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INTRODUCTION 

This is a summary of TO-B 63-102 (SECRET-RD), the final report submitted 

by Technical Operations Research to the Office of Civil Defense, Department of 

Defense, on an extension to research contract OCD-OS-62-186. The general objec¬ 

tive of this contract was to provide the Office of Civil Defense with an improved 

ability to predict patterns of fallout depositions as they relate to civil defense planning 

and operations. Under this contract the tasks of Technical Operations Research were 

defined as follows: 

1. Attempt to describe mathematically the gas circulation about 

the rising fireball from a nuclear detonation 

2. Study the trajectories of particles within the nuclear cloud as 

these are affected by various significant parameters 

3. Program the processes developed for computer simulation 

and make estimates of the locations where particles start 

falling by gravity effects only and the time after detonation 

when this occurs. 

It has been observed repeatedly that when a bubble of fluid surrounded by a fluid 

of similar composition is moved by buoyant forces, viscous shear at its surface sets 

up vortex ring circulation inside the bubble. A familiar example of a vortex ring is 

a smoke ring blown from the mouth of a tobacco smoker. The most dramatic of all 

vortex rings are those observed in rising fireballs produced by nuclear detonations. 

The vigor of circulation in these rings is impressive and leaves little doubt in the 

minds of observers that it must produce significant effects upon particle distributions 

in nuclear clouds. Accordingly, it is clear that this must be accounted for in the con¬ 

struction of fallout-predicting models that aspire to even reasonable accuracy. 

APPROACH 

The approach taken in this extension of Contract OCD-OS-62-186 represents a 

consistent continuation of the work accomplished in the previous contract period.'*' 

Research advanced in three rather broadly overlapping areas: 
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1. Theoretical studies 

2. Data collection and analysis 

3. Computer simulation. 

In continuing our theoretical evaluations of circulation models, emphasis was 

placed on testing the models’ capacities to accurately describe observed phenomena 

and on the feasibility of their use in a large-scale particle motion simulation com¬ 

puter program. Additional sources of experimental circulation data were sought 

and found. Data adequate to test, at least in part, the mathematical models and 

provide information necessary for model calibration were collected from these 

sources. Particle motion simulations on a pilot scale were made; trajectory sta¬ 

bility problems encountered in the simulation calculations were studied and solu¬ 

tions to these problems have been found. 

FINDINGS 

THEORETICAL STUDIES 

Studies of circulation models devised previously have indicated that all these 

models are rather seriously deficient in that they either lack sufficient basis or 

they are computationally too complex. To circumvent these difficulties, a relatively 

simple model has been devised that nevertheless leans heavily for support on the 

fluid dynamic theory. This model does appear to be compatible with observed data. 

With it, extrapolation into observationally inaccessible portions of the cloud can be 

done with increased confidence. As a bonus, this model yields important insights 

into vital areas of interest such as cloud boundary, cloud rise and expansion rates, 

and the effects of these and other variable cloud properties on strength of circula¬ 

tion. 

The stream function for a stationary circular vortex ring is derived by Lamb 

(Reference 2, p. 237, Eq. 11). He assumes an axis of cylindrical symmetry per¬ 

pendicular to the plane of the vortex ring and passing through its center. By taking 

advantage of the symmetry, one can make use of a cylindrical coordinate system 
/*2 2 

to, z, where u> = yx +y anc^ z is vertical with positive direction upward. If the 
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vortex ring is given a constant velocity (a) in the positive z direction, then at a 

point (to, z) the stream function ip is given by 

ÿ=-ê(ri+r2> ^ + 

where the coordinates of the vortex filament axis (circulation axis) are (a> ,z ) and c c 

1 ^ 
v2_ .2 

zc) +(u~ CJc) , 

r9 = A/(z“zc)2+(a, + c0c)2> 

r2 ~ rl 

r2+rl’ 

D = 4(K-E), 

and K and E are complete elliptic integrals of modulus ^ of the first and second 
3 

kinds respectively, and k is the vortex strength. Figure 1 gives a schematic dia¬ 

gram of the relationships of some of these quantities. Fluid velocity components 

in the cu and z directions, v and v respectively, are determined by differentiation 
CÜ Z 

of the stream function to yield 

vz = 
a - 

, a 2 

rir2 
1 - /ft + 

1-V 
(t + x)o- 

where 
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Figure 1. Relationship of the Position 
of an Arbitrary Fluid Parcel 
with Coordinates u;, z to 
Circulation Axis Points 
z . and -co , z 

c c c 

o 

If both position and velocity data are available for two or more points on a 

streamline, the constants a, k, co , and z can be evaluated by means of a least 
c c 

squares analysis that has been developed and programmed for machine computation. 

When this is done for a real vortex ring, however, these constants will lose some 

or all their literal meaning as expressed by the theory. When used to describe flow 

in actual vortex rings, the theory becomes merely an elegant extrapolation tool. 

DATA COLLECTION AND ANALYSIS 

With the aid of a semiautomatic film analyzer, experimental circulation data 

have been obtained from cinefilms of nuclear test shots. After appropriate geometry 

corrections are applied, these data then should yield both position and velocity in¬ 

formation for flow along individual streamlines. When used with the least squares 

analysis mentioned above, it should be possible to obtain the vital parameters 

necessary to quantitatively describe cloud circulation. 

COMPUTER SIMULATION 

The fluid dynamic circulation model has been programmed for machine com¬ 

putation and incorporated into a particle motion simulation program for operation 

on the IBM 7094 computer. Some interesting data have been obtained from pilot 

simulations. These are presented graphically in Figure 2 for particles of 1 /i radii. 
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Figure 2. Particle Trajectories as Determined by Computer Simulation 
(Circulation is clockwise starting with circled dots) 
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Temperature, fluid density, cu , a, and k all were held constant throughout the 

calculations. The simulation time increment was 0.001 sec. Starting positions for 

each particle are indicated by the circled dots. Circulation is clockwise. Each 

successive dot represents the position of a particle after a 0.2 sec interval in simu¬ 

lated time. Translational motion of the cloud in the z direction has been subtracted 

from each position. The heavy solid curve represents the theoretical cloud boundary. 

With the exception of the one particle starting at the point w = 25 ft, z = 1700 ft, 

the particles follow the fluid flow very closely, as would be expected for particles 

of their size. There is little evidence of computational instability or error accumu¬ 

lation. The behavior of the particle "falling out" of the cloud is typical of that ob¬ 

served in cinefilms and is quite relevant to the cloud stem formation. 

RECOMMENDATIONS FOR FURTHER RESEARCH 

In light of the considerable potential of the fluid dynamic model of circulation 

in nuclear clouds, it is recommended that this model be developed further to pro¬ 

vide a simulation tool applicable to the complete time span of the dynamic nuclear 

cloud. To accomplish this, it will be necessary to continue development in the 

areas of experimental data collection, theoretical analysis, and computer simula¬ 

tion of particle motion. 
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