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is less satisfactory. However, disagreement between the two
methods is not surprising since, in this size range, particles
settling in air are far out of the Stokes regime, and transition
from one regime to another is difficult to predict for nonspheri-
cal particles. Thus, results may be expected to vary from
those from liquid sedimentation (where the behavior is en-
tirely within the Stokes regime). The authors have no ex-
planation to offer for the disagreement between the two
Micromerograph results. (An interesting discussion of
reproducibility of analyses using the Micromerograph can
be found in Ref. 6.)

Liquid sedimentation analysis by the Whitby method
has proved to be both a rapid and accurate method of par-
ticle size measurement for ammonium perchlorate. The
technique appears superior in speed, precision, and first cost
to the air sedimentation method commonly used in the solid
propellant industry, but greater operational skill and judg-
ment are required in its use.
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N a recent note the usefulness of the “effectiveness” R as a
correlating parameter for data on the mass transfer cooling
of turbulent boundary layers was questioned.? This quantity
was suggested originally, though not so-called, by Friedman,?
in a study of low-speed flow. The authors of this paper had
remarkable success with it in correlating carefully taken data
at Mach numbers 2 and 3.2 in flat plate low when the coolant
gas was nitrogen and the freestream gas was air.? When,
within experimental error, later sets of data at Mach numbers
3.2 and 6.7 (Refs. 4 and 3, respectively) for.a wide variety of
coolant gases were found to correlate well with the previous
data, the effectiveness as a “‘universal”’ parameter was pro-
posed.t This must be regarded, of course, as a postulate that
will be subject to the evaluation of future research.

It was recognized that the effectiveness, as previously
defined,® has a singularity at T, = Tsw. Under these con-
ditions the denominator is zero, whereas the numerator is
different from zero unless for that particular case T, = T,.
From the energy balance,

}L(Tu - Taw) = (Oppv)c(Tw - 6) (1)

it may be seen that this exception occurs only if Ty = Taw,
which amounts to the condition Tz, = Tauo, 1.€., that coolant
injection does not affect the recovery factor. This special
case thus far has been measured only for transpiration (air
into air) at zero Mach number. Thus, the existence of a
singularity in B may be expected in general as T, is varied
through values in the vicinity of Tawe, but in practice T <<
Tuw. This singularity would not exist if one adopted a
slightly different “‘effectiveness,”” namely, B’ = (Tw — T.)/
(Taw — T.), and in practice B = R’ because | Taw — Tawo|/
(T oo — T.) is very small.

After some manipulation, the effectiveness may be expressed
as

R=1+ (Fc/St)(Tw/TawO - 1)/(Tw/Taw0 -
Taw/TawO)]_l (2)

For this discussion, regard St/St, and Tow/Tews as fixed when
F./8t, is given, and, hence, B depends only upon Tw/Teuo.
T./Tau may vary from zero to infinity, but in practice its
value generally will be less than 1071, In conducting ex-
periments with nitrogen injection, data were obtained which
yielded the two branches of the hyperbola shown for two typi-
cal conditions in Fig. 1.

The important deviation of B due to the singularity is seen
to be confined to the range 0.9 < Tu/Tow < 1.1, approxi-
mately. Furthermore, under the assumption that St/St, is
determined uniquely by F./St, data at any one value of
T/ T oup are sufficient to determine both branches of the curve
in its entirety. The assumption implies that heat transfer is
proportional to T', — T4y, for0 < T, < o, or, in other words,
that a plot of T — T, vs T, is linear, passing through zero at
T, = Ta». This assumption may be incorrect for extremely
hot or cold walls, but it is known to be correct for moderate
temperature differences.

With attention confined to the neighborhood of the singu-
larity, it is possible to insist that the forementioned assump-
tion is valid at Tw/Taw = 0.9 and 1.1. Therefore, measure-
ments made at Tw/Tew = 1.1 should be valid at T,/T o =
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Table 1 Comparison of Eq. (3) with data adjusted to T,,=0

2 st ..
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Tw
Tom R(Tw) Rx R(0) a(%)

0.467 0.754 0.991
1.400 0.530 0.969
0.893 0.707 0.990
2.68 0.397 0.966
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Fig. 1 The effectiveness as a function of wall tempera-
ture

0.9. Apparently also, from the example shown, the resulting
R should represent well the value desired at T/ Towe = 0.1.
On this argument, based upon data taken with nitrogen injec-
tion, a program was planned wherein nine different coolant
gases were injected. It was convenient for these latter experi-
ments to set Tw/Taw > 1.1 (i.e., to preheat the “coolant’’ so
that heat flowed from the plate to the stream). Again refer-
ring to the nitrogen injection case, one then may transecribe
the data exactly to a reference value at T',/T.u = 0 using
Eq. (2). These points will be representative of all low
T'»/ T s conditions because of the flatness of the hyperbola in
this region. One may compare these transcribed data with
the recommended empirical curve

Ry = (1 + F./38t)~* ®3)

Since B = 1 for zero injection, one may choose unity as the
proper reference quantity. Then the relative error may be
taken as simply

In Table 1 these error estimates are given for four representa-
tive cases. These are comparable to, or better than, the
errors accepted as tolerable in many heat transfer measure-
ments of engineering value.

The data obtained with the various coolants scattered con-
siderably due to the exigencies of the test situation. One
would think it to be advisable for someone to repeat these
measurements. Nevertheless, the results for all gases are
represented well by Eq. (3), which also correlated the nitrogen
data at two Mach numbers. Insofar as this formula repre-
sents all data available to date for turbulent flow over a flat
plate, it properly may be called “universal,”’ at least tenta-
tively. If it stands the test of time, it is believed that it will
be very useful in practical cases where T, << Tau, despite its
academically interesting singularity.
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Power Law Bodies
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Nomenclature
7 = nondimensional shear stress (defined by Pai?)
r = body radius at any point
s = surface running length
z = distance along the axis of symmetry
n = exponent in the body expression
Subscripts
A = axially symmetrie
2D = two-dimensional

EFINED analyses of laminar shear stress and heat
transfer can be performed by application of the Mangler
transformation to the specific axially symmetric body under
consideration. The present note is concerned with bodies
of the r = 2~ class.

The following expression for the ratio of laminar shear stress
on an axially symmetric body to that on a two-dimensional
body has been shown? through the application of the Mangler
transformation:

T4 [87*2(8) / f Srz(s)ds:l1/2 5
T2D 0

Let « be introduced as the distance along the axis of sym-
metry. Recalling that

ds = {1 + (dr/dx)?]'%dx
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