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M. W. Johnson1 

- D I S C U S S I O N -

Gostelow and Blunden have obtained some valuable transi
tion data for adverse pressure gradients. However, the method 
used for determining intermittency may give differing results 
from other published work. Figure 13 shows the variation of 
intermittency through the boundary layer as obtained by 
Acharya (1985). Similar data taken at the University of Liver
pool are also shown in Fig. 14. These results demonstrate how 
turbulent spots originate close to the wall and then diffuse out 

1 Department of Mechanical Engineering, The University of Liverpool, Liver
pool L69 3BX, United Kingdom. 

Fig. 13 Acharya's intermittency data 
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Fig. 14 Liverpool intermittency data 

toward the free stream. Clearly a hot-wire probe 
placed close to the wall will detect start of transition earlier 
than one placed further out. In Acharya's work, and at Liver
pool, the hot-wire probe is placed in the constant intermitten
cy region very close to the wall (y/5 ̂  0.05) in order to detect 
the first turbulent spots. In contrast, in the current paper, it is 
stated that intermittency is measured at a point where the 
velocity is 80 percent of the free-stream velocity, which cor
responds to a y/h of between 0.49 and 0.58 (depending on the 
pressure gradient) and so lower intermittencies will be 
measured. The current results will therefore predict start of 
transition later than results made elsewhere where the probe is 
closer to the wall. This will lead to a discrepancy between these 
new data and previously published results. 
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Authors' Closure 

Although Dr. Johnson is right to emphasize the potential 
significance of the variation of intermittency with traverse 
distance, this variable has not exerted a major influence on the 
present investigations. 

374/Vol. 111, OCTOBER 1989 Transactions of the ASME 

Copyright © 1989 by ASME

D
ow

nloaded from
 http://asm

edigitalcollection.asm
e.org/turbom

achinery/article-pdf/111/4/374/5583012/374_1.pdf by guest on 19 M
ay 2023

https://crossmark.crossref.org/dialog/?doi=10.1115/1.3262282&domain=pdf&date_stamp=1989-10-01


0-8 

Y 

0-6 

02 

•*% o o O o o " o t ) O o 0 o n n 
m ^ §

 53 o0ooooooo 
o°90 •« 

o 

o 
® 0-3 

• m 

A 50 

O 

A 

A A A A A * * * A - A - A 

5-3 

0-3 

• D 

• Wc f t i 
r l D U 10 • 

0 0-2 0-4 

D5-3 

0-3 

• H • • |H 

0-6 0-8 

m *i 

1 

Fig. 15 Variation of measured intermittency with dimensionless 
traverse distance under moderate adverse pressure gradient conditions; 
nominal intermittency values of 10, 50, and 90 percent for inlet tur
bulence levels of 0.3 and 5.3 percent 

Dr. Johnson's principal claim is that the current results will 
predict transition inception later than other results taken with 
the probe closer to the wall, leading to a discrepancy be
tween the new data and previous results. It was in order to 
monitor how closely the results matched others that the first 
series of experiments was undertaken under zero pressure gra
dient conditions. The range of turbulence levels was between 

1.3 and 6.3 percent and the techniques were identical to those 
used for the subsequent adverse pressure gradient work. 
Figure 8 of the paper demonstrates that transition inception 
was not found to occur later than in the measurements of 
other investigators. Dimensionless velocity profiles provide an 
important means of quality control in transition 
measurements and Fig. 7 gives an indication of the ap
propriateness of the velocity profiles for a given quoted 
intermittency. 

Dr. Johnson refers to his own work and to that of Acharya. 
While those results showed a strong variation of intermittency 
with traverse distance, this tendency is by no means universal. 
Reference is made, for example, to the work of Abu-
Ghannam, which showed no variation of intermittency with 
traverse distance for values of U/U0 up to 0.65 for a turbulent 
layer and 0.8 for a laminar layer. 

The authors' results were part of a comprehensive investiga
tion covering more severe adverse pressure gradients and 
higher turbulence levels than previous tests. The variation of 
intermittency with traverse distance was observed for tur
bulence levels of 0.3 and 5.3 percent and is plotted in Fig. 15. 
Traverses are presented for three different intermittency levels 
for each turbulence level. At the lower turbulence level of 0.3 
percent the behavior tends toward that described by Dr. 
Johnson. It is appropriate in this case for intermittency to be 
measured relatively close to the wall, where the intermittency 
plateau associated with the turbulent spots predominates. 

For higher turbulence levels, on the other hand, intermitten
cy continues to rise with distance from the wall. The inlet tur
bulence level of 1.6 percent for the second series of published 
results is intermediate between the extremes of turbulence level 
chosen, resulting in a minimization of errors. The range ofy/S 
corresponding to t//C/0 = 0.8 in these tests was quite wide, 
varying between 0.1 and 0.6 (the corresponding range for the 
Acharya results was 0.12 to 0.5). The authors' preferred loca
tion when the objective is to take representative intermittency 
measurements at higher turbulence levels, rather than to focus 
on the local behavior of turbulent spots, therefore tends to be 
further out than that favored by Dr. Johnson. While intermit
tency will neither be as high as the values at the edge of the 
boundary layer, nor necessarily coincide with the plateau 
value that is attained under lower free-stream turbulence 
levels, this does tend to give a reasonable average across the 
boundary layer. 
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