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pattern as the axial separation distance ( fue) increases. The M-probe 

positioned upstream of the S-probe has been delayed and thus a process 

in negative time delay represents the past occurence and in positive 

time delay as the future occurence with respect to the S-probe. 

The definition of axial crosscorrelation is 

I T 
C (fue, = lim 2T f f (x, t) f (x-fue, 

ms T-+ 00 -T s m 

The correlogram taken near the dividing streamline (Y /9'" 0.28) 

shows the least development of distortion with x-separation which 

indicates a progagation of relatively uniform flow field along the 

dividing streamline. The turbulent flow fields above and below the 

dividing streamline (data taken near the maximum fluctuation, 

Y /9 3.2, and subsonic region, Y /9 -1.82) distinctly show the 

asymmetric development of correlation functions with positive and 

negative delay time. A more pronounced and rapid development in 

the low-speed region may be attributed to the entrainment process of 

slow moving fluid at the lower boundary. The steeper slope of cor-

relation function in the negative delayed time implies the arrival of 

sharper and distinctly patterned turbulent front. On the other hand, 

a relaxing of slope in positive delayed time implies the growing 

pattern of trailing tail of turbulence. The observation can be inter­

preted as the process of entrainment of mass at the turbulent front and 

the growth of turbulent scale as convected. The non-uniformity of 

propagating turbulent form also hints that the mean velocity and the 

convection velocity of a frozen turbulent spot may not necessarily be 

identical along the off-centered positions of turbulent mixing layer and 
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the flow is highly internrittent near the edges. However, it cannot 

dis clos e the rrlechanisrrl relating to the rrleanflow field and turbulent 

convection. 

D.7. Taylor's Hypothesis 

Taylor's hypothesis assumes that "if the velocity of the flow 

field which carries the turbulent spot is rrluch greater than the turbu-

lent fluctuation velocity, then the sequence of changing u at the fixed 

point is sirrlply due to the passage of an unchanging pattern of turbu­

lent rrlotion over the point." Thus he assumes u = 0(t) = 0(x/u) 

and the correlation function R 
x 

= (I(t) (I(t + x/u) 

7 
Then he went on to prove that space correlation function and spectral 

function are Fourier transform pair. 

R = x 

F(f) = 

00 21tfx I F(f) cos -u df 
o 

4 100 
R 27rfx dx U x cos U 

o 

where F(f) is the spectral function normalized to give 

00 

I F(f)df = 1 
o 

This relation is found identical to the transforrrl pair of autocorrela-

tion and power spectra if the delay time, D. T. is replaced by 6:x/u. 

Then the existence of the above transforrrl pair is assured by Sect. 

V. 2. 2. 5.1. provided D.T = t.x/u exists. Therefore. validity of 

Taylor's hypothesis requires the finding of the existence of u, narrlely 

u = t.x/6.T. c 
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D.8. Interpretation of Space-Time Correlation 

(6.y Separation) 

The lateral cross correlation measurements were taken with 

M-probe displaced above and below the S-probe on the same X-plane. 

S -probe was always delayed. The asymmetric form of correlation 

functions reversed the trend and the correlation peaks appear in the 

opposite side of zero time delay as M-probe crossed the positon of 

S-probe. Since the positioning of the delayed probe upstream of the 

undelayed probe depicts the future occurrence in positive delayed time 

with respect to undelayed probe, the shifting of delayed probe down­

stream will produce the mirror image pattern in negative delayed 

time. In positive 6.y, the appearance of correlation in negative time 

delay indicates that the correlating signal passing over the M-probe 

is located downstream of the corresponding signal passing over the 

S-probe. For a negative 6.y, the process is reversed and hence the 

correlation in the positive side of the time delay indicates the cor­

relating flow passing over the M-probe is upstream of the S-probe. 

D.9. Fluctuation Signals and Probability Density Distributions 

The raw fluctuation signals and corresponding response of 

intermittency meter outputs for the higher overheat taken at the 

marked positions are shown in Fig. D.5. Corresponding probability 

density distributions for the two sampled overheat currents are shown 

in Fig. D.6. The probability density distributions were obtained by 

using a SAleOR correlator and the signals were computed in a real 

time process as the experiments were conducted. As the turbulent 

mixing layer was penetrated hy the hot-wire from the freestream 
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side, noticeable positive fluctuating voltages began to appear, indi-

eating the passage of an occasionally slower and hotter flow field 

(e' = -r fi' + T ') over the sensor. The one-sided fluctuation signal 
o 

was m.ost intense at location C and the positive skewness of the 

probability density distribution confirm.ed that the turbulent field 

which produced the positive fluctuation voltages dominates the flow. 

Recall that higher total tem.perature and lower convection velocity 

were m.easured in this region. At point D, the signals appeared to 

be extending evenly on both sides and a Gaussian-like probability 

density distribution was obtained. Up to this point, the qualitative 

probability distributions of both sam.pled currents were identical. 

At point E just below the sonic point, negative spikiness began 

to predom.inate, indicating that the wire spent m.ore tim.e in a faster 

and colder fluctuation field. The skewness or probability distribution 

taken with the higher overheat revers ed the distribution but the ones 

taken with a lower overheat rem.ained relatively Gaussian in form., 

indicating the negative spikiness of the signal was produced prim.arily 

by the m.ass flux fluctuation. The Gaussian form. of the probability 

distributions taken with the lower overheat within the m.ixing layer 

were not too surprising, because the m.ean total tem.perature profile 

is relatively constant. Kovasznay( 28) observed sim.ilar phenom.ena 

in the supersonic turbulent boundary layer. Although Kovasznay was 

uncertain about whether the reversal of the skewness of probability 

distributions which occurred from. the outer boundary layer edge to 

near the wall was caused by a real flow phenom.enon or was an instru-

m.entation phenom.enon connected with operating a probe in the shear 
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layer close to the sonic point. it is apparent that the observed phen­

om.ena do exist in the supersonic turbulent m.ixing layer of the present 

investigation. 

Since the m.ean value of fluctuation m.ust vanish ( I e' dt = 0). 

the skewness of probability density distributions taken near both 

edges of the m.ixing layer im.plies that the large excursions of fluctu­

ation m.ust exist for a shorter tim.e and the sm.all excursions in the 

opposite direction exist for a longer period. Fisher and Davies (48) 

have dem.onstrated in the incom.pressible m.ixing layer experim.ents 

that the convection velocity of turbulent field is strongly influenced 

by the large fluctuations in spite of the short im.e for which they are 

present. In the region of alm.ost zero skewness of probability density 

distributions. the two velocities are alm.ost identical. Qualitatively. 

the m.easured convection velocity follows the trend of probability 

density distributions obtained with a high overheat as described above. 
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