
- 	 I 	 D.1.L4
SC 1004-A (3 -5S)

January 22, 1959Case No. 741.00

by: 6

6

Classification Change-I:116i  UNCLASSIFIED 
by authority of:  7447 NA 96/232, dtd 6/13/96

DwngradiDeclass Notice (NA # & Data'

Signatur

Verified by:

of person makin e and date

1/4.124kr-- 2S.

Signafuro of person yarifying chuga and data

SCTM 18-59(51)

FALL OF SMALL PARTICLES IN
THE UPPER ATMOSPHERE
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ABSTRACT

The altitude history of labeled debris of Hardtack Orange shot is
calculated. This calculation, which ignores vertical atmospheric trans-
port, indicates that particulate debris should soon fall to an altitude which
can be reached by existing rocket samples systems. After this initial
rapid descent the fall rate decreases so the material remains at an inter-
mediate altitude (100 to 250 kft) for a protracted period.

Work performed under AEC Contract AT-(29-1)-789.
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FALL OF SMALL PARTICLES IN THE UPPER ATMOSPHERE

Sandia Corporation and other agencies have become interested in

sampling via rocket the debris from a recent labeled shot (Hardtack Orange).

Debris from this shot rose a considerable distance above the burst point. We

desire to know whether the debris has fallen from this ultimate height and if

it has fallen, the altitude history. This calculation explores the height time

behavior for various particle sizes in an atmosphere free of vertical move-

ment and having a density which is an exponential function of altitude.

Particle diameters of interest are much less than the mean free path

of air molecules at these high altitudes. The appropriate force law then is:

4n. 	-F = -1.35 —3 a2 pvV (1)

where F is the retarding force, a is the particle radius, p is air density,

v is the average air molecule velocity, and V is the relative velocity of the

particle. 1 Equating this force to the gravitational attraction (4/3Tra
35g),

we may derive the fall velocity:

a6g 
V= 	 (2)

1. 350

where B is the particle specific gravity and g is the gravitational accelera-

tion.

The altitude history of a particle may be determined by integrating this

velocity with respect to time. The average molecular speed v is a weak

function of altitude; we approximate by assuming a constant value for it as

well as the gravitational constant. On the other hand, air density varies

rapidly with altitude. Considering downward as positive, we specify the de-

pendence as:

= p oe 	 ( 3 )
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where po is the air density at the initial height, s is the distance below this

initial height, and A is the e-fold distance (-25 kft). Substituting Equation 3

in Equation 2 and integrating with respect to time to determine the particle

distance below the initial height, we have

i.s

	 t

o
esIds - a$g 1. 35p oCi. 0 dt

X 	 - 1) = V ot
	

(4)

V ot
s = Aln +

where Vo is the initial fall velocity.

The altitude histories of various particle sizes have been computed

using Equation 4 and the parameters listed in Table 1. Initial heights of 300

and 350 kft have been assumed. Results are displayed on Figure 1 for par-

ticles having a specific gravity of five. Results may be scaled by noting V o

is proportional to the product of particle radius and specific gravity.

It will be noticed the particles fall rapidly from the initial height until

they arrive at a particular altitude which depends on the particle diameter.

Thereafter, the fall rate is less and equal to that of any other particle at its

characteristic altitude. The altitude separation of particle sizes rapidly
a lbecomes constant and amounts to A In —. This trend may be demonstrateda 2

or

or
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formally from Equation 4. Using this same equation, one may also show

the eventual particle altitude history is independent of the initial height.

The smallest particle considered is 10
-3 microns in diameter and

should possess about 100 atoms. This seems about the smallest particle

for which Equation 1 is valid (2.40 percent error). For yet smaller par-

ticles the local density gradient effect should be taken into account and

the behavior is better described by diffusion. The downward progress is

then slow and incomplete.

Considering the other end of the particle spectrum, at 66 kft the air

molecule mean free path is 1 micron, the same as the diameter of our

largest particle. About and below that altitude, Equation 1 is not valid

for this large particle, rather Stokes' law is more nearly suitable. We

approximate for the curve in Figure 1 by assuming Equation 1 holds above

66 kft and Stokes' law below. Such a procedure overestimates the fall rate

above 66 kft and underestimates it below. Details of the intermediate be-

havior are covered in texts. 
1

While this analysis is not exact at the particle-diameter range ex-

tremes, a meteorological difficulty makes further refinement pointless. We

have no basis for estimating the vertical transport by atmospheric flows.

Neglecting such transport probably incurs a greater error than those brought

about by our analysis approximations.
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Conclusions

Figure 1 gives the altitude history for particles of various diameters

assumed to have-a specific gravity of five at initial heights of 300 and 350

kft. This figure, based on an analysis which assumes no vertical atmos-

pheric motion, demonstrates that particles at first fall rapidly until a height

characteristic of the particle is reached. Then the fall is gradually slowed

and is the same as that of any other particle at its altitude. The final height-

time history is after, at most, a few weeks, independent of initial height.

Results may be scaled as the altitude history is the same for particles whose

product of radius and specific gravity are equal.

If atmospheric vertical transport is not of overwhelming significance,

the situation for high-altitude rocket sampling of debris seems favorable over

a considerable time interval. Within a week the smallest particle should have

fallen enough to be reached by existing sampler rockets (300 kft). After this

initial rapid drop the fall rate is so slow that the particles remain available

for a long period. For example, at 200 days the altitude from 65 to 225 kft

encompasses the particle-diameter range from 1 to 10 -3 microns.
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TABLE I

Parameter 	 Value

Air density (300 kft)
	

5 x 10 -9 gm/cm 3

Average air molecule velocity 	 4.7 x 104 cm/sec

Air viscosity
	 1.8 x 10 -4 poise

Gravitational constant
	

980 cm/sec t
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