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FIGURE 17. Calculated distributions of including effect of intermittency. 

call freestream turbulence in this context, have a strong effect on this kind of plot, 
typically dominating the distribution before the theoretical asymptotic zP4 region is 
obtained. This is illustrated in figure 18 as well, where a freestream intensity uf one 
tenth of the turbulent intensity u’, has been added. This curve rapidly approaches 
the value ( 2 / u 2  )-i, or d i 0  in this case, as (zfo - z ) /L ,  increases. A rather extensive 
region in whichm2 is approximately proportional to 2-O appears in this curve, and 
it occurs a t  smaller values of zfo-z than in the case for which 2 = 0. Obviously 
various relative levels of freestream turbulence would move this region, its slope and 
its extent, giving an impression of changing turbulence scale. This effect of changing 
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FIGURE 18. Calculated longitudinal fluctuation energy including effects of intermittency and 
freestream turbulence plotted to examine Phillips' hypothesis. 

relative freestream intensity, is probably masking the actual changes in turbulence 
scale in the present data plot of figure 8, already mentioned. The curve of figure 18, 
which includes freestream turbulence, is obtained from 

where the first integral on the right-hand side is equal to the intermittency factor 
y ,  and is also plotted in figure 18. It is interesting to note that the asymptotic 2-4 

region appears in the case without freestream turbulence only when the intermittency 
has dropped to essentially zero whereas the approximate z - ~  region which can be 
drawn when freestream turbulence is added appears where y is as large as 0.2. 

It must be emphasized that the results of figure 18 have been calculated by 
assuming that the probability distribution of the displacement of front is Gaussian, 
and that the wrinkle amplitude in the front L, is equal to the longitudinal turbulence 
scale L,. Both assumptions influence the shapes of calculated curves in figure 18 and 
are used here for simplicity and illustration. 

6. Discussion of results 
The analysis presented in $2, and the subsequent integration for the effects of 

intermittency in $5 ,  are based on some simplifying assumptions: the use of linear 
theory for f 2  ; the choice of ideal, constant values for UW and 2 inside the turbulent 
front ; and the neglect of the effects of curvature of the turbulent front. Qualitatively, 
the experimental results of figure 14 agree with the predictions of figure 17, both 
showing regions of negative UW at small z for T > 0. The experimental strain ratio 
( x / U )  dU/dz is about 1.4 at the farthest downstream station (where x / M  x 20), and 
is therefore in the range shown for the comparable quantity T in figure 17. 

For a more-detailed comparison between prediction and theory, the scales L,  and 
u2 must be chosen appropriately for this experiment. As a first step, the velocity scale 
u& is here taken to be the value of 2 a t  large z where the measured intensity is 
essentially independent of z. The lengthscale L, is less obvious. The shear stress 
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FIGURE 19. 
comparison 

plotted in figure 14 shows a wake-like character, with UW which is negative in the 
upper part of the wake (positive z )  and positive in the lower part (negative z). 

Assuming the scale of the lower part (which is less than that of the upper part) 
is the same as that of a simple wake, then on the basis of previous wake measurements 
the integral scale is given by L / ( d Z ) ~  x 0.05. Taking this as L, for the present 
experiment, the measurements of UW in the important region where UW is negative 
can be resealed into the theoretical non-dimensional form of figure 17. The results 
are shown in figure 19. 

The maximum magnitude of the observed non-dimensional shear stress at the 
farthest downstream station is about 0.04 from figure 19. The predicted maximum 
magnitude (from figure 17) agrees with this experimental value if we choose a x 0.7 
for T = 2. In the experiment we have estimated a to be 0.8 and T to be 1.4, the first 
of these estimates being based on measurements of intermittency in simple turbulent 
wakes (Gartshore 1966). Thus the actual values of a and Tare close to those required 
in the predictions to provide the observed maximum in the shear stress. 

At the farthest downstream station ( x / M  x 20) the extent of the negative uw region 
is seen to be about 2L, from the data of figure 19. The extent of the negative-am 
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region in figure 17 reaches about 1.6L- for T = 2 and a = 0.7,  decreasing slightly 
for higher values of a or lower values of T .  An important result of the theory, clearly 
present in the experimental observations, is that there can be an abrupt change of 
sign of Reynolds shear stress a t  a plane where the velocity gradient is non-zero. The 
prediction of small negative Reynolds stress induced in the uniform flow near this 
plane, while not observed explicitly in the present experiments, is not inconsistent 
with the measured results. 

I n  general then, the magnitude and extent of the negative-uw region are similar 
in the analysis and in the measurements. Closer comparisons are not justified in the 
present case and better agreement could not be expected considering the assumptions 
necessary to make the comparison. 

The chief conclusion from the present study is that irrotational fluctuations can 
create turbulent stresses in a region of mean-velocity gradients and that, for low strain 
ratios, this effect can be estimated using linear rapid-distortion theory. The effects 
are small in the longitudinal intensity and are most easily detected in the growth from 
zero of turbulent shear stress in the region affected. The effects of intermittency, 
inevitably present near the free boundaries of turbulent regions, are important in 
comparing predicted and measured results and further work, possibly involving 
higher strain ratios, should incorporate conditional sampling techniques to  identify 
more clearly the processes inside and outside the fluctuating vorticity boundaries. 

The experimental work reported here was completed while the first author was a 
visitor at DAMTP in Cambridge. Thanks are due to  Mr David Cheesely for his help 
with construction of the apparatus and to  others in DAMTP for this arrangement. 
Financial support for the work was received from the Killam Foundation and from 
an NSERC (Canada) grant. We are grateful to the referees for their comments. 
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