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OME additional remarks are made concerning the subject that
was discussed in Ref. 1, in which it was stated that, contrary
to common assumptions, the total pressure can show an increase in
frictional flow, especially near stagnation areas. A topic that is di-
rectly related to this and has practical significance, but was not men-
tioned, is the viscous effect on pitot tube readings when determining
the total pressure of the flow,> which is not uncommon to many
experimentalists. With this specific application in mind, some of the
results of the preceding article may be considered in more detail.
Using the same notation as that employed by Issa,! one can write
the momentum equation in an incompressible flow as
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where the stress term has been evaluated for laminar Newtonian
flow. Let us consider the case of stagnation flow (either the plane
two-dimensional case considered by Issa or the three-dimensional
axisymmetrical case, for both of which analytic solutions exist**),
for which the stagnation streamline coincides with the y axis. Eval-
vating the momentum equation along this streamline, indicated by
the subscript s, yields for the two-dimensional stagnation flow the
following expression, putting x, = y and u,(0, y, 0) = v, (y):
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which corresponds to the result of Eq. (9) of the original paper.
Though the final expression suggests that the change of the total

pressure can be attributed solely to the action of the normal stress 023,
evaluation of the individual stress terms shows that this is not correct:
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As can be seen, the magnitude of the contribution of the shearing
stress is half that of the normal stress, whereas the former works
to decrease the total pressure and the latter to increase it. (Note
that although f” is positive, the direction of integration along the
streamline is that of negative y.)

The expression for the stagnation pressure  py [Eq. (11) of the
original paper] is repeated here:

Po = Pio + 1a @
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where, instead of introducing the rather ambiguous viscous layer
thickness §, it is now more convenient to consider the physical in-
terpretation of 4, viz.,

du, 5

. &)
where U, is the tangential velocity at the edge of the viscous layer.
In comparison to the plane two-dimensional stagnation flow, the
axisymmetric stagnation flow yields a slightly different result®>:

Po = Proo + 200 (©)
where now
o= @)
T odr

with r = /(x? + z?) the distance from the symmetry axis.

These results can now be used for the calculation of the viscous
effect on the stagnation pressure for, respectively, a circular cylinder
and a sphere placed in a parallel flow, for the limit of large Reynolds
number.’ Inthat case the viscous layer thickness is small with respect
to the body radius, and the local stagnation area can be approximated
with the corresponding stagnation flow. Taking the inviscid outer
flow distribution from potential theory, we find

Cylinder:

Ue(x) =2(Ucox/R) Po = Proo +2(uUx/R) ~ (8)
Sphere:

Ue(r) = 2(Usor/R) Po= Pro +3MUL/R)  (9)

Although by a slightly different argument, Homann® arrived at the
same results. In addition, he formed an effective radius by adding
the displacement thickness to R to extend the Reynolds number
range of applicability. This effect can be accommodated in the same
way here but is not pursued here any further.

The value of the stagnation pressure coefficient, cpy = (po —
Po)/ 5 pUZ, becomes

Cylinder:

cpo =1+ (8/Re) (10)

Sphere:
cpo =1+ (12/Re)

where Re = 2U, R /v is the Reynolds number based on the cylin-
der/sphere diameter. For the Stokes flow the viscous effect of the
stagnation pressure on a sphere is given by [see Eq. (18) of original
paper]
Stokes flow:
Cp() = 6/Re (11)

Note that in this expression, which is valid for the case of small
Reynolds numbers, the viscous effect term is of the same functional
form in its dependence on Reynolds number, but only half as large
as that which is valid for the large Reynolds number limit.
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Reply by the Author
to B. W. van Oudheusden

R. 1. Issa*
Imperial College of Science, Technology, and Medicine,
London SW7 2BX, England, United Kingdom

HE Comment is very useful in expanding the scope of the
original article and in highlighting the important application to
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the pitot tube device. The original analysis is extended to the case of
axisymmetric stagnation flow, and results similar to those obtained
for the previously considered plane flow case are reached.

However, the writer of the Comment has misinterpreted some
of the statements in the article. Whereas the text states that the
positive source causing the rise in total pressure is solely related
to the normal stresses, the writer has incorrectly understood this to
mean that it is only the normal stresses that cause the change in total
pressure. The original article does not imply in any way that there
is no negative though smaller contribution due to the shear stresses
as indeed there is. It merely states that only the normal stresses in
this particular case contribute to the increase in total pressure.

The author agrees that the introduction of the relationship for
a in Eq. (5) of the Comment possibly provides a more physical
(hence useful) interpretation of the quantity. The original expres-
sion [Eq. (13) of the paper] was only introduced to facilitate the
presentation of the results in nondimensional form. In fact, the ar-
ticle inadvertently and incorrectly introduces &, which is the vis-
cous layer thickness in the definition of a. The proper quantity that
should have appeared in Eq. (13) and the subsequent definition of
the Reynolds number is y,,, which is the normal distance far up-
stream. Corrections were indeed sent to the AIAA Journal, but un-
fortunately they appear to have arrived too late to be included in the
final published paper.



