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The user who studies the tables in detail will find that the
scatter in the values of tp and co apparently exceeds a level
compatible with even a reduced accuracy of 500 m. This
fact originates in the low eccentricity of the orbits and is of
no consequence when computing the satellite position. The
position of the satellite at a particular epoch does not depend
appreciably upon either tp or co alone but depends mostly
upon the argument of the latitude at the epoch. If tp and
co are used to the number of figures given in the tables, ignor-
ing their apparent lack of significance, the final computed
position will come out all right.

Table 3 Orbital elements of 1962 0/i 1

The computer listings were not designed with these tables
in mind, and two hand transcriptions were involved in the
final preparation of the tables. There is thus a possibility
of typographical error. The author will appreciate it if any
apparent errors are called to his attention.

Satellite 1961 arjl ceased radiating shortly after the 212th
day of 1962. The other satellites are still radiating (as of
November 18, 1963), but their signals have been of low quality
for some time. No accurate orbital elements from Doppler
tracking, beyond those given in the tables, can be expected
for any of the three. The tables have doubtful accuracy after
about day no. 300 of 1962 for satellite 1961 ol and after
about day no. 200 of 1963 for 1962 ftul.
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2117
2158
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2265
2345
2398
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2504
2544
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2638
2678
2731
2771
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2865
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Nomenclature
D = diameter of gas core containing fissionable materials, cm
E = total fragment energy through 1 cm2 of core boundary,

mev
N = fission fragment number through 1 cm2 of boundary in one

direction
p = fragment momentum components perpendicular to 1 cm2

of boundary, g-cm/sec-cm2

R = radius, cm
uv = time-averaged tangential velocity, radial velocity product
7 = number density ratio of particles to that in standard air
p = time-averaged density
T = effective shear stress, psf
TW = shear stress at vortex wall

Introduction

CONSIDERABLE work has been performed on gaseous
core fission reactors for rocket propulsion uses.1""5

Throughout the work that has been performed to date, the
assumption has been made that separate solutions of the
hydrodynamic and nuclear reactor equations, respectively,
are possible; in addition, considerable effort has been ex-
pended in computation of the energy carried across the gas
core boundary by fission fragments.6 It is immediately
apparent that a fission fragment has a great amount of mo-
mentum. As an adjunct to work on fission fragment energy
losses, a subroutine to a computer program was included
which calculated, for several different cylindrical gas cores,
the momentum carried across any boundary in the core for a
preset uranium content and various gas number density
ratios compared to atmospheric. The results of these calcu-
lations are presented herein, along with a brief discussion
of the restrictions on the calculations. The intent of this
note is simply to show that fission fragments could cause
significant shear stresses in gaseous core nuclear vortex
reactors; no attempt is made to solve the problem of the
actual shear stress.
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Discussion

The calculations can be made (using the program) for any
given initial distribution of uranium in the vortex. In the
results reported here, it has been assumed that the fission
fragment number origin corresponds to a certain fraction of
the uranium concentration. The uranium content dis-
tribution of Ref. 4, with a peak fissionable material concen-
tration of 1015, has been assumed. The fission fragment
travel has been computed independently as a function of gas
density.6 The number of fragments crossing a differential
area on the wall of a cylinder is computed assuming a radius
of travel equal to the fission fragment path length and an
infinitely long cylinder. Since the fission fragment travel
is a few centimeters, this radius assumption is totally un-
realistic for some of the cylinders considered.

The total energy and component of momentum perpendicu-
lar to the wall is computed by the forementioned program.
Clearly, the momentum perpendicular to the wall is related
to the effective shear stress which depends on the local ve-
locity gradient and the slowing-down rate of the fission frag-
ment. In other words, a stress similar to a turbulent Reyn-
olds stress (p uv) exists because of the radial travel of the
fragments across the tangential velocity field usually calcu-
lated to be present in gas cores—independent of the nuclear
effects.

In order to get some idea of the magnitude of the effective
shear generated by the fission fragments in their travel, a
maximum tangential velocity in the gas cores was assumed.
A value of 2000 fps was chosen for the outer edge of the
cylinder with a linear gradient assumed going to zero at the
center of the cylinder. Shear stresses of the order of those
shown in Fig. 1 then result. The computed data are given
in Tables 1, 2, and 3. It is immediately evident that for
the smaller vortices these values are very large, compared
with the magnitude of shear stress that one would expect
to find in such a vortex, even with highly turbulent flow.

Turbulence would greatly modify the flow distribution
from that assumed. Nevertheless, the momentum carried
across the flow by the large number of fission fragments

ioV-

Table 1 Light fission fragments

E, mev N D, cm

T = 2

7 = 3

7 = 5

8.
1.
3.
2
3.
6.
1
3

2
,8
,5
.0
.8
.8
.2
.8

X
X
X
X
X
X
X
X

1014
1015
1015
1015
1014
1014
10 15

1014

310
480
590
160
240
270
340
32
57
54

1.9
6.6
1.2
1.0
1.3
2.4
4.7
1.8

X
X
X
X
X
X
X
X

1013
1013
1014
1014
1013
1013
1013
1013

2
5
10
100
2
5
10
100
3
5

39
24
14

30
13

,370
,384
,986
406
,480
,716
8636
81

4826
2743

Table 2 Heavy fission fragments

7 = 3

E, mev

1.8 X 1014

3.4 X 1014

5.6 X 1014

P
200
220
260

N
1.0 X 1013

1.7 X 1013

3.3 X 1013

D, cm

2
5

10

T

25,400
11,760

6604

Table 3 Light fission fragments; + is toward center

R, from boundary,
cm

7 = 3 0 .
1
2
2.

7
.4
.1
,8

_ 5
8.
1
6.

,8
6

.3
6

E

X
X
X
X

1014

1014

1015

1014

p
-83

82
140
89

N
-2

1
4
4.

.13

.96

.8

.2

X
X
X
X

1013

1013

1013

1013

T

1500
2300
3400
1900
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is so great that the turbulent momentum transport is still
small, compared with the fission fragment momentum trans-
port for lower values of gas density, radius, and high ve-
locity. It is emphasized that the pseudo-stresses given
here are not those that would actually be present in the gas
cores, as assumed. Rather, this simple calculational tech-
nique has been used in an attempt to estimate the order of
magnitude that such stresses might take in regions of varying
fragment concentration.

Conclusion

From the results presented, it can be concluded that un-
coupling of the nuclear and hydrodynamic equations in the
vortex type of fission reactors is impossible, except perhaps
for large, low-velocity gradient cores. Even if a "two-
cylinder vortex" type of reactor is considered, it may be very
important to consider the interaction effects near the outer
edge of the central core, the area in which it is usually con-
sidered that fissioning material ceases to exist. In the vor-
tex flow, it is usually assumed that the fissionable material
presents a relatively sharp concentration dropoff with radius;
this assumption means that a large radial fragment momen-
tum change should exist across the tangential velocity, un-
less gas density were very high and fissionable material con-
centration large over only a small central fraction of the inner
zone. Further work in this area is recommended, particu-
larly on the analysis of the true stresses generated by the
fragment travel.
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