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Figure 5: Intermittency distribution across the boundary layer (left graph) in the 
transition reg ion and initial turbulent boundary layer at x = 1.370(0), x = 1.470(*), 
x = 1.570(x), x = 1.670(+), x = 1.770(0 ) and x = 1.870 m(0 ). Intermittency in 
streamwise direction (right graph), measured at two wall distances (yj8* = 0.2 & yj8* = 
0.9). 

(Jully developed) ZPG turbulent boundary layers 

(5) 

with Cl = 5.5 and C2 = 6. A modification is necessary to fit this relation to our 
APG turbulent boundary layer (at the, last, turbulent stations). New values are 
given by Cl = 1.3 and C2 = 7.3. It must be remarked that these values depeIi.d on 
the definition of the boundary layer thickness (which is not given by Klebanoff). 
A second explanation for the difference may be the short distance bet ween the 
turbulent stations and the end of transition. 

Through the transition region the intermittency increases from zero at on­
set to one in the turbulent boundary layer (shown in Fig. 5 right at the wall 
distance of the two near-wall maxima in the Tollmien-Schlichting wave ampli­
tude distribution). The curve follows the 'universal' intermittency distribution 
as proposed by Narasimha, except at the beginning, which is possibly due to the 
large negative spikes in the velocity signal prior to breakdown. This gives high 
values of J d2u / dt2

J and therefore causes an early detection of small patches of 
' turbulence'. N arasimha's 'universal' intermittency distribution is given by 

(x - Xt)2 
,(x) = 1 - exp [-ntl1 ], 

Ue 
(6) 

with ntl1 = �0�.�4�1�1�~�,� Xt the start of transition and ). = X-y=O.75 - X-y=O.25 a 
characteristic parameter for the length of the transition region. A fit of equation 
6 to the experimental data with ntl1 given by arelation for the spot format ion 
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and growth, nt(J = nt tan a.( Ue/ Ute - Ue/ Ule) (see Chen & Thyson, 1971), results 
in a spot formation rate nt = 1.05 X 103, a spanwise growth a. = 16.5° and 
trailing edge velocityl Ute / Ue = 0.38. These values agree weil with results from 
a triggered turbulent spot experiment with the same loeal pressure gradient (see 
van Hest, 1995). This result gives confidenee in models for the length of the 
transition region based on experiments with triggered turbulent spots. 

Conclusions 

• Linear stability theory provides a good predietion of TS-wave growth. 
• In the present experiments both 2D and 3D TS-waves seem to be present 

in the flow, resulting in measured TS-wave amplitude distributions with 
two near-wail maxima. 

• Phase-Ioeking bet ween fundamental and higher harmonies and between 
fundamental and subharmonies is observed respectively at the first and 
seeond near-wail maxima of the TS-wave amplitude distribution. 

• Breakdown to turbulenee oeeurs at the second near-wail maximum. 
• The normal intermitteney distribution in APG flow needs a modifieation 

compared to Klebanoff's definition. This may dep end on either the defi­
nition of the boundary layer thiekness or the 'state-of-development' of the 
turbulent boundary layer. 

• The streamwise intermitteney distribution agrees with N arasimha's uni­
versal distribution. A fit to the experiment al intermitteney provides spot 
propagation parameters in agreement with triggered spot experiments. 
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