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In this paper, we present simulation results for the two-dimensional, shock-driven Kelvin-Helmholtz instability. Simu-

lations are performed with a Mach 2.0 shock propagating through a finite-thickness curtain of gas inclined at an angle

α0 = 30◦ with respect to the shock plane. After passage of the shock, the gas curtain is accelerated along its axis. A

perturbation develops due to shock reflection near the lower wall, and a Kelvin-Helmholtz instability forms near the

vertical center of the curtain. This is the first known numerical reproduction of these phenomena which have previ-

ously been observed in experiments with an inclined cylindrical gas column. The effects of varying Mach number

and column width were explored in detail to complement experimental data. The dependence of Kelvin-Helmholtz

wavelength on Mach number closely matches the relationship observed in experiments. This supports the notion that

the observed instability is effectively two-dimensional and inviscid (like classical Kelvin-Helmholtz). The growth rate

of the perturbations in the gas curtain was also found to be similar for different Mach numbers. The perturbation at

the curtain foot, previously unreported in experiments, was found to have a similar relationship to Mach number as the

Kelvin-Helmholtz instability. Both perturbation wavelengths are found to be proportional to layer width. Simulations

were performed with the FIESTA(Fast, InterfacES and Transport in the Atmosphere), an exascale ready, GPU(Graphics

Processing Unit) accelerated compressible flow solver developed at the University of New Mexico.

I. INTRODUCTION

When a heavier fluid is placed over a lighter fluid in a grav-

ity field, Rayleigh-Taylor instability (RTI)1,2 is known to de-

velop. A special case of this phenomenon is the impulsive

acceleration of an interface between two fluids by a shock3,4.

This impulse-driven instability is known as the Richtmyer-

Meshkov instability (RMI). Misalignment of the pressure- and

density-gradient fields of the impulsively accelerated RMI or

constantly accelerated RTI produces vorticity along the fluid

interface. This vorticity enhances the mixing of the two flu-

ids. The interfacial perturbations in the streamwise direction

initially grow linearly5, followed by vortex-dominated non-

linear growth and formation of secondary, shear-induced and

baroclinic instabilities6, eventually leading to transition to tur-

bulence. A comprehensive review of Rayleigh-Taylor and

Richtmyer-Meshkov induced flows can be found in Refs. 7–9.

Both RTI and RMI are relevant for many scientific disci-

plines and practical applications. Many examples are dis-

cussed in Refs. 7–9. For example, when some stars die,

shock-driven instabilities play an important role during the

propagation of shocks through the collapsing star core dur-

ing a supernova10. Another example is compression and sub-

sequent heating of a fuel capsule used during inertial con-

finement fusion experiments, in which case flow features

caused by RMI lead to lower laser energy and reduced fuel

compression11. The RMI is also useful for blast mitigation

through the use of sheets of aqueous foam12. Marble et al.13

proposed to use RMI for enhancing the rate of mixing be-

tween air and fuel in the combustion chamber of a scramjet

a)Electronic Mail: beromer@unm.edu

engine. Their proposed mechanism injects gaseous fuel into

a co-flowing region of air. This cylindrical jet of gas travels

axially through the combustion chamber and passes through

an oblique shock emanating from the chamber wall. The au-

thors suggest that a cylindrical jet of gas passing through a

standing oblique shock is geometrically equivalent to a mov-

ing shock passing through an inclined cylinder at rest. A

cross-section of this geometry is then equivalent to the in-

teraction of a shock with a circular bubble of gas, as shown

in their two-dimensional (2D) simulations. Refs. 14–16, de-

scribe additional 2D simulations and shock tube experiments

that were conducted under similar conditions with one and

more jets of gas. In particular, it was found that mixing

rates produced by shock-bubble interactions were sufficient

for sustaining supersonic combustion within a scramjet en-

gine. Based on these results, a scramjet injector, known as

the contoured wall injector, was developed in14 which utilizes

this mixing process. Three-dimensional (3D) simulations of

this device17 confirmed that vorticity generated by the mech-

anism described above provides sufficient mixing of fuel and

air to sustain supersonic combustion. Recent numerical stud-

ies of shock-enhanced mixing involving the interaction of jets

with oblique shocks are reported in Refs. 18–20. These stud-

ies also focused on the streamwise vorticity produced by the

interaction of a jet of fuel with multiple shocks.

The previous studies considered flows with vorticity fields

with one dominant direction. However, the shock-tube ex-

periments conducted by Olmstead et al.21 suggested that an

additional instability may contribute to mixing when a dense

gas cylinder interacts with a shock at steeper angles (more

than 10◦) than those investigated in Ref. 17. This instabil-

ity was identified as the Kelvin-Helmholtz instability directly

driven by the shock passing through the dense gas cylinder. In
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this case, there is vortex formation both in the plane normal

to the axis of the cylinder (forming a well-known counter-

rotating vortex pair) and in the plane containing the cylin-

der axis (shock driven Kelvin-Helmholtz instability, SDKHI).

An apparent correlation between the Mach number and the

Kelvin-Helmholtz instability wavelength was also discovered

in that study. In the experiments21, only scalar intensity re-

lated to the gas concentration was measured. No data for ve-

locity and vorticity were collected.

Our goals in studying the problem numerically are twofold.

First, we want to provide insights into the physics of shock

interaction with a fully three-dimensional (not quasi-two-

dimensional, like many earlier studies) density interface. Sec-

ond, we want to validate FIESTA using high-quality experi-

mental benchmarks.

Before moving on to fully three-dimensional simulations,

however, we need to obtain a better understanding of how

vorticity deposition in two orthogonal planes affects feature

formation. The first plane of interest is referred to as the

“centerline” plane in experiments21: it is parallel to the di-

rection of shock propagation, normal to the plane containing

the axis of symmetry of the inclined gas column, and equidis-

tant from the shock tube top and bottom walls as depicted

in Fig. 1. In this plane, vorticity is initially dominated by

a counter-rotating vortex pair, similar to one forming in quasi-

two-dimensional experiments with gas columns at zero incli-

nation angle. These quasi-two-dimensional experimental re-

sults, including planar velocity and gas species concentration

maps6,22,23 have already been used for code validation23,24

and provide a good understanding of the general trends of the

flow evolution. Centerline plane observations for the tilted

column at moderate (30◦ and below) tilt angles are at least

qualitatively similar to those for the quasi-two-dimensional

column21,25: the counter-rotating vortex pair formation due to

the primary Richtmyer-Meshkov instability is similar, while

there are some differences in the development of secondary

instabilities. Transition to turbulence for columns at 0◦ and

20◦ produces similar power-law scalings25.

FIG. 1: The centerline plane is defined as the plane parallel

to the shock tube wall that contains the cross section of the

circular cylinder while the vertical plane is orthogonal to the

centerline plane and contains the cylinder axis.

Much less is known about what transpires in the plane con-

taining the axis of the inclined cylinder (referred to as the

“vertical” plane in experimental studies21,25, Fig. 1). Sim-

ulations of 2D SDKHI based on the initial conditions in that

plane were performed in our previous study using the FIESTA

code26. That study investigated the passage of a Mach 2.0

shock through a finite-thickness layer of dense gas inclined

at 30◦ with respect to the shock. Note that in experiment

these initial conditions would correspond to a gas curtain with

uniform thickness in the out-of-plane dimension. Accord-

ingly, from here on we will refer to the initial geometry we

model as “curtain” or “layer.” Experiments with gas cur-

tains were conducted earlier, but in a quasi-two-dimensional

setting without the tilt27,28. Experiments and simulations have

also been conducted for quasi-two-dimensional tilted, single

interfaces29–32, but not for finite-width tilted curtains. The

presence of the tilt in the curtain simulation leads to shock-

driven deposition of oppositely signed vorticity on the up-

stream and downstream edges of the curtain of dense gas,

consistent with the Kelvin-Helmholtz instability observed in

experiments with tilted cylinders.

Our prior study26 also investigated vortex formation at the

foot of the curtain after passage of the shock. Variations were

made to the initial curtain angle while the Mach number of

the shock (M1 = 2.0) and curtain width (δ = 10.4 mm) were

unchanged. No significant effect on the resulting wavelength

of either instability was identified due to the curtain angle

change.

The current study continues our previous work by investi-

gating the effects of Mach number and width of the heavy-gas

layer on the Kelvin-Helmholtz and curtain foot instabilities.

For the case of a α0 = 30◦, δ = 10.4 mm layer, simulations

were conducted for Mach numbers M1 = 1.13,1.4,1.7,2.0.

These Mach numbers coincide with those used in experiments

with inclined cylinders21. For M1 = 2.0 shock interacting with

the heavy gas layer at α0 = 30◦, simulations were conducted

for widths of δ = 5.2 mm, 10.4 mm, 15.6 mm, 20.8 mm.

These simulations are also conducted with the FIESTA code

and aim to identify and understand the physics of features

in experimentally observed flows forming specifically due to

SDKHI.

II. NUMERICAL METHOD AND SETUP

A. Numerical Method

For the current study, results were obtained using the two-

dimensional, two-species, inviscid Euler equations in their

conservative form. These equations consist of the continuity

equations for each gas species, equations for each momentum

component, and the conservation equation for specific total

energy. The resulting system is represented by the following

vector equation:
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







= 0. (1)

Here, ρ is the density of the mixture, Ys is the mass fraction

of sulphur-hexafluoride (SF6), u,v are velocity components in

the x and y directions, respectively, where x and y are stream-

wise and span-wise directions, p is static pressure and et is

specific total energy.

The pressure of the gas mixture is computed with Dalton’s

mixing law33 and assumes ideal gas behavior:

p = ρ (YsRsT +(1−Ys)RaT ) (2)

Note that the applicability of ideal gas approximation for

the conditions here has been explicitly assessed34, revealing

that the shock should not be strong enough to produce notable

nonideal effects in the mixture, with the compressibility factor

z being close to unity (z= 1.02 in the worst case). While it was

recently suggested that Dalton’s law itself may produce mis-

leading results for shock-compressed gas mixtures35, this re-

ported observation only applies to an extreme case of dispari-

ties between gas properties in the mixture (sulfur hexafluoride

– helium), which is not considered in the present work. With

the ideal gas assumption, Dalton’s law is equivalent to Am-

agat’s mixing law. In addition to the mass fraction approach

presented here, FIESTA is capable of evolving volume frac-

tions and computing mixture quantities with Amagat’s law. A

simulation was run with Amagat’s law for the M= 2.0 α = 30◦

case and produced identical results as Dalton’s law in terms of

the length scales discussed in Section III.

The mixture temperature is obtained from the internal en-

ergy as follows:

T =
et

Cvmix

(3)

where the mixture specific heat Cvmix
is computed from the

species specific heats and mass fractions as follows:

Cvmix
= YsCv,s +(1−Ys)Cv,a. (4)

Expressions for the specific heats of individual species are

Cv,a =
Ra

γa −1
, Cv,s =

Rs

γs −1
. (5)

The gas constants for each individual species are

Ra =
R

Ma

, Rs =
R

Ms

, (6)

where R is the universal gas constant, Ma is the molecular

weight of air and Ms is the molecular weight of SF6.

The code solves fully dimensional equations. The specific

values of parameters utilized in the code are

R = 8.314462
J

kg ·mol
,

Ma = 0.028966
kg

mol
,

Ms = 0.14606
kg

mol
,

γa = 1.402,

γs = 1.092.

Simulations were performed with FIESTA, a GPU ac-

celerated compressible flow solver developed at the Uni-

versity of New Mexico. Advective terms are approxi-

mated with the simplified 5th-order weighted essentially non-

oscillatory (WENO5) finite difference scheme36–38. The pres-

sure gradient term is approximated using a fourth-order cen-

tral difference36,37. The time scheme used is a low storage,

second-order, explicit Runge-Kutta integrator39.

B. Domain

Figure 2 depicts the domain used for the inclined gas cur-

tain simulations. In this domain, Lx = 0.6m ≈ 60δ is the

length of the domain, and Ly = 0.15m ≈ 15δ is the width. The

heavy-gas layer width δ = 10.4 mm is measured at the loca-

tion where the distribution has a value of 1%. The boundaries

at x = 0 and x = Lx are inflow/outflow boundaries (BCIO). The

boundaries at y = 0 and y = Ly are reflective wall conditions

(BCW ).

The distribution of SF6 gas concentration, ms = ρs/ρ ,

across the gas layer is described by a Gaussian-based distri-

bution with a maximum concentration of 1.0 at x = x0: ms =
exp[−(x−x0)

2/2σ2], where x0 is the location of the middle of

the curtain (corresponding to the center of the cylinder in the

experiments of21). The value of σ = 1.71 mm = δ/6.8 was

chosen so that the gas concentration would be similar to that

used in experiments. Figure 3 compares the gas distribution

used in simulations to that used in experiment.

C. Spatial and Temporal Discretization

The simulations use a uniform Cartesian grid with dx =
dy = 2.5 × 10−5 m ≈ δ/400. This resolution exceeds that

used in the shock-cylinder simulations of24 by a factor of

4. This resolution results in a numerical shock thickness of

100µm, significantly larger than the expected thickness at

Mach 2.0 in air at ambient conditions. However, a grid sensi-

tivity analysis shows that the instability wavelengths of inter-

est have converged at this grid spacing. Details of the conver-

gence study are discussed in Appendix A.

Timestep dt = 5×10−9s is chosen resulting in a CFL num-

ber CFL = 0.1, based on maximum wave-speed. The inclined

layer simulations used a 24,000× 6,000 grid and were com-

puted for 200,000 timesteps. The simulation duration of 1 ms
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FIG. 2: Domain extents and boundary conditions for the inclined gas layer simulations.
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n

δ

Numerical

Experimental

FIG. 3: Plot comparing the experimental SF6 concentration

across the gas column with the distribution used in

simulations. The location of the column/layer width is shown

on the same axis with the parameter σ .

was long enough for the shock-driven Kelvin-Helmholtz in-

stability (as seen in21) to occur, and for the associated waves

to roll-up. Figure 4 shows the grid spacing near the gas layer

during shock passage.

D. Initial Conditions

Solution of Eqs. 1 requires defining pre-shock and post-

shock initial states as well as the initial density distribution in

the gas curtain. In this study, the pre-shock state was defined

as atmospheric pressure and room temperature similar to the

conditions observed in the experiments of Olmstead et al.21.

The post-shock conditions in air were determined from the

inviscid normal shock relations:

FIG. 4: Computational grid (every eighth gridline shown) at

τ = 0 for the shock as it passes through an inclined gas layer.

M2 =

√

√

√

√

M2
1 +

2
γa−1

2γa

γa−1
M2

1 −1
= 0.577, (7)
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T2

T1
=

1+ γa−1
2

M2
1

1+ γa−1
2

M2
2

= 1.614, (8)

ρ2

ρ1
=

(γa +1)M2
1

(γa −1)M2
1 +2

= 2.667. (9)

In Eqs. (7)-(9), ambient, or unshocked conditions are indi-

cated with a subscript 1. Conditions behind the shock wave,

also known as the post-shock conditions are indicated with a

subscript 2. The Mach number specified in each simulation is

the pre-shocked, or ambient Mach number, M1.

From these relations, the post-shock conditions ρ2 and T2

can be determined. The post-shock velocity is determined by

the Mach number and speed of sound;

u2 = M2a2 = 433.9m/s, (10)

a2 =
√

γRT2 = 752.0. (11)

Finally, the post-shock total specific energy is related to in-

ternal energy and kinetic energy by temperature and velocity

as:

et 2 = ei2 + eKE2, (12)

ei2 = ρ2CvT2, (13)

eKE2 =
1

2
ρ2u2

2. (14)

Ambient conditions are Tamb = 300K and pamb = 1×105Pa.

E. Boundary Conditions

Boundary conditions for Eqs. (1) include reflective con-

ditions on the top and bottom boundaries of the domain and

outflow conditions at the left and right boundaries of the do-

main.

Inflow/Outflow boundary conditions are defined as:

∂xρ(x, t)= 0, ∂xρu(x, t)= 0, ∂xρv(x, t)= 0, ∂xρet(x, t)= 0,

where ∂x =
∂
∂x

and ∂y =
∂
∂y

are the derivatives in the x and y

directions, respectively.

Reflective boundary conditions are defined as follows:

∂yρ(x, t)= 0, ∂yρu(x, t)= 0, ρv(x, t)= 0, ∂yρet(x, t)= 0,

III. RESULTS

A. Inclined Layer: Base Case

The initial conditions used for the inclined gas layer simu-

lation is shown in Fig. 5, colored according to density level.

The shaded region to the left corresponds to the shock wave

and post shock conditions, while the ambient, preshock con-

ditions are seen in white. Pressure is constant throughout each

of the two regions. The inclined gas layer is seen to the right

of the shock in the ambient region. The gas layer is inclined

at an angle of α0 = 30◦ relative to the shock, similar to the

experimental setup in21.

As the simulation progresses, the shock travels to the right

through the heavy-gas layer. Figure 6 depicts the interaction

of the shock with the gas curtain at various times. The pre-

shock state is seen in Fig. 6a. The dimensionless time is

defined as τ = kAu2(t − t0)
21. Here k = 2π/δ is the wave-

number based on the cylinder diameter in experiments (cor-

responding to layer thickness in simulation) δ . A = (ρs f 6 −

ρair)/(ρs f 6+ρair) is the Atwood number, u2 is the post-shock

velocity. t0 is defined as the time when the shock interaction is

halfway down the length of the initial curtain and corresponds

to τ = 0. At this time (Fig. 6b) the shock has already changed

the inclination of the upper half of the curtain in the plane of

the simulation. The shock has traveled through the entire layer

by τ = 10.66 (Fig. 6c). The post shock angle of the layer is

αPS = 13.38◦.

In addition to the angle change, the gas curtain is accel-

erated along its axis. The relative velocity between the cur-

tain and the surrounding gas immediately after passage of the

shock can bee seen in Fig. 6c. As the gas curtain moves along

its axis, it can be seen spreading horizontally along the upper

boundary starting at τ =−7.61.

After the shock has traveled through the entire layer, vortex

roll-up can be observed developing near the bottom of the cur-

tain at τ = 25.88 (Fig. 6d). This roll-up occurs as the curtain

is lifted off the lower wall. Perturbations due to the roll-up

propagate upward through the curtain while at the foot of the

curtain accelerated mixing is observed.

At later time τ = 65.46 a second perturbation appears in the

middle section of the curtain as a group of small amplitude

waves (Fig. 6a). The presence of the velocity shear seen in

Fig. 6c suggests that this is the Kelvin-Helmholtz phenomena.

By τ = 88.30, both perturbations meet. The combined pattern

of perturbations varies in amplitude along the curtain as the

wave peaks begin to turn over and roll-up.

B. Mach Number Variations

Results of variations in Mach number on the post shock an-

gle, wavelengths and layer width are presented in this subsec-

tion. Table I shows a steepening (decrease) of the post-shock

angle as Mach number increases.

The wavelengths of the Kelvin-Helmholtz instability occur-

ring near the center of the curtain were identified by drawing

T
hi

s 
is

 th
e 

au
th

or
’s

 p
ee

r 
re

vi
ew

ed
, a

cc
ep

te
d 

m
an

us
cr

ip
t. 

H
ow

ev
er

, t
he

 o
nl

in
e 

ve
rs

io
n 

of
 r

ec
or

d 
w

ill
 b

e 
di

ffe
re

nt
 fr

om
 th

is
 v

er
si

on
 o

nc
e 

it 
ha

s 
be

en
 c

op
ye

di
te

d 
an

d 
ty

pe
se

t.

P
L

E
A

S
E

 C
IT

E
 T

H
IS

 A
R

T
IC

L
E

 A
S

 D
O

I:
 1

0
.1

0
6
3
/5

.0
0
5
1
4
5
9



6

FIG. 5: Initial conditions of total density used for simulations of a shock interacting with a layer (curtain) of gas initially

inclined at α0 = 30◦

an axis down the middle of the curtain and measuring the half-

wavelengths where the perturbed gas layer intersected the axis

(Fig. 7a). Wavelengths were measured at the instant before

any additional secondary instabilities appeared on the layer

surface. Between three and four wavelengths were visible at

each Mach number. The mean wavelength, λKH , and stan-

dard deviation, σKH , at each Mach number are shown in Table

I. Data demonstrates that the Kelvin-Helmholtz wavelength

decreases as Mach number increases, consistent with experi-

mental observations for the tilted gas column21. Results are

also illustrated in Fig. 8a.

Figure 8a shows the relationship between Mach num-

ber and the ratio of Kelvin-Helmholtz wavelength to initial

layer thickness along with experimental data21. The Kelvin-

Helmholtz wavelength is seen to decrease with increasing

Mach number and matches closely with the experimental data

even at different initial angles. This is a strong indirect confir-

mation of the simplifying assumptions presented in Ref. 21 to

derive a theory explaining the wavelength selection.

The wavelength for the perturbation near the foot of the cur-

tain, λF was identified by drawing an axis through the middle

of the curtain. The size of the first half wave was measured

where the gas layer intersects this axis as shown in Fig. 7b.

Values of this wavelength are reported in Table I. At each

angle, only a single wave near the foot of the curtain was ob-

served due to rapid mixing. The wavelength of the curtain

foot perturbation also decreases with the Mach number.

TABLE I: Values of post shock angle, Kelvin-Helmholtz

wavelength and the wavelength at the curtain foot for

different initial angles.

M1 αPS (◦) λKH (mm) σKH (mm) λF (mm)

1.13 25.76 18.61 2.37 37.59

1.40 19.56 12.98 0.84 26.36

1.70 14.86 10.41 0.41 21.28

2.00 13.38 9.31 0.80 17.11

The effect of varying Mach number on the width of the gas

curtain over time was also considered. The curtain width w

was measured by fitting a box, inclined to the post shock an-

gle, around the gas layer at the location where the Kelvin-

Helmholtz instability first appears. Figure 9 shows this bound-

ing box for a Mach 2.0, 30◦ layer at τ = 76.88.

Figure 10 presents the perturbed curtain width evolution

over time for different Mach numbers. After the shock passes

the curtain at τ = 0, the curtain is compressed, with larger

Mach numbers compressing the layer more than smaller Mach

numbers. After τ = 60, the curtain width begins to grow due

to the shock-driven Kelvin-Helmholtz instability. In dimen-

sionless time τ the perturbations grow at nearly the same rate,

only weakly dependent on the Mach number.

C. Effects of Initial Layer Width

Effects of initial layer width on the post-shock angle, insta-

bility wavelengths and post-shock width are discussed in this

section. The initial layer widths were varied from 5.2 mm to

20.8 mm. Table II shows that, not surprisingly, post-shock

angle remains consistent as initial layer width changes.

The mean Kelvin-Helmholtz wavelength, λKH , standard

deviation, σKH , and curtain foot wavelength for each initial

width are shown in Table II along with the post shock angle

αPS. Both perturbation wavelengths appear to be linearly de-

pendent on initial layer width. Results are also presented in

Fig. 11.

TABLE II: Values of post shock angle, Kelvin-Helmholtz

wavelength and the wavelength at the curtain foot for

different initial layer widths.

δ0 (mm) αPS (◦) λKH (mm) σKH (mm) λF (mm)

5.2 13.38 4.65 0.19 7.55

10.4 13.38 9.31 0.80 17.11

15.6 13.38 12.58 0.75 29.16

20.8 13.38 15.87 2.81 35.82
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(a) (b) (c)

(d) (e) (f)

FIG. 6: Heavy gas concentration evolution as dimensionless time τ progresses for a M1 = 2.0 shock passing through a curtain

with an initial angle of 30◦ to the shock. Small insets to the left of each figure how density plots at y = 0.25Lx and y = 0.75Lx.

a) The initial undisturbed curtain. b) The curtain during shock passage. c) The curtain immediately after shock passage

including the velocity field within the curtain. d)The appearance of the foot perturbations. e) The appearance of the

Kelvin-Helmholtz instability. f) The Kelvin-Helmholtz wave roll over and secondary instabilities appear.

(a) (b)

FIG. 7: Diagram showing the location of (a) The Kelvin-Helmholtz wavelength and (b) the curtain foot wavelength.
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1.0 1.2 1.4 1.6 1.8 2.0
M

0

1

2

λ/
δ 0

Simulation :α0=30
Experiment :α0=20

(a) (b)

FIG. 8: Ratio of wavelength to initial column (experiment) / layer (numerics) width with respect to Mach number for (a) the

Kelvin-Helmholtz instability and (b) the perturbation at the foot of the column. Experimental data (column) in (a) is from21.

τ = −14.5

(a)

τ = 16.0

(b)

τ = 76.9

(c)

FIG. 9: Bounding box showing perturbed curtain width a various times for a Mach 2.0, 30◦ curtain. a) The initial

uncompressed curtain. b) The compressed curtain after shock passage. c) Perturbations on the curtain surface

Figure 12 shows the layer width over time for different

Mach numbers. After the shock passes the midpoint of the

heavy-gas curtain at τ = 0, each layer is compressed by the

same ratio, independent of initial width. The layers begin to

grow at different τ , but appear to have similar rates of growth.

IV. CONCLUSION

We use the FIESTA code developed at the University of

New Mexico to study two-dimensional interaction between a

planar shock and a constant finite-width layer of heavy gas at

a 30◦ angle with respect to the shock front. We investigate

the effect of several parameters (Mach number, layer width)

on the growth of the shock-driven Kelvin-Helmholtz instabil-

ity(SDKHI) in the layer. We also observe a previously un-

reported phenomenon: a perturbation developing at the foot
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FIG. 10: SDKHI-induced perturbation width over time for

various Mach numbers.

of the heavy-gas curtain after shock passage and propagating

upward through the curtain.

In particular, the Kelvin-Helmholtz wavelength was found

to decrease with increasing Mach number, consistent with ex-

perimental observations (Fig. 8) and offering support for as-

sumptions underlying a theory proposed to explain the SD-

KHI wavelength selection mechanism21. Simulation results

show that this selection mechanism is both inviscid and two-

dimensional. A qualitatively similar relationship was deter-

mined for the curtain foot perturbation. The growth rate of

the Kelvin-Helmholtz instability was found to be similar in

terms of dimensionless time τ for the range of Mach numbers

we investigated (Fig. 10).

The effects of varying layer widths were also studied.

Both the Kelvin-Helmholtz and curtain foot wavelengths were

found to be proportional to the initial curtain width, while the

post shock angle and compression ratio of the curtain was con-

stant for different initial curtain widths.

Future work will include three-dimensional simulations of

initial conditions of practical interest for which experimental

benchmarks are available, such as inclined (including the 0◦

case) cylinders and curtains with initial width perturbations27.

Supporting experiments work will include time-resolved flow-

field acquisition to focus on the curtain (cylinder) foot region

to confirm the existence of the perturbation described here.

Additional work will also be necessary to elucidate the phys-

ical nature of this perturbation, with the likely reason for the

vortex formation leading to this perturbation suggested as the

interaction of a shock reflected off the density interface with

the bottom wall.
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Appendix A: Grid Convergence

Figures 13a and 13b show measurements of the perturba-

tion wavelengths as a function of grid cell spacing dx. The

mean Kelvin-Helmholtz wavelength λKH is constant over the

grid spacings tested. The curtain foot wavelength converges

as grid spacing decreases. The curtain foot wavelengths were

identical for grid spacings of dx = 25µm and dx = 12.5µm.

The larger of these two grid spacings was chosen as it resulted

in a smaller execution time. This grid spacing (dx = dy =
25µm) resulted in the smallest Kelvin-Helmholtz waves be-

ing resolved by 243 grid cells.
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FIG. 13: The effect of grid size on (a) the Kelvin-Helmholtz wavelength and (b) the curtain foot wavelength. The grid size used

in these simulations is marked with an ’X’.
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τ = −14.5
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τ = 16.0
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τ = 76.9
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