pattern and
we can set f~ = 0. The values of the coefficients ¢; and c:; are chosen empirically and characterize the rate of
mixing processes on the inner interfaces and in the vicinity of the plate.
A differential consequence of (3.1) are the inhomogeneous conservation laws

(w2 +h? + il)) h(dh)2)t + (hu(u2 + ! (dh)2) + Cw? + 2h%u + § h2u dzh)z

dt 3\dt dt?
= —cilu —wf’ — ¢ w]® — ¢ lul’; (3.2)
1 o 1o 2 sdhN\2y  ci(u—w)lu—w| et hw|w|
(Kh — hw); + (Khu+ (2 —h)w - h - 3h(dt) )m . . —eguful+ L @9)

1 dh 1
K = (h2 ) = - h3 x )T
wF g\ g ), T g ()
In the absence of dissipation (¢; = 0 and ¢ = 0), the additional law of energy conservation (3.2) can be

used to construct solitary waves (see Sec. 2). The equation
he 4 (hu)y = 0 (3.4)

and Eq. (3.3) form a closed system of conservation laws which is equivalent to the basic system (3.1). For numerical
solution of the nonstationary problem of solitary-wave decay within the framework of model (3.3), (3.4), it is
convenient to treat the functions h and ® = h(K — w) as dependent variables. In these variables, the system takes
a form similar to that of the Green—Naghdi equations for a one-layer fluid (see Eq. (10) in [19]). Therefore, below,
we give only the main steps of the construction of the difference scheme.

The difference scheme used for the numerical solution of the initial-boundary-value problem for Eqgs. (3.3)
and (3.4) is formally a version of the Godunov scheme, in which the fluxes through the lateral boundaries of the
meshes are calculated using the linearized Riemann problem. In turn, the Riemann problem is constructed using
the characteristics of the equilibrium system without dispersion terms. For relations (3.3) and (3.4), the equilibrium
system is the equations of two-layer shallow water [20, Chapter 4]

477



0‘0‘

3

100 x, cm

100 x, cm

e

s i A
et

0

20

40

60

80

1
100 z, cm

Fig. 5. Solitary-wave amplitude versus distance to the partition for various initial thicknesses of the
interlayer (time interval between the points At = 4 sec): § = 0.4 (a), 0.6 (b), and 0.8 cm (c); the
curves are the wave profiles simulated numerically, and the points are the corresponding positions
of the wave crests obtained experimentally.

ht + (hu)z =0,

(u—w); + (u*/2 = w?/2+ h), = 0,

hu+ (1 —h)w =0.

The equations for the characteristics (3.5) have the form

dz
dt
From (3.6) it follows that, for |u —w| < 1, system (3.5) is a hyperbolic system. We note that the basic system (3.3),
(3.4) is not hyperbolic. The infinite velocity of perturbation propagation for system (3.3), (3.4) is implemented in
finding the velocity u from the known variables A nd ® by the linear equation

1
3 h2uys + h2hyuy —

=(1-2h)(u—w)=* \/h(l —h)([1 - (u—w)?).

h
Yy e=o,

1—h

(3.6)

whose difference solution is found using the Thomas algorithm. The natural boundary conditions for system (3.3),
(3.4) are the no-flux condition (u = 0) on the lateral boundaries of the flow region considered. The exact solution
describing a solitary wave for model (2.3) is chosen as the initial conditions. Figure 5 gives sequential positions
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Fig. 6. Photograph of one of the implementations of the solitary internal wave shown in Fig. 5a:
1) solution (2.12) for ¢ = 2; 2) numerical solution of the nonstationary problem.

of waves in dimensional variables calculated at regular time intervals At = 4 sec (H = 6 cm and b = 2 cm/sec?).
The points show the experimental positions of the wave crests for the same times. Figures 5a, 5b, and 5c¢ differ in
the initial thickness of the interlayer §. For all calculations, the identical friction coefficients were used (¢; = 0.012
and ¢& = 0). The calculation results show that the velocities of propagation and decay of solitary waves at the
interface are adequately represented by dissipative terms of system (3.3), (3.4). Moreover, the effect of friction
at the interface between the layers of different densities leads to asymmetry of the solitary-wave profile about the
vertical axis through the crest. The thickness of the interlayer behind the numerically constructed wave increases,
and the wave amplitude and mass of the transferred fluid decrease. Behind the wave, an expanding plateau occurs,
which is followed by a nonstationary depression wave. Figure 6 gives the exact solution of (2.12) for i = 2 for
the dissipationless model (curve 1) and the numerical solution (3.3), (3.4) (curve 2) which represents one of the
realizations of the solitary wave shown in Fig. 5a. Figure 6 also shows a photograph of an internal solitary wave
obtained experimentally. Asin Fig. 4, the outer boundary of the wave is the boundary of deformation of the inclined
lines caused by a perturbation of the density field due to the passage of the wave. A comparison of the stationary
and nonstationary solutions (curves 1 and 2 in Fig. 6) shows that, at the leading edge of the wave, these solutions
almost coincide and energy dissipation has a significant effect on the flow only behind its crest. We note that the
constructed numerical solution also provides an important flow characteristic such as the rate of mass transfer from
the wave. Therefore, the model considered is suitable for describing channel and pipe flows.

The stationary and nonstationary solutions of the solitary-wave problem constructed above also provide a
formal description of the evolution of gravity flows in a horizontal channel under the effect of an initial momentum.
However, experimental studies of interaction between a solitary wave and a plate placed horizontally in the plane
of symmetry of the channel (see Sec. 1) show that there is a significant difference between the intrusion and the
gravity flow in the vicinity of the plate (see Fig. 2), which is due to the activation of the mixing process resulting
from the development of a boundary layer above the plate and under it. Hence, the transformation of the wave near
the plate depends significantly on the initial thickness of the interlayer (compare Fig. 2a, ¢, and e and Fig. 2b, d,
and f), and within the framework of a two-layer flow scheme, the assumption of the constant friction coefficient ¢}
is inapplicable to the flow under the plate. Therefore, to interpret the experimental results for the evolution of the
soliton behind the plate, we chose the friction coefficient in the vicinity of the plate according to the initial thickness
of the interlayer so as to provide the corresponding energy dissipation of the gravity flow and, thus, to implicitly
take into account the turbulent mixing effect.

Figure 7 shows the evolution of the profile of a solitary wave during its interaction with the plate calculated
for model (3.3), (3.4) at equal time intervals At = 2 sec (H = 8 cm, b = 2 cm/sec?, and ¢; = 0.012). In addition,
Fig. 7 shows the positions of the wave crests found experimentally for the same times during motion along the
interface between the fluids (points 1) and in the gravity flow in the vicinity of the plate I < x < l1 +l2 (points 2).
From Fig. 7, it follows that the model adequately describes the amplitude and phase characteristics of the solitary
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Fig. 7. Amplitude of the solitary wave incident on the plate versus distance to the partition at various
initial interlayer thicknesses and friction coefficient (time interval between the points At = 2 sec):
(a) § = 0.6 cm and ¢}, = 0.1; (b) § = 0.8 cm and ¢}, = 0.05; the curves correspond to the
numerical calculation, and the points to the experimental positions of the solitary-wave crests at
the interface (1) and under the plate (2); the plate is marked as 3.

wave ahead of and behind the plate; however, for a correct representation of the gravity flow in the vicinity of the
plate, it is necessary to take into account turbulent mixing, which is beyond the scope of this model.

Conclusions. Symmetric internal solitary waves propagating along the interface between fluids of different
densities are of interest for both physical and mathematical modeling. Investigation of the main features of the
evolution of these waves under the action of an initial momentum allows one to understand some mechanisms of
mass and momentum transfer in real flows in the atmosphere and ocean. Mathematical models (2.2)—(2.4) show
that the formation of large-amplitude solitary waves at the interface of a two-layer fluid in a channel of finite depth
is due to dispersion effects into the fluid surrounding the intrusion. Therefore, for the models considered above,
soliton-like solutions have a limit as the thickness of the interlayer tends to zero. Thus, models (2.2)—(2.4) can be
used to construct internal waves of large amplitude if by the amplitude is meant the relation A/J.

In contrast to the energy dissipation mechanism for surface solitary waves in a homogeneous fluid, the energy
dissipation mechanism for the waves generated by instability of the shear flow in the vicinity of inner interfaces is
a fairly effective one. Therefore, an adequate model for internal solitary waves should take into account friction on
the boundaries of the intrusion flow. A comparison of experimental data with the results of nonstationary numerical
calculations performed for model (3.1) with a constant turbulent-friction coefficient shows that this model correctly
represents solitary-wave decay at the interface. At the same time, the gravity flow structure in the vicinity of the
plate (see Fig. 2) depends significantly on the initial thickness of the layer, and its description requires a more
elaborate model that takes into account turbulent mixing in the vicinity of the wave front.

This work was supported by the Ministry of Education and Science of the Russian Federation (Grant
No. 2.1.1/3543), the Russian Foundation for Basic Research (Grant No. 09-01-00427), Integration project No. 65
of the Siberian Division of the Russian Academy of Sciences, and Program No. 14.14 of the Russian Academy of
Sciences.
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