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The authors are to be congratulated for the fine work 
presented in this paper, particularly for their attempt at pro
ducing a model of boundary layer transition that takes into 
consideration both natural and wake-induced transition. 
However, concern must be expressed regarding the simplicity 
of the model, particularly with respect to wake-induced 
transition. 

Figures 8, 9, and 11 and the proposed model clearly indicate 
the authors' belief that transition to turbulent flow takes place 
immediately after an upstream wake impinges on the bound
ary layer and that it is only between the wakes or in their 
absence that conventional transition can occur. However, 
these figures do not entirely support the hypothesis. It is the 
purpose of this discussion to question the authors' interpreta
tion of the experimental data and to examine the resulting im
plications for the model. 

Figure 8 shows that over the leading part of the suction sur
face (x/s<0.24), the propagation rates of both the leading and 
trailing portions of the turbulent patch are much closer to the 
predicted convection rates of the wake than they are to the 
values commonly accepted for turbulent spots. Attention is 
particularly drawn to the trailing edge convection rate. While 
it is accepted that the prediction of the wake passage is based 
on an inviscid flow field, whereas the observed heat transfer 
effects are measured on the blade surface, the evidence strong
ly suggests that up to 24 percent of surface length, the "tur
bulent patch" convects with the wake and is not a self-
sustaining turbulent flow in the blade boundary layer. 

Figure 12 is an analysis of data originally obtained by Hod-
son (1984) at Reynolds numbers lower than those encountered 
by the present authors. It is a distance-time diagram, which 
depicts the evolution of phase-locked averaged random 
unsteadiness on the suction surface of an axial turbine. For the 
case presented in Fig. 12, the boundary layer is effectively 
laminar at 68 percent of surface distance and does not become 
turbulent until just before the trailing edge. Therefore, the 
ensembled random unsteadiness of Fig. 12, which convects 
with the wake at approximately the undisturbed free-stream 
velocity, cannot signify a self-sustaining turbulent patch if 
such a description implies that the production and dissipation 
rates of the turbulence are approximately equal within the 
patch. Hodson and Addison (1989) have also observed that 
for a range of conditions, the disturbances created by wakes 
within the suction and pressure surface boundary layers of the 
same axial turbine convect with the wake at about the velocity 
of the undisturbed free stream, providing that transition has 
not begun. 

The differences in Reynolds number between the low-speed 
axial turbine tests cited above (1.8 x 105 <Re<3.3x 105) and 
those of the Oxford cascade (9.2 x 105) mean that transition, 
whether it is natural or wake-induced, commences much 
earlier in the cascade. Nevertheless, this does not mean that it 
will occur immediately in the presence of a wake. The data of 
Pfeil et al. (1982) are most clear in this respect. Similar conclu
sions may be drawn from Walker's (1974) observations of the 
suction surface boundary layer on a compressor stator at 
Re = 5x 104. The present data also suggest that this might be 
the case. Figure 11, for example, shows that actual change in 
heat transfer between supposedly laminar and turbulent levels 
is less than that predicted over the leading part of the surface. 
If the heat transfer levels between the wakes represent the 
laminar state, this implies that the turbulent levels are not 
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Fig. 12 Surface-mounted hot-film results: distance-time plot of phase-
locked average of random unsteadiness (rms) within suction surface 
boundary layer of axial flow turbine rotor 

reached and that near the surface at least, the dissipation of 
turbulence is initially greater than the combined effects of pro
duction and diffusion from the outer layers. 

In conclusion, the hypothesis that a wake instantaneously 
induces transition in an otherwise laminar boundary layer is 
not supported by the experimental evidence. Transition is 
preceded by a region in which the dissipation of turbulence 
dominates the production and diffusion from the free stream. 
The length of this region must be determined by the stability 
or viscous dissipation properties of the boundary layers and 
therefore by Reynolds number. It is because the length of this 
region is short at high Reynolds numbers that the model 
presented appears to be successful in the particular situation 
described in this paper. To ensure its general validity, the 
model should be extended to incorporate an upstream limit at 
which self-sustaining turbulent spots can be initiated by pass
ing wakes. The value of such a limit is indicated by the 
measurements of Hodson and Addison (1989). 
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Authors' Closure 
The authors appreciate the interest shown by Hodson et al. 

in the data and predictions shown in this paper. Many of the 
suggested interpretations of the data may well turn out to be 
valid. The authors were hesitant, however, to read too much 
into a limited amount of data taken at such exacting operating 
conditions. The characteristics of the boundary layer with high 
unit Reynolds numbers and transonic Mach number lead to 
short pretransitional lengths and rapid transit times for wake 
and transitional disturbances. 

In spite of these reservations, it would appear that there is 
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a similarity between the trailing-edge convection rate charac
teristics presented by the authors and that shown in the above 
discussion. In support of this, M. L. G. Oldfield has also noted 
that the high velocity of the trailing edge of the wake-induced 
heat transfer enhancement could possibly be seen in the early 
suction surface in Fig. 11 of Doorly and Oldfield (1985b), 
although it was not interpreted as such at the time. These 
comments illustrate another interesting parallel between the 
authors' transonic results and low-speed observations. A 
threshold criterion for self-sustaining wake-induced turbulent 
patches could easily be incorporated into the existing model. 

The simplified prediction models presented in the paper were 

primarily intended as guides for interpretation of the data, so 
that detailed quantitative comparison with the experimental 
results is inappropriate. The fact that the level of the wake-
induced signal early on is not as high as the "fully turbulent" 
prediction does not necessarily imply that there isn't a turbulent 
boundary layer beneath the wake. Dissipation within the 
boundary layer will reduce the mixing and hence the heat 
transport to the surface. Perhaps the term "non-self-sustain
ing turbulent boundary layer" is needed here. 

The authors intend to make detailed measurements of con
vection rates and lateral coverage of both natural and artificial 
disturbances in the near future. 

F4 
E R R A T A 

Errata for "Numerical Simulation of Inviscid Transonic Flow Through Nozzles With Fluctuating Back 
Pressure" by A. Boles, T. H. Fransson, and M. F. Platzer, published in the April 1989 issue of the ASME 
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Please note the corrected form of the following equations: 

Error Correction 
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