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Abstract
Using kinetic energy (KE) criteria, the Turbulent Non-
Turbulent Interface (TNTI) in a planar mixing layer has
been identified and studied in this paper. The mixing layer
is generated in a simple way by blocking the top half
of the wind tunnel test section with a mesh of suitable
solidity. High resolution particle image velocimetry (PIV)
is used to acquire the velocity data. The threshold for
identifying the interface is obtained using the area al-
gorithm suggested by [2]. The mean and rms profiles
of velocity and the spanwise vorticity with respect to
the TNTI show finite jump at the interface location. The
fractal dimension of the KE interface based on the box
counting method is found to be ∼1.2.
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I. INTRODUCTION
Turbulent flows are separated from the irrotational

laminar flows by sharp and highly distorted surfaces
which are generally called Turbulent Non-Turbulent In-
terface (TNTI). The study of TNTI has increased recently
because of their role in the combustion, entrainment and
mixing of turbulent flows. To understand the physical
processes associated with entrainment of irrotational fluid
in practical flows, TNTIs in canonical flows such as
boundary layers, jets, wakes and mixing layers have
been studied. In numerical studies, such interfaces are
usually identified using vorticity due to the availability
of three velocity components or a passive scalar such
as concentration or temperature. In experiments, TNTIs
are identified using either the Kinetic energy from PIV
data [4,8] or the concentration of a passive dye from a
simultaneous PIV-LIF measurements [5,12]. These earlier
studies reveal that there exists a jump in the stream-
wise velocity and vorticity at the interface, and the TNTI
thickness is of the order of Taylor microscale [5].

Generally, a mixing layer is constituted of two TNTIs,
one above and another below the centerline and they

are being exposed to two different free stream veloci-
ties. Hence one can expect an asymmetric entrainment
between the top and the bottom TNTIs for a mixing
layer [11]. In this study we compare the geometric and
kinematic features of the upper and lower interfaces. This
is different from the earlier works on turbulent wakes, jets
and boundary layers.

II. EXPERIMENTAL SETUP

Figure 1: A schematic of the wind tunnel test section
with the mesh.

Experiments were carried out in a low-speed wind
tunnel at the Department of Aerospace Engineering, IIT
Kanpur. The top half of the tunnel test section was
blocked using a mesh of suitable solidity which deceler-
ates the flow behind it to a lower velocity than the flow in
bottom half thereby creating a planar two stream velocity
mixing layer, similar to the work by [7]. The experimental
setup with the mesh mounted inside the test section is
schematically shown in figure 1. Further details about
the mesh and the tunnel are given in tables 1 and 2, re-
spectively. The PIV measurements were carried out using
a Nd:YAG laser and two high resolution CCD cameras
with a field of view centered at 50 cm from the mesh. A
total of 1800 frames were acquired at 1Hz. The acquired
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Table 1: Details of the mesh used in the study.

Mesh solidity U1 U2 Uc Ud Reλ

0.3 6.3 3.4 4.8 2.9 142

Table 2: Tunnel specifications and PIV details

Property Value
Turbulent intensity 0.1%

Test section 0.61 m x 0.61 m
PIV ROI 0.12 m x 0.16 m

Number of vectors 236x405
PIV Resolution 0.41 mm

images were stitched and processed using the open source
software, PIVlab [9] with a 32×32 pixel interrogation
window and 50% overlap. In the following, streamwise,
transverse and spanwise directions are denoted by x, y
and z respectively and the corresponding instantaneous,
ensemble averaged and fluctuating velocities are denoted
by (u, v, w), (U, V,W ) and (u′, v′, w′) respectively. The
mean and fluctuations with respect to the interface co-
ordinates are denoted by (〈U〉, 〈V 〉, 〈W 〉) and (ũ, ṽ and
w̃) respectively.

III. RESULTS AND DISCUSSION

Figure 2: Transverse profiles of (a) streamwise velocity
(b) x-component and (c) y-component of the normal
Reynolds stress and (d) tangential Reynolds stress in
similarity coordinates. Symbols: x= �, 0.43 m;©, 0.49
m; 4, 0.55 m; N, Hot-wire data of [1] at x=0.573 m.

A. Mean flow data
The streamwise mean velocity and Reynolds stress

profiles, in similarity coordinates, at three different
streamwise locations spanning the region of interest are
plotted in figure 2. One can notice that the profiles are
self similar inside our measurement field. The data also
compare well with the hot-wire data of [6]. This is
interesting because the mixing layer in the present work
is generated in a completely different manner unlike the
usual way of using a splitter plate (e.g.,[6]).

B. Interface identification

Figure 3: (a) A sample interface identified using
kinetic energy criteria. Arrow indicates the positive
direction for conditional profiles. (b) Area used in
(c) to obtain the threshold. Blue contour, top area;
orange contour, bottom Area. (c) Variation of area
with threshold. (d) Slope of the area curve in (c).

Fluctuating kinetic energy (equation 1), defined with
respect to the characteristic velocity (Uc), is used to
identify TNTI because the mean velocities are different
for the top and bottom streams. This resulted in lower
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Figure 4: (a) PDF of the interface position, yi. , mean
position of the interface, solid lines —–, Gaussian
fit for the PDF. (b) Length of the interface, LTNTI

normalized with the streamwise length of data field
for different PIV frames. , top interface; , bottom
interface; - - - -, Cumulative mean of the interface
length over all frames.

values of relative kinetic energy inside the turbulent zone
(see figure 3(a)). A typical PIV realization using the
contours of relative kinetic energy and the associated
top and bottom TNTIs are shown. The threshold value
is obtained based on the area algorithm suggested by [2].
Here, the TNTI is identified as the solid white lines with
contour levels close to 7. One can see that the values
are consistent with the region of slope change in figure
3(c). The area values plotted in figure 3(c) are calculated
as the region inside the blue and the orange lines for
the top and bottom interfaces respectively as shown in
figure 3(b) for a given threshold. The PDF of the interface
position and the interface length for each PIV realization
are plotted in figure 4. It is found that PDF for both
the top and the bottom interfaces follow the Gaussian
distribution similar to results in other shear flows. The
interface length LTNTI calculated as the sum of the
linear distances between the consecutive interface points
from first to last interface point is around 1.6 times the
streamwise extent. This value is different from the usual
value of 3 reported in earlier 2D-PIV studies. This can be
either due to the lower value of Reynold number in the
present or the use of KE criteria for interface detection.

K̃ =
100

U2
c

[(u− Uc)
2 + v2];Uc = 0.5 ∗ (U1 + U2). (1)

C. Conditional Statistics
The mean profiles of the spanwise vorticity, the

streamwise and transverse velocities with respect to the
TNTI are plotted in figure 5 and the corresponding rms
values in figure 6. The direction towards the irrotational
region is taken as positive for both the top and the

Figure 5: Conditional profiles of (a) streamwise mean
velocity (b) transverse velocity and (c) spanwise vortic-
ity in super-layer co-ordinates for the top and bottom
interfaces. δ, mixing layer thickness from an error
function fit; and Ud = U1 − U2.

bottom interfaces as shown in figure 3(a). The conditional
vorticity profiles in figure 4(a) shows a clear discontinuity
at the interface, as the vorticity value is almost zero
in the irrotational region and then it sharply increases
to a maximum value at the interface, which happens
over a distance of the order of Taylor microscale, (λ),
and reaches a nearly constant value inside the turbulent
region. This suggests that smaller length scales play a role
in the dynamics close to the TNTI even in a plane mixing
layer. This is consistent with the observations reported
for other shear flows (e.g. [3,4,5]). Another important
feature that is observed in the transverse velocity profile
is that the top and the bottom interfaces show opposite
trends at the TNTI. This is because of the difference
in the entrainment direction for the top and bottom
interfaces. The conditional streamwise and transverse

Figure 6: Conditional profiles. (a-c) Reynolds stress
components and (d) fluctuating spanwise vorticity.

velocity and their rms profiles also exhibit a jump close to
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the interface. These conditional profiles corroborate the
presence of super-layer, across which sharp changes in
properties occur. Another complementary way to show
the presence of super-layer at the TNTI is by plotting the
mean velocities conditioned with the interface location,
as shown in figure 6. This shows that the jump happens
at that particular y position where the interface is located
thereby confirming the earlier results.

Figure 7: Conditional profiles of (a) streamwise and
(b) cross-stream mean velocity conditioned also with
the transverse location of interface, yi.

D. Fractal Characteristics of TNTI

Figure 8: Box counting method to find the fractal
dimension of the interface. – – – –, Linear fit with
a slope of 1.2.

The multi-scale nature of the TNTI can be explained
by its fractal dimension [1], which is usually obtained by
using the box counting method. Here, the slope, as shown
in figure 8, between the number of boxes (Nb) required
to completely cover the TNTI against box size (∆b). The
fractal dimension for the top and bottom interfaces is
≈1.2. This value obtained in a plane mixing layer is close
to the value of 1.3 in other TNTI experiments (e.g., [1,8]).

IV. CONCLUSIONS
The statistics associated with the TNTI is studied in a

planar mixing layer using 2D-PIV data. The mixing layer
is generated by simply blocking a portion of the tunnel
test section with a mesh of suitable solidity. The mean
data in the similarity coordinates follows the hotwire data
of [6]. The TNTI is identified using the fluctuating kinetic
energy as the detector function. The threshold value is
obtained based on the area algorithm suggested by [2].
The PDF of the transverse interface location found by the
kinetic energy criteria follows the Gaussian distribution
but the interface length is only 1.6 times the streamwise
extent. Similarly the super-layer profiles displayed a finite
jump at the TNTI location but the fractal dimension is not
too far from the values reported in the literature. Hence
one needs to either apply the Kinetic energy criteria at
high Reynolds number or look for other interface detector
functions such as spanwise vorticity similar to numerical
simulations.
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