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Comments on ‘‘Effect of Nose
Bluntness and Cone Angle
on Slender-Vehicle Transition’’

Kenneth F. Stetson*
Wright Research and Development Center
Wright-Patterson Air Force Base, Ohio

HERE are a number of aspects of Ref. 1 that require
clarification. In this regard, the author is asked the fol-
lowing questions:

1) What was the rationale for introducing an inviscid pa-
rameter (your Xgy,;) to correlate a viscous-related phenom-
ena? It has been shown there are two major effects associated
with entropy-layer-influenced transition (Ref. 2). These ef-
fects are changes in the transition Reynolds number and re-
ductions in the local Reynolds number, as compared to sharp
configuration values. Both of these effects have been shown to
be directly related to the degree to which the entropy layer is
swallowed by the boundary layer. There is no general relation-
ship to relate the inviscid parameter Xy, to the entropy-
layer-swallowing distance Xjg,. Changes that influence the
boundary-layer thickness, for example, changes in wall tem-
perature or unit Reynolds number, can make large changes in
the distance to swallow the entropy layer. Thus, there is no
general way to relate the transition Reynolds number within
the entropy-layer-swallowing region to the inviscid parameter
Xgw;. Good comparisons can be made only for conditions of
like wall temperatures and unit Reynolds numbers.

2) Why do you equate entropy gradients to instability?
There is no guidance from stability theory to warrant this con-
clusion. If the entropy layer happens to contain a generalized
inflection point (a location where the gradient of the product
of density and vorticity is zero), then there is a basis for sus-
pecting instability. Reshotko and Khan?® addressed this situa-
tion for a blunt plate configuration,

3) Why did you say that freestream noise attenuates nosetip
bluntness effects? It is clear that increasing freestream noise
can produce smaller transition Reynolds numbers; however,
there is no evidence to indicate that it attenuates the nosetip
bluntness effect.

4) Why did you say that with optimum nose bluntness it is
possible to obtain an order of magnitude increase in transition
Reynolds number in flight? There is no evidence to support
this statement. In fact, a comparison of transition data from a
conventional Mach 6 wind tunnel? with Mach 20 flight data*
showed a remarkable similarity. Although the magnitude of
the transition Reynolds numbers differed significantly, the
percentage changes were very similar. The Mach 6 wind tunnel
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transition Reynolds numbers, for a unit Reynolds number of
11.2 x 108/ft, varied from about 6.4 x 10° (sharp) to about
10.3 x 10% (Ry/Rp=0.03). The Mach 20 flight data (Re-
entry F vehicle) varied from about 40 x 10¢ (sharp) to about
68x 10%. An order of magnitude increase with optimum
nosetip bluntness would suggest that the Re-entry F vehicle
could obtain transition Reynolds numbers of about 400 x 10%,
an unrealistic estimate.

5) Why did you say that boundary-layer transition on a
slender cone is of inviscid origin and can be predicted by using
embedded Newtonian theory? There are no data available to
explain the origin of the instability phenomena. One can only
speculate as to the origin of the instability. Reference 5
described the results of an attempt to investigate experimen-
tally the stability of the entropy layer on a sphere-cone. Dis-
turbances were found in the entropy layer above the boundary
layer, but there was no clearly defined generalized inflection
point, and it was not possible to identify the origin of the
instability.

6) How does one visualize an inflexional inviscid instability
from a total pressure profile?

7) Why did you say that Softley (Fig. 3) showed that the
transition movement forward with increasing Reynolds
number greatly speeded up when transition occurred upstream
of complete entropy swallowing? Softley showed only that the
transition Reynolds number was reduced; however, large re-
ductions in the local unit Reynolds number occur for this situ-
ation and the forward movement of transition is slowed down
as a result of the local Reynolds number reduction?. The rapid
forward movement of transition was found to occur much fur-
ther forward in the entropy layer and could be related to cer-
tain threshold conditions on the nosetip.?

8) How can you rationalize the ‘‘rushing’’ transition behav-
ior to be a function of the ratio of the nosetip-to-base radius
(Rn/Rp)? This would imply that the length of the vehicle had
a major effect. Reference 2 demonstrated that the nosetip
radius (not the ratio) and the nosetip roughness were the ma-
jor vehicle parameters. That is, a combination of local nosetip
Reynolds number and nosetip roughness determined the
““flashing forward’’ condition.

9) Comment regarding the insensitivity to Mach number.
The insensitivity to Mach number in the correlation of Fig. 5
should not be interpreted as a general insensitivity to Mach
number. The location of transition on a splender sphere-cone
is very sensitive to freestream Mach number, since both the
transition Reynolds number and the local unit Reynolds
number are very freestream Mach number-dependent.

10) Comment on the spreading of turbulence. The surface
location where the turbulence has spread to the surface does
not correspond to a conventional definition of transition loca-
tion. Boundary-layer profiles® were found to deviate from a
laminar profile shortly after the onset of the spreading of tur-
bulence. The location where the turbulence has spread to the
surface is probably closer to the fully turbulent condition than
the onset of transition.
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Reply by Author to K. F. Stetson

L. E. Ericsson*
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Sunnyvale, California

All of the questions raised by Mr. Stetson in regard to my
paper! are based on the false premise that a viscous flow phe-
nomenon, such as boundary-layer transition, cannot be con-
trolied by inviscid flow characteristics. Except for the effects
of nose roughness and similar viscous flow phenomena unique
to the blunted nose itself, the effect of the geometric change
from a sharp to a blunted cone is inviscid in nature, occurring
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via the change in the boundary-layer edge conditions through
the ‘“‘entropy wake’’ generated by the curved bow shock. This
change of inviscid flow characteristics is well predicted by the
embedded Newtonian theory,> as has been demonstrated re-
cently. Changes in wall temperature and unit Reynolds
number do, of course, affect the viscous flow characteristics
for both the sharp and the blunted cone. However, the effect
of a geometric change from a sharp to a blunted cone is still in-
viscid in nature.

Keeping the above in mind, a careful reading of Ref. 1 will
provide all of the answers to the questions raised by Mr. Stet-
son, keeping in mind that the ratio dn/dg tells whether the
conic frustum is long enough to experience the inviscid flow
effects imprinted on the boundary layer by the ‘‘entropy
wake.”’
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