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A novel approach for studying the spatial relationship between the production and dissipation rates
of turbulent kinetic energy and vortical structures is presented. Two turbulent flows were
investigated: the zero pressure gradient boundary layer and the two-stream mixing layer. In both
flows, a multisensor hot-wire probe was used to measure the velocity components in all three
coordinate directions, as well as six components of the velocity gradient tensor. The remaining three
velocity gradients were determined using Taylor’s hypothesis. With these data, the “instantaneous”

production and dissipation rates, defined by P=−��Ūi /�xj�uiuj and D=−����ui /�xj�2+ ��ui /�xj�
���uj /�xi��, respectively, were determined. Cross-correlating the fluctuations of these two signals
reveals that they are not randomly distributed in time with respect to each other; rather they display
significant levels of correlation. Plotting the cross-correlation coefficients versus a dimensionless

length scale, defined as L�=sgn������� /�Ū, reveals an asymmetric pattern that persists at several
cross-stream locations for both flows. Furthermore, correlating both the dissipation and production
rates with a vortex identifier, �xy = ���x�2+ ��y�2�1/2, also reveals consistent cross-stream patterns.
The magnitude of these correlations and their persistent shapes across the flows suggest that the
spatial separation between regions of concentrated dissipation and production rates is associated
with the presence of quasistreamwise vortices in both of these flows. More specifically, they imply
that regions of concentrated rates of dissipation are primarily in the cores of the vortices, whereas
regions of rates of production are more concentrated on their periphery. © 2007 American Institute
of Physics. �DOI: 10.1063/1.2472510�

I. INTRODUCTION

The significance of regions of highly coherent motion in
turbulent flows has been a topic of research for over four
decades. The fact that several important flow properties are
not randomly distributed in time or space, but instead are
spatially and temporally concentrated, has been well
documented.1,2 Arguably the two most widely studied turbu-
lent flows are the zero-pressure-gradient boundary layer and
the shear-induced two-stream mixing layer, in part because
some approximations of them occur in many engineering
applications and in nature, but also due to their simplicity.
While their precise origins, geometry, and self-replication are
still subjects of considerable research, it is now well estab-
lished that the predominant structures in the boundary layer
are quasistreamwise oriented vortices that sometimes occur
in the form of hairpins. The mixing layer is dominated by
large spanwise oriented roller vortices and associated smaller
quasistreamwise oriented braid vortices.3 In both types of
turbulent flows, these vortical structures appear to strongly

influence the spatial and temporal distribution of several im-
portant flow properties.

For example, in the two-stream mixing layer, Hussain
and Zaman4 and Loucks5 have shown, by using averages of
hot-wire data conditioned on the passage of these vortices,
that the production rate is concentrated at the periphery of
the roller vortices where they meet the braid vortices. Addi-
tionally and because his multisensor hot-wire probe, de-
scribed below, provided good estimates of the velocity gra-
dient tensor, Loucks5 showed that regions of high dissipation
rate are concentrated throughout the roller vortices them-
selves. More recently, Adrian et al.6 used streamwise/wall-
normal plane particle image velocimetry �PIV� in a turbulent
boundary layer to study the organization of vortices in the
logarithmic and outer layers. They found that regions of high
Q2 �u�0, v�0� and Q4 �u�0, v�0� Reynolds stress oc-
curred in the vicinity of hairpin heads. Ganapathisubramani
et al.7 also have investigated vortical structures in a turbulent
boundary layer and their relationship to Reynolds stress gen-
eration. Using stereoscopic PIV, they found that flow regions
identified as legs of hairpin vortices were associated with,
but spatially separated from, regions of local Reynolds stressa�Telephone: 301-314-6695. Electronic mail: wallace@eng.umd.edu
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�in the sense defined here� with instantaneous values as much
as 40 times the local mean value.

In this paper, we consider the spatio-temporal distribu-
tion of properties associated with the turbulent kinetic energy
�TKE� in both the boundary layer and mixing layer. In par-
ticular, we are interested in the correlation between the in-
stantaneous rates of production and dissipation of TKE, and
how these correlations might be related to the predominant
vortical structures of the flow. It should also now be possible
to use PIV data for a study like this one. For example, with
data such as those obtained by Ganapathisubramani et al.8

with dual plane PIV utilizing three cameras to estimate the
full velocity gradient tensor in streamwise/spanwise planes
of a turbulent boundary layer, the temporal correlations re-
ported herein could be replaced with spatial ones.

II. EQUATIONS

The transport equation for TKE is given by
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are the production and dissipation rates of TKE �denoted by
K�, respectively. In Eqs. �1�–�3�, Ui and ui are the instanta-
neous and turbulent fluctuating velocities in the ith direction.
The indices i and j each go through x, y, and z, taken to
denote the streamwise, cross-stream, and spanwise direc-
tions. The instantaneous streamwise velocity is also inter-
changeably denoted as U, and the fluctuating velocity com-
ponents as u, v, and w. Overbars signify time averages, and
�=	 /� is the kinematic viscosity with 	 the molecular vis-
cosity and � the density of the fluid. Because Eqs. �2� and �3�
define averaged quantities, temporally varying information
cannot be obtained from them. However, we can also con-
sider the “instantaneous” production and dissipation rates de-
fined as

P = −
�Ūi

�xj
uiuj �4�

and

D = − �	� �ui

�xj
�2

+
�ui

�xj

�uj

�xi

 . �5�

It is these instantaneous values that we will be treating in this
paper, and further discussion of production and dissipation
rates will refer to these instantaneous quantities �or the fluc-
tuations about their means�. Note that by this definition, the
instantaneous production is dominated by the product of a

constant, given by the local mean streamwise velocity gradi-
ent at a given location, and the local and instantaneous uv
product, the average of which is the principal Reynolds shear
stress. Note, also, that averaging �4� and �5� yields �2� and
�3�. Since both the quantities given by Eqs. �4� and �5� are
time-varying signals, we can define their temporal cross-
correlation coefficient. To calculate this, we first subtract
Eqs. �2� and �3� from �4� and �5�, respectively, to define
quantities p and d, the fluctuating production and dissipation
rates. Their correlation coefficient is then given by

Rdp��� =
d�t�p�t + ��

�d2�p2
. �6�

Here Rdp��� is a temporal cross-correlation of the usual type,
giving information about the phase relationship between the
two quantities.

For ��0, Eq. �6� shifts the production rate forward in
time with respect to dissipation rate; for ��0, the shift is
backward in time. Equivalently, we can invoke Taylor’s fro-

zen turbulence hypothesis10 to define a length L= Ū� and say
that ��0 corresponds to an upstream shift in space of pro-
duction rate with respect to dissipation rate, while ��0 cor-
responds to a downstream shift. Thus from the temporal lo-
cation of a correlation maximum, we can infer the
approximate spatial relationship between regions of concen-
trated production and dissipation rate. Furthermore, this spa-
tial relationship can be made nondimensional using a char-
acteristic diffusive length scale �����. The resulting
nondimensional length is

L� =
Ū�

�����
= sgn�������

�
Ū . �7�

III. EXPERIMENTAL ARRANGEMENT

According to the definitions above, the instantaneous
production rate can be obtained by measuring the instanta-
neous streamwise and cross-stream velocity fluctuations, u
and v, together with the mean streamwise velocity at each
location, from which the velocity gradient can be deter-
mined. Simple two-sensor hot-wire probes would suffice for
such measurements. However, to measure the instantaneous
dissipation rate, all nine velocity gradients in the flow must
be determined.

For the boundary-layer data analyzed here, a nine-sensor
probe was used by Ong and Wallace.9 The basic idea for the
probe is quite simple. The velocity vector at the center of the
array of nine sensors is expanded in a Taylor series to first
order, enabling the velocity components cooling each sensor
to be expressed in terms of the velocity components at the
center of the array of sensors and the six velocity gradients in
the cross-stream plane. After calibration, these unknowns are
found iteratively for each time step. The three velocity gra-
dients in the streamwise direction are then found using Tay-
lor’s hypothesis.

The boundary layer from which these data were taken
developed on a flat plate mounted at the horizontal midplane
of the 0.5 m�0.5 m test section of a wind tunnel. The flat
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plate has a sharp leading edge; a combination of sand paper
and a 5 mm diameter round rod, placed about 2 cm down-
stream of the leading edge, were used to initialize and stabi-
lize the laminar-turbulent transition of the boundary layer.
The measurements were made 3.6 m downstream from the
leading edge. For the Ue=1.8 m/s speed of the free-stream
flow that was maintained for the experiment, the boundary-
layer thickness, 
, at the measurement location was about
9.9 cm, and R� was approximately 1070. The friction veloc-
ity, u�, was 0.089 m/s. It was determined using a Clauser fit
of the mean velocity data in the logarithmic region and cor-
rected for Reynolds number effects. Measurements were
taken at eight different dimensionless heights, y+=u�y /�,
that began in the buffer layer at y+=16 and ended in the
logarithmic layer at y+=89.

The mixing layer data were obtained in an experiment of
Loucks5 with a 12-sensor probe developed earlier by Vuko-
slavčević and Wallace.11 The three additional sensors provide
some redundancy and additional accuracy, but the principles
of operation and data reduction for this probe are similar to
those for the nine-sensor probe. The spatial resolution of
both of these probes for these experiments was, at worst,
about 5–6 Kolmogorov lengths. Other details about the
probes and their operation can be found in the references.

To create a mixing layer, a curved splitter plate was
mounted in the test section of a wind tunnel with a 4 ft
�2 ft cross section and with the free-stream speed set at
about 2.5 m/s. The splitter plate divided the flow, accelerat-
ing it on one side and decelerating it on the other. The trail-
ing edge of the splitter plate provided a smooth meeting of
two turbulent boundary layers and created a mixing layer
with a velocity ratio of about 2:1. A screen was placed be-
tween the splitter plate and the test section wall on the low-
speed side to balance the pressure of the flow in the cross-
stream direction, eliminating a vertical velocity and
separation at the trailing edge. The measurements were per-
formed 2 m downstream from the trailing edge in the self-
similar region of the flow where the momentum thickness �
was about 19.1 mm, and the Reynolds number was about
Re�=1790.

IV. RESULTS

A. Boundary layer

A sample time series of the production and dissipation
rate signals in the boundary layer at y+=26 is shown in Fig.
1�a�. The dissipation rate is nearly always negative because
the homogeneous term in Eq. �5�, ���ui /�xj�2, dominates.
Both signals display some intermittency, but little correlation
between them is immediately apparent. The cross-correlation
of these two signals for eight positions in the boundary layer,
plotted as functions of the time shift �, are shown in Fig. 2.
The curves for positions near the wall have been plotted
separately from those further from the wall to highlight the
dependence on y+. The y+=35 correlation curve is included
in both plots because it has features common to both. When
the same correlations are plotted as functions of the nondi-
mensional length L�, their features become better aligned, as
shown in Fig. 3. Furthermore, for 35�y+�73, the curves

collapse. We should note that these curves also align when

plotted versus the dimensional length, L= Ū�. This implies
that these features are aligned in space, but not in time, with-
out being scaled. Our chosen scaling, L�, however, has the
advantage of being nondimensional and may be useful when
comparing data at different Reynolds numbers.

Several additional interesting features are readily appar-
ent in Fig. 3. First, at each y+ location, there is a clearly
defined correlation peak region that is well above the noise
level. This is demonstrated quantitatively by computing the
typical variation of the correlation, as measured by its stan-
dard deviation, . The maximum  for all probe locations is
found to be ±0.0165, which is indicated by horizontal lines
in the upper left of Figs. 3�a� and 3�b�. At each probe loca-
tion, the correlation peaks at more than 8, when  is indi-
vidually computed for each location. If the production and
dissipation rate signals were independent of each other in
space and time, no peak in the correlation would likely ex-
ceed �.

Second, it is clear that the plots are asymmetric with
respect to L�, and, furthermore, the curves do not always
peak at L�=0. The fact that the correlation curves peak at
small but nonzero L� implies that the regions of production

FIG. 1. �Color online� Typical time sequences of instantaneous production
and dissipation rates �a� in the boundary layer at y+=26 and �b� in the
mixing layer at y /�=2.3. In each graph, the two signals have been offset
from each other for clarity, with production rate above and dissipation rate
below.
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and dissipation rate typically occur near each other—but not
at the same spatial locations. For y+�26, maximum correla-
tion lies at L��0, indicating that regions of concentrated
production rate are typically upstream from regions of con-
centrated dissipation rate. For y+�35, the opposite occurs:
maximum correlation lies at L��0, indicating that regions of
concentrated production rate are typically downstream from
concentrated regions of dissipation rate. Between these re-
gions, in the buffer layer at y+=26 and 35, the correlations
curves have peaks around L��0, suggesting a greater coin-
cidence of regions of production and dissipation rate.

Near the wall, an interesting double-peak structure is
present, as seen in Fig. 3�a�, suggesting that regions of pro-
duction often appear both upstream and downstream from
regions of dissipation. The similarity and alignment between
the curves at all y+ locations indicate the persistence of a
pattern over a significant region of the boundary layer.

Using only these time-series data, it is difficult to tell
what particular structural features of the turbulence are re-
sponsible for creating these distributions. However, some hy-
potheses can be made from these data. In particular, we can
estimate the relative temporal and spatial scales of the mo-
tion. The correlation peaks maintain non-negligible magni-

tude ��� for �60 ms, as seen in Fig. 2. This � can be used
to compute a more classical “viscous length” scale, defined
by L+=Lu� /�, where L is a characteristic length and u� is the

friction velocity. If, as before, we consider L� Ū� �i.e., the
average distance the local flow moves in time ��60 ms�,
then L+ is no greater than about 350. So the turbulent struc-
tures that are causing these correlations are small, on the
order of a few tens of milliseconds, or no more than a few
hundred viscous lengths.

Consider now the interesting double-peak structure dis-
cussed above. For example, at y+=26, the spacing between
the peaks is roughly 9 ms, corresponding to �60 viscous
lengths, L+. This distance is roughly the scale of “legs” of
hairpin vortices in the wall region.12,13 These counter-
rotating vortices create an alternating pattern of “ejection”
and “sweep” type motions, corresponding to Q2 and Q4
Reynolds shear stress and hence high production of TKE at
their periphery.1 If we assume that the dissipation rate is
concentrated in the core of these vortices, as Loucks5 has
shown is the case of the large spanwise roller vortices of the

FIG. 2. �Color online� Cross-correlation coefficient of instantaneous produc-
tion and dissipation rates, as a function of the time shift �, at different
locations in the wall region of the boundary layer: �a� y+=16,20,26,35; �b�
y+=35,48,60,73,89. For ��0, production is upstream of dissipation, and
vice versa for ��0.

FIG. 3. �Color online� Cross-correlation coefficient of instantaneous produc-
tion and dissipation rates, as a function of the dimensionless length scale L�,
at different locations in the wall region of the boundary layer: �a� y+

=16,20,26,35; �b� y+=35,48,60,73,89. For L��0, production is upstream
of dissipation, and vice versa for L��0. The inset in �a� shows more of the
correlation tails in order to illustrate the noise level. The horizontal lines at
the upper left in both �a� and �b� show the level of one standard deviation in
those long tails, another indication of the noise level.
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two-stream mixing layer, such a configuration could produce
two distinct peaks in the correlation coefficient. This would
occur if the axes of these vortices are somewhat oblique to
the streamwise direction, so that the probe, at a fixed loca-
tion, senses a pattern of production from ejection �or sweep�
motions, then vortex core dissipation, and finally production
from sweep �or ejection� motions as these vortices, with ei-
ther sense of rotation, convect past it. This pattern is illus-
trated in Fig. 4.

B. Mixing layer

Typical time-series sequences of the production and dis-
sipation rate signals in the mixing layer at y /�=2.3 are
shown in Fig. 1�b�. Although these signals appear to be
somewhat more correlated than was immediately apparent
for the boundary layer, the phase correspondence between
them is still not clear. The correlations between production
and dissipation rate at eight y /� positions in the mixing layer
are plotted as functions of time � in Fig. 5. Figure 5�a� pre-
sents data from the low-speed side of the layer, and Fig. 5�b�
from the high-speed side. As for the boundary layer, when
these same correlations are plotted as functions of the non-
dimensional length L�, their features become better aligned,
as shown in Fig. 6. Again, just as for the boundary layer, it is

transforming the time scale � to a length scale Ū� that better
aligns the data. Normalizing it with the diffusive length scale
����� only makes it nondimensional.

Many of the same features that we observed in the
boundary-layer plots are also observed in these figures for
the mixing layer. The existence of a clear region of correla-
tion significantly higher than the noise level is present, as
well as peaks at nonzero L�. As for the boundary layer, the
latter implies that production and dissipation do not typically
occur at the same spatial locations, but are offset from each

other in the streamwise direction. This offset distance is
larger, in terms of L�, than in the boundary layer. Further-
more, as in the boundary layer, on each side of the mixing
layer, the peaks of the curves occur at similar L�, implying a
persistent pattern in the cross-stream direction. The correla-
tion curves differ significantly from the high-speed to low-
speed side. Regions of higher correlation on the low-speed
side are much narrower and are shifted somewhat toward
L��0, indicating production located downstream of dissipa-
tion, although the peak values are near L��0 at several lo-
cations. Regions of higher correlation on the high-speed side,
by contrast, are very broad and generally located at L��0,
indicating production upstream of dissipation. On both sides,
the correlation is highest in the range 3.5�y /��5.6, i.e.,
toward the outer edges of the mixing layer. The correlation
curves near the center plane of the mixing layer do not show
these patterns and are not plotted.

Estimating the temporal scale of significant correlation,
as was done above for the boundary layer, shows that these
features exist on time scales �80–160 ms. Given the mean
flow rate in the mixing layer, such features are too small,
temporally, to be associated with the cores of the large roller
vortices observed in previous work.5 The associated braid

FIG. 4. �Color online� Sketch of the structure of a quasistreamwise vortex.
Regions of high production rate are labeled p, with the dominant Reynolds
shear stress quadrant indicated below each. Regions of high dissipation rate
are labeled d. Vorticity components, �i, have different signs in different
regions, as indicated. The mean flow direction is indicated by the large
arrow. Dotted lines in the arch of the vortex are meant to imply that not all
quasistreamwise vortices are connected to form hairpins.

FIG. 5. �Color online� Cross-correlation coefficient of production and dis-
sipation rates, as a function of the time shift �, at different locations in the
mixing layer: �a� y /�=−5.7,−4.6,−3.5,−2.3; �b� y /�=2.3,3.5,4.6,5.7. For
��0, production is upstream of dissipation, and vice versa for ��0.
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vortices and the edges of the roller vortices, however, are
smaller and might be the flow structures leading to the cor-
relation curve characteristics we find here.

C. Relationship to vortices

The estimates of the temporal and spatial scales pre-
sented in the previous sections offer evidence that these
unique spatial distributions between production and dissipa-
tion rates might be due to relatively small length scale vor-
tical motions. We hypothesized that in the boundary layer,
these motions were the result of quasistreamwise oriented
“hairpin” vortices, while in the mixing layer, the
quasistreamwise oriented “braid” vortices seem to be the
most likely candidates. In order to test these hypotheses, ini-
tially we calculated the second invariant of the velocity gra-
dient tensor, Q=−AijAji /2, for incompressible flow, where
Aij =�Ui /�xj is the velocity gradient tensor. Since Q is made
up of the strain rate tensor and the rotation tensor, negative
values of Q indicate the dominance of straining motion,
while positive values of Q indicate the dominance of vortical

motion. This method has been used in the past to identify
quasistreamwise oriented vortices in the turbulent mixing
layer.14 Therefore, by computing a time series of Q, and
setting all its negative values to zero, we hoped the resulting
time series would indicate regions of strong vortical motion.
When we correlated this time series with the production and
dissipation rate signals, however, the results were
inconclusive.

We then decided to use a different identifier of
quasistreamwise oriented vortical motions: the projection of
the modulus of the vorticity vector on the streamwise �x-y�
plane, i.e., �xy =��x

2+�y
2. This identifier, which can also be

generated as a time series, has the virtue of being insensitive
to the angle of inclination of the vortices to the wall. Corre-
lating it with the fluctuating dissipation rate, d�t�, and with
the fluctuating production rate, p�t�, results in the correlation
coefficients,

R�d��� =
�xy�t�d�t + ��

��xy
2 �d2

, �8�

R�p��� =
�xy�t�p�t + ��

��xy
2 �p2

, �9�

which can also be plotted as functions of L�.
Plots of the R�d correlations for all the measurement

locations in the boundary layer are shown in Fig. 7. The
correlation levels are quite high with the significant levels of
correlation occurring over length scales of L�� ±60 for
�R�d��. Furthermore, the peaks of the correlation functions
for all locations are centered on L��0, indicating that the
vortical motions and concentrations of dissipation rate are
nearly coincident. This coincidence and the high correlation
levels are perhaps not so remarkable when it is recalled that

FIG. 6. �Color online� Cross-correlation coefficient of production and dis-
sipation rates, as a function of the dimensionless length scale L�, at different
locations in the mixing layer: �a� y /�=−5.7,−4.6,−3.5,−2.3; �b� y /�
=2.3,3.5,4.6,5.7. For L��0, production is upstream of dissipation, and
vice versa for L��0. The inset in �a� shows more of the correlation tails in
order to illustrate the noise level. The horizontal lines at the upper left in
both �a� and �b� show the level of one standard deviation in those long tails,
another indication of the noise level.

FIG. 7. �Color online� Cross-correlation coefficient of �xy and dissipation
rate, as a function of the dimensionless length scale L�, at different y+

locations in the boundary layer. For L��0, dissipation is upstream of �xy,
and vice versa for L��0. The horizontal line at the upper left shows the
level of one standard deviation in the correlation tails.
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enstrophy is closely related to dissipation rate, being exactly
equal to it in homogenous turbulence. Some similar conclu-
sions can be drawn for the mixing layer from the R�d corre-
lation coefficient versus L� plots for all measurement loca-
tions, as shown in Fig. 8. The correlation levels are similarly
high and the peaks are centered on zero spatial separation.
The length scales of significant correlation levels in the mix-
ing layer are about twice those in the boundary layer.

When the fluctuation production rate, p, is correlated
with �xy, the correlation levels are not so high, but they are
still quite significant, as seen in Fig. 9 for the boundary layer.
Notably, R�p has a pronounced double peak at y+=16 in the
buffer layer and less pronounced but still quite observable
double peaks in the logarithmic layer. Additionally, the spa-
tial separation of these peaks increases with distance from
the wall. These observations are consistent with the hypoth-
esis that greater concentration of production rate occurs on
either side at the periphery of quasistreamwise vortices that
are skewed somewhat to the x-y plane, as described above
and illustrated in Fig. 4. The fact that the length scale of the
double-peak structure increases with distance from the wall

FIG. 8. �Color online� Cross-correlation coefficient of �xy and dissipation
rate, as a function of the dimensionless length scale L�, at different y /�
locations in the mixing layer. For L��0, dissipation is upstream of �xy, and
vice versa for L��0. The horizontal lines at the upper left show the level of
one standard deviation in the correlation tails.

FIG. 9. �Color online� Cross-correlation coefficient of �xy and production
rate, as a function of the dimensionless length scale L�, at different locations
in the boundary layer: �a� y+=16,20,26,35; �b� y+=35,48,60,73,89. For
L��0, production is upstream of �xy, and vice versa for L��0. The hori-
zontal lines at the lower left in both �a� and �b� show the level of one
standard deviation in the correlation tails.

FIG. 10. �Color online� Cross-correlation coefficient of �xy and production
rate, as a function of the dimensionless scale L�, at different locations in the
mixing layer: �a� y /�=−5.7,−4.6,−3.5,−2.3; �b� y /�=2.3,3.5,4.6,5.7. For
L��0, production is upstream of �xy, and vice versa for L��0. The hori-
zontal lines at the lower left in both �a� and �b� show the level of one
standard deviation in the correlation tails.

035101-7 The spatial relationships between dissipation Phys. Fluids 19, 035101 �2007�

Downloaded 05 Mar 2007 to 128.8.8.207. Redistribution subject to AIP license or copyright, see http://pof.aip.org/pof/copyright.jsp



is also consistent with the generally held view that the size of
these vortices increases with distance from the wall.

On the high-speed side of the mixing layer, the R�p cor-
relations show similar features to those for the boundary
layer, as seen in Fig. 10�b�. The double-peak structure is
discernible, although not so pronounced, but its length scale
is larger than in the boundary layer. The peak correlation
values occur downstream on the high-speed side, but are
shifted upstream on the low-speed side where the double-
peak structure does not occur �Fig. 10�a��. Finally, the corre-
lation levels of R�p are very low for positions near the mix-
ing layer centerline �not shown� in contrast to the high levels
of R�d throughout the mixing layer. This suggests that the
regions of concentration of production rate are not only up-
stream and downstream of the vortex cores, but are also off-
set away from the mixing layer centerline as was observed
by Hussain and Zaman4 and Loucks.5

V. CONCLUSION

We have presented a novel data analysis technique for
studying the spatial distribution of instantaneous production
and dissipation rates in turbulent shear flows and their rela-
tionship to vortical structures. Cross-correlating fluctuating
signals that measure the strength of the production and dis-
sipation rates revealed unique spatial distributions in both a
turbulent boundary layer and a turbulent mixing layer. Cor-
relating these fluctuating signals with a fluctuating vortex
identifier revealed recurring spatial features. These features
are consistent with the presence in both flows of
quasistreamwise vortices skewed somewhat to the stream-
wise plane. These vortices induce Reynolds shear stress mo-
tions �and thus turbulent kinetic energy production� at their
peripheries, while dissipating the energy in their interiors.
Well-resolved DNS and PIV data providing the full spatial
distributions and instantaneous realizations of production

and dissipation rate in boundary and mixing layers would,
undoubtedly, reveal much more about their kinematical and
dynamical relationships to the organized vortical structures
that are so important to understanding these generic turbulent
flows.
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