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1.0 INTRODUCTION

Turbulent flow has been described as an
irregular fluid motion which is three-dimensional,
continuous, diffusive and dissipative in nature.
It forms such a complicated mathematical problem
that its solution depends heavily on experimental
data. A statistical approach to describe the mean
motion of turbulent phenomenon seems to be most
appropriate. The double velocity correlation
function, namely the Eulerian space-time
correlation, may be the most appropriate function
to examine the structure of turbulemce and its
evolution in time (Townsend, 1976).

The double velocity correlation fumction is

defined as

Two T8I-1287 split film probes were employed
in the present investigation of turbulence
characteristics. All messurements were performed
in the Meteorological Wind Tunmel (MWT) of the
Fluid Dynsmics and Diffusiom Laboratory at
Colorado State University. A detailed description
of the MWT may be found in Plate and Cermak
(1963). Experimental techmiques and sources of
error related to the correlation measurements are
considered by Comte-Bellot and Corrsim (1970) and
Li and Meromey (1983). .

2.0 BOUNDARY LAYER CHARACTERISTICS

Figure 1 shows the mean velocity and the
local turbulent intemsity profiles over the
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where the overbar represents the Reynolds time
average and u. and u, are the turbulent wvelocity
components at their i'elpective Eulerian locatioms,
x
: Pioneer correlation -  measurements of the
space-time correlatioms in a turbulemt flow were
produced by Favre and his co-workers (1957, 1958,
1965, 1967). They performed measurements
downstream of a grid, in a turbulent boundary
layer and in & turbulemt jet. Baldwin and his
co-workers (1961, 1963) and Atesmen et al (1971)
measured the space-time correlation in a fully
developed turbulent pipe flow; while Blackwelder
and Eovasznay (1972) reported correlation data for
a turbulent boundary layer. Frenkiel and Elebnoff
(1966) as well as Comte-Bellot amd Corrsim (1971)
reported space-time correlation measurements in a
roughly isentropic grid-gemerated uniform flow.
Champagne et al (1970) and later Harris et al
(1977) extended the measurements to a nearly
homogenecus turbulent umiform shear flow. Most of
these researchers concentrated on the contribution
of total turbulent energy from differemt sizes of
eddy. Discussions were wmostly focused on the
statistical properties of turbulemce, comvective
velocity and Taylor's hypothesis.

Little attemtion has been given to the
integral scale and the implications of Euleriam
space-time correlation. In this paper, Eulerian
space~time correlations and gassociated integral
scales obtained in a simulated atmospheric
boundary layer with mno lonmgitudinal pressure
gradient are exsmined. An universal formulation
for the Eulerian space-time correlation is
recommended.
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wvind-tunnel test section. Hormalized data at
different lomgitudinal stations in - the test
section are very similar. The variation with
distance of the free stream velocity was found to
be less tham one percent with no tremd to either
increase or decrease; hence, homogeneity in the
z.-x; plane is preserved im the test boundary
13; ye

Counihan (1975) reviewed vast meteorological
literature om fully developed adiabatic
atmospheric boundary layers, and recommended some
empirical formulae for atmospheric turbulence.
The present boundary layer is compared in Table 1
vwith his regressive formulae based on a fixed
roughness length. Wind tumnel results are within
30 percent deviation from his results, well within
the variation in data he evaluated.

3.0 EULERIAN SPACE CORRELATION

Eulerian space correlations presented in this
section include two f-type correlatioms and four
g-type correlations according to Hinge's (1975)
definition. Their integral scales are represented
by I'i' where i indicates the velocity compoment

and *] indicates the direction of spatial
separation.

The longitudinal space correlation
measurements, (4x.,0,x,;0), are displayed in

Figure 2. Figure 3 presents the space correlation
of lateral velocity fluctuations,

Ry, (042, x},o). The lomgitudinal correlation
deuyl -uﬁ lower than the lateral correlation
which implies an elongation of turbulent eddies in
the streamwise direction. Since both functions
are f-type correlations :.un.n-a.a.

Seciety .



;0) - and (0,8 N ;0) are
shown nd. 5. i:zitivel rhe space
correlat:.on fmt ' increases as height increases
and turbulemcs decreases in szll cases. The other
two g-type correlatioms  with stresmwise
separations are plotted im Figures 6 and 7
Correlation with longitudinal separations seems to
persist for a longer distance than correlation
with transverse separatioms.

The corresponding integral lemgth scales for
all these space correlations are summarized in
Table 2a. I.l is significantly larger thsm all
other scales.” A characteristic gemerally observed
in the atmospheric boundary layer. Integral
scales are normalized with and compared to
field observations (Teunissen, 1980) in Table 2b.
Teunissen's measurements were made in a
neutral-stable plametary boundary layer over
typical rural terrain at a height of 11 =m. The
mesn wind velocity in his measurements was about 9

2 1(ila::

m/sec. The turbulemt intenmsities were 0.16, 0.11
and 0.07 for longitudinal, lateral and vertical
direction, respectively. lme, hu field
measurements are comparable he present

wind-tunnel measurements for =x [ 0.044.
Teunissen's results confirm that “the wind-tunnel

boundary layer characterized the turbulemce found
in an atmospheric boundary layer.

4.0 EULERIAN SPACE-TIME CORRELATION

space~time correlation
1984) for filtered

The lomgitudinal
functions, (Li and Meromey,
turbulence are reproduced in Figure 8. Each data
point represents the peak of the individual
cross-correlation observed at optimum delay time,

t_, although v _ may be different from the
convective time x'llu. Figure 9 displays
ﬁy(u ,0, Ax,/u)” for unfiltered turbulence.
ersl space-time correlations,

(Ax ;Ax hl) and 3(A21 ,0,x, ;A% /u), are
3311 in H n 10 afid""11." Theé space-time

co:relu.a.on funct:.on increases as height increases
and z > for a given height.

E;liceg:i;t r.E:j orrelation function has a
rapid drop at emall times in PFigure 8. Such a
drop is more marked as the probe moves closer to
the ground. Similar results have been observed in
the atmosphere where probe wake effect appears
unnoticeable (Lumley and Pamofsky, 1964). Ome
explanation for the drop would be that near the
ground the turbulence level is stromger and emall
eddies beccme more dominant. The mmall eddies
lose their correlation-im a shorter time period
which results in s decrease in the correlatiom as
height decreases, BSuch effect is scmehow diluted
when large eddies are dominant in an unfiltered
turbulent field.

The inadequacy of Taylor's frosem turbulence
hypothesis is clearly seen inm this turbulent
boundary layer. According to Taylor's hypothesis,

(Ax ,0,x,;T)should reach its maximm value of
'umy at'a time t =A4x Ju, but as a result of
shear, the resultant higher level of turbulence
and the small eddy behavior, the peak value of
ER..(ﬁx ,0,x.;T) can never regain its theoretical
uéﬁxtu as observed in Figures 8 through 1l.
Even in a grid-gemerated turbulemce examined by
Frenkiel and Klebanoff (1966) and Comte-Bellot amd
Corrsin (1971), where the turbulence is not
distorted by mean shear, large departures from a
frozen pattern are cbserved.

Most investigators attribute the breskdown of
Taylor's hypothesis to the loss of coherence of
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mmall eddies when downwind
exceed the larger eddy sizes. But dats reported
on the frequency filtered space-time correlatiom
measurements by Favre et al (1957, 1958) suggest
an equivalent breakdown in a boundary layer.
Indeed, the turbulemce gradually loses some
coherence at the edge of the boundary layer where
mean shear turbulence level are low, but near the
ground the correlation functiom losses its
identity quickly due to higher mean shear and
turbulence levels.

Space time correlations measurements were
extrapolated to large separatioms  using a
regression method which preserves the asymptotic
characteristics of the space-time correlatiom (Li
and Meromey, 1985). Integral scales were
estimated by integrating over the extended
correlation domain.

The lpncc-tm correlation function is
plotted versus (I:I' T..). The shear layer
values for hlte:cd tufb&hm are included on
Figure 12 and compared with several sets of
Eulerian space-time correlation dats from other
laboratory experiments. These experiments include
data measured in another turbulent boundary layer;
Frenkiel and Klebmoff, 1966), in grid turbulence
corrected for enexgy decay (Comte-Bellot - and
Corrsin,1971), and imn & nearly homogenscus -
turbulent shear flow (Harris et al., 1977).

Bpace-time correlation funmctioms for an
unfiltered turbulence are replotted against °
normalized time coordinates im Figures 13 through
15 for all three compoments of velocity
fluctuations. Data are in good agreement with
previous results for £filtered turbulence. A
universal shape for the Euleriam space-time
correlation function seems to exist when presented
in the non-dimensional coordinates. BSuch an
empirical curve is superimposed over the dats in
the Figures 12 through 15.

separations slowly
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Figure 1 Mean velocity and turbulent intesity profiles for
neutral stratified boundary layer at U_ = 200 cm/sec,
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Figure 2 Longitudinal Eulerian space correlaciom
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Figure 3 Lateral Eulerisn space correlation
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Figure 6 Lateral two-point velocity correlation with longitudinal

separations
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Figure 7 Vertical two—point velocity correlation with longitudinal

separations
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Figure B Longitudinal Eulerian space-time correlation in a neutral
stratified boundary layer (filtered)
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Figure 9 Longitudinal Eulerisn space-time correlation in a neutral
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Figure 10 Transverse Eulerian space-time lorrelation in a neutral
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Pigure 11 Vertical Bulerian space-tims correlation in 2 neutral

stratified boundary layer
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