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1. Motivation and objectives
A thorough understanding of the mechanisms driving the atomization process of liquids
is of fundamental interest in a range of applications in areas from geophysical flows to
combustion engines. Atomization often begins with the deformation and disintegration
of the surface of the liquid phase due to linear growth mechanisms.
Experiments on coaxial gas and liquid jets by Lasheras & Hopfinger (2000) describe the
development of co-existing streamwise and spanwise vortical patterns at the early stages
of the flow. Both patterns can lead to the formation of protruding streamwise oriented
ligaments (SOL). The eventual break–up of the SOL and the generation of a spectrum
of droplets with varying sizes was related by Marmottant & Villermaux (2004) to an
instability of Rayleigh-Taylor type which can be interpreted as a secondary instability
of the initial ligaments. Taken as a whole, the atomization process is a highly three–
dimensional phenomenon and eludes a description by two–dimensional analysis.
Mechanisms that can facilitate the formation of ligaments and other primary distortions of the interface in two–phase shear layers include various types of both inviscid and
viscous instabilities. The difference in fluid velocity and density between the phases can
give rise to inviscid interfacial instabilities of Kelvin-Helmholtz type which are stabilized
by surface tension, particularly at short wavelengths. In the case of liquid jets, surface
tension can also have a destabilizing effect and introduce interface perturbations by way
of a Plateau–Rayleigh instability. Furthermore, the presence of viscosity, and specifically
a mismatch in the two phases, can generate viscous interfacial instabilities, as discussed
by Yih (1967) and Hinch (1984). Viscosity can also give rise to instability modes that live
within the shear of either phase, largely unaffected by the interface. As noted by Yecko
et al. (2002), these so-called gas and liquid modes can be traced back to the well-known
Tollmien-Schlichting wave found in single–phase boundary layers and channel flow at
finite Reynolds numbers.
Even when the eigenvalue spectrum reveals the flow as exponentially stable, disturbances can amplify through non-modal or algebraic mechanisms. As originally shown
for wall–bounded single-phase flows, the non–normal nature of the eigenfunctions of the
linearized governing equations allows a transient energy gain that is ultimately overcome by viscosity. The analysis of this transient amplification of disturbances can be
cast into an optimization problem in terms of the perturbation kinetic energy (Reddy &
Henningson 1993). South & Hooper (1999) extended the study of non-modal growth to
two-dimensional perturbations in channel flow. A similar approach was applied by Yecko
& Zaleski (2005) to two-phase shear layers, although their investigation was limited to
perturbations of infinite streamwise extent. More recently, Saha et al. (2016) considered
the transient amplification of perturbations in boundary layers over thin wall films.
In applications such as fuel combustion, the distortion of the interface caused by the
initial disturbances is often small compared to the diameter of liquid jet. As a consequence, the surface of the jet is regularly modeled as planar for the purpose of linear
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Figure 1. Schematic of the base flow, U (y), used in the analysis of a two–phase shear layer,
, base flow U (y);
, interface.

analysis (see e.g., Bague et al. 2010). The assumption of two initially separate, uniform
flows meeting for instance after the exit of a nozzle leads to error-function base profiles
for the two phases (Yecko et al. 2002).
In this study, we explore the transient amplification of three-dimensional disturbances
in two–phase shear layers. The base flow of the individual phases follows an error–function
profile under the premise that the boundary layers of two fluids start to evolve at the
same initial time (SIT). Two methods for computing optimal disturbances in two-phase
flows are presented and verified by comparison to the literature.

2. Governing equation
2.1. Base flow
The setting considered here of a two-phase shear layer with planar interface leads to
error–function profiles for both phases (see, e.g., Yecko et al. 2002). A schematic view of
the resulting flow prescribed as a base state in the linear analyses is presented in Figure 1.
Uj are the respective velocity profiles of the two phases while Lj and δj represent the
domain size and boundary layer thickness of each phase, respectively, where subscripts
g and l indicate the gas and liquid phases. Continuity of the tangential stress at the
interface can be expressed as
Ug
Ul
µg
= µl .
(2.1)
δg
δl
Under the SIT assumption which implies that both layers simultaneously begin to evolve
from a discontinuous Kelvin-Helmholtz profile, the ratio between the boundary layer
thickness of the two phases, n = δg /δl , is equivalent to n = (νg /νl )1/2 . Throughout this
work, length scales are normalized by the thickness of the boundary layer in the liquid
phase, δl , and velocities are normalized by the free–stream value of the liquid phase, Ul .
2.2. Non–dimensional parameters
Consistent with the normalization introduced above, the Weber number and the Reynolds
number used in this work are as well based on the parameters of liquid phase. The
SIT assumption further connects the ratio of the thicknesses of the two layers to their
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respective viscosities, leading to the following four independent parameters
m=

µg
,
µl

r=

ρg
,
ρl

Rel =

ρl Ul δl
,
µl

We =

ρl Ul2 δl
.
σ

(2.2)

2.3. The velocity–vorticity formulation
Within this study, we consider the behavior of infinitesimal disturbances to an incomT
pressible, one–dimensional base flow U = [U (y) , 0, 0] , which only varies in the dimension normal to the interface. Linearization of the governing equations leads to
∂u
∂u
∂p
1 2
+U
+ vU 0 = −
+
∇ u,
∂t
∂x
∂x Re

(2.3)

∂v
∂v
∂p
1 2
+U
=−
+
∇ v,
∂t
∂y
∂y Re

(2.4)

∂w
∂p
1 2
∂w
+U
=−
+
∇ w,
∂t
∂z
∂z
Re

(2.5)

∂u ∂v
∂w
+
+
= 0,
(2.6)
∂x ∂y
∂z
where U 0 denotes the derivative of the base flow in the normal direction. By taking the
divergence of Eqs. (2.3)–(2.5) and using Eq. (2.6), we can derive an equation for the
disturbance pressure
∂v
∇2 p = −U 0 .
(2.7)
∂x
Substituting Eq. (2.9) into Eq. (2.4) to eliminate p, results in the Orr–Sommerfeld equation governing normal velocity



∂
∂
1 4
2
00 ∂
+U
−
∇ v = 0.
(2.8)
∇ −U
∂t
∂x
∂x Re
The three–dimensional flow field can be fully described by the normal velocity, v, and
the normal vorticity η, defined as
η=

∂u ∂w
−
.
∂z
∂x

(2.9)

Using Eq. (2.9) and the governing equation Eqs. (2.3)–(2.5) leads to the Squire equation
governing the normal vorticity,


∂
∂
1 2
∂v
+U
−
∇ η = −U 0 .
(2.10)
∂t
∂x Re
∂z
Homogeneity of the base flow in the x, z and t dimensions allows a normal mode ansatz
for the disturbances, which are assumed to have the form
v(x, y, z, t) = ve(y)ei(αx+βz−ωt) ,
η(x, y, z, t) = ηe(y)ei(αx+βz−ωt) ,

(2.11)

where k2 = α2 + β 2 and α and β here donote the streamwise and spanwise wavenumber,
respectively, and ω represents the frequency of the disturbance. Substituting Eq. (2.11)
into Eq. (2.9) and Eq. (2.10) results in the following equations
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1
(−iω + iαU )(D2 − k 2 ) − iαU 00 −
(D2 − k 2 )2 ve = 0,
(2.12)
Re


1
(−iω + iαU ) −
(D2 − k 2 ) ηe = −iβU 0 ve.
(2.13)
Re
Here, D represents the derivative with respect to the normal dimension. For the treatment
of two-phase shear layers, we further introduce the complex interface displacement f ,
which satisfies following kinematic condition
df
= [−iω + iαUl (y = 0)]fe = vl (y = 0).
dt
The full disturbance state vector thus becomes


veg (y)
 ηeg (y) 


.
e
q=
fe


 vel (y) 
ηel (y)

(2.14)

(2.15)

We arrive at the temporal stability eigenvalue problem by prescribing real wave numbers α and β and assuming a complex frequency ω. Since only certain ω solve the resulting
equations, we arrive at an eigenvalue problem which can be written as
iωMe
q = Le
q,

(2.16)

with



M=



D2 − k2
0
0
0
0

0
1
0
0
0

0
0
1
0
0

0
0
0
D2 − k2
0


0
0

0
,
0
1




L=



Og
Rg
0
0
0

0
Sg
0
0
0

0
0
iαUl
0
0

0
0
−1
Ol
Rl


0
0

0
 . (2.17)
0
Sl

The elements of the matrices M and L are
Oj = iαUj (D2 − k 2 ) − iαD2 Uj −
Sj = iαUj −

1
(D2 − k 2 )2 ,
Rej

1
(D2 − k 2 ),
Rej

(2.18)

(2.19)

Rj = iβDUj .

(2.20)

Note that the Reynolds numbers in Eq. (2.17) are related through
r
Reg = Rel .
m

(2.21)

2.4. Boundary conditions and interface conditions
No–slip and no–penetration boundary conditions are imposed on the eigenfunctions in
the far field of both the gas and liquid layers. In terms of normal velocity and vorticity,
the boundary equations become
veg = 0;

De
vg = 0;

ηeg = 0

at

y = Lg ,
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De
vl = 0;

ηel = 0

at

y = −Ll .
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Across the interface, velocities and tangential stresses are continuous while the normal
stress jumps proportional to surface tension, leading to the following set of interface
conditions


dU
f;
J (e
v ) = 0;
J (w)
e = 0,
(2.23)
J (e
u) = −J
dy
 2 
d U
J (e
τzy ) = 0;
J (e
τyy ) = σ∇2 f.
(2.24)
J (e
τxy ) = −J µ 2 f ;
dy
Here, J (X ) is the difference in X between the two phases at the interface, for instance,
J (u) = ug −ul . Note that the jump conditions for u
e and τexy have been derived employing
a first–order Taylor expansion, implying that Uj (y = f ) = Uj (y = 0) + (dUj /dy)f . In
terms of the normal velocity and vorticity, the interface conditions become
J (e
v ) = 0,

(2.25)

J (De
v ) = iαJ (DU )f,


J µ(D2 + k 2 )e
v = iαJ (µD2 U )f,

(2.26)

J (e
η ) = −iβJ (DU )f,

(2.28)

J (µDe
η ) = −iβJ (µD2 U )f,

(2.29)



J ρ(−iωDφ + iα(U Dφ − φDU ) − µ(D3 − 3k 2 D)φ = σk 4 f.

(2.30)

(2.27)

Introduction of the boundary conditions Eq. (2.22) and interface conditions Eqs. (2.25)–
(2.30) into Eq. (2.17) leads to a well-defined eigenvalue problem.

3. Transient growth
The eigenvalue problem introduced above is helpful in determining the exponential
stability of interfacial flows. However, as mentioned in the introduction, modal growth
is only one possible path for the amplification of disturbances. The non–orthogonality
of the eigenfunctions computed in the stability problem implies that their superposition
can undergo transient amplification even if all eigensolutions individually decay. In light
of our goal of examining this transient growth of disturbances, it proves helpful to cast
the linear equations in the form of an initial value problem which allows us to evaluate
the temporal evolution of a superposition of modes. We start by extending the classical
approach by Reddy & Henningson (1993) to our two–phase setting before introducing
an alternative formulation which can be advantageous under certain conditions.
3.1. Transient growth
To investigate the transient amplification of disturbances, we limit the normal–mode
ansatz introduced earlier to the streamwise and spanwise dimensions so that
e (y, t) e−i(αx+βz) .
q (x, y, z, t) = q

(3.1)

e is governed by an
In this setting, the temporal evolution of an arbitrary state vector q
initial value problem of the form
∂e
q
= L1 e
q,
(3.2)
∂t
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where L1 = LM−1 following the definitions of the operators M and L given in Eq. (2.16).
As proposed by Reddy & Henningson (1993), we restrict e
q to the subspace SN spanned
by the first N eigenfunctions of L1
SN = span{e
q1 , e
q2 , · · · , e
qN }.

(3.3)

Within S, a general disturbance state vector e
q can be expanded in the basis {e
q1 , e
q2 , · · · , e
qN }
so that
N
X
q=
κn (t)e
qn .
(3.4)
n=1

As a consequence, Eq. (3.2) can be written as
dκ
= −iΛκ,
dt

(3.5)

where κ = (κ1 , κ2 , · · · , κN )T are the expansion coefficients of the individual modes and
Λ = diag{ω1 , ω2 , · · · , ωN }. By introducing the energy matrix M, we can express the
perturbation kinetic energy in q1 as
Z 1
1
qH Mq1 dy = κH
(3.6)
(q1 , q1 )E = 2
1 Mκ1 ,
k −1 1
where the elements of M are given by
Mij = (e
qi , e
qj )E =

1
k2

Z

1

−1

e
qH
qj dy.
i Me

(3.7)

Since M is both Hermitian and positive definite, it can be factorized through a Choleski
decomposition
M = FH F

(3.8)

and with Eq. (3.6), the perturbation kinetic energy can be expressed as
(q1 , q1 )E = κH
1 Mκ1 ,

H
κH
1 F Fκ1 = (Fκ1 , Fκ1 )2 = (κ1 , κ1 )E

(3.9)

Where the energy norm was transformed into a 2–norm using the property
||q||E = ||Fκ||2 = ||κ||E .

(3.10)

The gain G(t) describes the maximum possible energy amplification for the specific final
time t. With Eq. (2.15), Eq. (3.5) and Eq. (3.10), the computation of G can be expressed
as
G(t) = max
q0 6=0

||q(t)||2
||κ(t)||2
=
max
κ0 6=0 ||κ0 ||2
||q0 ||2

= || exp(−itΛ)||2 = ||F exp(−itΛ)F−1 ||22 = σ12 [F exp(−itΛ)F−1 ].

(3.11)

3.2. Pseudo-fundamental solution operator
Following Hack & Moin (2017), an alternative way of evaluating the transient amplification of disturbances begins with the construction of a pseudo–fundamental solution
operator which governs the evolution of the least stable eigenfunctions. The optimal
initial and final conditions can be expressed as
q0 = Q0 κ,

q1 = Q1 κ,

(3.12)
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Figure 2. Comparison of various methods for computing transient growth in two–phase flow.
Ratio of kinetic perturbation energy versus time, ——, method using Eq. (3.11); —+—, method
using Eq. (3.15) with η and v; —◦—, method using Eq. (3.15) with u, v and w.

where the columns of Q0 and Q1 comprise the N least stable eigenfunctions at the initial
and final times and κ assigns each of those modes a specific weight. The linear nature
of the problem implies that κ is identical in both expressions. Since Q0 has full column
rank, we can directly compute its pseudo–inverse Q+ , leading to
Q+
0 q0 = κ.

(3.13)

q1 = Q1 Q+
0 q0 = L1 q0 ,

(3.14)

Substitution into Eq. (3.12) yields

where L1 is a pseudo–fundamental solution operator which advances arbirary initial
disturbances q0 within the column space of Q0 from t0 to t1 . We can thus express the
computation of the maximum energy gain as
||L1 q0 ||2
||F L1 q0 ||22
||q1 ||2
=
max
=
max
q0 6=0 ||q0 ||2
q0 6=0 ||L0 q0 ||2
q0 6=0 ||F L0 q0 ||2
2
2
||F L1 q0 ||2
||F L1 (F L0 )+ F L0 q0 ||22
= max
= max
= ||F L1 (F L0 )+ ||22 .
q0 6=0 ||F L0 q0 ||2
q0 6=0
||F L0 q0 ||22
2

G(t) = max

(3.15)

Note that the introduction of L0 = Q0 Q+
0 into the denominator restricts q0 to the column
space of Q0 .
3.3. Energy norm in two–phase flow
In single–phase flow, the analysis of transient disturbance growth is typically based on
an energy norm chosen as the integral of the perturbation kinetic energy over the computational domain. Application of this type of norm to an extended state vector of the
form Eq. (2.15) encountered in two–phase settings undermines the well–posedness of the
problem as the interface displacement f is left within the kernel of the norm. As shown
by South & Hooper (1999), such an approach can result in a diverging behavior of the
computed energy gain with increasing number of eigenfunctions. We resolve the issue by
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Figure 3. Growth rate computed using a three-dimensional code. (a) Growth rate at m = 0.99,
r = 0.1, Re = 19800, (b) growth rate at m = 0.01, r = 0.001, Re = 20000. In panel (a),
,
, W e = 100, In panel (b),
, W e = ∞;
, W e = 100000; ◦ and +, reference
W e = ∞;
data.

Figure 4. Mode competition of the first three least stable modes at n = 1, m = 0.02, r = 0.002,
Re = 2000, —◦—, gas mode at W e = 100;
, liquid mode at W e = 100;
, liquid mode
at W e = ∞;
, interface mode mode at W e = 100;
, interface mode at W e = ∞.

using the following definition for the energy norm
" Z
Lg

1
|Dvg |2 + k 2 |vg |2 + |ηg |2 dy
||q||E = 2 r
2k
0

Z 0

2
2
2
2
+
|Dvl | + k |vl | + |ηl | dy + S ,

(3.16)

−Ll
4

2

where S = k |f | /W e is the surface tension energy.

4. Results
4.1. Validation
We begin with a validation of our stability solver by reproducing the eigenvalue spectrum
of two-phase flows reported in the literature. Yecko et al. (2002) and Bague et al. (2010)
solved the stability problem for interfacial shear layers and two–dimensional spanwise
independent disturbances. We compare their results for the perturbation growth rate
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Figure 5. Disturbance velocities at different modes. (a, d) Gas mode, (b, e) liquid mode and
(c, f) interface mode on each column, respectively. To clearly show mode difference, velocities
are amplified by a factor of 100 for the liquid phase.
, u;
, v;
, w;
, interface.

in Figure 3 with data obtained from the solver developed as part of this study. Figure 3(a) shows the growth rate of the most unstable mode as a function of the streamwise
wavenumber with modest density ratio, r, and viscosity ratio, m. Figure 3(b) repeats the
analysis for higher ratios r and m. The three most unstable modes are presented in Figure 4, which matches Figure 2 in Yecko et al. (2002). Figure 4 shows the growth rates over
a range of streamwise wavenumber for Re = 2000, r = 0.002, W e = 100, and W e = ∞.
Excellent agreement is observed in all considered cases.
The growth rates of the gas, liquid and interface modes identified by Yecko et al.
(2002) are shown in Figure 4 as a function of the streamwise wavenumber. Both the
liquid and gas modes can be traced to viscous Tollmien–Schlichting waves amplifying
within the shear of either phase largely unaffected by the presence of an interface. The
interface mode, on the other hand, exists solely due to the jump in fluid properties
at the boundary between the phases. It is worth noting that the three modes attain
their highest growth rate at different streamwise wavenumbers. Further insight into the
behavior of each mode is gained by evaluating their respective eigenfunctions, presented
in Figure 5. The gas mode, shown in Figure 5(a), is mostly confined to the gas phase.
By extension, one may thus expect the liquid mode to be confined to the liquid domain.
However, Figure 5(b) shows that the liquid mode as well attains higher amplitude in
the gas phase. Considering that the density and viscosity are significantly higher than
in the gas phase, we multiply a scalar to magnify the amplitude in the liquid phase
[see Figures 5(d)–5(f)]. Comparison between Figure 5(d) and Figure 5(e) shows that
the liquid mode indeed reaches a higher amplitude in the liquid phase than the other
eigenfunctions. Lastly, we note that the interface mode is the only eigenfunction confined
to the immediate vicinity of the interface [see Figure 5(c) and Figure 5(f)].
4.2. Energy norm
Recall that we consider only the first K least stable modes when computing the optimal
disturbances. For single–phase flow, the computed transient energy gain converges as
the number of modes K is increased since the more stable modes decay so quickly that
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Figure 6. Non–convergence problem of the optimal growth which states that the energy norm
, K = 20;
, K = 30;
, K = 40;
should be redefined from that of a single–phase,
, K = 50.

Figure 7. (a, d) Base flow profile in the channel flow, (b, e) spectrum of eigenvalues, and (c,
.
f) the convergence of optimal growth Gmax
K

they have little impact on the transient amplification of disturbances (see, e.g., Reddy &
Henningson 1993; Hack & Moin 2017). A fundamentally different behavior is observed in
in two-phase flow as visualized in Figure 6. The optimal gain as measured by the energy
norm introduced in Eq. (3.6) monotonically grows with the number of modes.
The underlying reason is the non-trivial kernel of the classical energy norm which measures only perturbation kinetic energy in the two-phase case as the interface displacement
f remains unaccounted for. As a consequence, the application of the unmodified energy
norm allows the allocation of arbitrary amounts of energy in the interface displacement
at initial time which is subsequently converted into the kinetic energy measured by the
norm. This conversion of interfacial into kinetic perturbation energy is almost equally
effective for slow and fast decaying modes. It is primarily facilitated through the specific
structure of the interface mode which is measurably non-orthogonal to the largest part
of the other eigenfunctions as noted by South & Hooper (1999). Following that work,
we alleviate the issue by accounting for the energy stored in the interface through a
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Figure 8. Optimal growth showing the effect of surface tension energy on the two–phase shear
, W e = 1;
, W e = 5;
,
layer. The base flow is considered to have an error function,
W e = 10;
, W e = 50; — —, W e = 100; —+—, W e = 150; — —, W e = 180.

Figure 9. (a) Baseflow profile and (b) spectrum of eigenvalues at Re = 50, W e = 50, α = 0
and β = 0.25,
, base flow;
, interface; ◦, eigenvalues.

modified energy norm [see, Eq. (3.16)]. A validation of our implementation is presented
in Figure 7 which reproduces Figure 4 by South & Hooper (1999). For the top row, the
density and viscosity ratios are r = 1, m = 1 and n = 1. For the bottom row, these
parameters are r = 1, m = 10 and n = 5. Both cases were at W e = ∞, Re = 1000 and
α = 1. The left column shows the respective base-flow profile. The resulting eigenvalue
spectrum is presented in the center column and the optimal energy gain as a function of
the number of modes, K, is provided in the right column. Excellent agreement with the
data by South & Hooper (1999) is observed both for the eigenvalues and the behavior of
G as a function of the number of modes.
4.3. Optimal growth in two–phase shear layers
We continue our validation by shifting to the more realistic scenario of a planar twophase shear layer with parameters representative of a water-air interface, m = 0.018,
r = 0.0012 and Re = 50. The SIT assumption leads to error function profiles for the base
flow as illustrated in Figure 1. Following Yecko & Zaleski (2005), we consider the cases
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Figure 10. Velocity disturbance vectors representing v± and w± in y–z plane and,
, u
velocity contour. Panels (a,b) and (c,d) are, respectively, the first peak and the second peak
initial and final disturbance at Re = 50, W e = 50, α = 0, β = 0.25. Panels (e,f) are the cases
that show the opposite sign of perturbation velocity normal to the interface at Re = 50, W e = 1
and Re = 100, W e = 5, respectively. To clarify the vector field, vectors in liquid phase are
amplified by 1/(30r) in panels (a,b,e,f).

α = 0 and β = 0.25. Figure 8 shows the optimal energy gain as a function of the time
interval t for different Weber numbers.
For the given parameters, an interfacial instability begins to amplify exponentially past
a critical Weber number W ec ≈ 800. Since our focus is on evaluating the non-modal,
transient amplification of disturbances, we restrict our analysis to Weber numbers below
this threshold. When considering the results, the curves representing Weber numbers
higher than unity show more than one maximum with first local maximum occurring at

Optimal disturbances in two-phase shear layers

163

t = 18 for all cases. Also note that for W e > 50, the first peak increasingly merges into
the upward trend towards the global maximum. In marked contrast to the second peak,
the sensitivity of the first maximum to surface tension is rather limited with a relatively
small variation of G over a range of Weber numbers.
To show the liquid quantities more clearly, the following cases are based on a Reynolds
number Re = 50, leading to the base flow visualized in Figure 9. The resulting eigenvalue
spectrum is presented in Figure 9. Since the streamwise wavenumber is zero, the real value
of the continuum of eigenvalues is aligned with the imaginary axis. The optimal initial
and final conditions leading to the highest amplification of kinetic perturbation energy
are presented in Figure 10. Similar to single phase flow, counter-rotating streamwise
vortices are observed in both the gas and liquid phases. It is worth noting that at the
considered parameters, the perturbation velocity normal to the interface maintains the
same sign in the two phases. At a certain spanwise position, a positive (negative) normal
fluctuation in the gas phase thus coincides with a positive (negative) normal fluctuation
in the liquid phase [see Figures 10(a-d)]. At higher surface tension, an opposite behavior
is observed [see Figures 10(e,f)].

5. Conclusions
Transient growth of disturbance in a two–phase planar shear layer setting has been
investigated. Two computational methods for the analysis of optimal disturbances were
presented. The first approach adapts the classical methodology introduced in the study
of single-phase flows (Reddy & Henningson 1993) to the two-phase setting. An alternative formulation is based on the construction of a low-rank pseudo-fundamental solution
operator (Hack & Moin 2017) and allows greater flexibility through compatibility for
instance with flows represented by non-autonomous operators.
The methodology was extensively validated against data from two-phase Poiseuille flow
as well as plane shear layers. The results show the formation of streamwise elongated
streaks within the shear of the shear layer by counter-rotating vortices. Furthermore, an
exchange between the kinetic energy of the disturbances and the surface tension energy
of the interface was observed. Ongoing work aims to relate these findings to the initial
distortion of the interface and thus the starting point of the atomization process.
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