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is likely to be the least reliable, as it completely ignores the marked flow re­
laxation effects following the passage of the preceding wake-induced transitional 
strip. Transition occurs somewhat too rapidly, with the predicted end of transi­
tion at 70% SSL compared with 84% SSL fr om experiment. The boundary layer 
thickness is in fair agreement, but the shape factor development again shows 
significant discrepancies. 

There is a general trend in all three computations for the shape factor to be 
overestimated immediately prior to transition onset and in the forward part of 
the transition zone. This probably results from the combined effects of: 

1. The influence of free-stream turbulence in reducing the laminar boundary 
layer shape factor prior to transition. 

2. The neglecting of relaxation effects producing a higher than normal shape 
factor value for the laminar boundary layer component in the transition 
zone. 

The shape factor fails too rapidly through the transition zone, and only slowly 
recovers towards experiment al values in the region of fully turbulent flow further 
downstream. This indicates significant problems with modelling of the emerging 
turbulent boundary layer. 

Modelling of the relaxation zone 

For differential types of boundary layer calculations the extent of the relaxation 
zone following a turbulent spot should be predicted directly provided that an 
appropriate variation of intermittency is prescribed. For integral calculation 
methods, and for general engineering design purposes, it is necessary to provide 
some estimate of the relaxation time TT needed for the laminar flow to approach 
its unperturbed state. 

Table 1 gives data for dimensionless relaxation time TT = tT U / b L for the zero 
pressure gradient experiment of Schubauer & Klebanoff (1955), the triggered 
spot in adverse pressure gradient of Gostelow et al. (1995) and the wake-induced 
transition observations of Solomon & Walker (1995). bL is the total thickness 
of the unperturbed laminar layer surrounding a turbulent spot. There is some 
scatter in the individual experiments, but the values of TT are all of order 100. 

Concluding remarks 

A new model for the intermittency variation in flows with rapid spatial vari­
ations has been applied in a quasi-steady manner to periodic flows involving 
wake-induced transition on axial turbomachine blades. The predictions of in­
termittency for this case are encouraging, but some significant deficiencies in 
modelling the boundary layer development through the transition zone remain 
to be addressed. 
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Table 1: Comparison of relaxation times Tr = t~~ observed in different flows . q is 

local free-stream turbulence level. 

I Flow 
Schubauer & Klebanoff (1955) , flat plate, zero pres­
sure gradient 
Gostelow et al. (1995), flat plate, adverse pressure 
gradient 
Solomon & Walker (1995), compressor blade 

100-220 

90 

50-150 

q I 
0.03% 

0.3% 

2.2% 

One of the most important challenges is the modelling of flow relaxation fol­
lowing the passage of a turbulent spot. The increased shear stress within the 
relaxing non-turbulent flow region has the important consequences of delaying 
laminar separation and locally stabilising the flow . Some typical values of di­
mensionless relax at ion time have been presented as a first step in the modelling 
process. 

Other areas of uncertainty which remain for future investigation include im­
provement of the spot growth rate correlations with more experimental data and 
development of a correlation for the spot generation rate which is independent 
of the spot growth parameters and valid in favourable pressure gradients. The 
effects of free-stream turbulence on all of these parameters also needs to be clar­
ified. The model could be refined to allow for changes in spot shape around 
separation and possibly to predict transition in the separated shear layer. Tran­
sition onset correlations or prediction methods need to be improved as does the 
modelling of the emerging turbulent boundary layer. 
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