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Fig. 1 Comparison with the Blasius series solution of the
momentum thickness from several different authors.

dropped the tag on the grouping ue62/vTef and assumed it to
be the dependent variable in the differential equation (2) of
Ref. 1.

4) A comparison is made in Fig. 1 of the momentum
thickness resulting from several different expressions for the
flow of an incompressible fluid around a two-dimensional
circular cylinder. The standard for comparison is the
Blasius series solution. For this flow, the theoretical po-
tential velocity distribution is ue = 2V m sin<£ where Vm is
the freestream velocity and <£ is the angle measured from
the forward stagnation point; <p is related to the distance
along the surface x and the cylinder radius R by <£ = x/R.
For this velocity distribution, the Blasius series solution gives
the separation point at <£ = 108.8°.

The Blasius curve in Fig. 1 is repeated from Ref. 6; the
Ohrenberger-Cohen curve (which is based on a variation of
my method) results from the application of Eq. (8), Ref. 2,
and is reproduced from Ref. 7; the Thwaites curve is ob-
tained from Ref. 5, whereas the Ness curve is based on Eq.
(14) of Ref. 1. For the velocity distribution ue = 2Vm
sin$, the Thwaites and Ness equations are readily integrated
and give, respectively,

(0.949/sin30) [T85 - T
45(cos(«(sin2</> + 2) -

i sin4</> cos<£]1/2 (9)

[(2^/J2)(7(a12»1/2]Ness = 0.584/(1 + cose/))1/2 (10)

The Thwaites result is included to provide a comparison
between the method of curve-fitting the results of similar
solutions and the new method proposed in Ref. 1. The
Thwaites curve does not satisfy the exact value at the stagna-
tion point, whereas the curves obtained by the new method
do. (This is a built-in feature in the new method in that
the exact value at x = 0 is always obtained, regardless of the
geometry, for incompressible or compressible flow.) The
Thwaites curve and the Ohrenberger-Cohen curve (which
they terminated at <£ = 90° in Ref. 7) show wide divergence
from the Blasius series solution at high angles of <£. The
Ness curve, however, over the complete range from the
stagnation point to the separation point, does not vary more
than 4% (or 5%t) from the Blasius result.

It appears, therefore, that the new method gives good re-
sults, at least for incompressible flow. The validity of this
method for the more general case of a compressible fluid with
heat transfer awaits confirmation.
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Commenter's Reply to N. Ness

J. T. OHRENBERGER* AND C. B. CoHENf
TRW Systems, Redondo Beach, Calif.

WE have reviewed the reply presented in this issue by
N. Ness, defending his method1 for determining bound-

ary-layer momentum thickness, and we believe that our origi-
nal criticisms2 remain valid and that the suggested modifi-
cation to his method is required. Specific comments on the
four points discussed in his reply follow:

1. Ness, in his reply, has simply recast his original result
for 02 [Eq. (14) of Ref. 1] in terms of ft and Me. Since this
does not basically change the result, the fact still holds that
the effects of the variation of ft, Tw/Testas, and Me along the
body are only partially accounted for in the Ness method (as
demonstrated in Ref. 2). Reference 2 shows that the
factor [0trCc)/0tr(0)], not included by Ness, can be important.
Under the local similarity assumption, this factor also de-
pends on ft, Tw/Tesi&g, and Me.

2. We cited in Ref. 2 the example of the blunted wedge in
supersonic flow as indication that Ness' result for the momen-
tum thickness failed by itself to approach the proper limit
far back on the blunted wedge. Ness replies that this is be-
cause Eq. (14) of Ref. 1 for 02 is for blunt-nosed bodies (rather
than sharp-nosed bodies), and hence "should not reduce to
the flat-plate case." This explanation seems to miss the
main point of our argument, which is the fact that bluntness
effects far from the stagnation point of a blunt wedge are
negligible, and, hence, in that region 6(x) increases at the
same rate as on a flat plate. The conclusion is that Ness'
result is in error by the ratio [0tr(ic)/0tr(0)] in this limit.

3. Ness justifies his chosen form for F [Eq. (12) of Ref. 1]
by noting that it is correct for the case of a similarity bound-
ary layer, and furthermore that "previous investigators"
have taken relations between parameters which are only
strictly valid for the similarity case and assumed them to be
valid in the nonsimilar case as well (the method of Thwaites,
for example). We suggest that the success of this procedure

f Because of the small size of Fig. 12.8 of Ref. 6, the coordi-
nates of the Blasius curve are not known as accurately as the
coordinates of the other three curves.
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is not universal but depends on the relation which is being
generalized. Ness' assumed expression for F is independent
of the variation of 0tr along the surface (since 0tr is constant
in the similarity case). On the other hand, the constant b
in the Thwaites method [see Eq. (8) of Ness' reply] does
depend on ddtr/d/3 (as can readily be shown) and, therefore,
in the nonsimilar case, a variation of 6ir along the surface is
accounted for by Thwaites since /3 varies. Thus, Ness'
method fails because he has generalized on a relation valid
for similarity, which does not contain parameters that can
be important in nonsimilar flow, such as d6tT/d$.

4. With regard to Ness' example to show that his method
"gives good results, at least, for incompressible flow," we
repeat: What is essential to us is that any method which
claims to be general must include all effects that can be shown
to be important in limiting cases. It is impressive that his
method checks the Blasius calculation so well, but it still
errs by a large factor in the case discussed in paragraph 2.

In conclusion, it appears inherent in the Ness method that
it can never properly predict the limiting behavior of a flow
that is developing toward a terminal similarity different
from its initial similar behavior. This conclusion does not
apply if the modification proposed by the writers2 is included.
What Ness has not made clear is: When, except for the
Blasius calculation cited, is his original method the more
accurate?
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Comments on "Effects of Energy
Dissipation on a Spinning Satellite"

Y. PlRONNEAU*
University of Nantes, Nantes, France

THE author's approach1 to this difficult problem is very
interesting. However, one wonders if it is possible to

affirm as they make their conclusion: "So far as stability is
concerned, one may thus expect to have considerable latitude
in choosing the size of the inner body."

In order to study the stability, they conserve only a part
of the solution of Eqs. (7) and (8). When we take into
account the neglected part, Eqs. (3-6) become differen-
tial equations with the coefficients function of the variable
T. A more complete study would show that despite this the
system remains stable.

Evidently, the amplitude of the neglected terms tends
towards zero exponentially, and consequently we could say
that after a sufficient length of time their influence is neglig-
ible. However, it is possible that at this moment some of the
angles determining the orientation of the satellite take values
sufficiently large that it is no longer possible to replace the
equations of motion by their linear forms [Eqs. (3-6)].

It is possible to obtain the complete solution of Eqs. (7)
and (8). These equations can be written in the following
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form:

with

MX" + BX' + KX = 0

X = M = (K + l) 0
0 K' + IQ

K = pQB = AQ

The form of the matrices M, B, and K shows that it is
possible to diagonalize them. The eigenvalues are the roots
of the characteristic equation,

= (K + 1) + (K' + 1)Q
2 (K + 1)(K' + 1)

[1 - (K' + 1)OA]J ~
(K + V)(K' + 1)QX2 - [(K + 1) + (K' + 1)Q]X = 0

(T?
Ai = 0 and

The corresponding eigenvectors are, respectively,

and

The matrix of modes is

Z =

We can calculate

*M 7_ [(K + 1) + (£' + DQ] 0
ZJH/, - Q (R + 1)(£, + ̂ Q[(K + 1) + (^/ +

0 0
0 1

Z5Z = &Q[(K + 1) + (^' + 1)Q]2 Q J

Changing the variables
/j "*"
t/3 y
I = A

^3

leads to the equations

." = 0

(K' + l)Q]q2' + p[(K + 1) + (Kr

the solution of which is (the index zero indicating the value
when r = 0)

= qw + qio'
r , #20' + ..,„ .r g2o cosco2r + —————— sinco2r•]

with

coo2 = p

A [-(£'
€ = ~

co2

0)2 = Wo'( l - €2)1/2

(g + 1) + (K7 + 1)0 = fc J3 + /8

(K; + 1)0~I1/2 ^ /r- -1- -^1/2

J
;
 = g //3 + /3V

2 V ^3/3 /

- [(/3 + /3)//3/3]

#20

#10

#20'

/3 /


