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Fig 1 Layout of experiment

Cone at 15 incidence
— — — Cone at zero incidence

O8

Fig 2 Shock strengths produced by 15 semiapex angle
cone at M = 2

Fig 3 Comparison
of shocks from slen-
der delta and cone
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riphery is again apparent, and, at large distances, this could
cause the maximum shock strength from the wing to fall
below the cone shock strength

Ihe practical limitations imposed by the small size of
the tunnel prevent definite conclusions being reached How-
ever, for at least as far from the body as it was possible to
make measurements, there is a considerable circumferential
evening up in the strength of the shock wave If this effect
persists to larger distances, it is likely that the Walkden-
Whitham approach, which neglects it, leads to a considerable
overestimation of the sonic boom due to lift It is important
to resolve this point, since the boom due to thickness or
volume can be reduced or even virtually eliminated by
interference, as in the Busemann biplane for wing thickness
effects or the shrouded center body5 for fuselage volume
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Measurement of Droplet Size for Wide
Range Particle Distributions

J H ROBERTS* AND M J
Pnnceton University, Princeton, N J

A METHOD for the determination of a mean droplet
diameter of a spray from the analysis of the small-

forward-angle diffractively scattered light intensity as de-
veloped by Dobbins et al 1 was shown to be applicable only
for certain limited types of droplet distributions These
distributions were described by an upper-limit distribution
function (ULDF) as proposed by Mugele and Evans2 and
were of a type having a preponderance of small droplets
such as those commonly encountered in spray studies How-
ever, the occurrence of other distribution types in sprays and
other polydispersions is not rare Thus it was of interest to
investigate further the applicability of the diffractive-
scattering measuring technique to distribution forms not
included in the original work l

Because of the success of the ULDF in accurately describ-
ing actual distribution forms,2 it was retained for study here
The ULDF number distribution may be written, following
the nomenclature of Ref 1, as

Nr(D) = C • - D)]}2

- D) (1)

where a and <5 are shape parameters, D& is the maximum
droplet diameter in the distribution, and C is a constant, such
that the probability for the occurrence of a droplet of diam-
eter D in the interval 0 < D < Dm is unity Since the
parameters a and d give no easy physical interpretation for
the resulting distribution form, two different parameters are
used, as selected by Deiss,3 which do yield simple geometric
interpretation for the ULDF The two new parameters are
the skewness factor D/Dm and the nondimensional half
width Q = X/D, where D is the most probable diameter in
the distribution and X is the width of the function at the
two diameters where frequency is hah0 that of D These two
diameters are designated D + •§• and D — ̂

The conditions at D are determined from Eq (1) by dif-
ferentiating with respect to D and setting the result equal to
zero, which yields the following transcendental equation:

Values of D ± -J- are derived by simply equating

%Nr(D) = Nr(D d= £)

which yields a second transcendental equation of the form
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Table 1 Distributions selected for computation of mean
_______illumination profile__________________

Q a d

0 4

0 5

0 6

0 8

0 501
0 741
0 986
1 226
0 59
0 97
1 38
0 80
0 55
0 96
0 77
0 92
1 00

1 182
0 905
0 775
0 625
0 74
0 54
0.395
0 465
0 520
0 400
0 250
0 250
0 250

2 13
1 52
1 24
1 083
1 58
1 10
0 90
1 20
1 41
0 985
0 90
0 85
0 80

Although distributions having the required form may
easily be chosen from selected values of the geometric param-
eters CD/Do,, Q), transposing to the mathematical param-
eters (a,ti) is not readily accomplished because of the emer-
gence of the foregoing transcendental equations In order
to facilitate these transpositions, graphs have been con-
structed4 relating D/Dm and Q to a and d, using D^/D as a
common reference parameter (Figs 1-3) The choice of
D&/D, the volume-to-surface mean diameter for the dis-
tribution, as a reference parameter is a consequence of the
findings of Ref 1 and will again be more apparent later

The forward light-scattering illumination profile resulting
from a chosen droplet distribution form is calculated from
the following equation of Ref 1:

1 0 2 0 3 0 4 0 5 0 6 0

Fig 2 Values of D/D& vs a. for selected values of D32/O

J f. - f
exp —

f « f.
f.-f

exp —
(4)

where f = D/D0, <*o = 7rDod/\, and D0 is any convenient
dimension, such as D or D&, 6 is the scattering angle, and
A is the wavelength of the incident beam

Distribution forms selected here for investigation cover
a range of skewness of D/Dm = 0 4, 0 5, 0 6, and 0 8 and
various Q (Reference 1 dealt with cases for 0 13 <

Fig 3 Values of D/Dm vs d for selected values
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Fig 1 D/Dco vs Q for selected values of D&/D
Fig 4 Mean theoretical illumination piofile for all

distributions investigated
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Table 2 Mean theoretical illumination profile for 31
poly dispersions obeying the ULDF

Standard deviation from
Reduced angle Mean illumination mean irD$$/\ as a per-

7rD320/X 1(6) centage of mean value

0
0 484
1 014
1 631
2 176
2 647
2 992
3 540
3 977
4 696

1 00
9 20 X lO"1
7 00 X 10-1
4 00 X 10-1
2 00 X 10-1
1 00 X 10"1
6 00 X lO-2
3 00 X lO-2
2 00 X lO-2
1 30 X lO-2

0
7 11
6 76
5 58
3 83
1 74
1 41
4 44
5 78
4 48

0 28) Using Figs 1-3, appropriate values of a and <5 were
determined for use in Eq (4) Values of Q were chosen to
encompass both wide and narrow distributions However,
values of Q which resulted in distributions that were suffi-
ciently narrow as to approach a monodispersion, as char-
acterized by distinct diffraction rings occurring in the cor-
responding illumination profile, were not included, as they
would easily be distinguished as a monodispersion in an actual
experimental measurement The actual values of the param-
eters for the distributions chosen are given in Table 1

As in the original work,1 it was found subsequently4 that
when DO was set equal to Z)32 the various illumination profiles
for all the distributions in Table 1 were almost coincident
for values of 1(0) to 001 Furthermore, the mean curve
for all the cases considered was very nearly coincident with
the mean curve obtained for distributions having 0 13 <
D/Dm < 0 28 l This result naturally led to an investigation
of the complete range of distributions (i e , 0 13 < D/D^ <
0 8) with a determination of the mean curve for 1(0) vs
irD^6/\ and the percent standard deviation from the mean
for a total of 31 different distributions (18 from Ref 1, and
13 here) These results are tabulated in Table 2 and the
mean curve plotted in Fig 4

In fitting an experimentally determined illumination pro-
file to the curve of Fig 4, an obvious choice for determining
D32 is in the region of 1(6) = 8 X 10~2, where the standard
deviation is only slightly greater than 1% The close coin-
cidence of all the theoretical illumination profiles in this re-
gion is a consequence of the occurence of discreet diffraction
rings for monodispersions, the first ring occurring at 7rZ)320/A
= 3 83 Although no distributions selected here would allow
a ringed structure in the illumination profile, some were
sufficiently narrow to follow quite closely the characteristics
of a true monodispersion, except in the regions close to where
the rings would occur The broad distributions, on the other
hand, deviate from the monodispersion illumination profile,
following below it for 7rD320/A < 3 and above it for ?rZ)320/X >
3 The cumulative effect of these trends produces the small
total dispersion in the region noted previously

From the results, it is concluded that a value of Z)32 may
be determined from the intensity of diffractively scattered
light from a poly dispersion of spherical particles to a good
degree of accuracy for extremely wide ranges of distributions
and without any knowledge of general distribution type
It is felt that this conclusion appreciably extends the useful-
ness of the technique for measurement of mean particle
size (Z)32), especially since it may be used together with the
results from a simple optical transmission test to determine
particle concentration 1
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Skip-Impact Criteria of a Re-Entry
Trajectory with Negative Lift

CHARLES J RUGER*
Polytechnic Institute of Brooklyn, Freeport, N Y

Nomenclature
A = frontal area of re-entry body, ft2

CD = drag coefficient
CL = lift coefficient
g = gravitational acceleration, ft/sec2

h = altitude, ft
m = mass, slugs
r = distance from center of earth to re entry body, ft
t = time, sec
V = velocity, fps
W = weight, Ib
|8 = constant in expression for exponential atmosphere

1 /22,000, ft-1

A = W/CDA psf
6 = flight path angle, rad
p = atmospheric density, slug/ft3

Subscripts
C
e
m
s

circular, critical
entry
minimum
sea level
critical

FOR nonlifting re-entry trajectories it is known that if a
nonlifting body re-enters the atmosphere with subcircular

re-entry velocity the trajectory will be of the direct-impact
type, whereas for a supercircular re-entry velocity the tra-
jectory will be either a skip- or direct-impact type, depending
on the values of the re-entry angle and velocity Kornreich1

presents an approximate method for determining the re-
entry conditions for a nonlifting body at which the trajectory
changes from skip- to direct-impact type The skip-type
trajectories mav be prevented by using enough negative lift
to force a direct-impact trajectory This note presents an
approximate method for determining the critical re-entry
angle at which a trajectory switches from a skip- to a direct-
impact type when given a re-entry velocity and a constant
negative lift coefficient Three equations in three unknowns
are presented along with an iteration procedure, which yields
the value of the critical re-entiy angle The latter is found
to be in good agreement with values obtained by direct
numerical integration of the equations of motion

The equation of motion along the direction of flight for a
vehicle with aerodvnamic forces is

dd
dt

PVCLA
2m + £ — — ) cos0 (D
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