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ABSTRACT
In the present work we study the inner-outer interaction in wall

turbulence using a novel experimental arrangement of first generat-
ing a shearless boundary layer over a moving ground plane in the
presence of grid turbulence, which is then passed over a station-
ary floor downstream resulting in a rapidly sheared boundary layer.
The velocity spectra in such a boundary layer are shown to mimic
the spectral features typical of a canonical turbulent boundary layer
over a range of Reynolds numbers. This suggests that the rapidly
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& Marusic (2007) investigated a TBL at high Re and found long
streamwise motions akin to VLSMs, which they termed as “super-
structures”. The typical streamwise extents of the LSMs and super-
structures in a TBL are 2 30 and 6— 100 respectively, wher@

is boundary-layer thickness (Smis$ al., 2011). As Re increases
the VLSMs/superstrucutres are seen to become increasingly domi-
nant and can account for a substantial fraction (up to 50%) of the
total turbulence energy and Reynolds stress generated in the inner
layer (Smitset al., 2011). Moreover although the superstructures

sheared boundary layer consists of coherent structures that are qual-primarily reside in the logarithmic and outer regions of the bound-

itatively similar to the large-scale motions and superstructures ob-
served in a canonical turbulent boundary layer. Static pressure fluc-

ary layer, they exert considerable influence on the near-wall motion
in the form of amplitude modulation (Math&t al., 2009), resulting

tuations measured using a specially-made “needle” probe reveal the in a strong inner-outer interaction. The implication of these find-

variation of the pressure field inside the rapidly sheared boundary

ings is that, at high Reynolds numbers, the “top-down” mechanism

layer. The pressure fluctuations in the free stream are seen to be can become dynamically important in addition to the “bottom-up”

highly correlated with wall pressure, especially when the bound-

ary layer is sufficiently thin, supporting the view that the pressure

fluctuations can play an important role in coupling turbulent eddies

in the inner and outer regions. Further, we show that the present
experimental arrangement is well-suited to studying the relative im-

portance of the “top-down” and “bottom-up” mechanisms in wall

turbulence in a systematic manner. The results obtained so far sug-

mechanism which dominates at low Reynolds numbers (Morrison,
2007). The bottom-up (top-down) mechanism essentially implies
that thesourceof turbulence energy is primarily in the inner (outer)
region of the boundary layer, which is then diffused/transported into
the outer (inner) region. In other words, in the case of a bottom-up
(top-down) mechanism, the eddies which generate the turbulence
energy scale on inner (outer) variables. In this connection, Hunt

gest that the top-down mechanism is dominant near the leading edge & Carlotti (2001) argue that the increasing top-down influence can

of the stationary surface with the bottom-up mechanism becoming
progressively important as the boundary layer grows downstream.

INTRODUCTION

The interaction between the inner and outer layer motions in
a turbulent boundary layer (TBL) has been an area of investiga-
tion for several decades. It has long been realised that the different
components of the Reynolds-stress tensor scale differently in the

result in “bursting” of the near-wall structures on the time scale of
the outer motion in contrast to a low-Re TBL in which the bursting
times scale on inner variables.

Here our aim is to study the inner-outer interaction in wall tur-
bulence by performing experiments on a rapidly sheared boundary
layer (RSBL). The RSBL is obtained by passing a shearless bound-
ary layer, generated on a moving ground plane in the presence of
free-stream turbulence, over a stationary surface downstream, re-

near-wall region - for example the Reynolds shear stress scales on Sulting in large values of local shear. A shearless boundary layer

inner variables whereas the streamwise normal-stress does not sim-

obtained on a moving ground plane in a wind tunnel has been a sub-

ply scale on inner variables but also depends on motion that scales J€Ct of past investigations (e.g. Uzkan & Reynolds, 1967; Thomas
on the boundary layer thickness (Townsend, 1976). These consider- & Hancock, 1977) with the aim of studying the “blocking” of the

ations led Townsend (1961) to propose the concept of ‘inactive’ mo-
tion associated with large-scale eddies which does not contribute to

turbulence field near an impermeable boundary in the absence of
shear. Some of the numerical and theoretical studies have also been

the shear-stress-bearing motion but appears as a Iinearly-superposecﬂireCted towards understanding the structure of such a flow (Hunt

low-frequency modulation of the streamwise and spanwise compo-
nents of velocity in the inner layer (Bradshaw, 1967). The strong

& Graham, 1978; Perot & Moin, 1995). However, this is the first
investigation to study the response of a shearless boundary layer to

Reynolds number observed in a TBL supports the presence of inac-
tive motion (Fernholz & Finley, 1996). However some of the recent
measurements on wall turbulence at very high Reynolds numbers
(Morrisonet al., 2004) have revealed that the large-scale eddies in
the inner layer are not inactive but in fact contribute to the produc-
tion of turbulence energy in this region. This suggests that the inter-
action of the outer-layer motion with the near-wall stress-producing
motion should really be considered as nonlinear (Morrison, 2007).
In a related development, Kim & Adrian (1999) showed that
a turbulent channel flow at high Reynolds numbers (Re) is popu-
lated by two types of large coherent motion - the “large-scale mo-
tions”(LSMs) and “very-large-scale motions” (VLSMs). Hutchins

ary floor and its evolution downstream. The motivation for work-
ing with the RSBL is to have an independent control of the outer-
region turbulent motion and the near-wall shear (which are coupled
in a canonical TBL) in order to investigate the interaction between
the two regions in detail. The velocity measurements carried out
show that, for a certain streamwise extent, the pre-multiplied spec-
tra of the streamwise velocity fluctuations in the RSBL display a
bi-modal shape which resemble those found in an equilibrium TBL.
Further upstream in the RSBL (towards the leading edge of the sta-
tionary floor) the spectral shapes are akin to those found in very
high Reynolds number wall turbulence.

Another important aspect of the present work is to better under-
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stand the role of turbulent pressure field in the inner-outer interac-

tion. Sincethe pressure field in incompressible flows is non-local in b
character it can facilitate interaction among disparate length scales. Turbulence Grid 1

One of the first studies to carry out a detailed investigation of pres- ¢
sure field in a turbulent channel at low Re is the simulations by Iy i o z:gia':i;::::og;nerlate :

Kim (1989). In the context of control for relaminarisation, Sharma ! . SRS -

et al. (2011) have shown the importance of pressure fluctuations H ; éi_j T —

in wall turbulence, and the particular role of the linear source term, m‘—f X g S

U’g—‘;, in the Poisson equation for pressure fluctuations. With regard Stationary "% Endless belt

Tunnel floor

to the experimental work, there have been many studies involving
wall pressure measurements beneath a TBL. Some of the early ex-
perimental results have been summarised in Bull (1996); see also
Gravanteet al. (1998). On the other hand, measurement of pres-
sure fluctuationinsidethe boundary layer is challenging due to the
problems associated with probe interference and calibration. The
first in-flow pressure measurements in a TBL were performed by
Tsuji et al. (2007) using a specially designed probe. Subsequently
static pressure probes designed on the same principle have been
used to study the amplitude modulation of small-scale pressure fluc-
tuations near the wall (Tsugt al., 2016) and to find the correlation
between local pressure and velocity fields in a TBL (Nakal.,
2015). Here we use a similar “needle” probe to measure pressure
fluctuations inside the RSBL, along with a wall-mounted probe to
measure surface pressure fluctuations. The results show that the ——
evolution of the turbulent pressure field in the streamwise direc-
tion in the RSBL can be understood in terms of the top-down and
bottom-up mechanisms, with the latter becoming more dominant as
the boundary layer grows downstream. Overall the measurements
reported here show that the RSBL can serve as an effective physical
model to better understand the inner-outer interaction in wall tur-
bulence and especially the role of pressure fluctuations in effecting
such an interaction. Most importantly, the bottom-up and top-down
effects can be controlled independently.

Figure 1. Schematic of the experiment.

~ Needle Probe with holder

Wall pressure plug

Figure 2. The wall and needle pressure probes.

are performedising a piezo-resistive transduceB2nm in diam-
eter (Model ENDEVCO 8507C-1, Meggitt Sensing Systems). For
wall-pressure measurements, a flush-mounted plug is used which
has a sensing diameter of 0.2 mm with the transducer housed in a
cavity behind the pinhole. The needle probe (see figure 2) is es-
sentially based on the design proposed in Tstjal. (2007) and
EXPERIMENTAL SETUP AND MEASUREMENT has a tube with outer diameter oflimm on which are made pin-
TECHNIQUES holes of size @ mm. The overall dimensions of the probe used
The present experiments have been carried out in a wind tun- here are close to those corresponding to probe 3 given in table 2
nel facility equipped with a moving ground plane (rolling road).  in Tsuji et al. (2007). Both the wall and needle probes are cali-
The wind tunnel test section is2m (width) x 18 m (height) and brated using a plane-wave tube against a reference transducer. The
the rolling road dimensions are7lm (width) x 36 m (length). The pressure signals from a given probe and the reference transducer
experiment (figure 1) first generates turbulence using a rectangular are acquired simultaneously over a range of acoustic frequencies
grid (solidity = 25%, grid spacing = 130 mm) mounted at the entry ~ (generated by a loud speaker), and a transfer function is designed
to the test section. The turbulence then passes over the rolling road to convert the pressure signal measured in the wind-tunnel exper-
with speed matched to that of the free-stream velocity to generate a iments into calibrated signals. The low frequency noise from the
shearless boundary layer. Boundary layer suction is employed up- measured pressure signal, which is typically present in wind-tunnel
stream of the rolling road (figure 1) to remove any residual vorticity. ~measurements, is removed using an optimal filtering scheme due to
The free-stream turbulence is blocked at the surface of the rolling Naguibet al. (1996). The pressure signals are sampled at 125 kHz
road due to the impermeability constraint. The flow then passes over and low-pass filtered at 20 kHz, since the pressure levels are seen to
a stationary floor downstream of the rolling road where it is sub- hit the noise floor above 14 kHz, approximately.
jected to large shear generated in a new boundary layer that startsat ~ The origin of the co-ordinate system is located at the lead-
the leading edge of the stationary floor. The free-stream turbulence ing edge of the stationary floor withdenoting the streamwise co-
entering such a boundary layer will be rapidly sheared (RSBL). As ordinate (positive in the downstream direction) andenoting the
the boundary layer grows downstream, the magnitude of shear pro- wall-normal direction.U andu respectively denote the mean and
gressively weakens and therefore beyond a certain distance it no fluctuating components of the streamwise velocity.
longer behaves as a “rapidly sheared” boundary layer. However in
the following we use the term RSBL to denote the boundary layerat RESULTS

any streamwise location, mainly to distinguish it from a canonical Figure 3 shows the profiles of mean velocity and streamwise

TBL. turbulence intensity in the wall-normal directionat —0.3 m, i.e.
The velocity measurements are carried out using a single hot- on the rolling road upstream of the stationary floor leading edge,

wire probe consisting of a platinum-Wollaston wirés 2nicron in normalised with the corresponding values sufficiently far from the

diameter with an active length of approximately 0.5 mm. The probe surface. It shows that a shearless boundary layer has been generated
is connected to the Streamline Pro constant temperature anemome-on the rolling road with any changeslih/U,, of less thant0.6%.

ter (Dantec Dynamics Ltd.). The hot-wire signals are sampled at The root-mean-square (rms) streamwise fluctuation velocity shows
60 kHz and are low-pass filtered at 30kHz. Pressure measurements an increase of about 20% over its value in the free-stream as the
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Figure 3. Mean and rms velocity profiles for the shearless bound-  Figure 4. Evolution of the mean velocity profile in the streamwise

ary layerover the rolling roadx = —0.3 m. direction.
surface is approached, before dropping rather abruptly to its free- 25l o, O0X=0275m.Re =74 i
. . . =] o 0O X=0.500 m, Re_= 194

stream value and finally to zero at the surface (not shown in figure a ® 0 X=0580m, Re = 292
3). The variation of the rms fluctuating velocity in figure 3 is qual- 20r & OX=1000m Re =625 | |
itatively similar to that reported in Thomas & Hancock (1977); see ol i a A
also Aronsoret al. (1997). (s 2 5 nﬂun‘la T,

The mean velocity profiles, scaled on inner variables, atvarious * “= * 1of B =h) 5 1
streamwise stations on the stationary floor are plotted in figure 4. A q Bt o
typical Blasius profile and a typical TBL profile are also included ° . *§d:d:' e Bt i
for comparison. The figure shows that the mean velocity profile is . go? o0 o d e g go.oon
close to the Blasius profile in the region close to the leading edge 10° 1o’ 107 Yl 10° 1ot

of the floor and evolves towards an equilibrium turbulence profile

in the downstream direction (although such a state is not realised Figure 5. Evolution of the wall-normal profile of the streamwise

even at the most downstream locatigns 1.745 m). Here the wall turbulenceenergy in the streamwise direction.

friction velocity u; is determined for the equilibrium TBL by the

Clauser chart method, taking= 0.41 and the additive constant,

C=5.0. Forthe RSBL, it is obtained by making use of the linearity o Xo057em . y/a505

of the profile close to the wall - a reasonable assumption for the 251 :;gggg:agg?

present case. ~r —X=1000m:y/5=018
The mean-squared streamwise fluctuating velocity profiles in i —X=175miyia-02

the RSBL, again scaled on wall variables, are shown in figure 5. £ 15/

The streamwise turbulence energy is seen to increase substantially &

from x = 0.275 m tox = 0.5 m, presumably because the boundary ;}

layer atx = 0.275 m is quasi-laminar, whereas thatat 0.5 mm

is transitional, as also evidenced by the mean profiles in figure 4.

Downstream ofk = 0.5 mm, the turbulence energy near the wall 0

decreases monotonically and approaches the distribution found in

the canonical TBL aRe = 2363 (figure 5). Interestingly, the near-

wall peak of the turbulence energy is seen to occyugafv ~ 12

for all the locations both at, and downstreamxof 0.5 m in the

RSBL. This matches well with the peak location typical of a canon-

ical TBL (as clearly seen in figure 5), suggesting that the near-wall

processes in the RSBL are likely to share some of the features of 1.75 m (figure 6) is qualitatively similar to that found in the wall

such processes in a canonical TBL. Note that since the RSBL is not layer of a canonical TBL at low Reynolds numbers {Re1000).

fully turbulent, a strict inner-outer scale separation is not expected At x = 0.58 m, the spectral shape corresponds to that found in a

here. The wall scaling used in figures 4 and 5 is really meant as a moderate-Re TBL (Rex 3000). Finally, the two upstream loca-

convenient point of comparison between the RSBL and the canoni- tions display a shape that is similar to that found in a TBL at very

1+

0" fy 10 10

Figure 6. Pre-multiplied spectra of the streamwise velocity fluctu-
ations atdifferentx locations and ag/d ~ 0.2.

cal TBL. high Reynolds numbers (Re- 20,000) (compare figure 6 here with
Figure 6 shows the pre-multiplied spectra of the streamwise figure 2 in Smitset al., 2011). Thus as we move upstream in the
velocity fluctuations at five measurement locationy &3 ~ 0.2, RSBL, the shape of the spectra resemble those typical of a canon-
where the streamwise wavenumbeg) (ks calculated from fre- ical TBL at higher and higher Reynolds numbers. This shows that
quency ) using Taylor's hypothesisky = 2mf /U, whereU is the present experiment enables us to simulate the inner and outer
the local mean velocity. Ax = 0.275 m, most of the energy ap- spectral sites found in a TBL across a wide range of Reynolds num-
pears at relatively low wavenumbers (arouggt =~ 0.02). At the bers.
two downstream locations & 0.5 m and 058 m) a new energy In a canonical TBL, the inner and outer spectral sites have been

site emerges in the form of a broad hump at higher wavenumbers shown to correspond to the LSMs and superstructures respectively
(aroundkyky = 0.6). Further downstream, the spectrum reverts back (Smitsetal., 2011). Atlow Reynolds numbers, LSMs are the preva-

to a uni-modal distribution with the energy focussed at the higher lent coherent structures present in the buffer and log regions of a
wavenumbers. The shape of the energy spectrur=ai m and TBL. At higher Reynolds numbers, superstructures appear in the
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log and outer regions and become increasingly prominent as the
Reynolds number increases. This implies that the coherent motions
corresponding to the high-wavenumber spectral peak in the RSBL,
which are dominant at the most downstream locatiars { m and

1.75 min figure 6) are analogous to the LSMs in the canonical TBL.
On the other hand, the low-wavenumber spectral peak, which is
dominant close to the leading edge of the flooe(0.275 m and

0.5 m), represents coherent motions that are analogous to the super-
structures. Near the floor leading edge, the primary mechanism for
the generation of turbulence energy inside the boundary layer is the
interaction of the free-stream disturbances with the near-wall shear.
In other words, thsourceof the energy is in the turbulent eddies in
the free stream, which is then transported downward and appears in
the form of elongated structures inside the boundary layer, sugges-
tive of the top-down mechanism. As the boundary layer grows, the
near-wall processes become progressively important and the turbu-
lence energy produced near the wall diffuses outward, characteris-
tic of the bottom-up mechanism. These considerations lead us to
hypothesise that the superstructures in a canonical TBL could be
formed as a result of a top-down process whereas the LSMs due
to a bottom-up process. A perusal of the recent literature on large-
scale motions in wall turbulence shows that the exact cause of the
superstructures (and VLSMSs) is not yet entirely clear (Setital.,
2011), although a few possibilities have been suggested. We be-
lieve the present work can help us better understand the origin of
the LSMs and superstructures in a canonical TBL in a way indi-
cated above.

Note that in the above we have restricted ourselves to a qual-
itative comparison of spectral shapes in the RSBL with those in
the canonical TBL. For a more quantitative comparison, e.g. with
regard to the streamwise length or the energy content of the coher-
ent motions, it would presumably be necessary to come up with
a length scale in the RSBL which could be related to a relevant
near-wall region in the canonical TBL. This will be addressed else-
where. Furthermore, although the spectral shape near the RSBL
leading edge corresponds to that in a high-Re TBL (figure 6), the
wall-normal profile of turbulence energy does not (figure 5). This
is clearly due to localness in Fourier space corresponding to an in-
finite spatial domain (and vice versa) and emphasises the fact that
the RSBL emulates only one aspect of the canonical TBL in that,
for instance, a large eddy with spatial coherence comprises a range
of scales or wavenumbers.

Next we look at the behaviour of pressure fluctuations inside
the RSBL with a focus on the region close to the leading edge of
the stationary surface. Figure 7 shows the spectra of wall pressure
fluctuations ak = 0.179 m andk = 0.5 m, with outer scaling, com-
pared to that in a canonical TBL at a slightly different Reynolds
number (Re = 2532) than that presented above. In order to avoid
any ambiguity associated with convection velocities, here frequen-
cies are used instead of wavenumbers. Note that the spectrum at
x=0.179 mis not as smooth as the other spectra, even after optimal
noise removal, as the pressure levels at this position are quite low
(as shown in figure 7). The spectrum for the canonical TBL, over a
range of intermediate frequencies, displays a slope close 3.

This is consistent with the observation in Tsefial. (2007) and
supports the suggestion made by Bradshaw (1967) that for the wall
pressure field, thi * dependence in the wavenumber spectrum is
equivalent to arf ~%7 dependence in the frequency spectrum due to
variations in the convection velocity of wall pressure. In compari-
son, the spectrum for the RSBLat= 0.5 m shows a weaker slope

at intermediate frequencies. Furthermore, Figure 7 shows that the
RSBL contains higher energy at much lower frequencies, in terms
of uy and §, compared to the moderate-Re canonical TBL. This
could possibly be interpreted as the wall signature of the very long
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Figure 7. Comparison of the wall pressure spectra in outer vari-
ables.

superstructure-typmotions which are generated by rapid shearing
of turbulence in the RSBL (see figure 6).

Figure 8 shows the variation of rms static pressure fluctuations
across the RSBL at thre€locations (left panel). Also included for
comparison are the measured pressure intensities from the present
experiment in which the boundary layer is subject to free-stream tur-
bulence with a stationary ground plane throughout. The canonical-
TBL data of Tsujiet al. (2007) are also shown. The TBL with
free-stream turbulence shows a good agreement with the canonical
TBL close to the wall but has higher pressure intensities outside
the edge of the boundary layer due to the presence of turbulence in
the free stream. Similar behaviour is also seen, as expected, for the
RSBLs fory/d > 1(figure 8, left panel). Within the RSBL, the pres-
sure intensity increases with the streamwise distance up-t0.5
m and decreases thereafter. This is consistent with the increase in
the streamwise turbulence intensity initially (upxe= 0.5 m) fol-
lowed by its decay further downstream as seen above (figure 5). For
x = 0.179 m the data inside the boundary layer are not available
(figure 8) since the boundary layer thickness is quite small at this
location (=2 mm): the closest the needle probe can get to the wall
is 1.9 mm, approximately.

The wall-normal variation of the correlation coefficient be-
tween the fluctuating wall pressung,f) and the static in-flow pres-
sure s) is shown in the right panel in figure 8. The correlation

coefficient is defined aBp, p, = (m)/\/ pZ pz, where the over-

barindicates time averaging. Values &, p, in the TBL subject to
free-stream turbulence are generally higher than the canonical TBL,
especially in the outer region of the boundary layer. Interestingly,
the values in the RSBL at both the locations show even higher val-
ues compared to those in the canonical TBL. MoredRgfp, in

the RSBL is seen to increase moving upstream towards the floor
leading edge (figure 8, right panel). This shows that the pressure
fluctuations in the free stream are strongly coupled with the wall
pressure when the shear rates inside the boundary layer are high,
and the coupling gets weaker as the boundary layer grows down-
stream towards an equilibrium state. Since the RSBL contains (as
discussed above) coherent motions that are qualitatively similar to
those in a canonical TBL, the weakening of the correlation between
wall and in-flow pressure in an equilibrium TBL as compared to that
in the RSBL (figure 8) could be attributed to the incoherent motion
present in the equilibrium boundary layers.

To explore this aspect further, the change in the behaviour
of pressure spectra measured using the needle probe at different
wall-normal locations (figure 9) is examinedt 0.179 m and
atx=0.5m. Atx=0.179 m (top panel in figure 9), the wall pres-
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Figure 8. Wall-normal profiles of rms pressure intensities (left) and correlatefficient between the in-flow pressure and wall pressure
(right).

sure spectrum (labelled 855 = 0) matches quite well with the

free-stream pressure spectrum, except at low frequencies. The pres- . _§§§;?
sure fluctuations in the free stream appear to penetrate deep into the [ v 1l —y8=15
boundary layer and leave their footprint on the wall without much —yk=2
modification caused by the presence of the boundary layer shear. =r10" . e ! s

m =
This observation supports our proposition (made in connection with é’i
figure 6) that the dominant mechanism in the region close to the <
floor leading edge is the top-down mechanism, in which the source »e?
of turbulence energy is from the outer part of the flow. Further
downstream ax = 0.5 m (bottom panel in figure 9), the wall pres- 10
sure spectrum is significantly different from that in the free stream.
This could be attributed to the action of the bottom-up mechanism
which involves generation of turbulence energy in the near-wall re-
gion, in addition to the energy transported towards the wall from
the free stream. We therefore suggest that the pressure statistics and
spectra are generally consistent with the behaviour of the stream-
wise velocity fluctuations.

CONCLUDING REMARKS

In this paper we have reported results from an experiment
performed on a rapidly sheared boundary layer, in which blocked
free-stream turbulence is rapidly sheared. The shapes of the pre-
multiplied spectra of the streamwise velocity fluctuations measured
in the RSBL resemble those found in a canonical TBL. At the fur-
thest downstream locations in the RSBL, the spectral shape is found
to be uni-modal and similar to that seen in a low Reynolds number : ‘
TBL. Further upstream near the leading edge of the stationary floor, 10
the spectrum becomes bi-modal in shape, with the low-wavenumber

peak becoming progressively more dominant, and similar to the Figure 9. Variation of the pressure spectra in the wall-normal di-

spectra typical of high Reynolds number TBLs. This implies that  yection measured by the needle probe and compared with wall-
the RSBL consists of coherent motions which are analogous to the |, e<s e spectrum (§/= 0) atx — 0.179 m (top) ank — 0.5 m

LSMs and superstructures observed in a canonical TBL. These ob- (bottom).
servations suggest that the superstructure-type motions could be
formed as a result of the top-down mechanism (in the form of rapid
shearing of free-stream disturbances) whereas the LSMs as a re-
sult of the bottom-up mechansim (due to the near-wall processes). makes it difficult to determine the exact origin of a given coherent
Thus the present experimental arrangement can help us understandmotion.

whether the origin of a particular type of coherent motion is in the We have also carried out measurement of pressure fluctuations
inner layer or the outer layer of a TBL, which is an important as- inside the RSBL close to the floor leading edge. It is observed that
pect of the inner-outer interaction. This is possible mainly because the correlation coefficient between the in-flow static pressure and
in our experiment the inner region (which is a source of shear) and wall pressure is much higher in the RSBL, especially close to the
the outer region (which consists of free-stream turbulence) can be edge of the boundary layer, as compared to a canonical TBL. This
independently controlled, at least over a certain distance close to the implies that the pressure fluctuations near the boundary-layer edge
leading edge of the stationary floor. In a canonical TBL on the other are strongly coupled with those in the near-wall region and could
hand, the inner and the outer regions are inter-dependent, which also have a role in the formation of the large-scale coherent struc-
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tures, given the fact that the RSBL is primarily composed of coher-
entmotion (with non-coherent part less prominent). Furthermore,

Kim, K. C. & Adrian, R. J. 1999 Very large-scale motion in the
outer layerPhy. Fluidsl11, 417-422.

the pressure spectra measured inside the RSBL are consistent with Mathis, R., Hutchins, N. & Marusic, I. 2009 Large-scaled amplitude

the presence of the top-down mechanism close to the floor leading

edge, wherein long streamwise motions akin to superstructures are

observed.
In summary, the present work shows that the rapidly sheared

boundary layer serves as means to studying certain aspects of high-

Re wall turbulence and can provide insights into the role of pressure
in effecting the inner-outer interaction.
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