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FOREWORD .

NCE REQUIRED

This report summarizes the activities of NEPA Division, Fairchild Engine and Airplane
Corporation, for the period April 1 — June 30, 1950. it is a technical review showing

the current status of the NEPA Project. -

-

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer~
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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FOURTH QUARTER, FISCAL YEAR 1950

0. SUMMARY

0.1 TECHNICAL STATUS OF NEPA PROJECT

Exploration of various types of power plant

= cycles for nuclear propelled aircraft has been

continved during this quarter, The principal
current objective of the project is the development
of information which will make an intelligent
choice of the basic power plant cycle possible.
It is still hoped that this choice can be made
late in 1950, The survey studies which have been
under way for several months continued during the
quarter. These consist of analyses and rough
preliminary layouts for various types of aircraft,
using each of the several basic cycles which have
been seriously considered for each of the three
phases of development. The phases of develop-
ment, the cycles under consideration, and their
present status are shown in Table 1.

Although it is still extremely premature to dis-
cuss the relative merits of the various cycles, the
information so far developed discloses some cycle
differences which may, if confirmed by additional
work, be significant. In this respect, there have
been no recent major changes in the comparative
standings of the cycles.

The air cycle continues to enjoy the outstanding
advantage of general simplicity. The principal
questions about it are those of radiation damage to
materials for the reactor, the leakage of neutrons

. through ducts, and performance (which, on paper,

Table

STATUS OF SURVEY STUDIES

is somewhat poorer than that of the other cycles).
There have been no major.developments in any of
these respects during the quarter.

The liquid-metal cycle has received the most

I 4 .

AT CLOSE OF QUARTER

Phase Air Cycle

Liquid-Metal Cycle Helium Cycle

|
XB~52 airplane, modified,
M= 0.8, 45,000 ft, altitude

Analysis nearly complete;
maximum feasible altitude
35,000 ft., 350,000 1b.
gross weight; extensive
modification of XB=52 air-
frame would be necessary

11
M=0.9 - ].5 altitude =
60,000 -~ 45,000 ft.; or
M = 0.9 at sea level

M = 0.9 sea-level airplane
being worked on: gross
weight less than 350,000
1b.; study reported two
quarters ago now obsolete,
being repeated; may be un-
able to attain 45,000 ft.
at M = .5 using Phase |I
assumptions

D)

I
As fast as possible at 45,000
ft. and at 60,000 ft.; as
high as possible at M = 0.9

No results available
bo

Analysis complete for 45,000 | Analysis complete; maximum

ft., 305,000 1b., 6 XJ-53
engines; will be revised for
more conservative reactor de-
sign and 40,000 ft.; nuclear-
plus-chemical test aircraft
service ceiling 37,500 ft.,
max. speed 480 knots at
27,000 ft.; analysis complete
for present

Analysis under way on M =
0.9, 60,000 ft. airplane;
have dropped two-reactor
idea; analysis under way on
M= 1.5, 45,000 ft. airplane;
gross weight 400,000 1b.,
475, 000-kw. reactor power

No resuits available

feasible altitude 40,000 ft.;
major modification of XB=52
would be necessary; 340,000
1b.

\

Study reportéd two quarters
ago obsolete, to be revised;
showed 600;000 1b. gross
weight for W= 1.5, 45,000 ft.
altitude

No results available
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attention during the quarter. The possibility that
two reactors might be installed on an aircroft
using the liquid-metal cycle now seems very
remote, since the uranium content of the appli-
cation would be prohibitively high. New infor-
mation on the neutron absorption cross—section of
molybdenum makes molybdenum seem less attrac-
tive than formerly as structural material for the
reactor. This factor may result in an increase in
uranium content of the reactor of the liquid-metal
type. Molybdenum is still, however, better than
any other metal, disregarding the fabrication pro-
blem. Liquid-metal corrosion experiments seem
at present to indicate the necessity of canning the
moderator as well as the fuel. This also is likely
to increase the uranium content of the liquid-metal
reactor,

The circulating ‘fuel cycle may turn out to be
easier to control than has been thought previously,
but its uranium inventory is certainly greater than
that of the liquid-metal cycle as now envisioned.
Its other characteristics are similar to those of
the liquid-metal cycle, with the exception that it
is essentially unaffected by the recent changes,in
ideas of the cross-section of molybdenum.

Work on the helium cycle continues to show up
the problems of vulnerability of the aircraft to
enemy action or accidental damage. These pro-
blems are magnified by the high operating pres-
sures of this cycle.

In general, it still seems that the air cycle and
the liquid-metal cycle have distinctly more favor-
able positions than the helium and circulating .
fuel cycles. During the quarter, members of the
Reactor Development Division of the- Atomic
Energy Commission in Washington proposed a high-
pressure water reactor, operating at pressures of
5,000 to 10,000 pounds per square inch in the
supercritical range. Further work on this cycle
will be necessary, however, before an evaluation
of it is possible.

SECRET
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0.2 IMPORTANT DEVELOPMENTS OF THIS
QUARTER _ .

Work continved throughout the quarter on all -
three of the major cycles.

The General Electric group reported that the
neutron capture cross—section of molybdenum at
2000 electron volts is approximately thirty times
as great as that predicted on the grounds of the
simple theory used in previous reactor calculations
at Oak Ridge. This factor, while not ruling out
molybdenum as a reactor material, makes it less
attractive, and makes more desirable than ever a
serious investigation of the possibility of pro-
(which is known to have a
low capture cross-section). Tactical consider-
ations emphasize the importance of low uranium
inventories in the reactor. In the circulating fuel
reactor, these can be achieved only by the use of
a hydrogenous solution such as sodium hydroxide.
The problems of radiation damage to - sodium
hydroxide and of corrosion by sodium hydroxide
are essentially unsolved, however, Further in-
vestigation of fast-spectrum reactors shows that
these require too much uranium investment for
serious consideration. An investigation of the
optimum reflector thickness problem (the balance
between the high peak power density ‘and a large
shielded volume) seems to show that a 2- to 3-
inch-thick reflector (beryllium carbide) for a 3 1/2-
foot reactor is near the optimum. It was found
in other work that, contrary to general impression,

- age theory can be applied to hydrogenous reactors

with little error. This was confirmed by com-
parison with experiment.

Preparations for critical experiments continuved.
The joint Carbide-NEPA criticality building will
be ready duririg the month of July, Responsibility
for these experiments has been assumed by ORNL,
with NEPA supplying most of the workers. The
first experiments will be done on a simulated
liquid-metal-cooled reactor. The movable half
of the assembly table has been operated, as have
prototypes of the safety and.control roeds. Control
and indicating equipment is being tested and
mounted on instrument panels.
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During the quarter, a fairly detailed study was
made, comparing sodium and bismuth as coolants
in the core circuit of the liquid-metal—cooled
reactor. Of the two materials, sodium appears
to be slightly the better, its main disadvantages
being its low boiling point (enough pressure can
be held on it to overcome this), and the radio-
activity induced in it which makes the heat
exchanger extremely radicactive. Its main ad-
vantage is that_ it permits lower power plant
Lithium/ would of course be even better
than sodium, if it were available and cheap.
Fairly intensive design studies were carried out
on the configuration of the reactor proper for the
liquid-metal cycle, The currently preferred con-
figuration consists of a framework of molybdenum,
containing a number of cells, The fuel and
moderator elements in the form of plates or rods
are supported by this framework and arranged in
bundles in the cells, End-supported rods running
from one end of the reactor to the other were
found impractical, since the rod diameters and wall
thicknesses required to prevent undue sagging of
the rods were inconsistent with the nuclear and
heat transfer requirements of the reactor.

A great amount of effort continued to be expended
on reactor and engine materials. Work on air cycle
materials has shown that the shift from 88-12 to
70-30 beryllium carbide—graphite mixtures has not
produced as large a change in the coefficient of
thermal expansion of the mixture as anticipated.
Coatings developed for the 88-12 mixture are
therefore usable for the 70-30 mixture also. |t
was feared that new coatings might have to be
developed. A eutectic of uranium, beryllium, and
carbon, melting below 3630°F, seems to have
been found. Thermal cycling of beryllium carbide—
graphite mixtures has been found to lower the
modulus  of elasticity, the strength, and the
electrical resistance. It has been found that the
application of a load to measure elasticity does
not in itself alter the modulus of elasticity. A
new technique of molding holes in beryllium
carbide—~graphite mixtures, involving the use of
combustible molds, has been developed. Air
cycle material coating work continued without
outstanding development, although considerable

o

'

progress was made. The application of molybde-
num silicide to beryllium carbide has turned out
to be more difficult than anticipated. The best
beryllium carbide coating now seems to be the
high melting glaze developed by NEPA and A. O.
Smith Corporation, consisting mainly of silica
plus oxides of titanium, lithium, barium, sodium,
and aluminum.” The best coatings are obtained if
the material is first impregnated with silicones.

The molybdenum-UO, mixtures discussed in the
previous report have been worked on further. It is
found that mixtures of 80 per cent molybdenum
and 20-per cent UO, can be fabricated in much
the same way as tﬁe 90-10 mixture previously
used. Experiments on the bismuth corrosion of
metals and ceramics show that the addition of
aluminum and magnesium to deoxidize bismuth is
not successful and does not markedly influence
the corrosion of metals by bismuth, Beryllium

carbide was found to be slightly attacked by
bismuth at 1850°F. [t cannot now be said whether
beryllium carbide or any satisfactory moderator
material can be used without canning. Molybde-
num continues to be the most corrosion-resistant
metallic material in all liquid metals. Tests
seem to show that several days may be required to
reach solubility equilibrium in liquid-metal cor-
rosion tests,

Radiation damage testing was carried out in the
ORNL reactor and in the cyclotrons at Washington
University, Ohio State University, and the Uni-
versity of California at Berkeley. The pile and
cyclotron bombardments produce qualitatively the
same effects on beryllium carbide. The modulus
of elasticity was decreased (in one case by a fac-
tor of ten) and the electrical resistance was great-
ly increased (in some cases by several orders of
magnitude). The results have not yet been inter-
preted. Some of the effect on electrical conduc-
tivity may be due to oxidation, but the changes
in elastic modulus are probably due to the effects
of radiation, Experiments on radiation damage to
lubricants continved with the test operation of
six dynamic rigs, under simulated service con-
ditions, in the Oak Ridge National Laboratory
pile. The tests are complete but the data have
not been interpreted as yet.
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There were no new major developments in the
bulk shielding experiments in which NEPA partic-
ipates at the Oak Ridge National Laboratory. At
ORNL’s request, NEPA will continue to work on
a beta-ray spectrometer, a Compton recoil coin-
cidence counter, a multiple crystal spectrometer,
and a proton-recoil neutron spectrometer for use
in shielding experiments. These instruments are
at present in various stages of development. Ex-
periments on the measurement of scattering cross-
sections for neutrons at high energies continued at
Bartol Research Foundation and the University of
Kentucky, and are being suspended at Westing-
house Electric Corporation.

Caleulations of the weight of an idealized shield
were extended to include the factors-of sidewalls
around the crew and plenum chamber volume within
the shielded volume of the reactor. Indications
from these somewhat oversimplified calculations
are that the lowest total weight of the divided
shield is obtainable with no sidewalls. Only a
shadow disk at the end of the crew compartment
is necessary. [t is also thought possible that
heavy materials may be put only on the side of the
reactor nearest the crew, thus further lightening
the shield around the reactor. The proposal to
use sodium as the core coolant, coupled with the
fact that the intermediate heat exchanger is in
present designs essentially exposed (but aft -of
the reactor), led to an examination of the radio-
activity of the sodium coolant. It has been shown
to be no worse than the gamma activity that passes
through the shield of the reactor proper. New
developments in the shield material fabrication
include the successful welding together of thin
sheets of wolfram and the fabrication of slabs of
boron carbide for tests in the ORNL lid tank.

Engine design studies included a study of the "
XJ-57 engine. It will be 15 per cent heavier for
nuclear power than for chemical applications. The
Westinghouse study of the J-34 adaptation to nu-
clear power is complete. The result indicates that
this engine could be used in test work, but since
other work of this kind is already going on in Oak

Ridge on a small scale, no further action will be
taken. Design and fabrication of heat exchangers

4

directly.

— NEPA PROJECT PROGRESS REPORT
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are going on at A, Q. Smith Corporation and Harri-
son Radiator Division, in order to supply heat
exchangers for testing, at Qak Ridge, in the liquid-
metal cycles. One of the main problems is that
of joining the parts by brazing with a high-temper-
ature brazing alloy or welding.

Wright Aeronautical Corporation has spent con-
siderable time in the design of a suitable com-
pressor and turbine for the helium cycle during
the quarter.

This quarter’s experimental work on engine com-
ponents included study of the handling (on a small
scale) of liquid bismuth at temperatures up to
1660°F. The maximum temperature reached during
the previous quarter was 1150°F. No special
trouble was encountered. Tests on liquid lithium
at high temperatures show that it readily attacks
mica, asbestos, Superex, and other siliceous in-
sulators. A 1/16-inch aluminum sheet was pierced
in five seconds by a 1000°F lithium stream. A

small model of a lithium radiator was made to leak -

lithium through a small hole into an air stream, at
1375°F and 100 pounds per square inch. Although

there were copious fumes and a local raising of
the temperature, there was no explosion. A stream
of liquid lithium 1/16~inch in diameter at 1510°F
ate 1/8-inch into a concrete slab in 3 seconds,
producing a very bright light, many fumes, and
explosive scattering of solid particles. It is found
that lithium reacts with many valve packings,
forming high-melting solids which sometimes cause
the valves to jam. '

Heat-transfer and fluid-flow experimentation con-
tinued ot NEPA with the initial operation of the
air heat-transfer rig. Some difficulties were en-
countered.

A short study was carried out on the possibility
of using airplane structure as shielding. It was
found that since the optimum structural configura-
tion is that of a hollow shell with a minimum of
interior structure, there are many paths from the
reactor to the crew which can transmit radiation
The average amount of material in the
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radiation path was approximately 1 inch of alumi-
num. An investigation of crew shield weights as a
function of crew compartment shape and size and
number of reactors is under way. Some considera-
tion was given during the quarter to the use of
areas other than the Arco and adjacent areas for
the flight test base. Of these other areas, several
locations in Florida look best.

During the quarter, the NEPA Medical Advisory
Committee was dissolved. In its place, a small
Research Guidance Committee was appointed. The
Naval Radiological Defense Laboratory at Hunter's
Point, California, is about to start work on studies
of physical fitness following irradiation, using

funds assigned by NEPA.

During the quarter, the ANP Technical Advisory
Board started work with headquarters in the Y-12
area. A group of approximately twenty-five engi-
neers and scientists, some of whom were previous-
ly associated with the ‘Lexington Project, is at
work. As yet, the group has reached no con-
clusions.

The Oak Ridge National Laboratory has com-
menced the planning of a small reactor to be built
as a replica (in all respects except power level)
of a possible aircraft reactor. ORNL assumes for
the purpose of planning that this will be a metal-
cooled reactor, although if the cycle chosen should
not be the liquid-metal cycle, it is anticipated that
this planning would be changed, and the ARE (Air-
craft Reactor Experiment, as it has been named)
would be redesigned to use the cycle chosen.

SECRET
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1 STUDIES OF PERFORMANCE OF AIRFRAME-

I NEPA PROJECT PROGRESS REPORT N

N

POWER PLANT COMBINATIONS ‘

Studies of the performc‘mce and characteristics of
complete airframe-engine-reactor-shield combina-
tions bring together the results of more detailed
studies of aircraft components. By pointing-out
directions in which further analysis or experimen-
tation will be profitable, they summarize and guide
the work of the project to a great extent.

In more specific terms, these studies result in
the establishment of relationships among speed,
altitude, gross weight, uranium content, and gen-
eral engineering practicality.” They map out
regions of optimum compromise between con-
flicting design requirements, and provide mutually
compatible specifications for the airframe, engine,
reactor, and shield.

1.1 THE SURVEY STUDIES (5.2 Man-months)

A very large fraction of the effort of the project,
during the quarter just completed, has gone, di-
rectly or indirectly, into a continuation of the sur-
vey studies .undertaken several months ago. The
objective of these studies is a fairly rapid ap-
praisal of the relative merits of several possible
power plant cycles under serious consideration at
present,

The main cycles under study continue to be the
following three:

1) The open, or air cycle;
2) The compound liquid-metal cycle (ternary);
3) The compound helium cycle (binary.).
The circulating fuel cycle may be considered in
most respects a variation of the compound liquid-

metal cycle. I, too, is being given some con-
sideration.

Each cycle is being evaluated for a range of
performance conditions. Fig, 1 shows the design
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Fig. 1 - MINIMUM FLIGHT PERFORMANCE REQUIRE-
MENTS FOR TACTICAL NUCLEAR-POWERED

AIRCRAFT ’ )
speeds and altitudes currently believed to define
the minimum performance acceptable for a nuclear
powered aircraft. With this curve as a guide, the
survey studies are divided into three phases.
Each cycle is being evaluated at most of the

_following conditions:

Phase I. - Adaptation of nuclear power plants to
the XB-52 aircraft, with a design flight Mach
number of 0.8 and altitudes of 35,000 - 45,000
feet. The nuclear powered XB-52 is considered as
o test vehicle only, or at best, perhaps as an
interim tactical aircraft, Conservative assump-
tions, consistent with early development, are used.
A very similar adaptation could be made using a
swept-wing B-36 aircraft.

Phase Il. - Tactical aircraft with the following
design points on the minimum acceptable line:
60,000 feet at Mach 0.9, 45,000 feet at Mach 1.5,
and sea level ot Mach 0.9. Somewhat more opti-
mistic assumptions are used than in Phase |,

)
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consistent with developments that may be expecfed
in the next 10 years,

Phase lll.- Tactical aircraft with maximum per-
formance for each cycle. The design points are:
1) the maximum altitude which can be attained at
Mach 0.9; 2) the maximum speed which can be
attained at 60,000 feet; and 3) the maximum speed
which can be attained at 45,000 feet. More opti-
mistic assumptions are used in Phase lll, con-
sistent with what may be possible after a number
of years of development beyond Phase II.

1.2 CURRENT RESULTS OF SURVEY STUDIES

Data are listed below giving the results of all
studies which are still of current interest, in-
cluding studies completed prior to the report period.

The survey studies have now reached the point
where it is possible to use the results obtained to
date in selecting Phase |l and llI airplanes which
show promise of feasibility. Aircraft of little prom-
ise will be studied only briefly or not at all. These
may be replaced by other aircraft.

Some of the results of these studies have already
been submitted for evaluation by the Weapons
Systems Evaluation Group. Their results to date
are very preliminary, but two general conclusions
seem likely to emerge from them. First, it is
important to hold the uranium investment to a
practical minimum, and second, the general stand-
ards of minimum acceptable performance, which
have been adopted by NEPA, probably cannot be
lowered without raising serious questions as to the
military usefulness of the aircraft.

The following paragraphs contain a brief descrip-
tion of each aircraft under consideration and give
some of its characteristics. In addition, a list of
design assumptions, similar to that presented
last quarter, is given in this report. Many items
not listed in the tabulated data may be found in the
standard assumptions.

FOURTH QUARTER, FISCAL YEAR 1950

a. Open Cycle

Aircraft No. 10 2.- During the report period,
analytical work approached completion on the
Phase | adaptation of the open cycle to the XB-52
aircraft. A tabulation of design point data is given
below under *‘Design Data’’ (open cycle).

The aircraft is designed to fly at a Mach number
of 0.8 at 35,000 feet.. This altitude is lower than
that of either the liquid-coolant cycle or the
helium cycle Phase | aircraft. lts gross weight
is 350,000 pounds. The chemically fueled XB-52
has a take-off gross weight of 390,000 pounds and
a maximum allowable landing gross weight of
240,000 pounds. The XB-52 airframe must be
greatly modified. Since the turbo-jets cannot be
mounted in the wing, the wing must be redesigned
structurally. The installation of the turbo-jets and
shield in the fuselage requires a specially rede-
signed fuselage.

It continues to appear that the air cycle is better
adapted to low-altitude high-speed flight than to
high-altitude low-speed flight, for the reasons
given last quarter,

Six modified XJ-57 turbo-jets are used. A

- landing condition cycle analysis has been com-
pleted, but the results have not been listed, since

it is felt that they incorporate an unnecessary

limitation on engine speed. In any case, there is

good assurance that the landing thrust will be

adequate.

The aircraft uses a split-flow reactor with a
core diameter of 3.45 feet. The landing condition

reactor power, maximum power density, maximum
tube-wall heat flux, and thermal response may be

approximated by multiplying the design point values -

by a factor of 2. It may be seen that the maximum
power density and the thermal response are low
by comparison with those of the liquid-coolant
cycle and the helium cycle. The total flow area
of the inlet plus outlet ducts through the shield
may be as high as 18.8 square feet. This makes
duct leakage an important problem on which
essentially no good experimental data exist.
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Aircraft No. lIOL 7.- This aircraft is designed

to fly at a Mach number of 0.9 at sea level, using
the open cycle. Such an aircraft is of interest
tactically, since it is difficult to detect with
early warning radar, difficult to attack with fighter
aircraft, and relatively invulnerable to large-
caliber ground defenses. It is a flight condition
in which the merits of open cycle should show up
to best advantage. No data are listed on this
aircraft, since the analysis is still incomplete.

Considerable progress was made on this air-
craft during the report period. It seems likely
that its gross weight will be less than 350,000
pounds. There is some possibility that a straight-
through-flow reactor may be used, leading to a
low uranium investment.

The XJ-57 turbo-jet is being considered for this
aircraft, and it seems likely that six or fewer
units will be required. Chemical fuel burners are
being incorporated ahead of the turbines to provide
standby power in the event of reactor failure.

Aircraft No. IlOF P.- This study represents the

application of the open cycle to a high-speed
Phase H aircraft. The same data were presented
in the previous quarterly report. The-data are the
result of an incomplete and now somewhat obsolete
study. The aircraft is now being reinvestigated in
the survey studies. There is some question as to
whether an altitude of 45,000 feet at Mach 1.5 will

be feasible,using Phase Il assumptions.

b. Compound Liquid-Coolant Cycle

Aircraft No. IL 1.- All work was completed on
the first study of the Phase | adaptatien of the
liquid-coolant cycle to the XB-52 aircraft. The
data on this aircraft, listed below, were presented
in the previous quarterly report.

Although the first study is completed, work
continued on many modifications of the aircraft
which will be incorporated in the second study.
One modification which is being studied is the use
of sedium instead of bismuth as the reactor coolant.

— NEPA PROJECT PROGRESS REPORT

—
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Some advantages of using sodium are: lower

weight of coolant; lower pressure drops (hence
lower pumping power and pressure forces on the
reactor); lower melting point; and a large body of
available data on sodium. Although the reactor
temperatures are above the normal boiling point
of sodium, cavitation can be avoided by moderate
pressurization. A serious problem arises from
gamma activity induced in the sodium, particularly
with respect to the maintenance crew. Measures
must be taken to solve this problem in conjunction
with the already existing maintenance problem
due to gamma activity from the reactor.

A second modification which was studied during
the report period is an increase in the core diameter
from 1.99 to 2.5 feet. This was felt to be neces-
sary to reduce the thermal response and thermal
stresses to more reasonable values. This increase
in core diameter would require an increase in air-
plane gross weight to roughly 350,000 pounds,
and a reduction in design-point altitude to 40,000
feet.

A third proposed modification is the use of a
metallic reactor for the liquid-coolant cycle, in
order to improve: resistance to radiation damage
and thermal stress.

A fourth modification, which is applicable to all
cycles, and promises considerable weight reduction,
is the use of shadow shielding in the primary gamma

shield.

The proper use of chemical fuel for boost and
for standby is also being studied and may affect
this airplane.

Aircraft No. HILH 5.- Analytical work continued
on a Phase || liquid-coolant cycle aircraft designed

to fly at 60,000 feet and Mach 0.9. No data are

listed on this airplane.

During the report period, it became increasingly
evident that the uranium investment per tactical
aircraft should be held to a practical minimum.
It is now felt that 200 pounds per aircraft is an

excessive ‘amount, and that it is highly desirable
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to hold the investment below 100 pounds per air-
craft. These considerations led to the suspension
of work on two-reactor aircraft, since such applica-
tions generally require more than twice the uranium
investment of the equivalent one-reactor aircraft.
It is now proposed that all aircraft use chemical
fuel as standby in the event of reactor failure. It
may also be advantageous to use chemical boost
rouvtinely at take-off and landing. Three schemes
are under study:

1. Putting burners behind the radiators of all
engines. This entails a considerable weight
penalty, but enables the aircraft to fly ot its
design point on chemical fuel.

2. Putting burners behind the radiators of part
of the engines. This entails a lower weight
penalty but adds the control problems of
dissimilar engines, and lowers the performance
on chemical fuel.

3. Installing a small number of separate
chemically fueled engines. This entails a
moderate weight penalty and reduced perform-
ance, but gives a simpler control problem and
a simpler engine modification problem.

The nuclear power plant will be designed to be
capable of flying the aircraft throughout the full
range of altitudes from sea level to the design
point (although it ‘may not be capable of meeting
the landing and take-off requirements without
chemical assistance). It may be necessary to
shut down as many as two-thirds of the turbo-jets
at sea level to avoid an excessive power demand on
the reactor.

-

Aircraft No. IILF 6.- During the report period,
considerable progress was made on the study of
a liquid-coolant cycle aircraft designed to fly at
45,000 feet and Mach 1.5. Preliminary results
of this work are tabulated below, under ‘‘Design
Data’’ (compound liquid-coolant cycle). Design-
point and landing-approach cycle analyses were
completed.  Aerodynamic and structural studies
were completed for a typical straight-wing aircraft

and are now being revised. Similar studies are in
progress for a swept-wing aircraft.

When these studies are completed, a design
analysis will be made for the reactor and liquid-
metal circulating system.’

The data listed applyto the straight-wing aircraft.
The study indicated that this aircraft would be fea-
sible at a gross weight of 400,000 pounds. It
would use nine turbo-jets, each having a sea-
level static equivalent air flow of 400 pounds per
second, as recommended in NEPA Report No. 7.
A compressor pressure ratio of 7/1 is used to
reduce the radiator frontal area to a size that can
be installed within the turbo-jet case diameter.

The reactor power per unit volume is lower than
that of the Phase | aircraft as listed, and is con-
sistent with that of the proposed 2.5-foot Phase
reactor.

c. Compound Helium Cycle

Aircraft No. IH 3.- During the report period,
work was completed on the Phase | adaptation of
the compound helium cycle to the XB-52 aircraft.
Data are listed below (see ‘‘Design Data,’”’ com-
pound helium cycle). As a result of necessary
revision, the design altitude had to be reduced to
40,000 feet. Thus the latest revisions of the
liquid-coolant cycle and helium cycle Phase |
aircraft indicate a feasible altitude only 5000
feet above that of the open cycle at the same

gross weight.

Revisions made on this aircraft during the report
period stemmed mainly from difficulties in radiator
design. After the investigation of several con-
figurations, it was decided that it would be
necessary to double the pressure throughout the
helivm system and use a round tube-and-shell
radiator design. In order to reduce the weight of
helium lines, the turbo-jets were placed in the
fuselage. As in the case of aircraft No. 10 2,
this requires a structurally redesigned wing and a
new fuselage. The high-pressure cycle leads to
a low reactor free-flow area of 1.21 square feet,
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which in turn leads to a low uranium investment
of approximately 80 pounds.

The mechanical problems and vulnerability of the
helium cycle are still regarded as severe limi-

Aircraft No. IIHF P.- Data are presented below
on a Phase Il helium cycle aircraft designed to
fly at 45,000 feet and Mach 1.5. The same data
were listed in the preceding quarterly report. These -
are the results of an incomplete and now somewhat
obsolete study, which, however, has not yet been

tations. revised.

DESIGN DATA
Open Cycle

Phase |

Phase . ... ... iiiininnnns ceecennns

Aircraft No. 10 2

Aircraft . .

Phase i

Aircraft No. |IOF P

(preliminary data)

Design flight Mach No. e v v v et eveee.es 0.8 1.5
Design altitude (ft2) ¢ o e e v v e v v vueesess 35000 45,000
Aircraﬁtype‘.‘....'.l..0.0.‘..‘.. XB.52
DesignpoinfL/D.................. ]8.9/] 6.5/]
" Component Weights (ib.)
Turbo-jets, air valves, ducts to and from
shield..-...............-..... 43,000 ]40,000
Reactor-shield assembly and crew shield ... 154,000 265,000
Airfrdme Ond eqUipmenf. e e 00 00000004 00 ]43,000 235,000
Payload....‘.’l".‘...‘.....'.I. ]0'000 ]0'000
Grossweighf..................... 350,000 650,000
Design Point
Tul’bO'iefSouonouooooanonocooao.ooao 6XJ'57'S ]21’Urb°'iefs'
Frontal area per engine (ft.z). cee et e 10.1 13.75
. Equivalent sea-level static air flow
per engine (lbo/seCn) ¢ o o e 0006000000 ]50 383
Total thrust available (Ibs) « ¢ e v veev e 18,500 100,000
Specific impulse (sec)s e e v eveveeeees 470 46.6
Air flow per engine (lb./sec)e s e s vveveee 656 179
Compressor
lnlef fempercfure (OF)a 460 0000060000000 —]7 ]]0
Inle* Pressure (lb'/ino ) EEEEEEEEEEENEE 5.]6 7-2
Pressureraﬁo..................... ]4/] 20/]
Efficiency'.‘..........Q...'....‘ 0‘8]7 0.82
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Turbine
Inlet temperature (°F)s e v s s vvosvessses 1685
lnlet pressure (Ibo/ino ) EEEEEREEEEEEER 4307
Pressure ratios e c s sovsevssonsancass  0250/1
Efficiency s eecoeesoscessssacaaans 0.85
Outlet temperature (°F)e v v vvveveeneess 1151

Reactor
TYpPe voeeerenesnsnncnnnns ceesea split-flow
Coedigmeter (ft) e s e e s e evveceseesse 345
Reflector thickness (in.) eeeeeeeeeeees 3.3
Reflector outside diameter (ff.)e ¢ e e e e e vee 4.0
Free-flow ratio s o s v ssevsesvsanoaaas 0351
Free-flow area (ft+4)e ¢ s e e e e e s assvvoes 655
Tube hydraulic diameter (in.) ¢ voeeaeess 014
Heat transferarea (ft.4) « « oo v e veavsoss 3366
Uranium investment (1be)e ¢ v e v v e v vev e 160
Atomic ratio « e v vesese o asassessnes  325/1
Median energy for fission (eve)e s e a0 a0 o o s 9-
Max./avg. power, longitudinal .. .0.00s..’  1.32/1
Max./avg. power, radial « .o s eivensess  1.07/1
Min./avg. flow, radiale ¢ e s e v v e eeaaas  0.85/1
Power (Btu./sece) o e e ssesssanseasass 115300
Virgin flux (n./cm.2/sec.). cersessseanns
Max. power density in fuel element

(Btu./sec./ |n.3)................ 6.26

Max. tube wall heat flux (Btu./ft. /hr.) .« eoe 174,100
Inlet temperature (°F)s s s s v vesvseoses 58
Avg. outlet temperature (°F) . ... ....... 1685
Max. wall temperature (°F) v eveeseesss 2500
Inlet pressure (Ib./inv%) vovsevevneeees 673
Total pressure ratioe s e v assssssssases  0.694/1
InletMachNo. v evvvveeervnonnoaaes 0225
OutletMach No. « v o v v v ee e s e e 0.547
Avg. Reynolds’ No.................. 27,270
Avg. heat-transfer coeff. (Btu./hr./ft. /°F) 171
Thermal response (°F/sec.) « s evvvssees 94

Shield
Types e o eo 00 eaos et sesesese ceo s divided
Reactor-crew separation (ft.) . . . . . eesees .50
Reactor-shield diameter (ft.) « e« v o000 e 15
Weight of reactor-shield assembly (Ib.). . ... 106,000
Crew shield weight (Ibs) e e e v e0veesesss 45000
Shield coo!ing radiator weight (Ib.) . . ..« 4 3,000
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2100
93.8
0.155/1
0.85
1303

split-flow

5.93
3.1
6.45
0.40/1
22
0.17
15,700

180

900/1
0.2

1.32/1
1.0/1
1.0/1
690,000
8.3 x 1013

6.0
198,000
1003
2100
2500
134
0.752/1
0.177
0.372
45,500
250

131

divided

150
17.5
193,000
40,000
8,000

11
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Water pressure in shield (ib./in.z) seeeees ~90
w;:fer inlet fempel'awl’e (OF). LI R A A A I A I '\’265
Water outlet temperature (°F)e s v veeess. ~285

WOterflow(lb./sec.)................ '\485 -

Compound Liquid-coolant Cycle

Phnse..:.................:.......-...............Phasel N
Ail'craf‘l'..........................................AirCrOﬁNO-IL]
Designf“gh‘l’McchNo.......-......A..-.....-....-... 0-8
Designalfifude(ff.)..........o...a-.....-........-. 45,000
Aircraf‘H’ype...... L R R I R R R R S S N XB°52
DesignpoinfL/D S 2 400 000600000000 00608000606000 2060000 ]900/] ’ [
Component Weights (Ib.)
Turbo-iefs-....-.....................-.......... 36,800
Rudidfors .0 0 0000000800000 0060 0006000060060 000600808s00 6,200
Lithium pumps and lines plus auxiliary power supply« s o e v oo, 14,500
Reactor-shield assembly plus crew shield « v v vvv vt eveveenes 110,000
Airfrcmedndequip'nenf............-............;.... ]27,500 .
Payload.......... © 0000060000600 0000000000s00ssas0 ]0,000
Grossweighf.................................... 305,000 - ®
Landing Approach Design Point
Flight Condition
Speed......................... ]751("0"5 M=0.8
Alﬁfude(ﬁ'.)...................- O 45,000
TurbO'iefS.o.coooocoooo.oocoooooao 6XJ'53,5

Frontal area per engine (ff.2). vesseasa 12.35 -
Equivalent sea-level static air flow per .

engine (lbe/secs)e st e vvesnrannens 258 .
Total thrust available (Ib)) « v e v vveven 32,000 17,200
Specific impulse (sec)e e e v i v aeevsas 26.8 48.0
Air flow per engine (Ib./sec.)s « « v e v o0 u. 199 59.5
Rpmeee s soenseneennes e nencana 5,110 5,550

Turbo-jet Compressor .

lnlef femperdiure (OF) 6 8 08 0 8 0000 0000 64 - "‘]7
Inlef pressure (Iba/ino2) s e e 000000000 ]5.4 3.20

12
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Pressure ratio.s e e e e oo s 6 s s ss’esases
Efficiency......................

Turbo-jet Radiator

TYPE s o ssse ssaossacssnsssnssanns
Frontal area per engine (ff.2) ceeseasns
Air side free-flow area per engine (ff.z) -
Air side tube length (ins) « e o veosvees

Air side plate spacing (ins)e s e o v v oves

Air side fin thickness (ins) s+ s s v v ssvs s
Air side fin pitch (fins/in.). ...
Plate thickness (ins) « e ¢ e cvevecannes
Lithium side plate spacing (in) «+ e s ¢ oo
Air inlet temperature (°F)e e e eeoeveenn
Air inlet pressure (Ib./in®) «covveenn
Airinlet MachNo: ¢ e e voe s sevennsen
Air total pressure ratio s v e e s vaesa e
Lithium flow in radiators per engine

(Ibo/sec)e e eovsvovossscsssans
Lithiuvm flow by-passing radiators

per engine (Ib./sec.) ¢ oev vevv v ca
Lithium inlet temperature (°F) <o oot
Lithium outlet temperature (°F) ¢ v o e e e o e

Turbo-jet Turbine

Inlet temperature (°F) s eeeecee cevonn
Inlet pressure (Ibo/ine®) o cecevsanens
Pressure ratio s+ evsesescssaosancne
Efficiency s v eesovovsacresannanes

Intermediate Heat Exchanger « « ¢ ¢ e e 00 0 s

Frontalorea(ft.z).................
Length (ind)eeeesceoscososcococsnnn
Lithium flow (Ib./sec.)e e s oo s s oo esses
Lithium inlet temperature (°F) ¢ ¢ ¢ e e e 0 s
Lithium outlet temperature (°F) « ¢ v s e o v e
Bismuth flow (Ib./secs)e e e e s s e e v e aues
Bismuth inlet temperature (°F)e ¢ v e e e ve
Bismuth outlet temperature (°F) ¢ ¢ o o v ¢ v s

Lifhiumpumps..coOooooloaoa o 60 8 0 00

Tipdiamefer(in.)'.l.‘0‘.‘....‘...
Scroll max. diameter (ins) « ¢ s coceveoee

szn1c ® 6 6 86 8 06 86 0 8 06 00 0 6008 00 00800000

00000

000000

0.81 ' 0.85
plate-and-fin

12.35

7.78

12

0.150

0.007

11.1

0.010

0.050

- 303 289

45.7 15.8
0.122 0.104
0.925/1 0.909/1
37.0 37.0
3.7 3.7
1581 1600
616 1140
1019 1400
41.9 14.2
0.482/1 0.479N1
0.87 ) 0.88

@ 0 00 ©00 © o ©000 ©O Q00 o0
o o o o o o o o© o o ©
© 0o o ° coe o o o o
eo 6 © o o e o 3 © 0 ©
o o L o o e o o o o o o
000 0 0o o0 ° 6 © o000 oo

N 7

shell-and-tube

5.13

36
252 252
712 1186
1581 1600
6974 6974
1671 1643
802 1229

2 centrifugal pumps
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Flow per pump (gal./mind e e e oo evenn.s 1920 1920
Head (fts)s e ¢ s e e oo s s v encovennosss 620 620
Pressure rise (lb./in.z). cre et asesans 126.5 126.5
Shaft power per pump (haps) e o e v v v o ves 174 174

Bismuth Pumps...covvvineeetnncenen 2 centrifugal pumps
Tipdiameter (ins) + e e o s e eesoeoesoos 17.16
Scroll max. diameter (ins) « v o ¢ e 6 o0 vees 37.5
RPM e cvsvesonsarsecoersseonnsess 668 668
Flow per pump (gal./min) e e v v e vvnnns 2565 2565
Head (fto)e ¢ o e et e envnsncavonnnense 34 34
Pressure rise (Ib./inede v o vevnevennns 144 144
Shaft power per pump (hepa) « c oo e 000 e 263 263

Avuxiliary Power Supply. v s v s e v evvennens 2 T-38’s
Total max. available power (heps) ¢ v e v v s 1400
Total air flow at MAP* (Ib./sec.) ¢ oo o e o s : 14
Total lithium flow at MAP (lb./sec.) « o« . 8
Flightdrag (Ibs) « v ot e vevvvneeooeans ) 24

Reactor. c o ovenvnnerosnoneennenns straight-through flow
Core diameter (fta)e e c s s a0 e eeeosecas 1.98
Reflector thickness (ind)e s o e v o oeseons 2.5 .
Reflector outside diameter (ft.) « oo 0. 24
Free-flow ratio s e s e s v evocvvsoannnn 0.35/1
Free-flowarea(ﬁ'.z) teerecer s s tea 1.08°
Tube hydraulic diameter (ine)e o o 6 o6 a0 v 0.14
Heat transfer area (ff.2) Cess st asens 734
Uranium investment (Ib)e e o e e e c 0 e e oo ~200
Atomicratios s esceeeeeceessnssesa 701
Median energy for fission (ev) « e s 6 0o e 103 .
Max./avg. power, longitudinal ¢+ vvvvvs. 1.25/1
- Max./avg. power, radial « v v evevennn. 1.07/1
Avg./min . flow e « et eoetvnvennesans 1.18/1
Power (Btu./sec.) s s c s sesecoooenes 220,000 105,000
Virgin flux (n./cme2/sec) e e o o o s annens 4.8x1014 2. 3x'|0]4

5, Max. power denm? in fuel element
B (Btuu/sec/ine®) e iieniinraesenns 43.0 20.6
%' Max. tube wall heat flux (Btu./hr./ﬁ'.2) e 1,450,000 692,000 .
~ Bismuth inlet temperature (°F)e v v e v oo 802 1229 ©

Bismuth outlet temperature (°F) « v ¢ e e s o o 1671 1643
Max. tube wall temperature (°F). . . oo 1960 1781 _
Avg. heat transfer coeff. (Btu./hr./ft. /°F) . 10,280 "

*MAP = maximum available power.

14 , ,
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Thermal response of core plus coolant

incore (OF/sec) e vsvsnvacoonnans 770
Bismuth velocity (ft./secs)e s« s e s v e v o s 10.6
Header-to-header pressure drop (lb./in.z) . 40

Shieldo o v v e vvevvoessssssssososens divided
Reactor-crew separation (ffs) « e s o 0o e 000 e 46
Reactor shield diameter (ff.) ¢« o « e 0 o0 e 10.5
Weight of reactor-shield assembly (Ib.). . . . 82,000
Crew shield weight (Ibs) « e e 0 e v e v v v v v 25,000
Shield cooling radiator weight (Ibs) « ¢ v e 0 3000

Water pressure in shield (Ib./inc“) « e 4o
Water inlet temperature (°F)i o e v v e e e v e
Water outlet temperature (OF)e o v 00 v v v v
Water flow (Ibe/sec)s s s s s vsceovans s

Performance *

Take-off distance (fts) o e s e v s v v v e e 16,400
Take-off distance with ATO (16,000 Ib.
thrust for 31 sec.) (Ffto)e e v v v v v e v v e 10,400

Rate of climb at sea level (ft./min.) . ...
Max. speed at sea level (knots) ¢ ¢ v v v v s 385
Rate of climb at 45,000 ft., M =0.8

(/MmN e e e seersesonsnesnsons 130
Max. rate of climb at 45,000 ft. (ft./min.). .
Landing speed (knots) v v e e v s eesoaees 140

Nuclear-plus-Chemical Test Aircraft . ..... Aircraft No. IL 4

1300 (at 250 knots)

240 (at 420 knots)

Aircraft type s v s s s st s v evsssansnns XB-52
Four nuclear turbo-jets; operating at
gross weight of 335,000 Ib.
Rate of climb at sea level (ft./min.). 1150 (at 260 knots)
Maximum speed (knots) « e v v evus 480 (at 27,500 ft.)
Service ceiling (ft.) . e o s o 0 v 0 e v e 37,500

Two chemical turbo-jets; operating at-

gross weight of 335,000 Ib.

Rate of climb at sea level MC**(ft./min.) 540 (at 230 knots)

Maximum speed, MC (knots)s + ¢ ¢« o « &
Service ceiling, MC (ft.) . cene 17,500
Fuelloud(lb)............. 30,000
Endurance at 5000 feet and 230 knots (hr.) 2

* No ATO (assisted take-off) unless specified.
**MC = maximum continuous power.
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340 (at 12,500 ft.)

370
10.6
40

70

110
265
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Sinking speed at landing, MC (ft./sec.) 6.5 (at 140 knots) -
Londing speed (knots)e v v v v v v v s s . 140
Four nuclear and two chemical turbo-jets; .
operating at gross weight of 335,000 Ib, )
Tcke'off disfdnce (ﬂa)c e 6 0 06800 00 7900 -
Rate of climb at sea level (ft./min.) 3500 (at 305 knots) -
Compound Liquid-Coclant Cycle
Aircraft ... .cciiiiiiieneeeeneoess Aireraft No. IILF 6
Design flight Mach No. v a0 v e e e e e venn 1.5 ’
Design altitude (ff.) v « e e v e e e e eenns 45,000
DesignpoinfL/D....-..........-- 6.6/] X
Component Weights (Ib.)
Turbo-jets
Radiators
Lithium pumps and lines plus auxiliary 110,500
power supply ,
Reactor-shield assembly plus crew shield . 121,700 )
Airframe and equipment « s v ¢ v s v b0 b0 157,800
Payloud.'l.‘...........'...... ]0'000
Grossweighf................... 400,000 . "
. Landing Approach Design Point
Flight Condition
Speed e ettt th ci ittt e nennas 175 knots M=15
Altitude (ffe) ¢ v o v v v vnerenvoennnn 0 45,000
Tutbo'iefs .'0......;.....0"0'!.. 9engines
Frontal area per engine (ff.z) ceseaesn 14.35
Equivalent sea level static air flow )
per engine (lb./sec) e e ee v eeennns 400
Total thrust available (Ib.) e s v v v e v enee 70,500 60,500
Specific impulse (sec.) v v v e e o 21.3 37.2
Air flow per engine (Ib./sec.) e « v v vv s 363 181
Turbo-jet Compressor
Inlet temperature (OF) ¢ e v e v evenennss 66 109 .
Inlet pressure (Ib./in.2). ceesenssenan 15.4 7.23
Pressure ratio o « o e s v e e e vevnocosas 5.6/1 1
Efficiency 00 000 s 00 s s 000000000 0.84 0.85
16 o
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Turbo-jet Radiator . v « v e v o v vevenoens ' plate-and-fin
‘ Frontal area per engine (ﬁ'.2) et ees e 10
| Air side free-flow area per engine (f’r.2) oo 6.4
| Air side tube length (fts) e v o v v v v anns 1.72
| Air side plate spacing (ins) « v s vveasnn 0.150
j " Air side fin thickness (ind) ¢ ¢veeveene 0.006
} ‘ Air side fin pitch (fins/ins) v o v v ess C 1
! Plate thickness (ins) ¢ evveeeesnnses 0.010
: Lithium side plate spacing (ins) « v e s v 0.050
vt " Air inlet temperature (°F) v v e vnnnns 457 ’ 597 -
! . Air inlet pressure (|b./in.2) ceeensaas 86 50
D Air inlet Mach Now v e« v v v enevnenns 0.153 0.142
L Air total pressure ratio s s e s s 0 v e s oo 0.823/1 ‘ 0:81/1
j : Lithium flow in radiator per engine :
! (Ibe/seCs) v v vavnnnsnsananiania 137 ) 137
Lithium flow by-passing radiators
per engine (Ib./secs) soeeveneennn 17 17
Lithium inlet temperature (°F) « e v e v e v 1260 1650
Lithium outlet temperature (°F) + ¢4 vt .. 742 . 1200

Turbo-jet Turbine

Inlef femperafure (OF). . o‘ ceeses s s e e 995. ]500

|

1

1

i

|

|

1' Inlet pressure (lb./in.2) ceerssrraanee 70.7 40.9
| Pressure ratio. e e e o s v e seenssnssens 0.274/1 0.307/1
] Efﬁciency....-......-.......... 0.87 0.87

] Outlet temperature (°F) . vvvvevvnons 625 ' 1060

1 Intermediate Heat Exchanger .« o v o0 00 v s shell-and-tube

1 Lithium inlet temperature (°F) v v ¢ o o0 794 1245

| Lithium outlet temperature (°F) « s v s v v 1260 1650

{

| ReGCIOr . v v v v s e v eeoveosasosooscns straight-through flow

i

: Core diameter (fte) « e e e e v v eassvananse 3.04

: Reflector thickness (in.) « e« e v v ces s 5.8

N Reflector outside diameter (ft.)e o ¢ o o o ¢ o & 4.00

| Atomic ratio s eeeesossesencsosans 110/1 110/1
3 Power (Btu./s€Ce) ¢ v esosnsascaacees 447,000 7 389,000
| Shield

%:’" Typeo...-.......o.......-.... divided

: Reactor-crew separation (fte) s s o ¢ o 0 000 s 100

1 Reactor shield diameter « « « « « ¢« 6 ¢ ¢ 0 00 ’ ~11

} Reactor shield weight (Ibs) ¢ oo 0 a0 0o 93,000

R 17
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Cfew Shield weighl’ (lbo)c oo s e s 0 e0 0000 23,700
Shield cooling radiator weight (Ib) « ¢ v s 4« 5000

Compound Helium Cycle
Phuse...-.......‘...........-.. Phosel Phase”

Aircraft No. 1H 3 Aircraft No. IIHF P

Aircrcﬂ 60660606000 00600008068 08000800 (preliminqry dafc) (pl’e“minul’y datu)
Design flight Mach NO. e s e 000000 00 :o 0'8 ]OS )
Design alfitude (ﬁ.). ® 4 0 0 6 9 & 0 0 0 0 & 0o 40’%0 45’0m
Aircraftfype....... s s 0000000 s XB-52 i
Design point Lm 4 8 & & & &6 06 0 0 5 0 8 0 8¢ 0o 20.2/] 6.5/]

Component Weights (Ib.)

Turbo-jets .. ... csesscessasans s 40,800 94,000
Radiators «ecoeeeeeacecescccseas - 19,900 96,000
Helium machinery and lines. v « o v e e v v 15,800 11,000
Reactor-shield assembly plus
crewshield e s vvvvssvrevncsnnss 120,000 176,000
Airframe and equipments s vs e s v oo 0 e e 133,500 - 213,000
Payload ¢ ¢ e st s sevesvonssssaanns 10,000 10,000 .
Gross weight, c v e e e oosossoancanan 340,000 - 600,000
Landing Design Design
Approach Point Point

Flight Condition

Speed s s s v tecacaesssaceases 175knots M =0.8 M=15
Altitude (ft.)e « v v v e v v eeeenanees 0 " 40,000 45,000
Turbosjets «vvvvnnenoenncennnsas 6 XJ-53's 14 turbo-jets

Frontal area per engine (ft.2). 12.35 13.5

Equivalent sea-level static air flow g : ) ’
per engine (Ib./sec) « vt co e v v e 258 378

Total thrust available (Ib.). oo e v oo« 30,000 ~ 17,000 92,300 .

Specific impulse (sec.) e e vaveveae 216 36.6 37.4 :

Air flow per engine (lb./sec.)e ¢ v oo 231 77.4 169

RPMicecsossonnssnssnasesas 5500 5550

18
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Turbo-jet Compressor
Inlet temperature (°F) v vuuseeesss 65 -17 110
Inlet pressure (Ib./in.%) v .oovvuee. "154 4.1 7.2
Pl’essurerdﬁo............-... 4.4/] 6.0/] 4.0/]
- Efficiency o 6 & 8 0 8 0 6 ¢ 2 06 0 0 0 & 0 0 00 0.83 0.84 0.85
Turbo-jet Radiator. o o v v v o e vvevnsas shell-and-tube snell-and-tube
Frontal area per engine (ff.z) ¢ tesess 12.35 . 27.4
Air side flow area per engine (ft.2) .o 4.57 10.6
- Length(ins) o ovvevenniaaananans 28.8 32
Tube inside diameter (ins) « ¢ ¢ o v 0 ¢ a s 0.145
Tube thickness (in) « e covvveseans 0.012
Air inlef fempeerUre (OF) L A ] 394 333 430
- Air outlet temperature (°F)s v 4 v s v v. . 1000 1170 1500
Air inlet pressure (Ib./ine?) v s v e v v 0. 66.7 24.2 28.5
Air inlef chh NO.. ¢4 60 000 06 c0 00 0.]0 0.089
Air total pressure ratios « c v s s s 00 .o 0.86/1 0.85/1 0.73/1
Helium inlet temperature (°F). « v o« « . 1540 1650 1753
Helium outlet temperature (°F) .+ + v« v 566 546 590
Helium inlet pressure (Ib./ins%)s « v o« v« 650 345
Helium total pressure ratio « v v s esoo 0.95/1 0.95/1
- - Turbo-jet Turbine
Inlet temperature (°F)e s v e v s 0 0soee. 1000 1170 1500
Inlet pressure (Ib./in.2). cvuuuee..  57.1 20.3 20.8
Pressure ratios v se s e seveseees 0.34/1 0.37/1 0.48/1
Efficiencys e s eovvenenenveeeeces 0.84 0.86 0.86
Helivm Compressor
Fronfolareu(ff.z).............. 8
Inlet temperature (°F). ¢ v vevsevess 566 546 590
Inlet pressure (Ib./in%) o ovvuvuuass 605 ' 330
Pressure ratio v s s s s seovsenesees 2.24/1 1.23/1 1.82/1
Efficiency o « e e e e v a0 e e esesses 0.85 0.80 0.85
Helium flow (Ib./sec.) « e e v 000 e oes 176 72 476
Quantity of helium in system (Ib.). ... 20 15 ~65
Helium Tubine
Inlet temperature (°F) s e v v e e v vue.. 2000 1760 2090
Inlet pressure (Ib./ine%)e e v e peevese 1220 522
Pressure ratios s s s v oo sosssesees 0.54/1 0.86/1 0.67/1
Efficiency.evesoececosssssasaes 0.86 0.84 0.88
- SECRET 7
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Core diameter (ft.) v o o e v e v v e v v
Reflector thickness (ins) s e o v e s v veu.
Reflector outside diameter (ft.) s « o0 s«
Free-flow ratio e s s e s es o0 nveve o
Free-flow area (ft.2) Cersieteea o
Tube hydraulic diameter (in.) .

Heat-transfer area (ft.4) . .

Uranium investment (1b.)s v a0 e v s v
Afomicl’aﬁo e 6008 000 00000000 0
Median energy for fission (ev) v e ¢ o o &

Max./avg. power, longitudinal ......

Max./avg. power, radial . . ... ...
Min./avg. flow, radial v o «cv e 0o us
Power (Btu./sece)e e e e v evvannss
Virgin flux (n./cm.2/sec.). veeacans

Max. power densit

(Btu./sec /m.g)
Max. tube wall heat flux

(Btuu/f2/hr) vveevennenns.
Helium inlet temperature (°F) v v ... .
Avg. helium outlet temperature (°F) . .
Max. tube wall temperature (°F) . ...
Avg. Reynolds’ Noee s e s s ev v oeess
Avg. heat-tronsfer coeff.

(BfU./hl’/ﬁ' /F)Olcootc:ooa

Inlet pressure (Ib./in. ) ceasans
Total pressure ratio « s e oo v 4 s 000
Avg. exit velocity (ft./sec)e s ss o o
Thermal response (°F/sec.)e o 0o o &

Shield

in fuel element

TYpPe e eeeeveenneasnnacnnaans
Reactor-crew separation (ft.) o o v o . .
Reactor shield diameter {(ft.) ......
Weight of reactor-shield assembly (Ib)
Crew shield weight (lb.) oo v 0v v
Shield radiator weight (Ib.) ¢« o ¢ s v 0.
Water pressure in shield (Ib./in.
Water inlet temperature (°F) + oo v
Water outlet temperature (°F). . ... .
Water flow (Ib./sece)e e e e ve oo o v

wr 2
O ©CO0d ©" Qe B3O

2.48
4.7
3.27
0.25/1
1.21
0.18
760
80
370/1
8
1.3/1
1.07/1
0.85/1

215, 000

3x1 0

16

1,410,000

1026

2000

2500

74,100

1630

1320

0.95/1

790

410

divided

50
14
75,000
42,000
3000

SECRET
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99,300
1x 1014

7.3

651,000

656

1760
2200
33,500

- 790

190

~90

~265
~285
~160
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split-flow

3.2
6.0
4.2
0.3/1
4.97
0.105
2910
75
600/1
0.7
1.3/
1.0

691,000
2x 1014

35.2

1,110,000
926

2090
2500
22,600

1000
581
0.92/1
1230
750

divided
100
15
123,000
45,000
8000

—
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)
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STANDARD DESIGN ASSUMPTIONS -
* The follo;fving is a list of assumptions which are generally adhered to in the analytical
. work of preliminary design studies. All of these assumptions are subject to change.

Those listed here have either been used for some time, or are expected tobe usedfor some
time. In some cases, ranges of values have been listed rather than a fixed value. There

were no significant changes made in the standard assumptions during this quarter.

Atmosphere

NACA standard.
Diffuser
. Flight Mach No.: 0.9; 1.5; 2.0.
Design-point diffuser efficiency:! 0.95; 0.92; 0.90.

These efficiencies apply to nose inlets or undisturbed nacelle inlets. They may be
decreased for side inlets and some other configurations.

Jet Nozzle
D esign-point jet efficiency: 0.96.
- C omplete expansion to atmospheric pressure.
Turbo-jets
In adaptation studies, data on specific engines are used.
In generalized studies, the following assumptions are used:

For air cycle: Weight (pounds) of turbo-jets plus ducting to and from reactor = cor-
rected air flow (in pounds per second) x 12 x (1 + 0.52 In compressor pressure ratio).
(The corrected air flow is the air flow corrected to sea-level static conditions.)

For binary and ternary turbo-jets: Weight (pounds) of turbo-jet (without radiator) =
corrected air flow (in pounds per second) x 10 x (1 +0.52 In compressor pressure ratio).

Compressor: Design-point corrected air flow: 2.79 pounds per square foot of case
area per second. For compressor pressure ratios less than 23/1, design-point over-all
efficiency: 0.85. For compressor pressure ratios greater than 23/1, design-point stage
efficiency: 0.90.

Air turbine: Maximum allowable inlet temperature: 1900° - 2200°F. Design-point
turbine efficiency: 0.85 - 0.87.

]All efficiencies are energy efficiencies.
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Helium turbine: Maximum allowable inlet temperature: 2000° - 2100°F.

Ducting

For air cycle: Loss in total pressure from compressor outlet to reactor inlet: 7 per
cent. Loss in total pressure from reactor outlet to turbine inlet: 7 per cent,

For compound cycles: Loss in total pressure from compressor outlet to radiator inlet:
1 per cent. Loss in total pressure from radiator outlet to turbine inlet: 1 per cent.

Radiator
Plate-and-fin, tube-and-fin, or shell-and-tube construction.
Thermal conductivity of radiator metal: 15.7 Btu./hr./ft./°F.
. h
For plate and fin, air side ¢ (defined as = C T 7)) =08
°p
where:

k is heat transfer coefficient (Btu./hr./ﬁ.2/°F);

cp is the specific heat at constant pressure (Btu./1b./°F);

G is the mass velocity (|b./hr./ff.2);
f = friction factor,
Helium cycle radiator: _Maximum allowable inlet temperature: 1650° - 1750°F.
Intermediate Heat Exchanger
Maximum heat exchanger material temperature: less than 1700°F.
Reactor
Moderator and reflector material: beryllium carbide (BeoC + 1/3C).

Uranium: 90 per cent enriched.

In reactivity calculations, depletion and poisoning are based on 100 hours of operation

at 600,000 kw.

Reactor must be restartable up to 1 hour after shutdown, and after 48 hours after shut- .
down,

E nd reflector thickness = jacket reflector thickness + (1 - free flow ratio),

Longitudinal maximum-to-average power ratio: 1.3 fo 1.4.

Radial maximum-to-average power ratio: 1.0 to 1.25.

22
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It Gas~cooled Liquid-Metal-cooled
em Reactors Reactors
Coating material (per 44.8 Fe, 41 Cr, 7.1 Al, 75 Fe, 25 Cr
cent by weight) 3.4 Si, 8.3 Mn, 0.4 Ti
0.005-inch 0.008-inch

Coating thickness
Flow arrangement

Maximum allowable wall
temperature

Average temperature
used in reactivity
calculations

Core length-to~diameter
ratio

Split or straight through

2500°F

2200°F

0.9 split flow; 1.0
straight through

Straight through

2000°F

1600°F

Shield

Crew tolerance: 1 roentgen per hour (for a maximum of 25 hours).

Average of 2.5 gammas per fission with an average energy of 2 Mev.

One-tenth of all neutrons leaking from reactor are fast.

For gas-cooled reactors:

Inlet duct total free-flow area = core total free-flow area.
Outlet duct free-flow area = 1.88 x core total free-flow area.

High-density unit shield: Specific gravity of shield material:

(see NEPA 1079-EAR-T1):

8.

Improvement factor
0.9. Weight corection for shadow shielding: -15 per cent.

Divided shield: Five inches of lead around the reactor attenuate gammas by a factor

of 50.

Five inches of lead plus 43 inches of water and/or hydrocarbon attenuate neutrons

by a factor of 5 x 107.

Gamma relaxation length in water or hydrocarbon is 24 centimeters.

Rear face of crew shield based on 2-Mev gammas.

Fluxes calculated by inverse square law.
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Side and front faces of crew shield based on 1-Mev gammas.

All scattering due to air; none by the aircraft.
Aircraft
Maximum allov;/uble landing speed: 175 knots.
Maximum allowable sinking speed during nérmal landing: 10 feet per second.

Rate of climb at rated altitude: 500 feet per minute.

53 C2

KIS >
ar ¢to o o© ° S¢ €0 0 SO0 G oo <O ne PA
e o ¢ o o ¢ & ez ¢ gy



0000

60 ©90 O ©6 © ©00 @¢ O o 000 O ©0C 00
L3 Q9 o o o o ° o 0 o o 3> 30
o - 6 0 o o 000 o 0d > 9 0
o €0 © 00 © © o o ©o o o ”e O O
o o o o o ° o o o o o 0 2 0

00 000 o0 00O © GO 0O o o © 052 o0

SECRET

B FOURTH QUARTER, FISCAL YEAR 1950

2. REACTOR

Work continued throughout the quarter on all of
the three main types of reactors, with some atten-
tion given to the circulating fuel reactor as in the
previous quarter.

2.1 REACTOR NUCLEAR STUDIES AND DESIGN
(40.0 Man-hours)

2.11 Calculations on Particular Reactors. - Nearly
30 per cent of the reactor calculations made
during the quarter were on isolated cases con-
tributing to the design of the liquid-metal-cooled
and helium-cooled reactors. This design work is
discussed in sections 2.2 and 6.1 of this report.

The large-scale mapping of critical masses as a
function of size and composition was concluded
last quarter. However, new data have been ob-
tained from General Electric Company on the cross-
sections of many elements at 2000 ev. An effort
is being made to obtain information as complete
as possible on cross-section data for use in future
calculations. Future results for reactors containing
diluents or poisons in the form of coatings or
structural material may differ appreciably from
those reported, since, in existing maps, if nothing
better was available, assumptions of 1/v extra-
polation from thermal capture cross-sections were
made. In particular, General Electric reports a

molybdenum cross-section of 0.27 barn at 2000 ev.,

which indicates a much higher intermediate energy
absorption than that previously assumed for this
proposed structural material. However, additional
data are being sought for the region from above
thermal to the neighborhood of the General Electric
measurement. It is felt that the use of molybdenum
as a structural material. may be more limited than
previously expected, but that additional measure-
ments of the epithermal cross-section should be
made.2

2Further information, received as this report was
being edited, indicates that the cross-section of molyb-
denum at intermediate energies, while higher than
heretofore assumed, is still low enough to make molyb-
denum a very desirable reactor structural material.

Circulating fuel reactors. - Considerable work
was done during the quarter on the determination
of uranium weights necessary for circulating fuel
type reactors. Each reactor was considered to
consist of a cylindrical pot containing the molten
solvent and fissionable material. Various assump-
tions were made regarding the necessary fluid
volume outside the core. The solvents considered
were lithium hydride plus lithium and sodium

hydroxide,

Table 2 presents estimates of the core uranium
weights with the lithium hydride~lithium solvent.
The lithium is assumed to be 99.93 per cent
lithium’ isotope. The mean temperature is 1500°F,
the fission-product poisons are taken at equilibrium
density, and the given cores are surrounded by a
a 6-inch beryllium carbide reflector.

TABLE 2

URAKIUM [NVENTORY (LB.) IN LITHIUM HYDRIDE~LITHIUM
FUEL REACTORS WITH 6-INCH Be,C + 1/3C REFLECTORS

.c°re Volume of Coolant Outside Core (cubic feet)
Diameter
(feet) 0 10 20 30
3.25 190 295 400 505
3.50 115 170 225 275
4.0 105 140 70 | 195
4.5 130 160 185 210
5.5 210 230 255 290

Thus, in the lithium hydride—lithium circulating
fuel reactor with a 6-inch beryllium carbide re-
flector, and 20 cubic feet of coolant in the heat
exchanger and lines, the minimum total uranium
weight is approximately 170 pounds. The core
size at this minimum is approximately 4 feet.

Table 3 presents estimates of the uranium weights

with an assumed sodium hydroxide solvent. The
mean temperature is 1500°F, the fission-product

25
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TABLE 3

URANIUM IHVEKTORY (LB.) IN SODIUM HYDROXIDE

CIRCULATING FUEL REACTORS = NO, REFLECTOR

Core Yolume of Coolant Outslide Core (cublc feet)
Dlameter -
(feet) 0 10 20 30
2.0 28 68 124 145
2.5 26 47 69 90
3.0 33 48 6% . 80
3.5 41 54 66 78
4.0 52 62 72 83

poisons are taken at equilibrium density, and the
reactors are bare. Reflector calculations have not
yet been made.

Thus, in a sodium hydroxide circulating fuel
reactor with no reflector and 20 cubic feet of
coolant outside the core, the minimum weight is
approximately 64 pounds. The core size at this
minimum weight is approximately 3 feet, but little
penalty is incurred in decreasing it to 2.5 feet or
increasing it to 4 feet. From a nuclear standpoint,
it is clear that sodium hydroxide is much the better
solvent. ’

Reactors with moderating coolant. - A study was
made to determine a type of aircraft reactor design
that would have a minimum uranium weight. A
A sodium hydroxide—graphite—uranium dicarbide
system seems to provide the best possibility from
the nuclear standpoint. The sodium hydroxide
would act inthe dual role of moderator and coolant,
and the fuel elements would be composed of
uranium-impregnated graphite. A coating of silicon
carbide was considered necessary to protect the
graphite from attack by the sodium hydroxide.

Table 4 presents the results of critical mass
calculations on these sodium hydroxide—graphite—
uranium dicarbide systems. The mean reactor
temperature in this case is 1500°F, the power
level is 100,000 kw., and the fission-product poi-

TN NEPA PROJECT PROGRESS REPORT

TABLE §

CRITICAL MASSES FOR A SODIUM~HYDROXIDE=GRAPHITE=URAHIUM
CARBIDE SYSTEM

Volume Atomic |Reflector Core Critical
Fraction Ratio Thickness Diameter Mass
NaOH H/u-235 | Graphite (feet) (1b.)
(inches)
0.35 100 0 3.45 67
0.35 100 6 i 2.88 40
0.35- 200 0 4.33 66
0.35 200 6 3.70 4l
0.50 100 0 2.88 56
0.50 100 6 2.32 30
0.50 200 0 3.19 37
0.50 200 6 3.00 22

soning is determined for the 1-hour-after-shutdown
condition. Uranium depletion of 1 pound is in-
cluded. The absorbing effect of coatings is not
yet included, but it is estimated this would add
only a few pounds to the critical mass, since
silicon carbide has a very low capture cross-
section,

The weights given -in Table 4 are low in com-
parison to any proposed liquid-metal—cooled beryl-
lium—moderated design with ferro-chrome coatings.

Fast reactors. - Critical mass calculations were
made for some fast all-metal reactors, using the
matrix multiplication method reported on last
quarter. These reactors have a molybdenum core
matrix with 40 per cent of the core volume occupied

by coolant. A 12-inch wolfram carbide reflector
surrounds the given core in each case. Operating
effects are included. Table 5 reports these re-
sults for various core sizes.

Thus, it seems clear that unmoderated cores
having diameters greater than 1.5 feet are impracti-
cal from the critical -mass standpoint. Even with
a 1.5-foot core diameter, the uranium content is
high enough to make such reactors unattractive.
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TABLE 5

CRITICAL MASSES (LB.) IN FAST, MOLYBDENUM CORE (40 PER
CENT COOLANT) WITH 12-1NCH WOLFRAM CARBIDE REFLECTORS

Core Diameter (feet)
Coolant 1.5 2.0 3.0
Lithium 275 435 810
Bismuth 280 360 620
Zinc 215 315 515

Reflector -comparison, - Calculations are con-
tinving on the comparison of different reflectors
in regard fo critical~mass savings. The reactor
thus far considered has a beryllium carbide—
graphite (BeoC + 1/3C) moderated bismuth-cooled
core with a moderator-to-uranium molecular ratio
of 30/1. The usual effects of temperature and
equilibrium poisons are included, and the fraction
of core volume that is attributed to coolant is
0.30. Coatings 0.010-inch thick of iron and
chromium alloy are present on the heat-transfer

surface.

Table 6 presents the preliminary results of
this investigation.

TABLE 6

COMPARISON OF REFLECTORS ON (BERYLLIUM CARBIDE + 1/3C):
UC, CORE OF MOLECULAR RATI0 30/1

U-235 |Reflector Out- | Free-Flow

Reflector Weight | side Diameter Area
(ib.) (ft.) (sq. ft.)
None 219 2.44 1.40

2 1/2-Inch BeyC +
1/3¢ 18 3.06 0.92

6 I/2-inch Pb (in-
elastic scatter-
ing neglected) 127 3.11 0.97

2 |/2=Inch Be,C +
1/3C inside a Y= .
Inch layer of Pb 76 2.79 0.70

6 1/2-Inch Be,C +
1/3C 54 2.61 0.55

_FOURTH QUARTER, FISCAL YEAR 1950

A graph of these results indicates that, for the
core considered, the 6 1/2-inch reflector combina-
tion composed of 2 1/2 inches of beryllium carbide
plus graphite mixture (BepC + 1/3C) inside of 4
inches of lead achieves the same uranium savings
as a 4 3/4-inch beryllium carbide plus one-third
graphite reflector. Inelastic scattering in the
lead was neglected in this work, hence fhe results
for the case in which the lead is adjacent to the
core may be quite pessimistic. Further investi-
gation of this factor will be made. Calculations
are in process using other molecular ratios, and
it is planned to map the results, so that the criti-
cal masses caon be compared from the standpoint
of constant core size, constant reflector outside

diameter, etc.

Optimum reflector thickness. - Work continued on
the study of the optimum thickness of the moderat-
ing reflector. The problem is one of choosing a
reflector that effects a good power distribution in
the core and low uranium weight, but does not
result in increased shield weight. Current thinking
is that the moderating reflector can be counted as
neutron shielding material (it is probably not quite
as effective as water). The use of moderating
reflector tends to increase the weight of the heavy-
element primary gamma layer, because in this
case, the gamma layer would be located on a
larger radius. However, if this heavy layer need
be only on the side towards the crew compartment
(as a shadow gamma shield), then this penalty
should be slight. In any event, it seems advisable,
from these results, to use at least 2 or 3 inches
of moderating reflector inside of the heavy - element
reflector, from the standpoints of critical mass
and core power distribution. |f it is necessary to
borate the heavy layer to reduce secondary gamma
production, then the moderating reflector layer

should be thicker (5 or 6 inches).

In particular, an investigation was made of the
optimum thickness of a moderating end reflector,
inthe case in which the end reflector has the same
free-flow ratio as the core. The problem was con-
sidered to be one of compromise between low peak
power density on the one hand, and low shield
weight on the other. If the moderating reflector

27
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is effective as shielding, then its thickness should
be extended to the point at which additional thick-
ness does not significantly improve the core peak-
to-average power ratio. This would require a
thickness of 6 to 8 inches, depending upon the
core energy spectrum. However, the moderating
reflector may not be the best shield material.
Assuming, as a limit, that the moderating reflector
provides no shielding whatsoever, it follows that

the shield weight could be held constant only by
decreasing the core length 1 inch for each inch of
moderating end reflector.

This leads to an increased peak power density
for given total power, because the improvement in
longitudinal peak-to-average power ratio does not
make up for the loss of core volume. From this
viewpoint, then, the moderating end reflector
should be of zero thickness. An intermediate and

" perhaps more realistic assumption is to consider
that if, say, 2 inches of moderating end reflector
were used, the core size must be reduced only 1
inch to keep the shield weight the same. This
leads to an optimum thickness for minimum peak
power density, The results show the optimum
range to be approximately 1 o 2 inches for a 2-foot
reactor, 1 1/2 to 2 1/2 inches for 2.5-foot and
3-foot reactors, and 2 to 3 inches for a 3.5-foot
reactor. Because of the approximate nature of the
assumption made above, these results must be
regarded as very tentative. )

Table 7 gives some indication of the longitudinal
peak-to-average power ratios that can be expected

TABLE 7

- LONGITUDINAL PEAK-TO-AVERAGE POWER RATIOS

NN N EP A PROJECT PROGRESS REPORT

for typical reactor cores with end reflectors. The
free-flow ratio is 0.3/1 in both the core and end
reflector.

2.12 Theory and Methods of Calculation

Hydrogen-moderated reactors. - A circulating
fuel reactor, because of the material outside the
core, requires low uranium concentration, which
in turn requires a thermal energy spectrum. Be-
cause of its moderating power, hydrogen in the
form of a metal hydride or hydroxide provides the
most effective means of lowering the neutron
energy spectrum. )

In order to evaluate the feasibility of this type
of reactor in terms of uranium investment, it is
necessary to compute critical masses for a wide
range of moderator-coolant-fuel combinations. [t
is therefore desirable to use age theory, since the
age equation takes a very simple form for a thermal
or nearly thermal reactor.

The usual derivation of the age equation does
" not apply to reactors containing hydrogen, and it
is well known that age theory does not give the
correct slowing-down distance for a point source
of neutrons in a hydrogenous medium. The problem
of a spatially independent source in an absorbing
medium has, however a simple solution (cf.
Marshak, Review of Modern Physics, 19, 189
(1947)). Using the fact that, for the special case
of a bare critical reactor, leakage is formally the
same as absorption, a solution for the slowing-down
density can still be obtained, which to a first ap-
proximation is identical with age theory.

Let (n(E)dE) = (the number of neutrons leaving
the energy interval dE about E per unit time
and velume), and :

(a(E")dE) = (the probability that a neutron

leaving energy £'will be scattered into the
interval dE about E),

The continuity equation can be written

SECRET

Core End Reflector Thickness
Length (inches)
(feet) 0 2 [y 5
2 1.4 1.3 I.3 I
2.5 1.5 1.3 1.3 1.3
3 I.5 1.4 1.3 1.3
3.5 1.5 Ly ('Y 1.3
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Ef
: " (E) = f a@n@E)aE . )
g |

where E zis the energy of fission neutrons, which
are assumed to be monoenergetic. Differentiating
with respect to E and solving the resulting dif-
ferential equation leads to

Ef
n(E) = n(Ef) exp f a(B)dE'. (2
E

Assuming that moderation is due to hydrogen
only, the scattering probability depends only on
the energy of the neutron prior to scattering, and
can be written

S o (B) :
G(E’) = Z (E") S‘? ') + - 110(3)
SH +3, A iy If2 E
3
where (ZSH) = (macroscopic scattering cross-
section of hydrogen);
> = (total absorption cross-section);
=4) (total ab
O‘t‘r) = (total transport mean free path);
and
(K2) = (material buckling).

The integral in equation (2) can be expanded as

. ‘/\Ef 1 dE
s N A E
. ] .+ (.___iz. 4. lr2 __EZL--E?Z )
- zsn .

3

E
fEf Sa NrAsg dE
= E-(—- + K2 —-)+ J-— (4)
ZSH 3 E
E

where higher terms are neglected, since the
quantity in parentheses is small compared to
unity, being of-the order of the mean free path
divided by a characteristic dimension of the
reactor, squared. Since Zor can be written as
£Z. (£ is the average mean ‘?gg energy loss, taken
as | for hydrogen and zero for the other, nonmoder-
ating elements present), equation (2) becomes

: ‘ s ag
n(E)E = ﬂ(Ef)Ef exp — . 8;
S
E
£ 5
'f

Nipr A

E -

E

It remains to be shown that n(E)Eis the slowing-
down density g(E), defined as the number of
neutrons slowing past the energy E per unit time
and volume. Since neutrons which do not slow
down past a given energy have either been ab-
sorbed or have leaked out of the volume under
consideration, one can write

A
22 = n(g) . ©)

dE Ag 2
za+—3lx + Zgr-

Using equations (2) and (3), it can be verified by
direct substitution that q(E) = n(E)E.

= 1, equation (5) becomes

= $(E) exp - K27(E), ()
Xp "JIEf &ili
3o &K
& S

can be identified with the probability of escaping
absorption in slowing to energy E,

Taking q(Ef)

q(E)

where p(E) =

29
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7 (B) = f Ds My ;\tr
E

is the sa'mbolic age of neutrons at energy £, and

exp —K< 7(E) is the probability of escaping leak -
age in slowing to energy £.

Equation (7) leads directly to the Fermi pile
equation in the usual way (cf. Soodak, AECD 2201,
p. 30). It should be noted that the age in a hydro-
genous medium as defined above has no simple
relation to the experimentally determined slowing-
down area. The two quantities coincide only for
comparatively heavy elements, where the slowing-
down follows a Gaussian distribution; for water
they differ by a factor of 2.

In view of the assumptions made in this deri-
vation, the usefulness of the age equation can be
judged only by the accuracy with which it checks
experimental results. Accordingly, the critical
masses of a series of water-moderated reactors

were computed for a range of atomic ratios. These -

results are given below. Experimental data were
taken from K-343, Critical Mass Studies, Part 1ll,
by .Beck, Callihan, Morfitt, and Murray,

TABLE 8

COMPARISON OF CALCULATED AND EXPERIMENTAL CRITICAL
MASSES FOR BARE CYLINDRICAL H20-U(235) 02F2 REACTORS

Atomic Calculated|Experimental |Difference in
Ratio Diameter Height Height Critical Mass
B/u-235 (em.) (em.) (em) (per cent)
43.9 25.4 33.2 32.3 3
86.4 25.4 35.6 31.9 12
174 30.5 25.4 24.7 3
320 30.5 3.3 30.3 3
499 38;1 27.2 27.0 !
755 38.1 38.7 4.7 ~7
999 50.8 34.3 36" -5

* Estimated from 29.5 cm.
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The accuracy of the method is surprisingly high,
and its use in the circulating fuel hydrogen-

moderated reactor is warranted,

Reflector calculations. - In the comparison of
different reflectors described in section 2.11 of
this report, the Garabedian-Householder matrix
technique was used to advantage. It reduces
the computation required to find the critical core
radius of a spherical reactor with two reflectors
(two-group theory) from trial and error on an 8th
order determinant to trial and error on a 4th order
determinant.

2.13 Critical Experiments. - Preparing for and
executing those critical experiments which give
information necessary for the proper design of ANP
reactors are now a ‘joint ORNL-NEPA program.
The Oak Ridge National Laboratory has been given
the over-all responsibility for critical experiments.
Dr. A. D. Callihan has been designated the person
responsible. The only other personnel at present
actively engaged in preparing for critical experi-
ments are NEPA personnel. The extensive prep-
arations and planning which were already under
way at NEPA have been accepted without essen-
tial change by the ORNL, and are being continued.

During this quarter, it has been decided that the
first ANP critical experiments will be on a simu-
lated liquid-metal reactor, in agreement with the
idea that the ARE (described elsewhere in this
report) is at present envisioned as a liquid-metal

type.

The joint laboratory building which is being
built to accommodate both Carbide and Carbon
Chemicals Division process safety critical experi-
ments and ANP reactor critical experiments is
nearly 70 per cent complete--approximately 10 per
cent behind schedule. It should be finished in
August 1950. (It was originally scheduled to be
completed July 15, 1950.) See Figs. 2 and 3 for

_ sketches of the building.
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Fig. 2 - ARTIST'S CONCEPTION OF CRITICAL EXPERIMENTS FACILITY
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All other phases of preparation for critical
experimentation, except that of core material pro-
curement, are proceeding according to schedule.
Probably the greatest delay in starting critical
experiments will be met in the procurement of a
beryllium or beryllium-bearing moderator material
in sufficient quantity and purity to be used in the
assembly core and reflector. A maximum in experi-
mental flexibility is obtained by the use of the
metal itself, Since it is also easiest to handle, it
is preferred. Present sources of the purified
beryllium metal are insufficient to supply the
needs of the critical experiment program in suf-
ficient time to keep up with the procurement of
other equipment. A delay of _several months in
construction of a beryllium-moderated core will be
encountered unless some major source of beryllium
can be found, A request for an allotment of beryl-
lium metal for the ANP critical experiments has
been placed with the AEC by the ORNL. A re-
quest for an allotment of uranium has also
been placed by the ORNL. High-density graphite
for use in the core, either alone or in conjunction

with the beryllium, has been ordered by NEPA.,

Fig. 4 shows the method of assembling an
experimental fuel rod which closely duplicates a
nuclear composition which might occur in a metal-
cooled aircraft reactor. The moderator and diluents
are simulated by fabricating blocks of the material
and placing them on the rod in a suitable arrange-
ment. The uranium is present in the form of disks

7,
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which canbe placed to provide the desired uranium
distribution,  If lithium or sodium .is used as
coolant, it will be placed in stainless steel cans
with central holes to permit stringing on the re-
tainer rod (as in the case of graphite or bismuth

blocks).

The general arrangement of the assembly equip-
ment is shown by artist’s sketch in Fig. 5. During
the quarter, the operation of the assembly table,
which is now set up at NEPA, was tested with a

20,000-pound static load on the movable half, The

- movable half is driven by a controlled-speed

electric motor. Limit switches are located at
intervals to reduce the speed in increments as
the movable half approaches a closed position.
No difficulty was experienced in the mechanical
or electrical operation.

Tests were started on prototype safety and con-
trol rods mounted on the assembly table. Deflec-
tion tests were performed on the square aluminum
tubing to be used in the honeycomb. This was
done by loading a bank of tubes with lead bricks.
The load simulated in weight a 5-foot bismuth-
cooled reactor with a 0.3/1 free-flow ratio. This
was considered to be equa! in weight to the maxi-
mum load which the honeycomb would experience
in any likely eriticality experiment. The observed
deflection in the bottom row of tubes was only
0.005-inch, which is considered satisfactory.
There was no apparent buckling of the tube walls.

el 23
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Fig. 5 - ARTIST’S CONCEPTION OF CRITICAL EXPERIMENTS RIG

An order was placed for fabrication of a sample
section of the aluminum honeycomb.

The over-all system for electrical control and
interlock of the .assembly table and control and
safety rods has been worked out and tested in
part. Control room equipment is being assembled
in a mock-up of the control panels.

Training of the operating crew is proceeding
satisfactorily. Of the five NEPA men currently
designated for the operating crew, folr have had
experience at other sites. During the quarter, two
of these men spent some time at the General
Electric criticality site at Sacandaga, New York.

2.2 GENERAL REACTOR STUDIES AND DESIGN
(6.3 Man-months)

2.21 Open Cycle. - No general design work was
done on the open-cycle reactor during this quarter.

2.22 Compound Liquid-Coolant Cycle,

Choice of core-circuit liquid-metal coolant, -
During the quarter, the choice of bismuth as the
core-circuit coolant was re-examined in the light of
the change from the unit shield to the divided
shield as the basis for design studies. This
change has been discussed in section 3.5, page
78, of the preceding quarterly report, NEPA 1374-
IPR-52. In spite of its relatively poor character-
istics as a heat-transfer medium, bismuth was

33
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TABLE 9

DESIGN DATA, SODIUM-COOLED AND
BISMUTH-COOLED REACTORS: PHASE |

item .Design pPoint ) ‘Landing
Bi Na Bi Na

Weight fiow rate, 1b./sec. 6,974 845 6,974 845
Velocity through reactor, ft./sec. 10.6 15.6 10.6 15.6
Average coolant entrance temp., °F 1229 1229 802 802
Average coolant exit temp., O 1643 1643 1671 1671
Max. coolant exit temp., °F 1747 1747 1888 1888
Max. reactor wall temp., °F 1769 1755 1933 1905
Absolute pressure at reactor

entrance, psi. i18 107 118 107
Absolute pressure at reactor

exit, psi. 78 100 78 100
Pressure drop through reactor

core, psi. {(including

entrance and exit losses ‘

of flow passages) 40 7 40 7
Thrust force due to core ' .

pressure drop, 1b. 28,800 5,000 28,800 5,000
Flow passage Reynolds No. 210,000 470,000 210,000 470,000
Uranium investment (all effects

plus radial flattened power

distribution), 1b. ~ 250 ~ 250 ~ 250 ~ 250

_selected originally because of its very good gamia
shielding characteristics, Bismuth itself does not
become gamma active, its high density enables it
" to retain radiation from gamma-active impurities
within it, and its circulating system can be de-
signed to provide shielding against gamma activity
in the reactor core.

In the more recent divided shield concept, the
crew compartment and reactor are separated as
much as possible, and gamma shielding is pro-
vided by a combination of shadow shielding at
both of these locations. In this arrangement, the
gamma activity and shielding characteristics of
the core coolant are no longer the controlling

34

factors; therefore, heat-transfer characteristics be-
come an important consideration in the selection
of the coolant,

!

On this basis, both fithium/ and sodium are
being considered.  Lithium’/ is outstanding in
almost all respects except the almost prohibitive
cost (currently estimated) of producing a suffi-
ciently pure isotope. Sodium is also an excellent
heat-transfer fluid and is being given preferred
consideration as a substitute for bismuth in the
Phase |l application for the foHowing reasons:

1. A great amount of experimental and develop-
ment work has already been done on sodium
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systems for other nuclear and commercial ap-
plications, although this work has been lim-
ited to relatively low temperature ranges.

2. A lithium/ system, which may eventually
prove to be feasible and desirable for at least
the more advanced applications, is probably
more closely simulated by a sodium system
than by a bismuth system.

Table 9 compares sodium-cooled and bismuth-
cooled reactors for the Phase | XB-52 aircraft.

This table is based on the same average en-
trance and exit temperatures for both coolants.

The advantage of sodium therefore appears here

in the form of lower pressure drop through the reac-
tor and, consequently, the lower thrust force im-
posed on the reactor structure (see section 4.11).

A comparative weight estimate of the two core-
circuit systems, including all components, was
made on the basis of layouts illustrated in Figs.
6 and 7. The layouts show the primary gamma
shield heavy layer, equivalent to 5 inches of lead,
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wrapped closely around the reactor core and re-
flector. This arrangement favors the bismuth sys-
tem, since the bismuth coolant in the core header
spaces and in the annular flow area around the
core serves the purpose of the heavy layer. In the
sodium system, the equivalent weight of this gamma
shield layer, in the form of wolfram carbide, is
greater, because the layer is located around the
outside of the core mounting mechanism and header
volumes. The core-mounting mechanism is de-
scribed in section 2.22, page 35, of the preceding
quarterly report, NEPA 1374-1PR-52.

These layouts result in-an over-all weight of

93,000 pounds for the sodium system, compared
to 105,000 pounds for the bismuth system. In
both systems, the weight of the shielded reactor
assembly, including the coolant contained therein,
is approximately the same: ~ 85,000 pounds.
This occurs because the greater weight of bismuth,
in the bismuth system, is balanced by the greater
weight of the gamma shield layer in the sodium
system, In both systems, the combined structural
weights of heat exchanger, pumps, and ducts are
also very nearly equal: ~ 8,500 pounds. The
12,000-pound difference in over-all weight results
primarily from the high density of the bismuth in
these components outside the shield.

This estimate of weight difference is in itself

not decisive in view of the uncertainty of some ‘of
the layout details on which the comparison is
based., However, it seems likely that refinement
of- designs will further favor the sodium system
for the following reasons:

1. Optimum shield configurations currently
being studied do not utilize a gamma shield
heavy layer close to and surrounding the re-
flected reactor core (see section 3.9). The
bismuth system may therefore lose some of
the advantage of the dual function of the bis-
muth in this capacity.

2. The use of sodium permits more flexibility
in the design of the circulating system, Pres-
sure-drop calculations are currently based on
idealized flow conditions and smooth flow
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passages throughout the system. With a heavy
liquid such as bismuth, pressure drops are
appreciable, even for these conditions, There-
fore, refinements in the design of the cir-
culating system are more likely to incur
serious pressure drop penalties (and conse-
quently structural weight penalties) with the
-bismuth system than with the sodium system.
This might be a critical item within the reactor
core, where increase in structural weight prob-
ably means increase in uranium investment,.

Metallic reactor, - During this quarter, an in-
tensive investigation of reactor designs based on
the use of metallic structure and fuel element
canning was. undertaken. The use of metal is
considered for the liquid-coolant cycle reactor,
because in this case, the maximum wall surface
temperature can probably be kept below 2000°F.
The object of these studies is to determine
whether a metallic reactor core structure can be
designed to withstand the temperature distortions
and acceleration loads of aircraft application
better than the ceramic moderator type of structure.
The basic requirement in these studies is that a
minimum amount of structural and canning metal
be used in the core to prevent uranium investment
from becoming excessive.

Molybdenum has been selected as. the initial
fuel element canning material and basic structural
material within the core for the.following reasons:

1. High-temperature strength: Wall temperature
may approach 2000°F in some parts of the
reactor core. Molybdenum has some structural
strength at these temperatures, and has a very
high melting point (~4700°F).

2. Corrosion resistance: Preliminary corrosion
tests indicate that molybdenum probably will
not react with liquid-metal coolants such as
sodium, lifhium7, or bismuth, if the coolants
are sufficiently free of impurities such as
oxides, carbides, and nitrides.

3. Nuclear properties: At the start of this
investigation, available data gave only a
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thermal absorption cross-section of 2.6 barns
for natural molybdenum. From a 1/v extra-
polation, it appeared that molybdenum could
be used in a liquid-metal-cooled reactor of
2.5 to 3 feet diameter with an investment of
less than 200 pounds of uranium provided
that: (1) the molybdenum occupied only about
15 per cent by volume of core; (2) the reflector
was 5 inches thick; and (3) the moderator was
essentially beryllium, However, the additional
cross-section data received during this quarter,
and discussed in section 2,11 of this report,
indicate somewhat less favorable values.
Therefore, the permissible volume of molyb-
denum in the core may be less than 15 per cent
(see section 2,11). Further investigation is
necessary before the over-all effect of these
new data can be evaluated. However, two
alternative can be immediately suggested:

a. Molybdenum92 is known to have a much
lower thermal cross-section than natural
molybdenum. The separation of isotopes is
a very costly process and may not be fea-
sible,

b. Metals (such as stainless steel) which
have satisfactory resistance to corrosion and
better nuclear properties may be substituted
for molybdenum in the cooler portions of the
of the pile, where temperatures are not ex-
cessive,

~—
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Sodium outlet temperature,

OF, average .............. 1670
Sodium outlet temperature,

OF, maximum . .....0e..... 1900
Sodium flow, Ib./sec. ....... 950

The investigation thus far has developed the

following alternate approaches to three basic
aspects of the design:

1. Flow-tank versus flow-channel core con-
figuration: Reacter designs based on the use
of ceramic moderator as the structural ma-
terial within the core generally confine the
coolant flow within continuous channels
through the fuel-bearing moderator, as illus-
trated in Fig. 8. This ceramic type reactor is
discussed in detail in the preceding quarterly

report, NEPA 1374-IPR-52,

From the above considerations, the following
modification of the specifications for the IL1 air-
craft under landing approach conditions were
selected as the basis for these design studies:

Reactor coolant . . . ......... sodium
Core diameter (ft.) . . ........ 2.5
Reflector thickness (in.) ...... 5
Reflector outside diameter (ft.) .. 3.33
Max./avg. power, longitudinal. .. 1.25
Max./avg. power, radial . . . . ... 1.07
Avg./min.flow .......... .. 1.18
Power {(Btu./sec.).......... 250,000
Sodium inlet temperature, °F. . .. 800

SECRET

Fig. 8 - CERAMIC FUEL ELEMENTS

The use of metal for canning fuel elements
suggests the possibility of spanning lengths
of the coolant-filled reactor shell with the
canned fuel elements, so that they are sur-
rounded and separated by the flowing coolant,
Fig. 9 illustrates this with the fuel elements
in the form of canned rods.
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‘POWER CONTROL ROD

ALTERNATE INTERVEDIATE
FUEL ROD SUPPORT

Fig. 9 - FUEL-ROD TYPE REACTOR DESIGN

Several features of this approach are of in-
terest, Thermal expansions and distortions
can occur locally to some extent without
affecting the rest of the structure. Cross-
current circulation of the coolant across the
fuel elements can occur, possibly preventing
major local hot spots from forming in the core.
In comparison to a tubular channel configura-
tion, the rod arrangement gives the same flow
and heat transfer surface areas with a coarser
configuration; i.e., a smaller number of larger
fuel elements. This is desirable in order to
reduce the weight of metal canning material.

2. The use of special metallic structure with-
in the core to supplement or replace the fuel
element cans as load-bearing structure: Fig,
9 illustrates an approach to the one extreme
of using only the fuel element can for structure
within the core. Fig. 12 shows an approach
to the opposite extreme, using a metallic box

[ ] 4

PA

FUEL BEARING MODERATOR

grid within the core to support groups of fuel
and moderator elements, The principal ad-
vantage in this case is that the box grid metal
does not contain heat-producing fuel, and
therefore will operate at lower temperature
than the metal in the fuel element cans, These
designs are discussed in detail later,

3. Canning of fuel and moderator together
versus separate fuel and moderator elements:
Fig. 10 illustrates a fuel element rod con-
sisting of uranium-bearing moderator contained
within the metal can. A small amount of liquid

METAL CAN

Fig. 10 - METALLIC FUEL ROD (FUEL IN MOD-

ERATOR)
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> metal is included within the can as a heat-
transfer agent in the interface between the
: moderator and can. The requirement to mini-
mize the amount of metal in the core can best
be met by using a small number of large-
diameter fuel rods. However, the temperature
- .at the center of the rod increases rapidly as
rod diameter is increased. One way to mini-
mize this temperature effect is to sandwich
the fuel, in the form of a uranium dioxide—
molybdenum metal-ceramic, between the double
walls of the can, as shown in Fig. 11. This

FUEL CERAMET METAL CLADDING

MODERATOR

’ Fig. 11 - METALLIC FUEL ROD (FUEL SANDWICH
WALL)

—FOURTH QUARTER, FISCAL YEAR 1950

design does not use the metal in the can
efficiently from the heat-transfer standpoint,
since only one of the double walls of the can
is in contact with the coolant. Therefore, as
an alternative, consideration is being given
to configurations in which alternate layers of
fuel sandwich and moderator are separated by
coolant streams. Fig. 14 shows one such
arrangement for use in the box grid design of

Fig. 7.

The designs discussed in this report are of an
exploratory nature. The final reactor design will
probably represent some compromise among the
extreme design alternatives discussed above,

Beam and column leading are basic character-
istics of the open structure of the designs dis-
cussed below, Therefore, deflection, buckling,

and creep at high temperature are critical stress
problems. Some preliminary work has already been

Fig. 12 - PHASE | SODIUM CIRCUIT REACTOR; METALLIC BOX-GRID CORE
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done, but, as a basis for more refined stress
analysis, a careful study is being made of the
direction, magnitude, and duration of aircraft
maneuver and gust loads, and the safety factors
with which they must be applied to the reactor
structure, A study is also being made of analyti-
cal procedures for calculating combined elastic,
creep, and temperature stresses and deformations.

Reactor fuel rod design, - The first proposal
(shown in Fig. 9 (a)) consists of a round tube de-
sign utilizing combination fuel and moderator
elements canned with molybdenum and supported
at each end in tube sheets. In addition to the
specifications listed above, the following con-
ditions prevail:

1.05
0.106

Tube diameter (in.) .......
Tube spacing (in.) .......
Tube arrangement . ....... Triangular
Coolant flow-area ratio . ... 0.25/1
Core pressure drop (psi.) ... 10

Core velocity (ft./sec.) .... 20
Maximum fuelrod surface
temperature (°F) . . .......

Tube wall thickness (in.) ...

2000
0.020

In this proposal, there are approximately 600
tubes with a maximum length of 45 inches. The
30-inch center sections of the tubes contain fuel,
while the end sections are reflector only. Seven
of the tubes are replaced with control rods. The
ends of the tubes are necked down to 0.25-inch to
fit into tube sheets so that each tube is a simple
beam freely supported at each end. There are no
intermediate supports or spacers in this configura-
tion, Provision must be made to provide stops

and clearance for lengthwise expansion of the
rods,

The tube sheets are curved to reduce stresses
induced by coolant pressure drop across the re-
actor core from inlet to outlet. With proper stiff-
ening, a plate thickhess of approximately 2 inches
would probably be required to keep stresses to an
allowable maximum of 5,000 pounds per square
inch. This plate will have holes for both the
coolant flow and the fuel rods. |f the number of

I NEPA PROJECT PROGRESS REPORT

fuel rods increased appreciably, it might be diffi-
cult to maintain the 0.25/1 free-flow ratio in the
tube sheet. Since the tube sheet is not subjected
to maximum temperatures approaching 2000°F (as
in the fuel elements) it is reasonable to assume
that it can be made from a stainless steel such as
type 310 (25 Cr - 20 Ni) rather than from molybde-
num. The tube sheets have radial extensions or
spokes which engage radial slots in the outer
structure and provide mounting and centering for
the reactor core. This arrangement permits ex-
pansion of the core relative to the container with-
out loss of centering.

Stress analysis of the basic rod design in the
horizontal position shows that total deflection is
marginal when using a single span. For a 1.05-
inch diameter tube with 0.020-inch wall thickness,
45 inches long, filled with beryllium moderator
contributing weight but no strength, the calculated
results are as follows:

Elastic | Max. A ditional
Lo.ad peflection | Stress E§t|mated Ad xtlon: "
{a's) (in.) (p.sni.) Deflection Due to Creep at 2000°F
1 0.0192 1420 llxlo's(in. )/br. | 0.004(in.)/100 hr,
1.5 | o.0288 2130 | 28x10~5(in. )/hr.
3 0.0576 4260 0.01(in.)/hr. 0.10{in.)/10 hr.
6 0.1152 8520 0.28(in.)/hr.
12 0.230% 17040
18 0.3456 25560

Since molybdenum has an anticipated 1000-hour
stress, for rupture, of 5000 pounds per square inch
and an ultimate strength of approximately 30,000
pounds per square inch at 2000°F, the stresses
are not considered unreasonable. The extreme
maximum stress would probably be encountered
under crash-landing conditions—a load of approxi-
mately 12 g. The deflections, however, become so
large that intermediate supports are desirable, if
not wholly essential. During the life of a reactor
(100 hours) a total deflection of 0,220-inch would
occur. This deflection would consist of an elastic
deflection at 6 g of 0.115-inch, plus a "10-hour
creep deflection at 3 g of 0.101-inch plus a 100-
hour creep deflection at 1 g of '0.004-inch. If
smaller outside diameter fuel tubes are used to

* ‘ SECRET -

¢ 43

©0 ©06 §& 000 ¢ 0G0 0B

o

n

o

2o

o

(-]
e
[3H
°CA?

PA



I FOURTH QUARTER, FISCAL YEAR 1950
(,

e

{ 1‘!“

©0 000 o 0 0 00 ©e © 0 000 O 003 39
e o o o o o o 0 o 3 o > 2
% o ©o o © o o o Qoo o & o 3 3
@ 0 00 0 00 O o o o0 > %
° o o o o © o o o0 o o o = o -

00 000 o 000 © 00 ©O ° o 9 200 52

SECRET

reduce the internal tube temperature (this is de-
sirable), deflections are larger and intermediate
supports are probably essential.

Alternate fuel rod design, - An arrangement with
a single intermediate support is also shown in
Fig. 9 (b). Based on the 1.05-inch tube size of
the first proposal, the stresses in the table above
would be reduced by a factor of 4. This would
reduce the estimated additional deflection due to
creep to more acceptable values. The elastic
deflection would be reduced by a factor of 16, and
thus would not be a serious problem,

Several methods of intermediate support are
possible and have been laid out. Only one, con-
sidered the best, is shown in Fig, 9 (b). Heavy-
wall machined connectors are welded to the open
ends of each section of tube. Lugs attached to
these connectors rest against adjacent tubes and
provide proper spacing, The connectors are also
heavy-walled enough to carry a load through the
middle section of the reactor. The lugs do not
appreciably interrupt the coolant flow, and no
additional tube sheet is necessary.

In criticism of either of the tubular proposals
it can be said that:

a. Apparently, roo much metal is required,
Calculations show weights of 460 pounds for
1.05-inch tubes with 0.020-inch walls, and
744 pounds for 1/2-inch tubes within the core.
This is enough material to cause serious
poisoning, particularly if molybdenum is used.
Weights could be halved by the use of 0.010-
inch-wall tubing.

b, The metallic walls of the fuel elements
running at the maximum temperatures of the
entire cycle (approximately 2000°F locally)
are subjected to serious structural loads.

A more detailed temperature and stress analysis
is under way, Further results will be reported
during the next quarter,

!

Box grid reactor design, - In view of the thagni-
tude of the element-wall structural loads¢ noted
above, another proposal has been laid out. This
configuration (Fig. 12), which shows promise, is
a metallic grid structure that supports the fuel
elements and the moderator. The structure is
surrounded by coolant, The design uses five
supports, each having a 4-inch-square section, to
reduce the maximum span for a fuel element or
moderator section to 10 inches, The design can be
adapted to various types of fuel elements which
can be made up in 4-inch-square bundles and in-
serted in the sections., Round rods can be used
(Fig. 13) or flat-plate type ‘‘sandwich’’ fuel
elements can be inserted with moderator in be-

tween (Fig. 14).

13 - METALLIC FUEL RODS (4-INCH-SQUARE
BUNDLE)

Fig.

FUEL SANDWICH
MODERATOR

Fig. 14 - SANDWICH TYPE FUEL ELEMENTS (4-

INCH-SQUARE BUNDLE)

The structure can be made of sheet-metal sec-
tions welded together, The vertical members are
0.100-inch thick. The horizontal members have a
thickness of 0.150-inch. This configuration re-
sults in a metal (molybdenum) weight of only 50
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inside the core, with an additional 13

pounds
pounds between the core and the reflector. In this
design, the fuel elements do not have to provide
much structural strength., They merely rest on a

cooler structure already provided, Heavy tube
sheets at the ends are not needed; thus, pressure
drop through the tube sheets is eliminated. Coarse
screens or strips are provided at the ends to retain
the fuel elements. The supports are located so
that the fuel elements can be made up in con-
venient short lengths to allow easy assembly or
replacement.  Nonuniform longitudinal or radial
distribution of wuranium can be accomplished
easily, The fuel is relatively easily removed
without destroying the entire reactor, This makes
for ease in testing and fuel recovery.

The entire core-and-reflector assembly is mount-
ed internally on the pressure shell by means of
front and rear rings with a radial spline arrange-
ment similar to that described for the tubular de-
sign. Since the front and rear rings were held to-
gether through the grid, it is possible to remove
the entire core and reflector as a unit for servicing.

Reactor control rods and actuators. - Present
ideas about control rod configuration have been
influenced mainly by the effects of the rods on
density distribution, reactor design, and safety.
Two types of roeds are now proposed:

1. Rods, situated longitudinally in the reactor
reflector, which rotate through 180° and
position absorbing material either close to the
core or approximately the reflector thickness
away, from the core.

2. Rods moved axially into or out of the re-
actor core proper.

A total of seventeen rods is currently assumed.
There are ten reflector type rods, whose diameter
is approximately equal to the reflector thickness,
with the absorber material introduced as a section
of the periphery. Seven core rods are assumed.
One of these is centrally located in the core; the
other six are equally spaced on the circumference
of a circle having a radius of four-tenths that of
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the core.. Fig, 15 shows some of the mechanical
details of reflector and core rods and their instal-
lation in the reactor,

REFLECTOR CONTROL ROD

CORE CONTROL ROD

b e i - St v §
R Ssbamr sy 14 e —

Fig. 15 - CONTROL ROD DETAILS

Actuation methods for both types of rods are
being investigated. Methods of interest include
the use of the magnetic clutch and mechanical
movement, hydraulic, pneumatic, or solenoid actu-
ators, or hybrid types embodying desirable features
of all. These classes are named in order of choice
at present, but all are being thoroughly investi-
gated.

The control rods are intended to operate as fol-
lows:

1. Reflector rods are designed to control tem-
perature-reactivity effects, and will be rotated
from the ““in’’ position to the ‘‘out’’ position
as the reactor temperature is changed from
cold to the operating range. These rods will
be individually actuated for safety purposes
and may be used as shutdown controls with

very short operation times.

>
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2. The six core rods positioned concentrically
at four-tenths of the core radius will be used
to compensate for reactivity changes caused

by depletion, xenon poisoning, etc. These rods

also will be individually actuated for safety
use.

3. The center rod will be used tomake dynamic
power control changes and will be constructed
with only enough reactivity effect to make
these changes within the times needed to meet
transient demands. The center rod is desir-
able for power control because the power dis-
tribution is not radically disturbed by move-
ment of the rod, provided that the fuel is prop-
erly distributed in the core.

All rods but the center one will be stepped indi-
vidually through predetermined distances. Move-
ment of the outer rods will occur when the center
rod reaches’a certain displacement from its central
position. This method of control has the advan-
tage of extreme positioning accuracy for the greater
number of rods, and the positioning accuracy of
the dynamic control rod is given greater latitude.
The outer rod motion will be insensitive to small,
rapid oscillations of the central rod.

The reflector control rod mechanical design
shows a thin-tube shell with welded end pieces
(used to decrease the diameter to that of the bear-
ing journal). The core coolant will be allowed to
flow inside this tube and around the reflector and
absorber material for cooling. Coolant flow meter-
ing may be obtained by a metering orifice within
the angle drive and trunnion shaft. Longitudinal
strengthening ribs are to be welded to the tube
interior; these form positioning stops for the ma-
terial segments. The reflector material may be
fabricated in sectors to fit closely (but not at-
tached) to the tube, Sectors are used so that
needed coolant passages may be grooves on the
sector faces. The absorbing material covers a
120° arc on the rod periphery with sufficient

thickness to provide the desired absorption,

The core rods will be inserted into the core and
pressure-shell assembly with a canning tube

around each rod, This tube can is sealed from the
core coolant, and the actuator end is sealed to the
pressure shell, An auxiliary coolant fills the

space between the tube can and the absorber rod,

The absorber rod is supported within the tube can
by a roller and universal linkage. This linkage
breaks the rod into three pieces, allowing de-
flections within the core without binding of the
control rod. -

Present estimates indicate that each reflector
and core rod (with exception of the center rod)
should supply approximately 1 per cent reactivity
change. The center rod reactivity effect can be
made smaller than 1 per cent--probably small
enough to insure that the reactor does not become
supercritical by an amount greater than the delayed
neutron contribution,  This would prevent the

‘dynamic control rod from being capable of making

the reactor prompt critical. The servo-actuator
specifications are tentatively set to control the
power within plus or minus 3 per cent, and to have
frequency response well above expected power

fluctuation frequencies, which are assumed to be

10 cycles per second or less.

Fig. 16 shows schematically a shielded reactor
assembly with an arrangement of mechanical
drives between the control rods and servo actu-
ators. Since the type of servo actuator has not yet

e
b i
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Fig. 16 - CONTROL ROD DRIVE TAKE-OFFS
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been selected, only the general locations are indi-
cated here. While a multiplicity of actuators intro-
duces undesirable complexity, individual actuators
for each rod have been used for safety reasons.
The actuaters may be arranged radially around the
reactor, but this drawing shows them staggered and
brought to the top (to facilitate gas sealing and
prevent the escape of liquid coolant or core fluid
in case of mechanical seal failure). ’

2.23 Compound Helium Cycle. - No general design
work was done on the compound helium cycle
during this quarter.”

2.24 The ARE. - The Oak Ridge National Labora-
tory has started planning a small experimental
reactor as a part of its share of the ANP program.
This reactor is to be as nearly as possible a
replica of the reactor finglly selected for the first
nuclear powered aircraft, except that its power
level will be of the order of 1000 kilowatts instead
of a few hundred thousand kilowatts. [t has been
decided that the planning of this reactor (the ARE,
aircraft reactor experiment) will be based on the
assumption that it will be of the liquid-metal—
cooled type. Since the ARE is supposed to be of
the same type as the final aircraft reactor, and
since the type of the latter has not-yet been
chosen, it is evident that the planning of the ARE
at this time is somewhat general, Accordingly,
the ORNL has turned to an exploration of the pro-
blems of high-powered metal-cooled aircraft re-
actors in an effort to arrive at the design which the
ARE is to simulate. NEPA also is engaged in
this work, and is assisting the ORNL in other
parts ‘of the ARE programs, including reactivity
analyses and reactor control,

If the cycle finally chosen for the ARE is not

the liquid-metal cycle, the planning of the ARE
will shift to the cycle chosen,

2.3 REACTOR MATERIALS
(219.4 Man-months)

During this quarter, increased emphasis has
been placed on investigations of metallic materials
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for both the reactor proper and the heat exchanger.
The work on molybdenum—uranium oxide has been
expanded. Creep testing of this system should
start during the coming quarter. Other compositions
involving beryllium and its alloys are being given
a cursory examination. Testing of possible heat
exchanger materials has been extended to include
sodium as a coolant, In addition to the agitator
tests on various materials, creep testing of type
‘347 stainless steel in sodium has been begun., It
is expected that there will be reportable data on
solubility and creep during the coming quarter.

As a result of the 5th coatings conference held
at Battelle Memorial Institute, the coatings testing
committee convened at Qak Ridge for a special
meeting. "It was decided that the time for testing
a prototype element under simulated operating
conditions had arrived, as any further real progress
on coatings will be dependent upon a better under-
standing of the operational problems.

Thermal stress studies have resulted in shifting
the emphasis on beryllium carbide matrix bodies
from the 88 per cent beryllium carbide ~ 12 per
cent carbon composition to one of 70 per cent
beryllium carbide — 30 per cent carbon. The latter
composition appears to retain a sufficient amount
of self-healing (as evidenced by the formation of
a beryllia film) upon exposure to air. Coating
studies now in progress will aid in further evalu-
ating this composition.

2.31 Air-Cycle Materials.

Synthesis of beryllium carbide. - A total of
approximately 150 pounds of nominal grade beryl-
lium carbide powder was prepared for NEPA by
the Fansteel Metallurgical Corporation.  This
significant increase in quantity is due primarily
to the setting up of production schedules and the
use of highly compacted mixtures of the reactants.
Yields of from 75 to 88 per cent of theoretical are
now being attained. BeoC content is being main-
tained above 94 per cent; in several instances
batches analyzing 96 per cent BeoC have been
made, The following is a typical analysis:
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BeoC 94.82 per cent
BeO 1.13

BegN, 2.94
BeO*H,0 0.10

Free C 0.96

Free Ho0 0.06

§i0y 0.05

Total 100.06 per cent

As reported last quarter, the difficulty of ob-
taining pure beryllium carbide is related to the
presence of nitrogen. The nature of the solid
solution of beryllium nitride (BeqNy) in beryllium
carbide is now evolving., Beryllium carbide and
beryllium nitride are considered to be ionic struc-
tures, with beryllium carbide being referred to a
face-centered (anti - CaF 5) structure, and beryllium
nitride to a body-centered (Mn203) structure,

The latter structure may be thought of as a dis-
torted calcium fluoride structure, with one-quarter
of the beryllium atom sites vacant. As nitrogen
atoms displace carbon atoms in the structure
(with distortion and shrinkage of the lattice),
beryllium atoms are also displaced, and these are
reconstituted with nitrogen atoms to form additional
beryllium nitride in solid solution. The system
then consists of beryllium nitride in solid solu-
tion in beryllium carbide, beryllium carbide in
solid solution in beryllium nitride, and carbon set
free to form graphite. It is now thought that

“nitrogen-free material may be produced,and a de-

termined effort will be made during the coming
quarter to do this.

Fabrication studies of beryllivm carbide=base
bodies. « In an attempt to improve the thermal
stress resistance of beryllium carbide—graphite
bodies with the least sacrifice in the moderating
power of the body, thermal stress specimens con-
taining 70 per cent grade 46 beryllium carbide and
30 per cent graphite have been fabricated by hot-
pressing techniques. Densities of 2.3 to 2.35
grams per cubic centimeter were achieved. The
variations in density were apparently a function of
the initial grain size of the beryllium carbide. The

two mesh sizes studied were minus 200 and minus
325, Higher densities were obtained with the finer
carbide particle size. These densities are as high
as those of previously fabricated bodies contain-
ing higher carbide percentages. Fabrication of the
70-30 composition thermal-stress tubes presented
no major difficulties.

The incorporation of uranium in fuel element
bodies may significantly influence the therinal
stress resistance of the element, A number of

beryllium carbide-base bodies containing neormal
uranium carbide additions have therefore been
prepared for thermal stress testing. A powder
mixture containing 78 per cent of an 88 per cent
beryllium carbide ~ 12 per cent graphite mixture
and 22 per cent uranium carbide was hot pressed
into a high-density tube ot 2000°C (3630°F). How-
ever, a liquid constituent, presumably rich in a
beryllium—carbon—uranium eutectic, was exuded
from the compact during pressing. A representative
photomicrograph of the body is presented in Fig.
17. This structure consists of massive beryllium
carbide grains (gray) in a network of uranium
dicarbide (white) and contains free graphite. This
structure is generally similar to those observed by
Battelle for sintered beryllium carbide—uranium
carbide specimens containing no free carbon.

Fig. 17 - PHOTOMICROGRAPH OF HOT-PRESSED
BERYLLIUM CARBIDE-~GRAPHITE-URANIUM CAR-
BIDE BODY (500X) ~

Recent information indicates that the eutectic
composition contains approximately 5 per cent
berylium by weight.
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Thermal cycling. - Of interest to the matrix
materials program is the influence of repeated
thermal cycling on various physical properties of
reactor components, Standard modulus-of-rupture
bars (2 1/4 inches by 1/4 inch by 1/8 inch) of
hot pressed 88 per cent grade 46 beryllium carbide—
12 per cent graphite (atomic composition: BeoC +
1/3C) were heated from room temperature to 2500°F
in 1 1/2 minutes in a protective hydrogen atmos-
phere. After soaking at 2500°F for 3 minutes, the
samples were. cooled to within a few hundred
degrees of room temperature in approximately 2
minutes. This procedure was repeated for each
cycle. Specimens were tested after two, five, ten,
and twenty-five cycles. The specimens were
loaded to failure in the standard flexure test to
obtain the modulus of rupture and modulus of
elasticity., The specific electrical resistance of
both halves of each broken specimen was then
measured. The resulting data are plotted in Fig.

18. '

THERMAL CYCLING TO 25000F; BARS HOT-PRESSED FROM 88 PER
CENT 8£,C (GRADE 46) - 12 PER CENT GRAPHITE MIXTURE

PER CENT CHANGE

o 5 10 15 20 25

NUMBER OF CYCLES

Fig. 18 - EFFECT OF THERMAL CYCLING ON THE
CHARACTERISTICS OF Bezc—GRAPHlTE BARS

Thermal cycling is seen to decrease the modulus
of elasticity, the strength, and the electrical. re-
sistance of the mixture. The effects are most
pronounced during the first ten cycles. In this
region, approximately two-thirds of the total
decrease in the strength and stiffness occurs,
along with over three-quarters of the total electri-
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cal resistivity decrease. There is a further de-
crease up to twenty-five cycles, but the curves
tend to flatten in this region.

This experiment was of an exploratory nature,
and certain limitations are evident. The relatively
thin bars may not be as susceptible to thermally
induced stresses as other more complex or larger
shapes. Contaminants in the hydrogen atmosphere
may have reacted with the specimens and con-
tributed to the observed changes. Carbonaceous
decomposition products from the graphite cover
also may have had a similar influence, especially
on the electrical resistivity values. Analysis of
these specimens (now in process) and further cycl-
ing tests should provide additional information.

The thermal expansion of 100 per cent beryllium
carbide (grade 46), beryllium carbide—graphite, and
,graphite is shown in Fig. 19. The beryllium
carbide-base bodies were prepared by hot press-
ing. It is significant to note that a 12 per cent
graphite addition has no effect on the expansion of
beryllium carbide, and that as much as 50 per
cent graphite addition lowers the expansion but
slightly. The average expansion of the KS graph-
ite is seen to be much lower than that of beryllium
carbide with or without the graphite addition.
A series of resistance measurements were con-
ducted to investigate heating methods to be used

20.0

e

16.0 L O/

A S

100% BE,C [GRADE 46)
88% BC,C - 12X C
£0% BL,C - 50% €
TYPICAL GRAPHITE

so | M’%
o } so3 b iznc O/D/

»Qo>

EXPANSION
NILLIINCHES PTR INCH

TOWRERATURE - HUNDREDS OF DEGREES F

- Fig. 19 - EXPANSION OF BERYLLIUM CARBIDE,
GRAPHITE, AND BERYLLIUM CARBIDE-GRAPHITE
MIXTURES
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in coating experiments, and also for correlation

of the "‘before-and-after’’ tests of the radiation
damage program,

The specific electrical resistance of 100 per
cent grade 46 beryllium carbide was observed dur-
ing repeated heatings to temperatures in excess of
2000°F. All tests were conducted in a vacuum to
minimize oxidation and nitriding of specimens.
The following trends were noted:

1. Data on virgin specimens agree over the
entire temperatfure range.

2. During the second runs, the specific resist-
ance is generally higher than during the
initial runs,

3. After the first run, the specific resistance
values do not agree quantitatively, although
the curves all have the same genéral shape. At
higher temperatures, the curves converge and
are similar. The specific resistance is de-
pendent upon the highest temperature reached
in the previous tests.

4. The resistivity decreases sharply above
room temperature, reaching a minimum between
100° and 150°F, and rising to a maximum near
500°F. Between 500°F and 1000°F, the re-
sistivity decreases rapidly, followed by a
gradual decrease as the temperature increases

to 2500°F.

In Fig. 20, data are plotted for two consecutive
runs on duplicate specimens. These are typical
of the many tests of which have been conducted.

Thermal emf of beryllium carbide., « During the
course of the electrical resistance experiments,
some anomalous results were obtained. A sur-
prisingly high thermal emf was developed by a
beryllium carbide~molybdenum differential thermo-
couple formed by the molybdenum potential leads
and the beryllium carbide specimens. The emf’s
developed at each end of the specimen are in
opposition and should tend to nullify each other.
However, the beryllium carbide—molybdenum

SECRET
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DATA FOR EACH RUN ARE THE
AVERAGE OF TWO SPECIMENS,

SPECIFIC ELECTRICAL RESISTANCE --

0.2 L

TEMPERATURE « WUNDREDS OF DEGREES F

Fig. 20 - EFFECT OF TEMPERATURE ON THE
SPECIFIC ELECTRICAL RESISTANCE OF GRADE
46 BERYLLIUM CARBIDE

thermocouple was so effective that an appreciable
emf was generated by the relatively small thermal
gradient along the length of the specimen.

Tests were conducted with platinum as a refer-
ence leg to determine the magnitude of this emf
output, Since, at present, beryllium carbide bodies
cannot be fabricated into wire form, it was neces-
sary to measure emf as a function of the tempera-
ture differential caused by heating one end of a
rod. With a relatively short rod of 100 per cent
grade 46 beryllium carbide, the emf generated
was 65 millivolts for a differential of 250°F.
Using a longer rod of 90 per cent beryllium car-
bide—10 per cent graphite, the emf generated was
175 millivolts for a differential of 2000°F.

From Fig. 21, it may be seen that the beryllium

carbide—versus—platinum emf output is many times
greater than the output of conventional thermo-
couples such as chromel versus alumel or platinum
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Fig. 21 - THERMAL EMF OUTPUT OF BERYLLIUM
CARBIDE-CARBON BODIES VS. PLATINUM AS A
FUNCTION OF TEMPERATURE DIFFERENTIAL

‘versus platinum-rthodium. It is also significant
that the addition of 10 per cent graphite to grade
46 beryllium carbide greatly diminishes the emf
output below 600°F. Above this temperature, the
slopes of the curves are similar, Near 600°F,
the electrical resistivity of beryllium carbide
drops sharply as the temperature is increased.

Although platinum wire was chosen as one leg

of the thermocouple because it is a usual standard,

a much higher emf output can be attained using
molybdenum with the beryllium carbide.
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Since the *‘cold" ends of the beryllium carbide
rods in fhgse tests were heated by conduction from
the “‘hot"’ ends, the curves may be displaced some-

what from those obtained using a ‘‘cold’’ end at
constant temperature,

Beryllium carbide shows promise for accurate
temperature determinations to a fraction of a de-
gree over a small temperature range as a con-
stituent of a high-emf-output high-temperature
thermocouple, and as a self-contained specimen
with a minimum of lead wire in which the change
in emf output may be a measure of radiation
damage:

Flexure testing of beryllium carbide. - The
results of a series of flexure tests conducted on
microspecimens of beryllium carbide are pre-
sented below, with previously obtained data on
larger specimens. The specimens were machined
from grade 46 beryllium carbide hot pressed at
3632°F and 2500 pounds per square inch. It may
be seen that the specimen size and shape do not
greatly influence the values obtained.

To determine the effect of previous strain
history upon the modulus of elasticity in flexure,
a cyclotron specimen was loaded and unloaded
four times to a maximum outer-fibre stress of
6500 pounds per square inch. A trend toward
stiffening of the material was noted, but at the
higher stresses the slopes of the deflection
curves were similar. Thus it appears that the
load applied to determine elasticity before irradia-
tion will not in itself appreciably affect the
modulus of elasticity after irradiation.

The Battelle Memorial Institute program on
sintering of beryllium carbide—base bodies has
been de-emphasized. Some of the specimens of
beryllium carbide—matrix bodies prepared contain-
ing uranium carbide have exhibited more strength
than others, One specimen in particular, fired in
the usual manner, showed a modulus of.rupture
valve of 22,200 pounds per square inch. Photo-
micrographs of this specimen are shown in Fig.
22, The rounding of the beryllium carbide grains
is attributed to limited solubility at the sintering
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- TABLE 10
FLEXURE TEST DATA, Bezc MICROSPECIMENS
) ) Modulus Modulus
Span | Specimen | Specimen |Breaking of of
Type Specimen Length Width Thickness Load Rupture Elasticity
(in.) (in.) (ln'.) (1b.) (psi.) (105 psi.)
Bezc cyclotron 0.375 0.275 0.025 3.1 10,300 10.2
Bezc cyclotron 0.375 0.275 0.025 3.8 12,400 16.9
Bezc cyclétron 0.375 0.275 0.025 3.1 10,100 15.6
Be,C cyclotron 0.375 0.200 0.036 4.6 10,000 10.1
Bezc flexure 1.0 0.252 0.127 28.5 10,400
Bezc flexure 1.0 0.266 0.126 19.1 10,200 12.5
Bezc flexure .0 0.243 0.125 20.3 12,000 18.2
Bezc flexure 1.0 0.244 0.125 19,9 11,700 23.6
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Fig. 22 - PHOTOMICROGRAPHS OF POLISHED SECTIONS OF SPECIMEN HUM-77
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temperature, with formation of a liquid phase of
beryllium carbide in uranium dicarbide, The ura-
nium compounds were reported to have a signifi-
cantly expanded lattice.

Beryllium carbide=beryllium body fabrication. -
Experimental hot pressings were made of a 50
per cent minus 200 mesh beryllium carbide, 50
per cent minus 200 mesh beryllium metal (by
volume) mixture. Temperatures from 1175°C to
1250°C (2150°F to 2280°F) and pressures of
1800 pounds per square inch to 2300 pounds
per square inch were used. Hot pressing was con-
ducted in a hydrogen atmosphere. Densities 92
per cent to 95 per cent of theoretical were ob-
tained. Fig. 23 is a photomicrograph of the 95-
per-cent dense specimen. The excess of voids
resulted from dislodging beryllium carbide particles”
during polishing. Fig. 23 also shows a 2500X
photomicrograph which indicates the absence of
any noticeable reaction zone between beryllium
(white) and beryllium carbide (gray). These com-
pacts were pressed within a molybdenum liner to
avoid reaction between beryllium and the graphite
dies. Under these conditions, beryllium reacted
with the molybdenum. A similar reaction was
observed in experiments conducted for the liquid-
metal cycle, and is discussed under section 2.32.

Beryllium carbide~beryllia bodies. - An investi-
gation of the effect of carbide particle size on the
thermal-stress resistance of beryllium carbide-

»
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beryllia matrix bodies has been continued, Ther-

.mal-stress tubes have been machined from massive

hot«pressed bodies containing 40 per cent minus
325 mesh beryllic mixed with 60 per cent nomina!
grade beryllium carbide powder,

Physical tests of these specimens are not yet
complete. From a fabrication standpoint, little
difference has been noted (other than a minor
increase in compact density) with reduced carbide
particle size. Thermal stress specimens of beryl-
lia containing no carbide additions were hot
pressed using minus 325 mesh beryllia, and were
submitted for comparative purposes. The average
density for these bodies was 2.9 grams per cubic
centimeter.

Severe difficulties have been experienced in
coring or drilling holes through massive sections
of hot-pressed beryllium carbide or beryllium
oxide bodies during the machining of thermal-
stress specimens. If graphite core rods are used
to mold the bores directly during the hot-pressing
operation, subsequent shrinkage of the body in-
variably results in cracking due to differential
thermal contractions, A successful method for

overcoming this condition was developed. Graphite
powders were tamped into a thin-walled com-
bustible tube which served as a compressible core
rod with a ‘compression modulus matching the
compression modulus of the material being hot
pressed. Fig. 24 shows a beryllium carbide-base

Fig. 23 - MICROSTRUCTURE OF HOT-PRESSED BERYLI:IUM CARBIDE~-BERYLLIUM METAL BODY.
(A) UNETCHED (100X), (B) UNETCHED (2500X)

SECRET
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Fig. 24 - MOLDED BERYLLIUM CARBIDE BASE BODY
USING NEW TECHNIQUE

body with nine holes molded in this fashion. A
photograph of the die and paper tubes preparatory
to loading is shown in Fig. 25. This method lends
itself to the molding of intricate bores, ‘and is also
advantageous in that it provides a more uniform
over-all density of the final body.

Fig. 25 - DIE ASSEMBLY FOR MOLDING NINE-HOLE
SPECIMENS
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The effect of sintering beryllium carbide-base
bodies under gas pressure is being investigated
with Battelle’s new pressure-sintering furnace.
Since Battelle’s usual method of sintering employed
temperatures in the beryllium carbide decomposi-
tion range, some beryllium was lost through
vaporization. The new equipment has lowered
the effective sintering temperature by more than
200°F, and provides a sounder body, since the
beryllium is retained.

Three-component-system oxide additions (such
as barium carbonate~titania-silica) to beryllium
carbide—matrix bodies have given an improvement
in specimen resistance to oxidation. The resist-
ance to hydration is greater when minus 100 plus
200 mesh oxides are used than when the specimens
are prepared from material of finer size.

Thermal-stress testing of beryllium carbide. -
Thermal—stress testing was continued during the
quarter, using the small apparatus described in a
previously quarterly progress report (NEPA 1281),

Tests were run on beryllium carbide mixtures
in order to determine their relative resistance to
thermal rupture.  These specimens were of a
standard tubular shape, externally heated by
radiation, and internally cooled by radiation to a
tube containing an air-water. mixture. Tempera-
tures were maintained between 2500°F and 1500°F,
One set of samples ranged from pure beryllium
carbide through a graduated mixture with beryllia
to pure beryllia. The other set of samples ranged
from pure beryllium carbide through a graduated
mixture with graphite. Mixtures with more than 30
per cent graphite had such a high resistance to
thermal stress that it was not possible to maintain
temperatures within the 2500°F - 1500°F range and
obtain rupture. Fig. 26 is a plot showing the
relative resistance to thermal rupture as a function
of composition.

In an attempt to break the 50 per cent beryllium
carbide—~50 per cent graphite mixture, very high
power densities were used. As a result, the outer
surface of the cylindrical specimen was raised
above the decomposition temperature. Smaller
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BE,C-BEQ

RELATIVE POWER FLOW THROUGH
SPECIMEN AT FAILURE

10 20 30 40 S0 60 70 80 90 100
PER CENT OF ADDITION
PURE BE,C '

Fig. 26 - RUPTURE RESISTANCE OF STANDARD
TUBULAR SPECIMENS; TEMPERATURES 1500° -
2500°F

specimens were used and a heat flow thréugh
the specimens of 40 Btu. per cubic inch per
second was obtained without indication of thermal

rupture, Inasmuch as disassociation was expected
at ‘higher power inputs due to excessive tempera-
tures, the test was discontinued.

Additional theoretical work was conducted on
calculations of stresses in tubular fuel elements
having uniform power generation and internal
cooling, with external insulation. The effective
thermal stress is represented by: :

o= Ea Wo (2r02 -TTy - r]2),
6k

where

w,, -= power generated,

r, = external radius,

r1 = internal radius,

o = effective stress, and

L3

k= thermal conductivity.
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The small NEPA thermal stress rig will be
duplicated by Battelle and used as a screening
test mechanism for their body development pro-
gram,  Specimens of alumina—titanium carbide
were exchanged with Battelle. The results ob-
tained agreed substantially with the values re-

ported by NEPA,

Coating development. - The underbodies used
in coating development studies during the quarter
were beryllium carbide with and without uranium
carbide, beryllium oxide, and graphite. Graphite
bodies are frequently used in preliminary work
because they provide a conhvenient means of
evaluating coating conditions, especially where
new techniques or new coating compositions are
concerned.

In addition to conventional ceramic methods and
vapor decomposition methods of applying coats,
studies have been made with two new techniques
of coating deposition: (1) decomposition of metals
by cathodic sputtering; and (2) impregnation by
liquid coating materials.

Work has been continued during the quarter on
several coating compositions, including silicon
carbide, molybdenum silicide, metallic coats,
vitrified ceramic enamels, refractory oxide com-
binations, and metal-ceramic compositions.

Coating with silicon carbide. - In order to com-
plete the evaluation of silicon carbide as a coating
material for graphite, Battelle Memorial Institute
coated a number of samples and subjected them to
oxidation testing, From incomplete data on these
tests, which are still in progress, the average life
of the coated specimens is 670 hours at 2500°F
in slowly moving air. One sample has been pro-
tected for 1400 hours; others have failed due to
defects at various periods up to 500 hours. When
the thickness of the coat exceeds 15 mils, a long
life may be expected; when the coat.is less than 15
mils thick, it may contain defects leading to early
failure. The cause of these defects has not yet
been determined, but they may be occasioned by
improper application of the coats.
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©0 000 o © 06 00 00 0 0 000 2 002 OO
«© © o o ° o o [ o o 2 o 3 9 5
o o o o o o o ° ooo0 o [ > 0 o
© 6 00 o o0 o © o © O o o o5 0 ©
o o o o o o ° o 0o o o 2 0 2 0 0
o0 000 o 000 © 60 ©00 o o o o009 oo

SECRET

Coating with metals. - Platinum precipitate
coatings brushed onto BeyC -matrix specimens
and sintered in air at 2550°F yielded apparently
uniform coatings, which, however, permitted the
formation of an interfacial layer of beryllium oxide
between the platinum coating and the underbody.
This layer, shown in Figs. 27 and 28, “‘grew’’
from approximately 0.0003 inch, as sintered, to
approximately 0.002 inch after 250 hours of ex-
posure at air at 2500°F. An increase in the
original firing temperature increased the metallic
appearance of the coats, but they had relatively
poor oxidation and thermal shock resistance. The
best specimen exhibited no visible creaks at a
magnification of 12X after thermal shocking
through fifteen heating and cooling cycles.

A new approach has been made to coating under-

AVERAGE THICKNESS OF BeO FILM, MILS

0 rm %0 126 760 260 z;o —%0
TIME OF EXPOSURE AT 2500°F., HOURS

Fig. 27 - GROWTH OF THE BERYLLIA INTERFACE

DURING EXPOSURE OF PLATINUM-COATED BERYL-

LIUM CARBIDE SPECIMENS AT 2500°F

— FOURTH QUARTER, FISCAL YEAR 1980

bodies with metals through the use of cathodic
sputtering.  Instead of trying to meet all the
necessary requirements in a single coating, this
procedure may permit the use of a prime coat as
an intermediate layer between the body and the
cover coat to relieve stresses set up by poor
fits and provide good anchorage for cover coats.
The equipment built for this application is shown

in Fig. 29,

During the preliminary work, the importance of
experimental variables, such as spacing between
electrodes and symmetry of electrodes, was de-

termined.  Thin uniform layers of platinum on
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Fig. 29 - APPARATUS FOR CATHODIC SPUTTERING

250x

AFTER 17} HOURS® EXPOSURE.

AS SINTERED.

250 250x

AFTER 90 HOURS® EXPOSURE. AFTER 250 HOURS®EXPOSURE.

_Fig. 28 - PHOTOMICROGRAPHS OF BERYLLIUM OXIDE INTERFACE AFTER EXPOSURE OF PLATINUM-
COATED SPECIMENS AT 2500°F
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Beryllium carbide

graphite have been obtained.
bodies were also successfully coated with plati-

num.
perimental difficulties, as .sputtering characteris-
tics vary from one metal to another, The next
step will be the evaluation of the layers obtained
in comparison with coatings deposited by other
methods.

Molybdenum silicide coatings. - Vapor-decom-
- position methods of applying molybdenum coatings
onto beryllium carbide have thus far been un-
successful, In attempts to coat with molybdenum
by the vapor-deposition method, using molybdenum
carbonyl as source of the metal, it was found that
instead of the expected pure molybdenum, the
coatings formed consisted of a mixture of the
oxides of molybdenum, molybdenum carbide, and
molybdenum metal. When molybdenum pentachloride
was used for the deposition of the molybdenum
layer, oxide and carbide were also found in the
coating. Attempts to form molybdenum silicide by
overcoating these mixtures with silicon followed
by heat treatment to produce a diffusion alloy
resulted in spalling or destructive side reactions.
The presence of free carbon in the beryllium car-
bide body makes the deposition of pure molybdenum
and its subsequent reaction with silicon very
difficult, Reports by other laboratories on the
successful use of molybdenum carbonyl, in spite
of the CO =——= CO, equilibrium, are puzzling.

Yitrified ceramic enamels. - To date, the high
melting glazes (mainly silica, with smaller amounts
of titanium, lithium, barium, sodium, and aluminum
oxides) appear to offer one of the best approaches
for protecting beryllium carbide~matrix bodies.
The cooperative work between the A.O. Smith
Corporation and NEPA laboratories has yielded
ceramic coatings of uniform appearance, free from
bubbles, which have withstood over 800 hours
exposure at 2500°F in an oxidizing atmosphere.
Failure of the test furnace has prevented con-
tinuing the test. Preliminary tests of coated
beryllium carbide specimens in a cyclotron with a
flux of 1015 deuterons per square centimeter per

second at 1000°C (1832°F) showed no apparent

deterioration of the coat or underbody, and no

54

Coating with molybdenum offers more ex-
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impairment of adherence between coat and under-

body (Table 14, section 2.4).

The impregnation method of coating consists of
dipping the specimen in a liquid silicone to im-
pregnate- the surface pores of the specimen and to
wet the outer surface uniformly. The wetted
specimen is then fired in a controlled atmosphere
to decompose the silicone or organic silicon com-
pound to vitreous silica, Coats of vitreous silica

applied to beryllium carbide by this method are

thin (1 mil and less), impervious to air at 2500°F
for 350 hours, and have shown no perceptible
devitrification during this time,

Firing the coatings in a hydrogen dtmosphere
was found to be definitely superior to firing in
air; this procedure has been adopted as standard
practice in the NEPA laboratory. The impregna-
tion coatings, originated at A. O. Smith, form an
excellent anchor coating for an overcoat, and form
a satisfactory diffusion barrier. They "are being
investigated further for use as ultimate coats.

- Refractory oxide coatings. « Beryllium carbide~

matrix specimens coated with a l-to-1 mixture of
strontium carbonaté and silica showed considerable
resistance to attack by oxidation and water vapor

at 2500°F, Precalcined coatings were smoother
than their uncalcined counterparts, but their
adherence, oxidation resistance, and spalling

properties were comparable. Zirconia, in com-
bination with alumina, calcium hydroxide, silica,
or barium carbonate, was generally ineffective as
a coating for -beryllium carbide—matrix bodies.
No improvement was obtained by substituting
stabilized zirconia for the chemically pure ma-
terial. Good adherence was obtained with coatings
consisting of calcined mixtures of beryllium oxide
and silica or magnesia; these are being investi-
gated further,

The mechanism whereby most of the mixed oxide
coatings protect beryllium carbide from oxidation at
elevated temperatures may be explained by the
observations made upon platinum-coated specimens,
which have also been duplicated qualitatively for
some of the mixed oxide coatings. This mechanism

)4 .
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postulates a filtering action for the coating, where-

by a limited amount of oxygen penetrates the
interstices of the coating oxides to attack the
beryllium carbide and form beryllia. The growing
beryllia layer progressively plugs itself up until
the rate of attack by oxygen is reduced to a negli-
gible amount (see Figs. 27 and 28)., From analy-
tical and X-ray data, the beryllia that is formed
in place on the beryllium carbide is chemically
and structurally no different than other beryllia.
As could be expected, it contains segregations of
various impurities. lts behavior as a coating
material, however, is significantly different from
that of normal beryllia. The product that is formed
in place is not appreciably attacked by water
vapor, has better adherence to beryllium carbide,
and is more inert toreaction with other compounds.

Metal-ceramic combinations. - Surface energy
calculations continued at the Massachusetts
Institute of Technology, using results obtained
through the previously described sessile-~drop
method, with copper metal and lead metal on
plaques of aluming, zirconia, and graphite. Wetting
tests were made both in hydrogen and in vacuum.
Copper shows a slight tendency to wet alumina and

zirconia; the different contact angles obtained
in vacuum and in hydrogen show that the furnace
atmosphere is an important variable.

At Ohio State University, the effect of firing
atmospheres on metal-ceramic coatings in the
system silicon-zirconia on beryllia bodies was
investigated. Firing in nitrogen resulted in soft,
porous, nonadherent coatings. It is believed that
silicon was converted into its nitride, while the
zirconia remained unchanged. This coating oxi-
dized rapidly in the air ot 2500°F, Firing the

coatings in a mixture of 5 per cent oxygen and
95 per cent nitrogen resulted in the complete
oxidation of the silicon. Helium atmospheres
caused beading, indicative of poor wetting. On
the other hand, coatings fired in oxygen and in
dry air retained a large proportion of unoxidized
silicon, and were found to be continuous and
uniform.
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In the NEPA laboratories, attempts were made

to determine the wetting of ceramics by titanium
metal, Mixtures of titanium metal powder heated
with the compounds beryllia, alumina, beryllium
carbide, zirconia, and titania above the melting
point of the metal show more or less wetting and
reaction, but the results obtained have not yet
been evaluated.

2.32 Liquid-Coolant-Cycle Materials, - Work on
the liquid-coolant-cycle materials during the past
quarter has continued to emphasize materials for
the intermediate heat exchanger, although the
alloys and pure elements studied would, in general,
be suitable for use in the reactor proper as well.
The solubility and high-temperature properties of
these materials appear essentially to meet both
needs, and there are no decisive differences in
their nuclear properties which would lead to their
being automatically excluded from the reactor.

The use of all-metal fuel elements poses special
problems if a thermal reactor is desired, as was
pointed out in last quarter’s report. A major fac-
tor in this respect is the small number of agod
moderator elements. It may be that incorporaniu.
of the fuel in the structure and the use of separate

moderator bodies that do not carry loads will prove
to be a workable method. Bodies of molybdenum
and vuranium dioxide may also prove to be of use.

Fabrication of molybdenum-base bodies. - Con-
tinued work on the fabrication of 90 per cent mo-
lybdenum—10 per cent uranium dioxide bodies has
established the necessary procedures for forming
simple shapes. Powdered materials are consoli-
dated with powder metallurgical techniques by
hydrostatic or mechanical pressing operations at
pressures between 60,000 and 100,000 pounds per
square inch. The green compacts are then sin-
tered by heating to 2000°C (3630°F). Such sin-
tered bodies have an average porosity of 8 per
cent, and must be hot worked to effect consoli-
dation and to obtain densities of better than 99
per cent theoretical. It is only after consolidation
and subsequent hot working that the bodies may
be expected to develop optimum properties.
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Fabrication of rods 3/8 inch in diameter and 5
inches long by hot swaging sintered compacts
1/2 inch in diameter by 2 3/4 inches long is being
vndertaken to provide bodies for evaluation of
tensile and creep properties. The rod elements
are fabricated by encasing the sintered body in a
molybdenum tube with a wall thickness of 1/16
inch. Three reductions in 10-per cent steps are
made by swaging from 1800°C (3270°F) to con-
solidate the body. Further reductions are made
at temperatures between 1100°C (2000°F) and
1400°C (2550°F) for grain refinement.

Sintered bodies have been formed from an 80 per
cent molybdenum—-20 per cent uranium dioxide
composition. Such bodies are roughly 8 to 10 per
cent porous. This composition is not as readily
worked as the 90 per cent molybdenum—10 per cent
uranium dioxide, but initial tests have indicated
that the material may be hot swaged under con-
ditions similar to those required for working the
10 per cent uvranium dioxide composition.

Twelve sintered bodies of the 90 per cent molyb-
denum—10 per cent uranium dioxide composition
v _c.ricated in the form of rectangular bars and
sent fo Battelle. These bodies are being hot rolled
into sheets in a cooperative program designed to
demonstrate the feasibility of rolling this ma-
terial and to evaluate the mechanical properties
of the resultant sheet stock. Preliminary work
has indicated that this composition may be hot
rolled at temperatures possibly as low as 1200°C
(2190°F) after consolidation at 1800°C (3270°F).
Fig. 30 is a photomicrograph of a cross-section of
rolled material showing the longitudinal structure.
The large gray areas represent uranium dioxide
grains. The lighter area is the molybdenum phase
etched to show grain boundaries and flow texture.

Fig. 31 illustrates the rolled 90 per cent molyb-
denum—10 per cent uranium dioxide body from which
the photomicrograph was taken.

The specific electrical resistance of a swaged
rod of 90 per cent molybdenum—10 per cent uranium

dioxide was measured so thatcalculations could be
made to determine whether such a body could be
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Fig. 30 - PHOTOMICROGRAPH OF LONGITUDINAL
CROSS-SECTION; 90 PER CENT MOLYBDENUM-10
PER CENT URANIUM OXIDF SPECIMEN (500X;
ETCHED IN ALKALINE POTASSIUM FERROCYANIDE)

[T

Fig. 31 - ROLLED SHEET OF MOLYBDENUM BASE
BODY

resistance-heated for thermal stress tests. Since
molybdenum oxidizes readily in air, these tests
were conducted in vacuum. Data obtained up to
2500°F are plotted in Fig. 32. For comparison,
a curve based on literature values for pure molyb-
denum is included. It may be seen that the resis-
tivity of the body containing 10 per cent uranium
dioxide is slightly higher than that of the molyb-
denum at all temperatures, This is to be expected,
since uranium dioxide is a very poor conductor
compared to molybdenum.
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Fig. 32 - EFFECT OF TEMPERATURE ON THE RE-
SISTIVITY OF MOLYBDENUM-URANIUM OXIDE AND
MOLYBDENUM SPECIMENS

Liquid-metal container materials, - The liquid-
metal container program uses four main testing
techniques. These are: (1) static tests; (2)-agi-
tator tests; (3) spinner tests; and (4) circulation
tests, The program, which was at first designed
to develop suitable container and auxiliary ma-
terials for the coolants bismuth, lithium, and lead-
bismuth eutectic, was modified during the quarter
to include sodium, The reasons for this modifi-
cation are outlined in sections 2.22 and 4,11 of
this report. The results of the present quarter
will be presented according to the coolant being
tested,

All the results now available are from the static
and agitator types of tests, The agitator test rig
was described in a previous quarterly progress
report (NEPA 1281, p. 23). In addition to the
corrosion results reported in this section, section
4.2 contains reports of larger-scale experiments in
the handling of high-temperature liquid metals.

Bismuth, - The test program on bismuth has been
made inactive awaiting completion of outstanding
chemical analyses., A total of 232 capsules have
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been submitted for chemical analyses, The work
is complete on 162 of these, A statistical analysis
is under way on available data but the trends are
not apparent at this stage of the investigation,

Because of the possible importance of oxygen
content in cotrosion testing, deoxygenation of
bismuth by addition of aluminum and magnesium
was attempted, The capsules made up with ad-
ditions were tested at 1350°F and 1850°F. The
oxygen content was erratic and the general trend
did not change from that normally found, A tend-

ency toward higher total solubility of the container

material was noted in those cases in which alumi-
num or magnesium had been added, A possible
explanation for the higher solubilities noted may
be that the aluminum and magnesium act as wetting
agents, Wetting of surfaces usually results in
higher reaction rates,

Static testing of beryllia at temperatures near
1350°F produces no noticeable change in the
dimensions of the test specimens. Test conducted
in a dynamic system show very slight dimensional
changes at this temperature for periods to 100
hours,

-

The data obtained in a series of tests to deter-
mine the effect of bismuth on beryllium carbide
are presented in Table 11, These tests show that
beryllium carbide is not attacked markedly by
bismuth at 1850°F in 50 hours.

The status of work on the bismuth circulation
rig changed during the quarter due to the curtail-
ment of work on bismuth, The reasons for this
change are given in sections 2,22 and 4.11. It is
now planned to check out the circulation rig with
lithium. In order to put the system into operation
as soon as possible, it was decided not to make
changes in materials or design for the preliminary
tests. A few revisions which were necessary from
safety and other considerations were made in the
original design. The rig was designed to handle
bismuth at flow rates up to 50 feet per second in
a 1/4-inch inside diameter test section with a
temperature differential of 1000°F in the system,
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TABLE 11

RESULTS OF TESTS O BenC VS, BISMUTH*

Specimen | Temperature Time Type Weight Before | Weight After | Distance Between Flats | Distance Between Flats
No. oF (hours) Run (grams) (grams) Before (inches) After (inches)
328 1350 92 Static 0.852 0.845 0.190 - 0.19% 0.190 - 0,194
329 1350 76 Dynamic 0.903 0.892 0.210 - 0.195 0.202 - 0.208
330 1500 92 Static 0.717 0.713 0.184 - 0.186 0.182 - 0.187
331 1500 92 Dynamic 0.802 0.788 0.202 ~ 0.206 0.200 - 0.211
332 1850 25 Static A 0.722 0.848 0.189 - 0.208 0.184 - 0.207
333 ° i850 25 Dynamic 0.852 0.91\4 0.199 ~ 0.203 0.196 - 0.201
334 N 1850 50 Static 0.830) 0.952 0.191 - 0.206 0.192 - 0.207
335 1850 50 Dynamic 0.725 0.750 0.205 « 0.210 0.195 - 0.206

* Obtained from static and dynamic tests on beryllium carbide samples.

and a maximum temperatwre to 2000°F at the test
section, The use of induction heating as a source

of heat is one of the factors which remain to be
proved,

Three thermal harps using liquid bismuth as the
circulating medium were constructed, Harp No, 1
was constructed of types 316 and 310 stainless
steels, It developed a leak in one of the welds
after a short period of operation, Harp No, 2 was
constructed entirely of type 310 stainless steel,
It was operated continuously for a period of 65
hours with a temperature differential of 350° -
400°F at a maximum temperature of 1350°F. A
vacuum was maintained throughout the test,
Operation was halted due to burn-out of the heating
elements. The cooling and freezing of the bismuth
resulted in rupture of one of the welds. Fig. 33
shows the fractured joint. Harp No. 3 was con-
structed entirely of type 347 stainless steel, The
harp was operated for 150 hours, during which time
there was evidence of thermal circulation for 78
hours, Moaximum temperature level varied from
1250° to 1550°F, with a thermal differential of
200°F, The circulation of this harp was stopped

by the formation of an obstruction at the top of
the hot leg. The harp was allowed to freeze and

58

(There were 20 grams bismuth charge ineach capsule.)

Fig. 33 - RUPTURE OF WELD IN THERMAL HARP
NO. 2

was then sectioned longitudinally, A high-melting-
phase material was found to be scattered through-
out the system, and some segregation was noted.
It is suspected that the material which caused
plugging of the harp is composed of the more
soluble elements in the structural material of the
harp,

The elements are probably nickel, manganese,
and iron, The mechanism causing the plugging is
believed to be one involving solution at higher

temperatures and redeposition at lower tempera-
tures. The fact that the plugs developed on the
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hot side is not explainable at this time. A sketch
showing the locations of the material which finally
caused plugging is given in Fig. 34.

/I00

o

s //74; fAerrcess

Fig. 34 - SKETCH OF THERMAL HARP NO. 3 CROSS-
SECTION SHOWING ACCUMULATION OF MATERIAL
OBSTRUCTING BISMUTH FLOW

A series of capsules fabricated from type 347
and type 310 stainless steels containing bismuth
and having welded wall sections were tested to
study the effect of liquid bismuth on welds., Half
of the welds were solution-treated at 1900°F for
30 minutes and air-cooled, while the rest were not
treated.  Three of the seven untreated welds
failed, although no treated welds failed. A
microexamination of the weld areas is being made
to determine the difference in structure and amount
of attack by the bismuth,

Lithium. - The lithium program continued with
duration of tests being increased to 500 hours at
temperatures to 1850°F, Higher temperatures pre-
sent a problem which has not been solved satis-
factorily to date for these long-term tests, The
main difficulty experienced has been that of
locating suitable canning materials to protect the
test capsule from oxidation, An obvious solution
would be the use of an inert atmosphere furnace,
but this solution is not entirely satisfactory due
to the cost and long procurement time of a suitable
type furnace. The short-time tests used earlier
in this program were discontinued. The test pro-
gram now involves testing at 1350°F, 1500°F,
2000°F, and 2200°F, for relatively long periods.
Test hours spent onthis program during the quarter
totaled 14,900. )

A series of tests were run using aluminum and
magnesium as ‘‘getters’’ to determine the effect
of these materials on the oxygen and nitrogen
present. The conclusion drawn from these tests
is that magnesium and aluminum are not good
“‘getters’’ for either nitrogen or oxygen in lithium.
The additions made no significant change in the
solubility trends.

It has been suggested that one of the major fac-
tors in the corrosion of metals by lithium may be
lithium nitride dissolved in the lithium. Lithium
nitride (LigN) is known to be a very corrosive
material and is present in the purest lithium com-
mercially available to the extent of 0.25 per cent
maximum. In order to determine the effect of
lithium nitride, it has been proposed to test a
series of capsules identical to those being run,
using, however, lithium metal which has been
vacuum-distilled to remove the nitride.

Data obtained during the quarter on pure elements
yielded the trends shown in Figs. 35, 36, and 37
for nickel, zirconium, niobium, and molybdenum.
The figures show the trend in solubility as a func-
tion of time. [t should be pointed out that the
saturation values are not known for these ele-
ments. The figures as given are not intended to
convey the idea that solubility increases logarith-
mically with time; one would expect the curves to
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Fig. 35- TRENDS IN THE SOLUBILITIES OF METALS
IN LITHIUM AT 1350°F
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Fig. 36 - TRENDS IN THE SOLUBILITIES OF METALS
IN LITHIUM AT 1850°F
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Fig. 37 - TRENDS IN THE SOLUBILITIES OF METALS
IN LITHIUM AT 2000°F
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level out as saturation is approached. However,

the data available at this time are in most cases
insufficient to determine that point.

The Babcock and Wilcox Company has settled
on a design for the lithium erosion test apparatus
being set up in its laboratories. An electromag-
netic pump was developed and tested. This pump
developed 4 pounds per square inch at 1/3 gallon
per minute. A second, improved pump is being
built. An isothermal loop operating at 1000°F
was built, charged, and run. A leak developed in
the tubing, causing a minor fire. The loop is being
repaired. Suitable flow meters have been developed
for the preliminary tests.

Lead-bismuth. - No further test work was done
on lead-bismuth during the period of this report.
Microexamination of the container materials, after
previous tests, revealed that this coolant appears
to have more effect on microstructure than bismuth.
A limited number of analytical results indicate a
lower total solubility in this coolant than that
noted with bismuth.

Sodium, - A program for the development of con-
tainer materials for liquid sodium was outlined
tentatively during the quarter. Preliminary solu-
bility tests have been run at. 1850°F and 2000°F.
The materials tested were beryllium, niobium,
molybdenum, and molybdenum-uranivm dioxide.
Duration of the tests completed to date was 100
hours; tests of longer duration are still in progress.
Microexamination of the container materials is
being made, as is chemical analysis of the sodium
from these runs.

. Miscellaneous. - It is known that, in certain
cases, self welding occurs when two metallic
surfaces are placed in contact insuitable mediums,
provided that the temperature is favorable. A
series of tests were performed using the coolants
lithium and bismuth with stainless steel in order
to see whether this phenomenon might occur in
their presence. Type 347 stainless steel was
used for the tests. Test procedure consisted of
packing small hexagonal or circular tubes into a
1/2-inch diameter tube and immersing the contact
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surfaces in moving or static coolant. No evidence The gold-brazed joint used in making up the
of self welding was noted in the case of lithium. hexagonal tube bundle illustrated in last quarter’s
Bismuth tended to act as a welding medium. The report was tfested in both lithium and bismuth.
results of the tests are presented in Figs. 38 and The joint failed in both coolants. It is not known

whether other heat treatments resulting in more
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HEXAGON SPECIMEN STATIC TEST STATIC TEST
TEWPERATURE 1350%F = TEST DURATION 100 HOURS TEMPERATURE 1500%F ~ JEST OURATION 100 KQURS TEMPERATURE 1850%F ~ TEST DURATION €5 BXRS
. . Fig. 38 « CONTACT WELDING TEST IN LITHIUM
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complete diffusion of the gold would result in
similar behavior.

" A cursory diffusion study of the beryllium-molyb-
denum system was carried out in both the solid
and liquid states. Tests were made at 2000°F
and 2350°F for 100 hours. Fig. 40 presents the
microphotographs obtained.
in some cases between the phases are believed to
be due to differential thermal expansion. Two
phases were noted on the specimens. It was im-
possible to determine the extent of the second
phase at the latter test temperature, due to shrink-
age and break up of the cast beryllium.

Properties of coolants.

Viscosity. - A subcontract with the University
of Cincinnati was initiated to determine the
high-temperature viscosities of the coolants

of interest. A literature survey on the sub-
ject is under way.

Thermal conductivity. - A subcontract was
activated with Ohio State University under
which work will be done -on the development
of methods for determination of the thermal
conductivity of liquid metals. Work also con-
tinued at NEPA on both the radial and longi-
tudinal methods for determining thermal con-
ductivity of liquid metals at elevated tempera-

tures.

The spaces present .

| NEPA PROJECT PROGRESS REPORT

Features of the apparatus were being investi-
gated to assure desired accuracy. There has been
no change in the data-presented in the last report.

Density, - Preliminary measurements of the den-
sity of liquid bismuth and lead-bismuth eutectic
were obtained for the temperature range 400°F to
1850°F. The composition of the eutectic was 43.5
per.cent (by weight) lead and 56.5 per cent (by
weight) bismuth, Estimated accuracy of the den-
sity values determined was plus or minus 5 per
cent,

Tables 12 and 13 show the éxperimental values
obtained.

2.4 RADIATION DAMAGE
(43.8 Man-months)

241 Radiation Damage

Physical Tests. -'Engineering evaluation of ANP
reactor materials is being pursued under a joint
NEPA - ORNL program coordinated by Dr. D. S.
Billington, of the Qak Ridge National Laboratory.
The investigations have been primarily concerned
with the ceramic type moderator and fuel element

bodies.

A slug containing a 1/4-inch x 1/4-inch x 5-inch
specimen of beryllium carbide containing 2.5 per

MOLYBDENUM ~——pf. |

. " PHASE I
\ — . 003" APPROX. ~—

D]

iy

PHASE 11
j~— 0.006" APPROX, ~—»|

c . .-
T2

s
T
.
T e R

7 44— BERYLLJUM ————>

MOLYBDENUM —a ‘

PHASE 1
0.004" APPROX. —»

PHASE 114

250 X 250 X% 250 x
UNETCHED UNETCHED UNETCHED
SPECIMEN 1. SPECIMEN 2, 2350°% . 2400%F. 100 HOURS
2000°F. 100 HOURS 2000°F. 100 HOURS

Fig. 40 - DIFFUSION STUDIES, MbLYBDENUM AND BISMUTH
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TABLE 12

DEHSITY OF LIQUID BISMUTH BY MAXIMUM
BUBBLE PRESSURE METHOD

v

Temperature Density
(degrees)
¢ F gm. / cu. cm. 1b. /cu. in.

358 676 (10.31)* (0.373)
364 687 9.92 0.358
393 739 (10.14) (0.366)
619 146 9.81 0.354
621 1150 9.54 0.345
835 1535 9.50 0.343
841 1546 9.47 0.342
1008 1846 9.41 0.340
1019 1866 9.37 0.339

* Values in parentheses are of doubtful accuracy.

TABLE 13

DENSITY OF LIQUID LEAD-BISMUTH EUTECTIC MIXTURE® BY
MAXIMUM BUBBLE PRESSURE METHOD

Temperature Density
(degrees)
¢ F gm. [ cu. cm. 1b. [cu. in.
208 406 10.50 0.379
391 736 10.22 0.369
588 1090 10.03 0.362
790 1454 9.76 0.353
995 1823 9.57 0.346

* 43.5 per cent lead, by weight.

cent uranium carbide was irradiated in the ORNL
reactor for an integrated dosage of approxi-
mately 5 x 1018 nvt. A transverse crack was dis-
covered after irradiation which may have resulted
when the capsule was discharged from the fuel
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channel. Therefore, only a 3-inch-long specimen
was used for post-irradiation tests, No change in
appearance or density of the specimen was noted,
The modulus of elasticity decreased from 30 x 100
pounds per square inch (as reported by Battelle)
to 22 x 10° pounds per square inch. Electrical
resistivity changed greatly, Before irradiation, it
was 0.16 ohm-cm., while after irradiation it ap-
peared to be as high as 1 megohm-cm. If this
observation is confirmed, it means that the material
changes during bombardment from a fair electrical
conductor to a near insulator., The modulus of
rupture after irradiation was 11,200 pounds per
square inch. When compared with the modulus of
rupture of two control specimens, the differences
in values obtained were accounted for by experi-
mental error of the apparatus or slight- variations
between samples.

Five groups of speciniens have been prepared for
irradiation at Hanford. These include beryllium
carbide samples with varying amounts of carbon,
some with additions of 2.5 per cent uranium car-
bide, and some with coatings; and an assortment
of sintered ceramic specimens — tubular alumina,
Norton alundum, zircon, and beryllia-alumina.

Apparatus for testing an enriched fuel element
has been designed (see Fig. 41). Preliminary tests
are to be made in the ORNL reactor which has a
low neutron flux, Consequently, an auxiliary
electric heater has been incorporated in the central
portion of the element to boost the temperature of
the specimen to 1800°F. Stability of the prototype
element (beryllium carbide plus graphite plus
uranium carbide) and coating (refractory oxide) is
to be determined. Activity in the exit gas stream
will indicate that fission products have escaped
through the coating by diffusion or through fissures.

After the completion of the final design of the
““in pile’” stress deformation apparatus, two units
were started on the bench, using type 321 stainless
steel specimens under 5000 pounds per square inch
stress at a temperature of 1400°F. Results ob-
tained are comparable to literature data for 1000-
hour tests. Additional units are being assembled
for 7500 pounds per square inch stress and 1800°F
operation.
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Both creepand stress-rupturetestrigs for ceramic
and metal specimens will be developed using the
same basic unit. Arrangements have been com-
pleted for insertion of one such unit, with a stain.
less steel specimen, in the ORNL reactor.

Cyclotron bombardments. « A limited amount of
experimental data is now available from the cyclo-
tron bombardment of beryllium carbide specimens
at Washington University and the University of
California. A description of the experimental con-
ditions under which these bombardments were
conducted is shown in Table 14. The earlier bom-
bardments carried out in the Chio State University
cyclotron are also included in this table to illus-
trate relative beam intensities and the radiation
effects encountered under somewhat different con-
ditions,

A preliminary bombardment progrom using the
Washington University cyclotron has been com-
pleted. The initial objective has been the measure-
ment of the changes in modulus of elasticity and
thermal conductivity of beryllium carbide produced
by irradiation. After irradiation, many of the speci-
mens were broken (indicating brittleness) and only
a limited number of physical tests could be made.
The deterioration of the samples may have re-
sulted from the high power density in the beam
(see Table 14) since the power density was greater
than that required to rupture unirradiated specimens
in thermal stress experiments. It is too early to
ascribe the brittleness encountered in bombarded
specimens to radiation effects alone,

64

THERMOCOUPLES \

AUXILYARY Tc
HEATER

Fig. 41 - PROTOTYPE FUEL ELEMENT TEST RIG

FUEL ELEMENT

““‘Before-and-after’’ testing to date consists of
various tests carried out on the three of the sixteen
-specimens bombarded at the University of California
and one of the Washington University samples
which was intact after a deuteron bombardment.

The primary objective of the University of Cali-
fornia tests was to observe the chemical changes
produced in beryllium carbide by alpha bombard-
ment in air at high temperatures. These tests were
characterized by limited oxidation which was
neither expected nor obtained in the Washington
University bombardments. In both cases, however,
temperatures above 1800°F were attained during
bombardments. The control and knowledge of the
temperatures attained in the bombardments at
the University of California were rather complete.
This will be of great importance in analyzing all
experimental data obtained from cyclotron bombard-
ments, To rule out the changes which may have
been produced by temperature alone, control sam-
ples of the same dimensions and composition as
those bombarded at California were heated in air
to similar temperatures, for equivalent times, and
then tested in the same manner as the irradiated
specimens,

The results of the physical testing to date may
be summarized as follows:

The elastic modulus in flexure of the Univer-
sity of California specimens decreased approxi-
mately 30 per cent, whereas the elastic modulus
of the Washington University specimen was

SECRET
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Electrical

lowered by a factor of 90 per cent.
resistivities ranging from 1 to 2 ohm-centimeters
in the unirradiated beryllium carbide body fabri-
cated at NEPA increased to several thousand
ohm-centimeters in the samples bombarded at
California as compared to 25 to 30 chm-centi-
meters in the irradiated Washington University

specimen. In the control samples for the Uni-
versity of California bombardments, the thermal
treatment in air raised the resistivities to 10 to
20 ohm-centimeters, probably due to oxide forma-
tion. The elastic moduli of these controls were
not materially changed, indicating that the de-
creases noted above were probably radiation-
induced. No dimensional or extensive weight
changes were observed as resulting from radia-
tion. No changes in lattice parameters or chemi-
cal composition were observed in the X-ray stu-
dies made of the irradiated samples. The micro-
hardness of one of the University of California
samples changed from Kp.1 of 2690 to Ko,1 of
2208, whereas no change was observed in the
corresponding control sample ‘‘before-and-after’’
thermal treatment in air.

2.42 Radiation Damage

Chemical. - As the counterpart of the preceding
physical-effects experiments, investigations are
_being made of the chemical changes that nuclear
radiations produce in moderator, coating and cool-
ant materials, hydrogenous shield materials, and
lubricants. Tests have been carried out using the

radiations inside the ORNL reactor and using the
alpha-particle beam from the 60-inch cyclotron at
the University of California. Tests are being start-
ed using the electron beam from the NEPA 2-Mev
Van de Graaff accelerator. The radiation from the
cyclotron and from the Van de Graaff accelerator
produce ionization intensities comparable to those
expected in an aircraft reactor.

Berkeley cyclotron. - Sixteen specimens of beryl-
livm carbide and silicon carbide were held for
5 howrs at 1832°F and 2282°F in air while being
bombarded by the alpha-particle beam of the 60-
inch cyclotron at Berkeley, California. Power was
released by the irradiation at the rate of 1 kilowatt
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per cubic centimeter. The irradiated specimens
are being subjected to chemical analysis for com-
parison with specimens having an identical history
in the absence of radiation. The results of this
analysis will show whether the radiation has
induced appreciable decomposition or reaction
with air. Physical tests were performed on the
specimens both before and after irradiation. The
results of these tests are reported in the preceding
section. No gross changes in the appearance of
the specimens were observed, although in some
cases there was a slight discoloration not observed

in the control samples. The target holders illus-
trated in Fig. 42 and Fig. 43 were used. This

apparatus accurately positions the small target
specimen, controls the atmosphere to which the
target is exposed, measures the amount of exposure
of the target specimen to the alpha-particle beam,
and controls and measures the temperature of the
target material.

Fig. 42- CYCLOTRON TARGET CHAMBER INSTALLED
FOR TEST

Reactor tests. - Chemical analyses are being
continued on beryllium carbide and silicon carbide
specimens previously irradiated in the ORNL
reactor,and-on control samples which were not irra-
diated. This series of experiments is expected to
show whether neutrons and gamma radiation pro-
duce any chemical effects on these materials at
the relatively low flux level of this reactor.
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Fig. 43 - CYCLOTRON TARGET HOLDER

Yan de Graaff accelerator. - The NEPA 2-Mev
Van de Graoff electron accelerater js now in
operation. A specially designed holder for thin
metal windows was fabricated and put into opera-
tion, the purpose of the window being to prevent
air from entering the evacuated accelerator tube
and yetto permit the electronbeam to pass through.
The assembly is illustrated in an exploded view
in Fig. 44. The flange in the foreground is screwed
on to the extension tube of the accelerator. The

By - WATER COOLLD END FLANGE

/Ala CCOLIRG CHAMEER

(PPER WINLGE

/‘ 1.C006 DURALUMIN SHEET)

o LPPER TINDIS WOINT

LERER #INDIX EXTENSIDN TUBE FLANSE

¥
(,0608 DURALLMIN SHEET)

Fig. 44 - TARGET CHAMBER WINDOW ASSEMBLY
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rest of the illustrated assembly is bolted to this
flange with appropriate vacuum-tight gaskets.
Features of the assembly include water-cooling
of flanges and air-cooling of windows to prevent
overheating when high-temperature targets are
being irradiated. The strength of thin duralumin
windows was investigated as a function of window
diameter and thickness over the thickness range
from 0.0002 inch to 0.001 inch. Using the result
of this investigation, one can minimize losses of
electrons due to scattering by the window without
risking damage to the accelerator by window
rupture. -

A remotely operated device for manipulating a
small target or probe in the beam has ‘been con-
structed. Provision has been made for remotely
observing the position of the target or probe by
the use of a variable-reluctance transformer. The
principal application of this device is in measure-
ments of dosage distribution over the target region.
An assembly has been designed for maintaininga
solid target at high temperatures in a controlled
atmosphere or vacuum during bombardment by the
electron beam.

Specimens of beryllium carbide and silicon car-
bide are being irradiated in air using the cyclotron
target chamber shown in Figs. 42 and 43 modified

for use on the Van de Graaff machine.

Core coolants. - During the past quarter, con-
siderable emphasis has been given to the determi-
nation of the radiation stability of fused sodium
hydroxide. This material is being considered as
a possible coolant and moderating “fluid for the
aircraft reactor. It is of particular interest because
its pronounced moderating effect due to its hydro-
gen content permits an extensive reduction of
vranium investment. Tests of molten compounds,
including sodium hydroxide, are planned first ot
temperatures of approximately 1300°F and then
1832°F, using the beam from the 2-Mev Van de
Graaff electron accelerator.

The problem of design of an apparatus for ex-
posing sodium hydroxide to the electron beam
while protecting the compound from the atmosphere
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reduces to a search for container materials which
will withstand the extremely corrosive effects of
sodium hydroxide at 1300°F and higher tempera-
tures. One of the walls of the container, which
must be thin enough to admit the electron beam,
should be approximately 0.0003-inch to 0.001-inch
thick. This places severe corrosion resistance
requirements on the container material,

- Corrosion tests of materials which may be satis-
factory are in progress. Other fused, salts of
interest include mixed melts of lithium chloride
and potassium chloride. A sample of this material
was irradiated for one week in the ORNL nuclear
reactor at a temperature of 1202°F. No significant
change in melting point (670°F) was observed.

Lubricants - California Research Corporation. -
Resedrch on the development of radiation-resistant
lubricants was continued at the California Re-
search Corporation. The first phase of this re-
search consists of irradiating organic fluids to
determine the nature of changes: induced by nuclear
radiations and the types of organic materials which
resist such changes. Over 105 combinations of
base oils and inhibitors have been irradiated in
the ORNL reactor at temperatures ranging from
129°F to 297°F for periods of one to four weeks.
From static tests, a number of effective combina-
tions of base oiland inhibitor have been developed.
The three most promising base oils are octadecyl-
benzene, polypropene oxide, and di-2-ethyi-hexyl
sebacate. The three inhibitors — iodobenzene,
dialkyl selenide saturated with quinizarin, and
I-methylanphthalene — are effective in improving
the resistance of these base oils to radiation and
oxidation.

Three samples of organic fluids were exposed in
the Berkeley 60-inch cyclotron to 38-Mev deuterons.
Two of these samples were didecylterephthalate
plus 2 per cent dilauryl selenide, and the third
sample was octadecylbenzene with 6 per cent
iodobenzene and 5 per cent dialkyl selenide sat-
urated with quinizarin. Final effects of this radia-
tion on the materials are now being evaluated.
Visual examination showed some increase in
viscosity but no gross discoloration.
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The second phase is directed toward the investi-
gation of oxidation stability of these materials
during irradiation. Eleven accelerated oxidation
tests were carried out at 284°F in the ORNL re-
actor at 85 per cent ‘of maximum flux. Results of
these tests are being analyzed.

The third phase of the lubricant research has as
its chief concern the duplication of service con-
ditions for lubricants during irradiation.  Six
bearing test rigs have been constructed and oper-
ated at 284°F in the ORNL reactor at 49 per cent
of maximum neutron flux. In three of the units,
high-speed bearings were operated for 19 days.
In the other three, ball bearings, needle bearings,
loaded journal bearings, and gears were operated
at low speed for 8 days.

In both high-speed and low-speed tests, three
base oils — octadecylbenzene, polypropene oxide,
and di-2-ethylhexy| sebacate — were tested sepa-
rately. Each of the oils contained iodobenzene
in varying amounts plus 5 per cent dialkyl selenide
saturated with quinizarin. In addition to these
additives, the di-2-ethylhexyl sebacate contained
20 per cent 1-methylnaphthalene.

The oils and test rigs are currently being ex-
amined for effects of the test. The nature of fur-
ther investigations of radiation-resistant lubricants
depends upon the outcome of the test described
above.

Work continued on the investigation of various
organic compounds as possible fluid hydrogeneous
shield materials. A survey was made of petroleum
compounds relating hydrogen content per unit
volume with density, and ten of the most promising
compounds were .irradiated in the ORNL pile for

" one month at 284°F at 87 per cent of maximum flux.

Compounds which have been irradiated are:
(1) didecyl terephthalate plus 2 per cent dialkyl
selenide; (2) alkylbenzene (MW = 250) plus 4 per
cent polylauryl methacrylate and 2 per cent dialkyl
selenide; (3) alkylbenzene (MW = 350) plus 2 per
cent dialkyl selenide; (4) di-2-ethylhexy! sebacate
plus 2 per cent dialkyl selengde; (5) amylbiphenyl;
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(6) cetane; (7) alkylbenzene (MW, = 250); (8) octa-
decylbenzene plus 5 per cent dialkyl selenide
plus 2 per cent iodobenzene saturated with quini-
zarin; (9) polypropene oxide plus 5 per cent di-
alky! selenide plus 2 per cent iodobenzene sat-
urated with quinizarin; (10) di-2-ethylhexy| seba-

cate plus 5 per cent dialkyl selenide plus 2 per .

1-methyl-
The

cent iodobenzene plus 20 per cent
naphthalene saturated with quinizarin.
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results of these tests are now being evaluated.

Jet fuel samples irradiated for one month at
86°F at 75 per cent of maximum flux in the ORNL
reactor experienced an increase in radiation
resistance, but a decrease in hydrogen concen-
tration. These materials are under consideration
as constituents of a hydrogenous shield.
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3. SHIELDING

3.1 BULK SHIELD TESTS (10.5 Man-months)

Bulk shielding tests conducted jointly at the
Ock Ridge National Laboratory, X-10 site, by
ORNL and NEPA, were slowed down this quarter
as a result of construction work. A new air-
conditioned instrument room is being installed,
and it is hoped that this will improve the relia-
bility of the instruments. Heretofore, the majority
of delays in the program have been directly at-
tributed to instrument failures.

A recently developed, proton-recoil, fast-neutron
spectrometer has been installed in the tank, and
spectra close to the source will be measured.
The instrument is not sufficiently sensitive to
measure highly attenuated apectra in the lid tank.
All neutron detectors are now fitted with new-type
waterproof cases and individual preamplifiers; it
is believed that the latter may improve the internal
consistency of measurements.

- “The monitor, which records the incoming flux

from the pile, has been replaced with a much
larger B10 jonization chamber. The new monitor
will run a recorder directly, thus eliminating the
necessity of an intermediate amplifier and its
corresponding uncertainties and servicing require-
ments. . Much attention has been given to the-
calibration of instruments, with emphasis on the
gamma ionization chambers.

The contract for construction of the new bulk-
shield testing facility at ORNL has been negotiated,
and work was begun on May 25. The facility
is to be completed within 150 days.

The free-escape neutron spectrum emerging
from a water shield was computed, assuming an
incident fission neutron spectrum of the form
e=0.72 E and a total molecular water cross-
section given by the relation:

11.6 E % barns.

o(E)

70

The emerging neutron spectrum has a maximum
which moves toward higher energies with in-
creasing shield thickness.

Similarly, the free-escape neutron spectrum
emerging from an iron-water shield was computed.
It was found that, for two-thirds iron—one-third
water by volume, as used in the iron-water experi-
ments, the emerging spectrum had a peak at about

1 Mev.

«

The attenuation measurements on 27 per cent
and 18 per cent lead by volume in water have been
completed. However, due to instrument trouble
it became necessary to re-evaluate the results,
and hence the results are not as yet available.
The same is true for the iron-water-lead measure-
ments.

Measurements of 33 per cent lead ~67 per cent
water have been started. No data are yet available,
but extensive foil measurements have been made
for the first 10 inches of shield.

3.2 'NEUTRON SOURCES, SHIELDING NUCLEAR
CONSTANT MEASUREMENTS, AND INSTRU-
MENT DEVELOPMENT (28.6 Man-months)

Because the Oak Ridge National Laboratory has
been declared responsible for the nuclear phases
of the ANP program, the existing and proposed
NEPA subcontracts and activities in this field
were reviewed during the quarter with ORNL per-
sonnel and agreements were réached. It was de-
cided that the Bartol Research Foundation Van de
Graaff and the University of Kentucky Van de
Graaff subcontract on scattering of neutrons by
shield materials would be continued. It was
decided that the Westinghouse Electric Corporation
Van de Graaff subcontract on the same subject
would not be renewed at the end of fiscal year
1950. It was decided that the continuous cloud
chamber subcontract with Mr. F. Forrest Pease
would be renewed in June 1950, and that a contract
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with the University of Chicago for the development
of a neutron spectrometer for use in shield experi-
ments would be initiated. It was also agreed that
instrumentation development at NEPA would be
essentially limited to those instruments speci-
fically requested by ORNL for the -*‘swimming
pool’’ reactor installation, and for senscry in-
strumentation for the control of the ARE and the
test-stand reactor,

Data continved to be received from Bartol,
modifications to the University of Kentucky ma-
chine were almost completed, and construction of
the NEPA 5-Mev Van de Graaff, to be installed at
ORNL on delivery, was still progressing according
to schedule. Further details follow.

Bartol Research Foundation. Inelastic scatter-
ing of neutrons by shield materials. - Neutron
scattering experiments are continuing, a bombard-
ment of lead by fast neutrons has been completed,
and the photographic plates are being measured.
Measurement and analysis of plates employed in
the similar bismuth scattering experiment is also
continuing,  Thus far, 1150 tracks have been
accumulated from experiments with the scatterer

in place, and 1431 tracks have been read from
experiments with the scatterer removed. Although
no evidence for an excited state (indicated by
increased number of tracks at a lower energy) has
been found, results cannot be considered signifi-
cant until they can be compared with the results
from the experiments with lead. Measurement is
now being concentrated at energies below the main
group of neutrons in order to improve statistical
accuracy in the region where inelastic groups
might be expected to appear.

University of Kentucky, Inelastic scattering of
neuvtrons by shield materials, - Modifications to
the Van de Graaff proper have been completed and
test runs of the machine are about to start, Effort
during the quarter was expended in doing such
miscellaneous and time-consuming jobs as de-
signing and building the control panels, installa-
tion of the ion-source cooling system, fabrication
of the platform inside the dome and mounting
equipment on it, relocating a charging belt, leak

I [ OURTH QUARTER, FISCAL YEAR 1930
(.’k .

testing, and installing various other electrical and
mechanical components. A sketch of completed
arrangement is shown in Fig. 45. It is expected
that instrumentation will be worked on during the
next quarter, and it is hoped that some data, from
experiments involving inelastically scattered
neutrons, will be obtained.

Westinghouse Electric Corporation, Inelastic
scattering of neuvtrons by shield materials, - The
subcontract with Westinghouse Electric Corpora-
tion for the use of their Van de Graaff will not be

‘renewed at the end of the fiscal year, June 15,

1950, since the Bartol and Kentucky subcontracts
now seem likely to produce all needed data. The
Bartol Van de Graaff is already producing data;
the University of Kentucky Van de Graaff is
expected to do so shortly. The Westinghouse Van
de Graaff subcontract is still in the initial stages,
because it was initiated at a later date. It would
be necessary to go through many of the same
modifications as were found necessary for the
University of Kentucky machine — increase the beam
strength, install a more powerful beam bending
magnet, and construct a new target room, There
was also some possibility that the beam current

would not be increased by merely installing a
more powerful ion source, and that the whole
accelerating tube system might have to be modi-
fied. It might have been possible to utilize the
extremely low beam current (approximately 0.15
microamperes) if, like Bartol, data were obtained
by the exposure of photographic plates. This
would not have entirely served the purpose of the
subcontract, since one of the original reasons for
the Westinghouse subconiract was to attempt to
develop new types of instrumentation, which would
reduce the time and manpower requirements by the
measurement program. This can now be taken
care of by ORNL.

5-Mev Yan de Graaff, - Construction of the 5-Mev
Van de Graaff by the High Voltage. Engineering
Corporation is progressing approximately according
to schedule. The manufacturer has received the
main pressure tank from the vendor. During a test
run without the accelerating and pumping tubes in
place, and without the equipotential shields, the

71

SECRET

oL v/ j€-3§é°5

L1 ra no—keﬁ 3 s00 ovoc 'oto ° o o o000 oo

o o ° a s o ° © o o o a o o a o

o 0o o000 00 0o o o o o ° o o0 a4 ©

- -~ o 0 o o o o o L[] °0o o e @ O



°
°
o
o
°

000000
6% 06
o
®
0eo00
°
oaoo
°

eo
weoooao
00000
©woc000
©00000
eoo0coo

osce

o
°
<
°
°

SECRET

I NEPA PROJECT PROGRESS REPORT

& rontroLEs

® ! ACCESS
MANHOLE

PUMP FOR —
(ACCELERATING
TuBE

SCATTERER ~C
TARGET

NEW LABORATORY ROOM

i
¢ /ﬂmj

=

BEAM Tusf-

[GROUND LEvIL

‘CONTROL PAHEL

Fig. 45 - ARRANGEMENT OF VAN DE GRAAFF AT UNIVERSITY OF KENTUCKY

machine successfully reached approximately 6.5
Mev. It now seems possible that the machine may
not be moved to Oak Ridge at the date originally
scheduled; the machine will be eventually in-
stalled at the ORNL X-10 site. There has been
some delay in initiating work on the ORNL
building which will house it and it is now expected
that this building will nét be completed for perhaps
a year. It has not yet been decided by ORNL
whether it would be possible and desirable to house
it temporarily in the Y-12 area.

Cockroft-Walton accelerator, - The Cockroft-
Walton accelerator has been completely assembled
and successfully vacuum tested. The capillary
arc type ion source has been successfully oper-
ated. During a test of the 0.25 Mev voltage source,
a flashover and fire occurred, at about 0.21 Mev.
The transformer was shipped to the manufacturer
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for examination, but was ruined in shipping. The
manufacturer has rewound it and will send a repre-
sentative to ensure the proper functioning of the
power supply. The entire machine will be put into
operating condition and made ready for use when a
controlled source of neutrons is needed for instru-
mentation work. )

Instrumentation. - In addition to building some
more-or-less standard instruments for critical ex-
perimentation, NEPA was involved during the
quarter in building, or developing, a beta-ray spec-
trometer, a Compton-recoil coincidence counter, a
single-crystal scintillation spectrometer, a multi-
ple-crystal spectrometer, a proton-recoil neutron-
energy spectrometer, and lithium-loaded emulsions.
A start was also made in growing or mixing various
crystals and liquids which scintillate when ex-
posed to gammas or neutrons.
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Late in the quarter, a meeting was held with the
ORNL personnel responsible for the shielding
reactor installation (swimming pool), and its in-
strumentation. 'Recommendations were obtained for

instruments needed for the bulk shielding experi-
ments with the shielding reactor. Special interest
centers in the beta-ray spectrometer, the Compton-
recoil coincidence counter, the multiple-crystal
spectrometer, and the proton-recoil neutron spec-
trometer. Accordingly, work on these instruments
will be emphasized and work on the .other instru-
ments will only be carried forward at such times
as it is impractical to work on the instruments of
primary interest. :

Beta-ray spectrometer. - During the quarter, at-
tempts to obtain a suitable current regulator for
the focusing electromagnets of the beta-ray spec-
trometer were abondoned through commercial
sources, and a satisfactory current regulator was
built at NEPA. Other work during the past quarter
consisted of improving the resolution by determin-
ing optimum positions for the two magnetic lenses
and the proper alignment for the baffle system.
Batteries were used for magnet current at the low
energies and the generator and regulator were used
at the higher energies. Fig. 46 shows a picture
of the machine. ORNL personnel responsible for
instrumenting the shielding reactor facility have
shown interest in a modification to the machine
suggested by NEPA. It was proposed that by means
of a suitable arrangement of baffles, magnets, and
counters-in-coincidence the machine could be
used as a positron-electron pair spectrometer. Elec-
trons and positrons are emitted as a result of gam-

mas striking a radiator at one end of the spec-
trometer tube. These electrons spiral down the
tube in opposite sense due to the influence of the
first magnet, go into a reverse spiral at the second
magnet, and are counted in coincidence at the
other end of the spectrometer tube. Baffles have
been made and special counting tubes will be
constructed in order to test the feasibility of this
idea.

Compton-Recoil coincidence counter, - A Comp-
ton-recoil coincidence counter is being constructed
for making rough gamma-ray energy measurements

SECRET

Fig. 46 - BETA-RAY SPECTROMETER

in either the lid tank or the shielding reactor
facility. In this apparatus, Compton recoil elec-
trons are ejected from a suitable target by the in-
coming gamma radiation of unknown energy. The
electrons traverse two GM tubes which are con-
nected in such a way as to give. counts only when
both tubes are tripped within a given short period
of time. Absorbers are inserted between the two
tubes and counts are taken with various thick-
nesses of absorber screening out the electrons of
lower energy. While this instrument will not give
complete spectral measurements, it may operate
as a variable-energy threshold detector. The
necessary electronic equipment was already avail-
able from the polonium-beryllium source (n,7)
experiments reported in the Quarterly Progress
Report for the period September 1 - December 31,
1949, and has been assembled and modified for
use. Special GM counters are being constructed

at X-10. As soon as they are available, the equip-
ment will be tested in the lid tank.

Crystal scintillation counting. - Scintillation
counting offers one possibility of measuring the
energies of neutrons which have traversed a shield
or escaped from a reactor. Tests on available crys-
tals to determine their relative response to heavy
and light ionizing particles were completed during
this quarter. This was done in order to determine
the feasibility of using them, with lithium included,
for neutron spectroscopy, in this type of counting.
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The energy of the alpha and tritium particles re-
sulting from the absorption of a neitron by a Lié
nucleus is dependent on the energy of the incident
neutron and would be measured by the intensity of
the scintillation. Scintillation from lighter par-

ticles represents an undesired background. None
of the tests completed have shown a desirableratio

of pulse size from the heavy particles to the pulse

size from the light particles. The ORNL work
with lithium silicate activated with titanium oxide
is being followed; a physically good crystal is
still unavailable. A dozen melts of related ma-
terials have been prepared and tested for response
to alpha particles with encouraging results. A
clear glassy melt of 17.3 per cent lithium oxide,
69.63 per cent silica, 4.35 per cent zirconia, and
8.70 per cent lithium chloride—sodium chloride
appeared to be most promising. Additional samples
of similar compounds with different activating
agents are now available. An attempt will be
made to grow crystals from the more promising of
these melts. It is well known that sodium iodide—
thorium iodide is of considerable interest as a
possible neutron measuring device. Past attempts
to procure such a crystal commercially have been
unsuccessful, but it may be possible to grow such
a crystal in NEPA’s crystal-growing apparatus
which is now getting into operation.

Following an announcement from outside sources
that certain solutions would act as scintillation
counters, such solutions were prepared. These
counting liquids are particularly interesting for
neutron work in view of the possibility of easily
incorporating the lithium compounds desirable for
neutron energy determinations. Recoil protons
will present a problem. The solutions currently
available consist of p-diphenylbenzene in m-xylene
and in benzene. Others are being procured.

Multiple-crystal spectrometer. - During the quar-
ter, C. P. Baker (NEPA consultant) brought to the
attention of NEPA personnel a method of measur-
ing gamma ray spectra using two crystal counters
in coincidence. One crystal measures the energy
of the Compton electron produced by the gamma
ray in the crystal, and the second measures the
presence and direction of the coincident degraded
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gamma ray, The intensity of the visible light
pulse from each crystal is proportional to particle
energy. Thus, with collimated gamma rays one
can determine the gamma-ray energy uniquely. The
reported resolution was sufficient for bulk shield
tests and the sensitivity was high. |t was believed
that such an instrument might be suitable for
shield measurements provided sufficient gamma-ray
collimation could be provided.

Further thought indicated the possibility of using
a three-crystal device so collimated that gamma
rays would be unnecessary. In this arrangement
(see Fig. 47), a gamma ray is scattered in crystal
No. 1 and the degraded gamma ray enters crystal
No. 2. The Compton electron generated in crys-
tal No. 1 leaves it and its path ends in crystal No.
3. The coincident sum of the energies in No. 1
and No. 3 gives the electron energy. The presence
of the degraded gamma going from -1 to 2 and the
location of the crystals then define the angle be-
tween the degraded gamma and the Compton elec-
tron. This information is sufficient to determine
the original gamma-ray energy even though its
direction was originally unknown.

A two-crystal spectrometer is almost complete
and a three-crystal model is planned to test its
feasibility.

je—--— PHOTOTUBE
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Fig. 47 - PROPOSED MULTIPLE-CRYSTAL GAMMA-
RAY SPECTROMETER
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Profon-recoil neutron spectrometer. - During the
past quarter, the proton-recoil fast-neutron spec-
trometer was tested at Bartol Research Foundation
and at Massachusetts Institute of Technology.
The electrostatic generator at Bartol was used to
obtain 4.4-Mev neutrons from the d(d,n) helium
reaction, Points at 1,9 Mev and 14 Mev using the
lithium (p,n) beryllium and tritium (d,n) helium
reactions respectively were obtained on the Rocke-
feller generator at MIT. The resolution checked
with design calculations giving a root-mean-square
error of 9.8 per cent. After the foregoing tests,
the spectrometer was installed in the lid-tank
facility. Some difficulty was encountered, how-
ever, in operating this instrument successfully in
the lid tank because neither the very large back-
ground nor the neutrons to be measured originated
at a point source. A coincidence tube and a coin-
cidence circuit are on order and will be used to
improve the performance with nonpoint sources.

Lithivm-loaded emulsions. - Following the de-
cision that ORNL will have basic responsibility
for developing a low-hydrogen-content nuclear
emulsion, NEPA subcontract negotiations were
terminated with the Ansco Division, General Ani-
line and Film Corporation. The information re-
garding this proposed subcontract has been turned
over to ORNL. Eastman is continuing work on an
emulsion-lithium-emulsion ‘“‘sandwich’’ type plate.
No further Eastman samples were received during
the quarter. A small amount of local work was con-
tinued on the technique of evaporating lithium on
the emulsions. Along similar lines, Eastman at-
tempted to evaporate lithium fluoride on an NTA

emulsion (a special type of emulsion for nuclear
track observation) but found that the required high
filament temperature caused fogging of the plate.

Continuous cloud chamber, - Work continued on
the subcontract investigation of the feasibility of
constructing a continuously sensitive cloud cham-
ber. This type of instrument, with no ‘‘dead’
time, may prove useful for photographing the tracks
of charged particles when used in conjunction
with a ‘‘pulsed’’ cyclotron or Van de Graaff. With
the concurrence of ORNL, the subcontract was re-
newed for a second six-month period as of June

15, 1950.
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Some success was reported in obtaining con-
tinuous supersaturation by steam injection into an
air nozzle; however conditions suitable for track
formation were not obtained. The investigation
of this approach will be continued with lower air
velocities, if possible. A device is being con-
structed which will give an absolute measurement
of the degree of supersaturation,

-~

Standard pile. - Work on calibrating the standard
or sigma pile has been completed. A report, for
internal distribution, NEPA 1446-SER-10, has
been written to assist in use of the pile. It is
not expected that more work will be done with
this tool until it is needed for calibration pur-
poses after the start of critical experiments.

University of Chicago. - Acting with ORNL con-
currence, a subcontract was negotiated with the
University of Chicago. The objective of this sub-
contract is to investigate the feasibility of various
means of measuring the energy of neutrons and
construct equipment to perform such measurements.

3.3 MATHEMATICS OF SHIELDING
(18.5 Man-months)

Idealized shield calculations. - During this
quarter the calculations of the minimum weight of
an idealized shield have been extended, taking
into account two- new factors. First, the ideal
shield has been changed by adding o plenum
chamber to each end of the reactor, This is shown
in Fig. 48, The second factor, the addition of
side walls to the crew shield, will be discussed
separately. This ideal shield is in essence a
rounded-off cylinder of several layers around the
reactor plus a shadow disc placed somewhere
between the reactor and the crew position. The
radius R, includes the two inner layers.

The fundamental mass equation for this shield is:

4 3
H = gl = 43 [ = R)® +5 (1 + 3+ )R,y
(Ry = Ry )? +2(3+2a) B2 ( —R)]+i
0 2 o \Bn— Ry 3 Pw
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Fig. 48 - IDEALIZED SHIELD

[, - R,)° +%‘(l +21+ @) R, (R, - R,)° +

5
7(3 + 2d) ROZ ®, - Ro)] + '”psRs2 &

This neglects the two innermost layers which do
not enter into the minimization problem. The
relationship between R, R,, R, and Tis given

by the basic attenuation equations

B 3 2
Fn o, By 1"m=2.33n+|n(R_1‘)’) = K

)\ﬂl wn

14

-R - 2
En= By By Fn T=2337+|n(R0) =K,

>‘m >‘w S

where 8, and 8., are the necessary powers of 10 to
reduce the initial gamma and neutron flux to

tolerance.

e

The factors on the right side of each of the
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aftenuation equations are known, and when com-

puted for a reactor-crew separation distance D, of

100 feet, give 16.1 for Ky, and 13.8 for k9. There-
fore, R, and R, may be solved in terms of T.

When this is done, then the mass equation becomes
a function of one independent variable, T'. Ao
Aynt Ny r and A are respectively the relaxation
length in the matched layer, the neutron relaxation
length in water, the gamma relaxation length in
water, and the gamma relaxation length in the
shadow shield, and are known for any given
substances. R, R,, R,, and T are shown in
Fig. 48; R. is the radius of the shadow disc
taken as four feet, aR,is the thickness of the
plenum chamber; o, 0,,, and p¢ are the densities

of the matched layer, outer layer, and shadow

shield, respectively.

Computations were made using this relation for
a shield using wolfram carbide and- boron carbide
in the matched layer, water in the outer layer,
and lead as the shadow shield. Fig. 49 shows
these results and gives a minimum weight ¥ ¢ for
a shadow shield thickness of about 10.5 centi-
mefers., These computations did not take into
account the fact that scattered gamma rays would
add to the radiation intensity at the crew position,
and computations showed that the additional
intensity due to the scattered gamma rays is
considerable.

This brought up the second new factor, namely
the question of adding side wall shielding at the
crew position. Accordingly, a factor for the side
walls was added tothe mass equation; the equation
then reads: :

4 3
¥ =2 (g =) (B, - R,)® +5 +2z+a)

Ry Ry - Ro)2 +% @+ 2a)R02 (@n - Ro):l"'gw Pes
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:
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Mg ® MASS WITH SHADOW DISK ONLY |

4

Fig. 49 - WEIGHT OF AN IDEALIZED SHIELD AS A
FUNCTION OF SHADOW-DISC THICKNESS ~

[(Rw—Ro)S +%(] +Z+a) RO(Rw-RO)2 +

%(3 + 2a) R02 By - Ro)  + prR82T+

2R AB T -T,).

T,, here, is the shadow-disc thickness necessary
to reduce the direct gamma radiation from the
reactor at the crew position to a value equal to
the scattered gamma radiation at the crew position
ot sea level air density, i.e.,, when the shadow
disk has a thickness T,, addition of sidewall
shielding would not greatly reduce the crew-
position radiation, and the proper thickness of the
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side-wall shield is zero. For T greater than T
the side-wall thickness is taken to be B (T -T,
where B (T~ T,) is the thickness of the side
walls as a function of T (the thickness of the
shadow disk), and  is the length of the crew
quarters.

Computations of the total shield mass, . S

- using this new formula, were made, and the results

are also plotted in Fig. 49. The intersection of
the ¥ and K, curves evidently is at the lowest
shield weight for the conditions of the compu-

Thus, although- both the ¥ and X,

curves continue on to lower masses, the i sw curve

tation.

is meaningless to the left of the intersection

since the intersection is at zero side-wall thick-
ness, and the lower masses on this curve, there-
fore, correspond to ‘‘negative’’, i.e., imaginary,

side-wall thickness; the ¥ curve is meaningless

“to the right of the ¢ - M, intersection because

airescattering in this region is large enough to
require side walls, which have not been accounted
for in the weight Ho. It must be noted that theo-
retical densities are used in computing weights
and that the accuracy of relaxation lengths used
are still in some doubt. Hence the weights quoted
in Fig. 49 are not to be taken as serious estimates
of the weight of an aircraft shield. Errors in

weight, resulting from experimental inaccuracy,

have been calculated (NEPA 1365 STR-25, 4.

Method for Optimizing an Aircraft Shield).

The results show that the minimum weight is
achieved without side walls, but the shield weight
is somewhat greater when due allowance is. made
for the scattered gamma rays. This conclusion
may not be true for a practical shield, for reasons
given elsewhere in this report,

Airescattering. - Studies are being continued on
the air-scattering of gamma rays and are being
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extended to the scattering of neutrons. The new
studies will determine, for varying crew-shield
thicknesses, the intensities of scattered gamma
rays and neutrons at the crew position of a nuclear-
powered aircraft.

The principal objectives of these studies are:
(1) a determination of the intensity of the scattered
gammas as a function of the angle at which they
strike the crew, unprotected by side shielding;
(2) a determination of the scattered-gamma intensity
at the center of the crew compartment as a function
of the side-wall thickness; (3) a comparison of the
gamma intensity with the neutron intensity at the
crew position. The first two of these objectives
will provide an insight into the problem of shadow-
shielding the crew from those regions from which
the scattered gammas contribute a large fraction
of the total intensity. It will also be possible to es-
timate crew-shield weight with a fair degree of
accuracy.

The comparison of relative neutron and gamma
intensities will permit an estimate to be made of
the relative contributions from each component
necessary to bring the total intensity, at the crew
position, to biological tolerance.

Accurate results can not as yet be predicted,
but from the preliminary calculations on Objective
2 it was found that, for a crew reactor separation
distance of 30meters and zero side-wall thickness,
the primary gamma rays needed to be attenuated
by about 6 centimeters of lead in order to con-
tribute an intensity equal to that due to scattered
gamma rays. The intensity of once-scattered
neutrons reaching the crew position was also
calculated. Using the same separation distdnce
and assuming that scattering in air is isotropic
and absorption is negligible, it was found that for
S, fast neutrons per second produced at the
reactor the once-scattered flux at the crew position
was 6.6 x 10~9 S, neutrons per square centimeter.
In order to compare this with scattered-gamma
intensity, the gamma intensity must be converted
to a flux. From an assumption of 1 Mev as the
average energy of the gamma rays arriving at the
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crew position and from the calculated intensity
(5.1 x 1022 ¥ ,), it was found that the ratio was
2.1S,/N ,where ¥ ,isthe number of 3-Mevgammas
emitted per second from the reactor. The assump-
tion of 1 Mev as the average gamma energy is an
artificial one and serves merely as a basis for
comparison with results to be achieved through
further study.

Transmission calculations. - During the past
report period, two transmission problems have
been worked on. One is a Monte Carlo type
problem and is now being computed on the [.B.M.
equipment at the ORNL Y-12 site in order to de-
termine the neutron energy spectrum in carbon re-
sulting from a fission source. The results will be
used to check on analytical approach to the prob-
lem, reported in NEPA 1162-STR-15,Neutron Energy
Spectrum in Carbon. Twothousand neutron life his-
tories have been computed, but the results have not
been analyzed. The other is a matrix problem for a
wolfram carbide and boron carbide system and is
being set up to be run through the NEPA computer.

Extensive alterations have been made on the
method of determining probabilities of ‘“free state-
to-free state’’ and ‘‘free state-to-trap’’ trans-
missions; this has resulted in greater accuracy with
a correspondingly greater expenditure of labor and
time. However, since this problem is the most
ambitious yet undertaken, it is believed that a
physically meaningful result will be of more
value than a quick mathematical answer. There-
fore, the increase in computing time will not be
wasted.,

Physically the problem involves a mixture of
wolfram carbide (26.4 per cent by volume) and
boron carbide (73.6 per cent by volume) and fol-
lows the life histories of neutrons having initial
energies of approximately 1 ev to 6 Mev as they
are degraded in energy to lower energies.

Currently in the process of solution is a mono-
energetic pilot problem involving the solutions of
82 sets, each set containing 20 equations in 20
unknowns.,

Preliminary results of the Northrop Monte Carlo
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attenuation computations for 2000 neutrons throu?h
slabs of boron carbide indicate that if boron10
were substituted for natural boron the neutron
relaxation length of 6.1 Mev neutrons would be
decreased by 21 per cent. A further calculation on
10,000 additional neutron life histories was made
using the assumption that boron.’" has no inelastic
cross-section in order to determine the relative
importance of the inelastic cross-section. These
calculations indicate that such a fictitious sub-
stance (i.e., B 10 C with o in = 0) would have a

6.6 per cent longer relaxation length than using
natural boron.

For purposes of comparison, if a shield is con-
structed with a matched layer of boron carbide
and wolfram carbide and the outer layer is made of
water, the 21 per cent decrease in neutron re-
laxation length means a 10 per cent decrease in
shield weight. Similarly, the 6.6 per cent increase
in relaxation length means an increase in weight
of 4.3 per cent. Table 15 summarizes these
results,

TABLE 15

SHIELD WEIGHTS CALCULATED BY MORTE CARLO HETHOD

Monte Carlo Experimental Normalized S_hield
Shield Heutron Neutron Neutron |Weight of
Haterial Relaxation Relaxation Relaxation 3 ft.
Length (cm) | Length (cm) | Length (cm)| Reactor
(tons)
ch 6.1 5.5 5.5 48.7
8/0¢ 4.8 4.4 43.6
-
8l0¢c 6.5 5.9 50.8
{with o in. = 0)
!

Duct leakage. - An attempt is being made to
analyze the neutron and gamma ducting problem
by dividing the duct into sections and thereby
finding out what properties are important. This
approach is from the viewpoint of calculating how
much weight must be added to the outside of a
shield to compensate for the leakage of neutrons
and gammas through each section of the duct.
Preliminary results indicate that the cross-section

FISCAL YEAR 1950

diameter of the duct is an important parameter; the
added weight increasing by a factor of about
1.75 for every increase in duct diameter by one
relaxation length. In designing a duct, it is
believed to be important to have the angle formed
by the axis of the duct and the radius vector as
large as can be reasonably obtained. In order to
obtain this large angle, use should be made of
all three dimensions; the ideal shape for the duct
is, perhaps, an extended Archimedean spiral.

The ducting problem. is also being studied from
the view point of applying the transport equation
to it. However, the transport equation must first
be solved, and it is believed this may be achieved
through use of the NEPA computing machine.

Digital computer. - The electronic computer
mentioned in previous reports has now been com-
pleted and put into operation (see Fig. 50). The
machine is capable of solving problems in dis-
tribution of radiation in shields, thermodynamics,
heat diffusion, nuclear reactivity, aircraft stress

and possibly logistics using the Gauss-Yon Seidel

method for solving simultaneous liner equations.
The machine can solve equations in as many as
300 unknowns by a series of converging iterations.

Problems are fed to the machine on punch-coded,
standard, teletype tape, transcribed and recorded

by a single electronic recording head, solved, and
stored on a magnetic tape for future use. The
system is unique in that it uses tape synchroni-
zation to achieve a fixed memory sequence, avoid-
ing the characteristic and time consuming search
for stored data.

Although the machine is much smaller, slower,
and less flexible than machines like the SSEC,
it is well adapted to the fairly rapid solution of
problems peculiar to NEPA's work. lts relatively
low cost and easy accessibility to NEPA are
also important characteristics in its favor.
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Fig. 50 - NEPA DIGITAL COMPUTER

3.4 SHIELD MATERIALS
(3.6 Man-months)

“The continuing investigation of possible hy-
drogenous materials now embraces work on uranium
hydrides. Metal Hydrides Incorporated, has been
charged with preparing a uranium hydride that is
nonpyrophoric and has good thermal stability and
high hydrogen density; such properties would
facilitate compaction of the compound. Some
properties of the material have been determined;
it has been found that the dissociation pressure
below 570°F is much higher than reported by the
lowa State College.

Attempts have been made to cast lithium boro-
hydride in molds, to obtain densities nearer to
theoretical.  Other investigations comprise at-
tempts to obtain the eutectic of the system and
to dissolve the material in an organic solvent.
On a weight basis, lithium borohydride at 77°F
is 60 per cent better than water as a hydrogenous
shield material. ‘

Preliminary results of a study begun on a wolfram
borohydride indicate that the material is stable
and nonpyrophoric. The borohydrides of heavy
elements are to be thoroughly investigated during
the coming year.

The effect of boron on the formation and dissoci-
ation of typical hydrides, such as those of titanium
and zirconium, is being examined. The borides
of titanium and zirconium have shown no evidence
of hydrogen absorption in a hydrogen atmosphere.
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A survey completed at the California Research
Corporation on organic compounds showed that
Ny, the number of hydrogen atoms per unit volume,
varies directly with chemical structure - more in
the case of paraffins and less for aromatics. Sev-
eral promising compounds were placed in the ORNL
pile for 4 weeks at 87 per cent maximum flux at
285°F in standing air, with and without radiation
inhibitors. The results are now being evaluated.

Consideration has been given to incorporating
boron long-chain paraffinic compounds, such as
lauryl borate, into the organic fluids that appear
hopeful.

The investigation of materials of nonhydrogenous
nature has continued.

An investigation of the practicality of rolling
Boral slabs is continuing, in cooperation with
ORNL, at the plant of the Lukens Steel Corporation.
A mock-up boron carbide plate for bulk-shielding
tests at the ORNL pile was successfully made.

Other such plates will be made during the coming
quarter.

The successful fusion-welding of thin wolf-
ram sheets was further demonstrated by Fansteel
Metallurgical Corporation. Comparison with riveted
sections indicates that welding is superior to
riveting as a means of joining wolfram. Kenna-
metal, Incorporated, delivered some pieces of
‘wolfram, approximately 0.2-inch by 8 inches by
8 inches, which had been compacted from powder
at 25,000 pounds per square inch and subsequently

i
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sintered in vacuum. Larger sections can be ;;ro-
duced by the same method with an improvement
in density. However, the program for fabrication
of wolfram sheets for bulk-shield testing has
been put aside pending investigation of a wolf-
ram-alloy system. A wolfram-iron alloy appears
promising, and a survey of possible fabricators

is in progress, Some experimentdtion is under-way
at ORNL to form sheets from wolfram powder
bonded by Tygon, a plastic. A survey of possible
uranium alloys and combinations has started. In
addition, work is in progress on manufacturing
wolfram carbide and boron carbide, singly or in
combination, as practical shield material.

3.5 GENERAL SHIELD STUDIES AND DESIGN
(2.5 Man-months)

A program has been started to obtain fairly com-
plete designs of several possible shields, which
will include all the practical aspects of an aircraft
shield as well as the most recent thecretical con-
siderations,  Preliminary designs will first be
prepared by the design engineers, These will
then be analyzed by the best available theoretical
methods, taking into account the effects of sup-
porting structure, ducts, and arrangement of the
shield components in the aircraft. Following the
theoretical analysis, final drawings will be made.
These should be completed during the next quarter,

Three types of divided shields will be studied

simultaneously in the proposed program:

1. Matched layer of wolfram carbide or equiva-
lent and boron carbide, followed by hydroge-
nous neutron shielding material (probably
water); crew shield to be a lead disk. Both
the matched layer and hydrogenous material
will completely surround the reactor, though it
is expected that the matched layer will be
somewhat thinner at the rear.

2, Matched layer of lead and water in the
front portion of the shield, with only water
adjacent to the reactor in the rear portion; more
hydrogenous material (probably gascline) to

FISCAL YEAR 1950

surround the water; crew shield is to be made
of lead, having thicker rear section than sides.

3. Similar to (1) except that the matched layer
will be made of lead and water instead of
wolfram carbide and boron carbide.

The type (2) shield described briefly above de-
pends upon shadow-shielding of gammas. Analysis
indicates that o considerable reduction in the
reactor-shield high-density layer is possible at
the rear and sides of the reactor. Thus, in this
shield, the materials used solely for gamma-
shielding will be concentrated in heavy plates in
front of the reactor and again, as part of the crew
shield, behind the crew. The heavy plates in the
forward portion of the reactor shield may extend
for some distance around the sides of the reactor,
Preliminary analytical results indicate that thin
lead sides are required around the crew compart-
ment to achieve minimum weight for this type of

shield._

Analysis of shadow-shielding of neutrons showed
that scattering by the aircraft structure limited
the reduction in neutron shielding-material thick-
ness at the aft end of reactor shield to only a few
inches, if that portion of the shield were clean,
However, since it is planned to bring all ducts
and several control rods through this part of the
shield, any gain which may have been anticipated
will most likely be more than offset by the detri-
mental effect of these passages through the shield.
Some of the neutron shielding may be placed
around the crew because: (1) the material re-
mains at a low temperature; (2) there is no loss of

-efficiency due to ducts (this is especially im-

portant in the air cycle); (3) nonuniform neutron
leakage from the reactor shield is more readily
compensated for; (4) there is a weight-saving if
the reactor shield outside diameter tends to be-
come larger thar the crew shield.

3.51 Open Cycle. - A preliminary drawing of a
shield section showing the intake and outlet
annular air ducts tor the 10-2 aircraft was com-
pleted and nuclear shielding analysis was started.
It was originally planned to test this section in
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the ORNL lid-tank shield-testing facility. For this
reason, a model of a section of the outlet duct was
made to illustrate the shape of the duct and ad-

jacent heavy layer (see Fig. 51). The section is
hollow and filled with air.

The section was based on a shield designed for
a split-flow type of reactor having a core diameter
of 3.54 feet and a free-flow ratio of 0.3/1. The total
free-flow areas of the inlet and outlet air ducts
are 5.86 and 11.04 square feet, respectively. Two
ducts are used for inlet and two for outlet, hence
the area of each duct is half of the value given
above. However, the ducts within the shield will
have to be insulated, adding substantially to the
already large volume of void within the shield.

NEFA PROJECT PROCGRESS REPORT

3.52 Compound Liquid-Coolant Cycle,

Shield design studies. - The initial shield de-
sign work described under section 3.5 is to be
carried out for the reactor described in section 2.2
(sodium-cooled, 2.5-foot core diameter, and 3.33-
foot reflector outside diameter). The shield is
to be of the divided type, with a 50-foot separation
between the center of the core and the rear face of
the crew shield. The coolant will flow through the
shield through 16 ducts, eight inlet and eight out-
let, each having an inside diameter of 3 inches.
Each duct, however, is double-walled with a 0.5-
inch space provided between walls for insulating
material and expansion. Hence, the outside dia-
meter of each duct is about 4.25 inches, All ducts
and control rods will be brought out through the

-
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Fig. 51 - PROPOSED ASSEMBLY FOR RESTING SHIELD SECTION IN ORNL LID-TANK FACILITY
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rear face of the reactor so that any increased
leakage of radiation that they may cause will not
be directed initially toward the crew,

Comparative effects of sodium and bismuth on
shield weight. . The total weights were deter-

mined for a complete reactor-shield assembly
when a bismuth cooling system was used and when
a sodium cooling system was used. The chief
differences in the two systems are:

1. In the bismuth system, bismuth may be
passed all around the core to form a heavy
gamma-shielding layer, whereas, for the same
shielding effects, a separate heavy layer (lead
or wolfram carbide) must be used with the
sodium system. This results in a weight
penalty for the sodium system, because the
heavy shielding layer must be at a greater
radius than the bismuth gamma-shielding layer
in the bismuth system. However, if it is found
that no heavy layer is required along the sides
and rear of the reactor, this weight advantage
for the bismuth system will be removed.

2. The weight of the coolant is much greater
in the bismuth system. This results in an

over-all weight advantage for the sodium sys-

tem. The comparison is described in more
detail in section 2.22 of this report.

Liquid-metal ducting study, - The manner in
which liquid-metal ducts should be brought through
the shield so as to cause the least increase in
shield weight was studied. A line-of-sight method
was used in which the distances through the var-
ious materials were weighted by the total macro-
scopic cross-sections of the respective materials;
i.e., if the macroscopic cross-section of a given
material was one-fourth that of water, t inches of
the material was considered to be as effective as
t/4 inches of water.

First to be investigated in this way was an 8.5-
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inch diameter bismuth duct having two-dimensional
curvature, It was assumed that a total of four
ducts would be required to cool a reactor con-
sisting of a 1,98-foot diameter core with a 2,5-inch
reflector; two of the ducts would come into the
header at the intake end of the reactor, and two

would come out of the exit header, The plane of
the duct axis was perpendicular to the axis of the
reactor core and passed through the header at
either end of the reactor. An allowance was made
of 0.5 inch around the outside of the duct for in-
sulation and expansion. Several bending arrange-
ments were tried until the most satisfactory con-
tiguration was found (see Fig. 52). It was esti-
mated that an increase in the hydrogenous shield
thickness of a few inches in the vicinity of the
ducts would be sufficient to offset the detrimental
effect of the ducts on the shield.

BISMUTH DUCT
(oNE oF Founr}

GASOLINE

WATER

HEAYY LAYER

Fig. 52 - BISMUTH DUCT THROUGH SHIELD

Next to be studied was a grouping of 2-inch
diameter sodium ducts. Sixteen ducts (eight in-
take and eight outlet), extending from the rear
periphery of the reactor to the rear of the shield,
were considered necessary. It was intended that
this first study of sodium ducts would involve only
two-dimensional curvature, but it was found that
much could be gained by incorporating one slight
bend in the third dimension. The duct configura-
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tion which evolved is shown in Fig. 53. Again it
was estimated that a few inches more of hydroge-
nous shielding would offset the effect of the ducts.
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The last study to be undertaken was that of
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spiral sodium ducts. Though preliminary work
indicated that these should cause the least in-
crease in shield thickness, the investigation was
interrupted by work of higher priority.

£-33b-b

. \*/,»



|
1
|
!
|
|
i
i
|

SECRET

FOURTH QUARTER, FISCAL YEAR 1950

L4
Q
Q

3 © o L] - o 2

o o o o° © 2 o c o 2 o o or

o 2 c < o 3 o E] 0srQ o > 2 0 %

o o 0 0 es o L] o e O L3 Q 93 0 4

o Q QO o o o & o O o 7 0 L 2 -
00 G033 O fac O 0o L 12 o o k] Lgelxd [

4. ENGINE COMPONENTS

4.1 ENGINE COMPONENT DESIGN AND ANALYSIS
(25.0 Man-months)

4,11 Open Cycle. - Work on the open cycle during
this quarter has consisted of the following:

1. Design work on the adaptation of the J-57

to the air cycle. A layout is in progress for
replacing the engine burners with air inlet
and outlet scrolls. Present indications are
that no increase in engine length will be
necessary, but an increase of 15 per cent in
engine weight is anticipated in order to
connect the turbine and compressor rigidly
through an adequate outer shell.

2. Subcontract work at Westinghouse Electric
Corporation on the feasibility of using two
J-34 engines as a nuclear test-stand power
plant has been completed. No further work
is anticipated.

The Westinghouse work has shown that a test
setup with two J-34 engines operating from a single
heat source is feasible although considerable
space, time, and money would be involved. A
large heat source with 20-inch diameter ducts and
numerous valves and expansion joints is necessary.
However, there is some question about the desired
pressure drop through the heat source and associ-
ated piping. Analysis indicates that a pressure
drop of 20 to 30 per cent will be encountered in
the proposed full-scale power plants. The test
setup proposed by Westinghouse has a pressure
drop of only about 11 per cent. It is thought that
the full pressure drop should be used in a proper
test of starting, control, and operational problems.
This, of course, would require redesign of the J-34
turbine section, which is not necessary with the
11 per cent loss. On the other hand, the large
ducts and valves could be made smaller, and this
would simplify the test installation.

In view of the fact that operation of two jet en-
gines froma single heat source, on a smaller scale,

should be achieved fairly soon at NEPA with the
Boeing turbo-jets, no further action on the Westing-
house program-will be taken at this time.

4,12 Compound Liquid-Coolant Cycle.

Core circuit. - Studies of sodium as a core
coolant were made, using the same basis as the
bismuth studies: i.e.; based on the power plant
for IL-1 aircraft at Mach 0.8 and 45,000 feet. It
has been shown that, besides the direct weight-
saving (see section 2.22), the sodium system has
some other advantages. Line sizes can be smaller,
fluid velocities higher, and pressure drops still
not excessive, since the density of sodium is
about 1/20 that of bismuth. The intermediate heat
exchanger can be smaller because of the greater
specific heat of the sodium. The total volume of
the core circuit is reduced by about 25 per cent.
Table 16 gives a comparison of some of the actual
design values.

TABLE 16 -

COMPARISOK OF CORE-CIRCUIT DESIGN
DATA FOR Bi~Li AND Na-Li SYSTEMS

Characteristic Bismuth«Lithium Sodium~Lithium

Core-coolant flow:

1b. /sec. 6974 845
gpm. 5305 7899
Heat-exchanger core
frontal area (sq. ft.) 5.13 3.03
Heat-exchanger tube
length (ft.) 3.0 3.0
Coolant line through
shield:
In 2¢ 8.6 in. dia. |23 3 in. dia.
Out 2@ 12.7 in. dia. |2e 3 in. dia.
Total line area through
shield (sq. in.) 369 112
Total core circuit pressure
drop: ft. 23.96 295.1
drop: psi. - 98.3 98.4
Yolume of core coolant
(cu. ft.) 47.0 35.9

Fig. 7, section 2.2, shows the proposed sodium
core circuit. In this design the reactor and heat
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exchanger are both horizontal, The heat exchanger
and pumps are placed outside the shield and the
shield thickness increased somewhat on that end
to compensate for the ducting.

TN NEPA PROJECT PROGRESS REPORT

Entry into the reactor at the near end makes the
lines short and provides a coolant for the outer
shell. The sodium flows through an g¢nnular
passage to the entrance of the core at a velocity
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Fig. 54 - SODIUM CORE-CIRCUIT PRESSURE AND TEMPERATURE - TWO PUMP OPERATION

The liquid sodium flows from each pump through
single lines at 33 feet per second. A cross-over
line is provided at the check valve exits to allow
for single pump operation. Just outside the shield,
the pump outlet lines enter short hedders, and the
flow is then divided in four lines on each side.
These eight 3-inch lines then curve through the
" shield to the near end of the reactor. The curva-
ture serves the dual purpose of decreasing neutron
streaming and allowing for line expansion. Each
line has one-quarter inch of insulation around it,
plus a one-quarter inch air gap, and is enclosed
by a 4-inch tube. The air gap allows sufficient
room for free expansion of the coolant line. The
fluid velocity in these lines is 45 feet per second.

86

of 25 feet per second. After flowing through the
core, the coolant is taken out through eight 3-inch
lines arranged in two groups of four at 90° to the
plane of the entering lines. These also curve
through the shield and have insulation and an
enclosing shell. The fluid velocity is again 45
feet per second. )

Entrance into the heat exchanger header is
radial at low velocity to obtain good distribution.
The velocity through the core is 18 feet per second.
Entrance into the two pumps is at 22 feet per
second,
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The major problem in the use of liquid sodium
as a coolant is to prevent boiling. At one atmos-
phere, sodium boils af approximately 1616°F. It
is therefore necessary to maintain the pressure
above that of the sodium vapor pressure at all
times. A plot of temperatures, vapor pressures,
and system pressures can be seen in Fig. 54.
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For a more conservative approach, a plot was
made of the system pressure minus 3 velocity
heads (3q). This assumes that some local disturb-
ance causes an instantaneous pressure loss of
3 q. Comparing this curve with the perverse tube
vapor pressure line shows that there is still no
danger of boiling. The critical point comes just

300 500~
280 BHP PUMP
Pre— 100% FLOW
/
260 400 /
//
§ 240 SYSTEM HEAD CURVE /
s DOUBLE PUMP OPERATION /" SYSTEM HEAD QURVE
ﬁ 220 300 ’ y SINGLE PUMP OPERATION
g = PUMP DESIGN
w [y POINT
% 200 & 100% FLOW J/
o 4
[+ w
x
180 200} / 70% FLOW
// _ PUMP DESIGN POINT CHARACTERISTICS
e
160 // // FLOW - 4500 GPM
/ e HEAD - 265 FEET
140 100~ /7 - SPEED - 3600 RPM
// e SPECIFIC SPEED - 3680
~ - SUCTION PRESSURE - 35 PSIA
120 // // SODIUM SPECIFIC GRAVITY - .794
/ ////
—
100 ole i —— L ) ' | 1 1 ]
o 1000 2000 3000 4000 5000 6000 7000 . 8ooo
FLOW - GPM

Fig. 55 - ESTIMATED CONSTANT SPEED PERFORMANCE CURVE FOR PHASE | CORE-CIRCUIT
SODIUM PUMPS. DOUBLE PUMP INSTALLATION

The system pressure at the pump outlet is 133
pounds per square inch, absolute; at the pump
inlet 35 pounds per square inch, absolute. Based
on the maximum average temperatures, the sodium
vapor pressure reaches a peak of only 19 pounds
per square inch, absolute, between the reactor
outlet and heat exchanger inlet. The perverse
tube-coolant temperature, however, must also be
considered, This could reach a peak of 1900°F at
the reactor outlet. At this temperature, the sodium
vapor pressure is 47 pounds per square inch,
absolute; while the system pressure is 81 pounds
per square inch, absolute. ’

before the entrance to the heat exchanger where
the velocity is quite high (45 feet per second).
The figures shown are conservative, however, as
it was assumed that the hot flow from the perverse
tube would still be 50°F above the average; while
in actuality it would be well mixed by that stage.
In addition, the entrance to the heat exchanger
provides for gradual diffusion to the header veloc-
ity which would raise the bottom of the (pressure —
3q) curve, providing an even greater safety factor.

Pumps. - A design was made of a constant
speed, double pump system for use with sodium as
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a core-circuit fluid, based on the following alti-
tude-system head requirements (see Fig. 55).

Double Pump
Operation

Single Pump
Operation

422.5 |b./sec.
(3830 gpm.)

295 ft.

845 lb./sec.
(7660 gpm.)

430 ft.

Flow ee oo

Head ¢ o ¢ v

In order to obtain small size pumps with stable
performance during parallel operation, it was found
necessary to limit' the emergency single pump
operation to 70 per cent of the required total flow,
or 591.5 pounds per second at 210 feet, '

The approximate pump dimensions are 9 1/2
inches impeller diameter and 18 inches maximum
over-all casing diometer. The brake horsepower
required is about the same as for bismuth, since
higher heads have resulted from the higher veloc-
ities in the sodium system.

Concern over the basic problems of bearings and
leakage from a pump seal have led to consideration
of several special designs. Negotiations are under
way with several subcontractors to do design work
followed by testing to help solve some of the
difficulties. The design of a seal test rig and a
bearing test rig is also nearing completion at

NEPA.

One " proposed solution is an electromagnetic
pump having the rotor completely ‘‘canned’’ or
sealed, All indications are that such a pump
would not only be a very large development job
but that it would result in a very much heavier unit
than can be tolerated for aircraft.

A more favored proposal is a sump type pump
with a vertical shaft (see Fig. 56). Such a pump
has been designed for a bismuth application, and
all liquid-metal coolant pumps now being con-
sidered are of this type. In this design, the verti-
cal pump shaft has an inert pressurized gas,

88
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balancing the pressure of the liquid in a labyrinth
around the pump shaft. The labyrinth must be an
estimated 20 inches long to prevent leakage during
rapid aerial maneuvers. A conventional carbon
face type seal operating out of contact with the
liquid-metal coolant and at relatively low surface
speeds is used to hold the gas leakage to a
minimum., [t is necessary to have one guide
bearing immersed in the liquid metal, and this can
possibly be made of ceramic or gruphite materials.
Since the shaft is vertical, a right angle gear
drive is required at the top. However, this right-
angle drive can also constitute the necessary re-
duction gear.

B —= OIL & GAS OUTLET

SEALING GAS INLET

% 10 SUCTION SIPE
4 OF PUMP

CERAMIC BUSHING
oRr

HYDROSTATIC BEARING

Fig. 56 - LIQUID-METAL-COOLANT PUMP

Heat exchanger. - The test program for develop-
ment of aircraft type heat exchangers, which was
started during the previous quarter and described
in the last report, is continuing satisfactorily,
NEPA design work has been temporarily finished
on liquid-to-liquid and liquid-to-air test units. A
subconiract has been negotiated with A, O. Smith
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Corporation of Milwaukee, and purchase orders
have been placed with Harrison Radiator Division
of General Motors Corporation for delivery of the
first NEPA designs. Technical contact has been
maintained with both -corporations, and it is ex-
pected that the first units will be delivered for
test in September, 1950,

It is planned that this program will indicate
satisfactory methods of welding large numbers of
small tubes into tube sheets, and develop a
method of metal joining suitable for high-tempera-
ture operation of a plate-and-fin type compact
radiator.

This may prove a serious problem as has already
been indicated by Harrison Radiator Division.
Development of a brazing alloy strong enough at
high temperatures and resistant enough to coolants
now under consideration has not yet been accom-
plished. Considerable development has already
been done by one manufacturer using Colmonoy
No. 6, but this is a very high nickel alloy soluble
in all coolants being considered. Furthermore,
it is difficult to keep the alloy from melting
through thin sheets of the radiator. However,
the work is successful in its present applica-
tion and encouraging enough to make the NEPA
brazing requirement look quite possible. Con-
sideration is also being given to methods of weld-
ing the compact plate-and-fin design. -Efforts
are being made to accelerate all this work since

insurmountable difficulties in joining development
would undoubtedly lead to heavier and larger
radiator designs for the full scale aircraft. This
would affect the frontal area of the jet engines
and could seriously affect the feasibility of the

entire compound liquid-coolant cycle.

4.13 Compound Helium Cycle, - Design work has
continued on the compound helium cycle engine
for the IH-3 aircraft during this quarter with par-
ticular attention to engine radiator design, valves,
and the circulating unit. Serious problems arise
at every point, which make the feasibility of the
helium system from the mechanical and operational
standpoint much less promising than that of the

_FOURTH QUARTER, FISCAL YEAR 1950

air or liquid-metal systems. Chief among these
problems are the combination of high temperatures
and high pressures and the high rate of helium
leakage through small holes.

Radiator, - The studies have indicated that the
pressures contemplated in the helium cycle were
much too high for any type of radiator except
tubular. Round tubes can stand considerably high-
er pressures than flat tubes or flat plates. How-
ever, a round tube design tends to be large unless
pressures around 650 pounds per square inch are
used at the radiator. A design study has been com-
pleted on a radiator with helium flowing outside
of round tubes at this pressure, and it appears
that the stress can be kept below the desired maxi-
mum of 5000 pounds per square inch. The tubes
are 0.143 inch in diameter, with 0.012-inch wall,
and 29 inches long. There would be about 40,000
of them in each radiator. (Six radiators for six
engines per airplane.) Stresses in the headers
still remain a serious problem and are partially
responsible for the large radiator section diameter
of 73 inches for a basic 44-inch diameter engine.
This large diameter has contributed to a decision
to place the engines for the helium cycle in the
fuselage rather than in nacelles.

TABLE 17

COMPARISON OF TUBULAR RADIATOR (FOR HELIUM) AND PLATE-
AND-FIN [NVOLUTE RADIATOR (FOR LIQUED-COOLANT CYCLE)

Characteristic Helium Radiator |Lithium Radiator

inlet pressure (psi.) 650 105 (Li)
Inlet temperature (°F) 1650 (40,000 ft.) | 1600 (45,000 ft.)
Flow (1b.[sec.) 38 (S.L.) 37 (S.L.)
Frontal area (sq. ft.) 12.35 12.35
Max. outside diameter {in.) 73 §9.75
Tube length (in.) 28.8 12
Dry weight (1b.) 2827 955
Tubes/engine 40,365
Total length of tubing per

engine (ft.) 96,876

A comparison is made between the tubular type
helium radiator and the plate and fin involute radi-
ator for the compound liquid-coolant cycle in

Table 17.
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Yalves. - In the helium circuit, individual helium
ducts run to each engine or engine pod. In case of
battle damage or other difficulties, it is felt that
shutoff valves must be provided in the fuselage
for each of these lines. These valves must oper-
ate very quickly, must have very low pressure
drop when open, and must have no stem leakage.
But, most important, they must have practically
zero leakage when closed. The latter requirement
suggests the use of a poppet valve. However,
zero leakage is a serious problem in a 10-inch
diameter duct ot 1650°F.

Circulating unit, - Considerable effort has been
expended during the past quarter, both at NEPA

and at Wright Aeronautical Corporation, on the
design of a helium compressor and turbine to cir-
culate the helium through the reactor and radiators.
Currently considered pressures and temperatures
in the circuit are indicated on the diagram (see
Fig. 57). The compressor outlet pressure is 1354

TABLE 18

SPECIFICATIONS FOR HELIUM COMPRESSOR-
TURBINE CIRCULATING UNIT

/
~—

1026°F
1634

COMPRESSOR

1026°F1636°7)

1320 PSI1A

1384 PSIA

REACTOR MEAT EXCHANGER

2000°7 11260°F)
1254 PSIA

1220 PSIA

200008
€©1760%F)

TURBINE

564%F { 405 PSIA . €39 PSIA | 1540%F
€344°F] €1650°F)

850 PSIA_MELMALYOTAL FLOW] 176 LB/SEC
1540%F {1650%F) (72 v8/5¢€)

$17.% PSta
$64°F (346°F,

MELIZ YO AIR RADIATOR

DY ez €67 PSIA (6.2 _psin STarsta os e
177.4 LO/SEC/DNG) 3945F 13339} 1036F {31709F)

VALUES ENCLOSED IR BAACKETS ARE AT
40,000 FT. ALTITUDE. OTHERS ARE AT SEA LEVEL,

Fig. 57 - HELIUM CIRCUIT DIAGRAM

Caleulations showed that a hole with an area
of one-half square inch would leak 1.77 pounds of
helium per second at a pressure of 520 pounds per
square inch. This means that a reserve supply of
500 pounds, occupying a 54.5-cubic foot space,
would be gone in less than 5 minutes. There are
about 100 pounds of helium in the circulating
system. Leakage around a valve equivalent to that
through a hole with an area one-half square inch
does not seem unreasonable. This is equivalent
to an' average clearance at the valve seat of only

0.008 inch.
90

Compressor
Stages « ¢ ¢« ¢ ¢ 4 s e e e e a 17
Compression ratio . . « « » . . 2.4/1
Speed (rpm.) + ¢« v 4 4 4 w0 . 6500
Tip velocity (ft./sec.) . . . . 800
inlet hub-tip ratio . . . . .. 0.825/1
Over-all efficiency . . . . . 0.85
Blade tip diameter (in.) . . . . 28.0
Length (in.) + + & v v o ¢ v v 4 54
Maximum Mach No. . . . . . « . . 0.39"
Turbine

Stages « « 4 2 ¢ 4 0 s w4 0 e 8
Expansion ratio . . . . . . .. 0.54
Speed (rpm.) « v v v v v v . . . 6500
Blade tip diameter (in.) . . . . 30.8
Axial gas velocity (ft./sec.) . 1900
First rotor blade height (in.) . 2.22
Max. stress in blade (psi.) . . 10,000
Max. blade temperature (°F)

(50°F nozzle drop; 150°F

cooling) « « v o v v 0 0 2 . 1800
Nozzle discharge angles . . . . 40-50°
Efficiency including mechanical

losses and cooling losses . . 0.86
tength (in.) + « ¢ v « ¢« v o . . 36
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pounds per square inch, and turbine inlet con-
ditions are 1220 pounds per square -inch and 2000°F .

The design of the turbine-compressor unit pre-
sents difficult and unique problems. The high
temperatures and high pressures are serious in
themselves, but fundamental questions arise due
to the difference in properties between “helium
and air, which can be answered only by experi-
mental tests. Since the speed of sound in helium
(7140 feet per second at 2000°F) is high com-
pared to air, it appears that stress limitations
rather than Mach-number limitations will be con-
trolling. Conventional air velocities result in an

excessive number of stages so that high helium
velocities appear reasonable, but only testing
will show whether the required efficiencies can be
obtained at these high velocities. The subcon-
tractor is now proceeding with layout work with a
unit based upon estimated analysis given in

Table 18.

The final helium compressor and turbine unit is
expected to be about 36 inches in diameter and 12
feet long. The weight will be much higher than
expected from normal jet engine practice because
of the high pressures. It should be noted that the
internal power of the unit for a Phase | aircraft
is approximately 143,000 horse power. This re-
sults in high bending loads on all the blades,

large shaft size, and large thrust loads.

4.2 ENGINE COMPONENT EXPERIMENTATION
(18.9 Man-months)

Preliminary handling tests of liquid metals
continued as a preliminary to starting construc-
tion of the large-scale model circulating system.

Bismuth circulating rig. - This test rig, which
was described in the last quarterly report, was
modified by replacing the 7.5-kilowatt muffle
furnace with a 60-kilowatt box furnace and adding
a cooler of the falling water film type. Satis--
factory operation was obtained with this equipment.

FISCAL YEAR 1950

The over-all heat-transfer characteristics of the
furnace and the cooler were obtained. Of the
60-kilowatt input to the furnace, it was found
that 24 kilowatts, or 40 per cent, was transferred
to the bismuth as an increased heat content. This
roughly checks the design calculations of the
radiant-type gas-fired box furnace being procured
for the scale-model system, in which tt is expected
that 42 per cent of the available energy will be
transferred to the bismuth.

The cooler has a heat-transfer area of 1.85
square feet and, using this figure, the tests
indicate over-all heat-transfer rates of 20 to 40
Btu. per square foot per hour per degree Fahrenheit.

|t is quite probable that in this type of heat ex-
changer the effective heat-transfer area increases
with heat load and, for the present test conditions,
only a small part of the available area is effective,
thus indicating that the cooler has adequate ca-
pacity for the test work planned.

Fig. 58 - BISMUTH BENCH TEST RIG
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Fig. 58 shows the test loop, including the cooler,
flow-measuring tank, sump (pump immersed), and
the end of the heater coil. Fig. 59 shows the
heater coil installed in the furnace.

" Fig. 59 - HEATING ELEMENT IN 60-KW FURNACES
(BISMUTH BENCH TEST RIG)

The maximum bismuth temperature reached to
date was 1640°F, This temperature was maintained
in a test section between the heater outlet and
cooler inlet,

After 12 hours of operation, of which 3/4-hour
was above 1600°F, a leak developed in the outlet
section of the heater coil. The cause of the failure
is being investigated. o

Lithium pressure-temperature rig. - A ftest
chamber was built to parallel the static bismuth

92
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tests that were described in the last quarterly
report. :

Because of the formation of surface oxides and
nitrides on lithium at room temperature, a special
test arrangement was devised to obtain pure lithi-
um. This is shown in Fig. 60 and is briefly de-
scribed as follows:

The lower chamber is first loaded with
lithium blocks, as received, but cleaned with
petroleum ether. This chamber is evacuated
as it is heated and is purged repeatedly with
argon. After the lithium is melted, an argon
atmosphere is maintained. The upper chamber
is also evacuated at the same time. A tube

from this tank connects through a valve to a
standpipe in the lower tank. The upper tank is
filled with essentially pure lithium by using a
differential pressure to force liquid from the
center portion of the lower tank up into the one
above.

Two ports in the side of the upper

Fig. 60 - LITHIUM YARIABLE TEMPERATURE-PRES-
SURE STATIC-TEST RIG (REAR VIEW)
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chamber allow test specimens to be inserted
in a container and later examined for corrosion
effects. ’

The entire system, including an electric light
and exhaust fan, is installed in a sheet-steel box
approximately the size of a telephone booth.

The first tests were concerned primarily with
determining the effect of lithium leaks in air on
insulation and construction materials. Good ther-
mal insulators such as mica, asbestos, and Superex
were rapidly consumed due to their high silicon
content. A slab of JM-3000 Block showed severe
erosion. A plate of 0.064-inch aluminum (type
24 ST) was penetrated by a 1000°F lithium stream
in 5 seconds. Masonite and Formica were slightly
charred after 5 seconds.

A small simulated lithium radiator was tested to
determine the effects of a hole developing between
the lithium and the air side of the radiator. Com-
pressed air was passed through the tube bundle at
150 feet per second; while lithium at 1375°F and
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100 pounds per square inch filled the interstices
and was allowed to escape through a No. 60-drill
hole into the air stream. Lithium fumes issued
from the air duct on the discharge side for 3
minutes, until the duct became clogged with
lithium compounds, and the air flow stopped.
About 1 minute later the lithium in the duct reacted
with the air to bring the steel-pipe duct to in-
candescence. Ten minutes later the pipe cooled
below the glowing temperature (approximately
1300°F). No violent reactions wete noted. The
heat exchanger appeared to be in good condition
after the assembly was cleaned (lithium compounds
dissolved).

In another test a stream of lithium 0.060-inch in

- diameter at a temperature of 1510°F was made to
impinge on a sample of ordinary concrete for
approximately 3 seconds. A violent reaction took
place, scattering lithium and concrete particles
with considerable force and giving a brilliant white
light and large quantities of fumes. Upon examina-
tion, the concrete surface was found to have been
attacked over an area 1 1/2 inches in diameter to

a depth of 1/8-inch.
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5. HEAT TRANSFER AND FLUID FLOW

Heat- transfer work this quarter includes basic
studies of heat transfer and pressure drop in reac-
tor and radiator passages, studies of pressure
drop in shield ducts, flow distribution studies, and
development work on reactor and radiator headers.

The experimental work at United Aircraft Cor-
poration on open cycle ducting and header prob-
lems has produced a suitable inlet and discharge
header configuration. The summary report on the
helical duct studies has been issued as NEPA-
1470, Fluid Flow in Helical Ducts of Rectangular
Cross Section. (See section 5,12.)

The experimental work being done at Massa-
chusetts Institute of Technology on heat transfer
and pressure drop for air flowing in small-bore
tubes has been completed. (See section 5.11.)

The work at Babcock and Wilcox Company on the
determination of heat transfer and pressure drop
for lithium is progressing favorably, The rig is
scheduled for operation during the next quarter.

(See section 5.21.)

Discussions were held regarding plans for liquid-
metal ducting and header tests. No definite action
has been taken on this work as yet. (See section

5.22.)
5.1 OPEN CYCLE (37.6 Man-months)

5.11 Heat Transfer. - Initial tests were made with
the NEPA heat-transfer rig during the quarter. The
operating panel for this rig is shown in Fig. 61.

During the run, it was obvious that several of
the static pressure measurements and temperature
measurements being taken along the tube wall were
in error. The rig was, therefore, disassembled.
Six pressure leads and an equal number of thermo-
couples were found to have broken away from the
wall, Also, the ceramic nozzle block had broken.
These failures are attributed to the fact that lack
of experience in manipulating the power input to
the test section led to too rapid changes in tube
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Fig. 61 - CONTROL PANEL, NEPA HEAT-TRANSFER
RIG

temperature and hence high thermal stresses in the
instrumentation .leads. The rig is now being re-
paired, and it is expected that a full series of
tests will be made during the next quarter,

The experimental work being done at MIT,, for
NEPA, on heat transfer and pressure drop for air

flowing in small-bore tubes has been completed.’

Considerable work remains to be done in correlating
and analyzing the data; however, the final report
on the work is expected next quarter.,

Reasons for the lack of satisfactory correlation
of the MIT data obtained during the previous quar-
‘ter were investigated. It was found that flow meas-
urements were somewhat in error, and also that
the radiation shielding on the thermocouples meas-
uring the inlet and outlet air temperatures was not
effective at low Reynolds numbers. These items
were corrected before the final runs were made.

The present data, therefore, should be more re-
liable.

The survey of the literature on heat transfer and
pressure drop during flow with turbulence promo-
tion, being performed for NEPA by the Armour
Research Foundation, has been completed. An
annotated bibliography covering work done in this

field is in preparation, and will be issued as a
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Topics to be

special report when completed.
covered include: (1) flow in roughened tubes; (2)
effect of tube shape on the heat transfer-friction
relationship; (3) the effect of turbulence promoters
such as fins, dimples,and louvres.

Analytical studies at Armour Research Foundation
on the heat-transfer process in roughened tubes
were continued, in order to find favorable rough-
ness configurations for use in design. No definite

conclusions may be drawn from this work as yet
All work under this subcontract will be completed
during the next quarter. '

5.12 Ducts and Headers. - Experimental work at
the United Aircraft Corporation on ducting and
header problems continued during the quarter. The
testing of discharge headers was also completed
during that period. Starting with the assumption
that a full annulus would be required, as was found
in the inlet header program, a flat header plate and
a number of conical arrangements were tested. The
best performance obtained was an average devia-
tion of 2.6 per cent from the average Mach number
of 0.39 for all flow passages with a header plate
spacing of 2.0 inches. This performance was ob-
tained with a discharge header plate having a
peak, the contour of which is formed by the revo-
lution of a circular arc as shown in Fig. 62.

Other configurations tested were a flat header

plate, a plate with a conical cavity, one with a
spherical cavity, and one with a conical protrusion.
The flat plate and plate with a conical cavity gave
performance close to that mentioned above for the
optimum configuration.

Partial surveys of flow distributions were run
on combinations of the most promising inlet and
discharge headers. The inlet header chosen was
type $-3, an annular header, the outer plate of which
has a cone of 8-inch base diameter and 8-degree
base angle protruding irward toward the core face.
The discharge headers chosen were the ones
having a flat outer plate and a concave conical
outer plate. Tests on the peaked discharge header
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plate had not been run yet, so it was not included
in the combinations tested. Satisfactory perform-
ance was obtained with the configuration shown
in Fig. 62b, which had an average deviation of
3.6 per cent from the average Mach number of 0,42
for all flow passages.

%

Fig. 62 - INLET DISCHARGE HEADERS
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The values of average deviation from average
Mach number, for the combination of inlet and dis-
charge headers, are as much as 1 per cent higher
than those obtained-from tests on either the inlet
or discharge headers alone. The distribution plots.
indicate that the deviations from average Mach
number caused by the inlet and discharge headers
were additive. Initial pressure loss calculations
for these tests indicate that the loss in total pres-
sure through the inlet header and through the dis-
charge header are each about 0,75 of the kinetic
energy at the entrance of the core tubes,

Tests -were run on an annular inlet header pre-
ceded by a single bend as shown in Fig. 62c.
Results indicate that, at a header spacing of 0.55-
inch (Fig. 62¢), choking occurred in the bend. The
single bend contour is now being modified, and
testing will continue,

All tests on the measurement of frictional pres-
sure drop in cylindrical helical and conical heli-
cal ducts have been completed and are reported
in NEPA-1470. The results of these tests are sum-

marized in Fig. 63.

Testing of the small wavy and helical ducts will
begin during the next quarter. Also, when the tests
of the inlet header preceded by a single bend are
completed, testing will commence on inlet and
discharge headers preceded by annular wavy ducts.
Design work is continving on the model of one
half of a split-core reactor, and fabrication and
initial testing should be completed during the next
quarter.

5.2 COMPOUND LIQUID-COOLANT CYCLE
(11.5 Man-months)

5.21 Heat Transfer. - Work continued at the Bab-
cock and Wilcox Company on the experimental de-
termination of heat transfer and pressure drop for
liquid lithium. The initial objective of this work
is to obtain average lengthwise coefficients with
a regenerative type of heat exchanger. In this
type of rig, only the end temperatures are measured.
From these data, only over-all heat-transfer coef-
ficients can be computed. These include the re-
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sistance of the tube wall, and the combined resist-
ances of the two liquids separated by the tube
wall.  The individual resistance of each liquid
must be determined by analysis.

The isometric drawing, shown in Fig. 64, repre-
sents the heat-transfer apparatus which is being
built. It embodies a simple figure-of-eight circuit,
which was chosen because of its simplicity. Basi-
cally, the circuit consists of three electric heaters,
two regenerative exchangers, and two forced-air
coolers. The second regenerative exchanger (la-

" beled ““auxiliary”’) has been included in the circuit,

primarily, to reduce the temperature to which the
pump check-valves and the flow meter must be
exposed, The interior of the cooler is utilized
both as a pressurizing chamber and sump. A
““pulsafeeder’’ reciprocating type pump is used.
In this pump, no bearings, shaft seals, or moving
parts (except check valves) are exposed to the
molten lithium.

Methods for making ducting and header tests
applicable to the compound liquid-coolant cycle
were investigated. It appears that before any
three-dimensional work is done, which at best will
involve a number of moderately expensive and in-
flexible models, a two-dimensional-flow water rig
should be built, The inlet and discharge headers
would be tested together, and the principal objec-
tive would be to gain familiarity with the response
of the pressure pattern, at the faces of the two
tube sheets, to various changes in shapes of the
headers. The use of transparent materials and
controlled water temperatures, approaching boiling,
would permit checking the susceptibility of various
configurations to cavitation,

In the three-dimensional tests, the most important
things to match are the length-diameter ratio of the
tubes and the over-all geometric similarity., Any
elbows and special piping configurations which
are to be a part of the final system should be simuy-
lated in the rig. ‘The margin by which the lowest
wall static pressures exceed the vapor pressure of
the fluid, and the Reynolds number, will be im-
portant parameters.,

—
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6. OVER-ALL POWER PLANT

6.1 POWER PLANT CYCLE ANALYSIS
(48.6 Man-months)

a. Air Cycle. - During this quarter, study con-
tinued on the effects of nonuniform reactor power
distribution in the radial direction. Consider-
ing variations which might occur at different
control rod positions, it was calculated that the
maximum-to-average power ratio could be reduced
to 1.04 without increasing the uranium investment
considerably., It was estimated that the minimum-
to-average flow-rate ratio which might occur in
any heated passage would be 0.89. By applying
safety factors, the radial power ratio was raised to
1.07 and the flow deviation to 0.85, for cycle cal-
culation purposes, while the locations of the max-
imum power and minimum flow were assumed to
coincide in the so-called ‘‘perverse tube.”

Using the above assumptions, it was found that,

for similar reactor entrance conditions and pressure
ratios, and with 1900°F discharge temperature, the
reactor free-flow area required would be 40 per
cent larger than that calculated for uniform radial
power and flow distribution. At lower reactor dis-
charge temperatures, the area increase is not as
severe, When the reactor characteristics were
combined with those of the turbo-jet propulsive
system for the Phase | flight condition of M= 0.8,
35,000 feet altitude, the peak thrust per square foot
of reactor free-flow area was found to occur at
1650°F reactor discharge temperature, At this
point, however, the thrust per turbo-jet engine is
reduced to about 0.8 of what it would be at the
maximum allowable turbine inlet temperature of
1900°F. Investigation of the landing approach
condition indicates that a thrust of about 1.7 times
the design point thrust can be obtained without
exceeding the maximum reactor wall temperature
limitation. )

Phase Il. - Power plant performance has been
calculated for the Phase [l flight conditions of
M = 0.9 and M = 1.2 at sea level, assuming XJ-57
turbo-jet engines with a compressor pressure ratio

N SECRET

of 16/1 at these flight conditions. However, a
subsequent conference with the engine manufacturer
indicates that this engine would have an expected
pressure ratio of 16/1 at sea-level static rating.
This means that at the ram temperature of the M=0.9
flight condition, the pressure ratio will be reduced
to approximately 15/1. The analysis work for the
M = 0.9 flight condition is being corrected for the
reduced compressor pressure ratio,

b. Compound Liquid-Coolant Cycle. - Cycle analy-
sis effort during this report period has been con-
centrated on the Phase Il power plants. Design
point performance calculations were revised for
the M = 0.9, 60,000-feet altitude flight condition
and tentatively selected for the M-1.5,45,000-foot
condition. Calculations for the thrust available
during landing approach are nearly completed for
both design points.

The landing approach proves to be more strenuous
for the high-altitude airplane than for the high-
speed type. This is primarily due to the fact that
the high-altitude engine air capacity is roughly
eight times that required for sea-level low-speed
operation. Consequently, at reactor powers
which are not unreasonably _higher than at the
design point, the engine efficiency is very low.
This low efficiency requires special provisions,
such as part engine operation and chemical
fuel assist, for low-altitude flight. On the other
hand, the landing approach thrust demand for the
high-speed airplane appears to be well within the

capability of the power plant.

c. Compound Helium Cycle. - Preliminary cycle
calculations were revised for the Phase | compound
helium turbo-jet cycle. As a result of this work,
the altitude design point was lowered from 45,000
feet to 40,000 feet, and the pressures were in-
creased to a peak value of 1350 pounds per square
inch absolute. The radiator configuration was also
changed from a flat tube-and-fin design to a shell-
and-tube type to avoid fabrication and stress diffi-

culties. The same radial power ratio and flow
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perversity which were assumed for the air cycle
were also taken into account in calculations rela-
tive to the required reactor flow area.

6.2 POWER PLANT CONTROL AND
INSTRUMENTATION (24.1 Man-months)

6.21 Air Cycle. - The work, during this quarter,
on the simulated power plant control test appa-
ratus, at the Y-12 site, has consisted primarily of
testing and studying the responses of the heat
exchanger to transient power demands.

It was reported in the previous quarterly report
that a high percentage of the Globar units of the
heat exchanger, was fractured in the initial tests.
These fractures were found to be due to differential
thermal expansions of the Alundum liners. A
quarter section of the heat exchanger was re-
designed so that this differential expansion could
not fracture the Globar elements.

During the latter part of April, tests were run
with the new quarfer section. The temperature
was first brought up slowly over a period of
several hours. After this, step changes in power
were applied to the heat exchanger. The heat
exchanger was examined after these 2/1 step
changes in power, and it was found that the
Globar units were intact. However, it was also
discovered that the Alundum liners had shattered.
The cracking of the Alundum liners was thought to
be due both to thermal stresses and mechanical
stresses,  Certain modifications of this quarter
section were made with the aim of eliminating
most of the mechanical stresses.

Test runs on the twice-modified quarter section
were carried out during the latter part of May. The
temperature of the unit was brought up slowly over
a period of several hours, after which power level
demand transients were studied. The step changes
in power level demand were as high as 3/1.
Inspection of this quarter section of the heat
exchanger showed that the Alundum liners had
once again cracked, although not as seriously as
had been the case when both mechanical and
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thermal stresses were present. The step changes ™

in power used in all these tests were such that,
with the air flow set at approximately 0.75 pounds
per second, the exit air temperature from the heat
exchanger rose approximately from 500°F to ~
1000°F.  This change in exit air temperature
occurred in approximately 30 seconds, .

The experiments with the heat exchanger to
date lead to the conclusion that, although the
Globar heat elements appear satisfactory, the
Alundum material cannot be used as a liner for
the heat exchanger. Accordingly, it is proposed
to make quarter section tests with liners made of
Johns Manville 3000, coated to prevent disin-
tegration in the air stream, Crystalon, and Stuplith.
All three materials are high-temperature ceramics
which are commercially available.

6.22 Compound Liquid-Coolant Cycle. - Analysis
of power change and emergency transients for the
control schematics presented in the previous
quarterly report are in progress. Response times
for the radiator, heat exchanger, and reactor are
being calculated. Servo actuator response times

are being assumed from the best information -
available. Transit lags are taken from engineering
layouts.

These data are intended to illustrate the actions
of various components during typical transients.

6.23 Compound Helivm Cycle. - The Phase |
helium cycle power plant control system for the
IH 3 airplane is shown in Fig. 5. The control
system analysis indicates that the basic thrust
control must be handled by reactor power level,
with the turbo-jets being controlled dependently.
This system is unlike the control for the liquid-
coolant cycle due to the fact that: (1) valving for
power control is impractical; (2) the circulation
time of the helium circuit is exceedingly short;
and (3) the minimization of pressure drops in the
pipes presents many problems,

The helium turbo-compressor unit is designed to
be inherently self-controlled, and therefore no
control system is contemplated for it.

ra P22y
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Fig. 65 - PHASE | CONTROL SCHEMATIC FOR HELIUM CYCLE XB-52 AIRPLANE

In the major control loop, reactor power is the
controlled - process; the pilot's power lever, the
set variable; and neutron flux, the sensed variable.
Neutron flux is a direct measure of reactor fission
rate. Another configuration now being analyzed
uses thermometry to measure helium temperature
rise through the reactor for power level sensing,
and rate of change in neutron flux for indicating
rapid power changes. This method may have
advantages from the viewpoint of the neutron
sensory instrumentation, but presents the difficult
problem of correctly measuring gas temperatures,

A  maximum-temperature limiter circuit which
senses the reactor outlet temperature and de-

* SECRET

presses the reactor power level in the event of
excessive temperature is included in the major
control loop. This safety circuit is especially

necessary in the helium cycle to protect the helium
turbine.

Inlet air pressure and temperature will be sensed
at each engine as a measure of available capacity
to absorb power, and the average of all engines
will allow the pilot’s power lever to be calibrated
in per cent of available power, regardless of flight
condition., Thus, a maximum setting on the power
lever will enter the comparator section as a signal

-systematically controlled not to exceed the heat
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utilization capacity of the engines at any altitude
or aircraft speed.

The adjustment of the engines to varying flight
conditions will be achieved by a tail cone area
change, which will utilize the inlet pressure and
temperature senser previously mentioned, and will
vary cone area as a positioning control. Excessive
exhaust-gas temperature will operate as a limiter
control to open core area in case of high-tempera-
ture transients.

Engine speed will be controlled by sensing
engine revolutions per minute and comparing the
individual revolutions per minute to the average
revolutions per minute of all operating engines.
The error signal will be amplified and applied to
the tail cone tab control actuator. The cone area
tab will have limited area control and will be only
sufficient to accurately synchronize all engines.
This system has the disadvantage of inflexibility,
since all engines must operate at the same power
level; however, any flexible control circuit-leads
to valves, by-passes, etc., with attendant pressure
losses in the helium ducting.

6.3 POWER PLANT LAYOUT AND
INSTALLATION (6.9 Man-months)

6.31 Open Cycle. - No significant power plant
_ layout or installation work has been done on the
open cycle during the quarter, awaiting cycle anal-
ysis of the landing approach condition.

6.32 "Compound Liquid-Coolant Cycle. - The re-
port, NEPA No. 1447-EPR-1, Arrangements for the
Compound Liquid-Coolant Cycle Components In-
stalled in a IL-1 Airplane was completed.

Auxiliary Power. - This report compares three

types of auxiliary power units:

1. Bleeding the turbo-jets downstream of the
compressor, routing this bleed air through a
radiator and then to a turbine.

2. Bleeding the turbo-jets downstream of the
radiator, then routing this bleed air to a tur-

3. Utilizing a turbo-prop type engine with the
burner replaced by a radiator, similar to the
nuclear turbo-jet engines,

Weights of types 1 and 3 were almost identical
when some allowance was made for the thrust loss
due to bleeding.
twice that of types 1 or 3.

It was concluded that type 3 would be used if
there was an available turbo-prop of the desired
power, and type 1 if there was no engine available.
As the power requirement for the IL-1 installation
can be met by two modified XT-38 engines, these
will be used.

The report compares intermediate-coolant pumps
driven by the turbo-jet engines to pumps driven by
the auxiliary power unit. It also considers con-
stant flow vs. variable flow in the core-coolant
circuit and in the intermediate-coolant circuit; the
relative merits of valving and the effect of valve
location on engine operation and maintenance; and
the over-all power plant control problem.

Coolant Circvit, - An informal report was begun, .

analyzing the coolant circuit presented in the pre-
vious report in more complete detail. The methods
of system charging, starting, operation, and mainte-
nance will be discussed.

Intermediate-Coolant Lines. - The problems of
mounting and provisions for expansion of the inter-
mediate-coolant lines have been studied further.

The linear thermal expansion for a typical ma-
terial which could be used in the lines was found
to be about 1.5 per cent at 1600°F. Approximately
25 per cent of the intermediate-coolant lines would
have to be expansion bellows to compensate for
1.5 per cent expansion using existing bellows
designed to operate at 700°F. This percentage
will no doubt increase with an increase in tempera-
ture.

Expansion joints can be provided for all lines
except the long lines to and from the turbo-jet

The weight of type 2 was about -
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bine. engine radiators.- The proposed method for handling
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the expansion in the lines to and from the radiators
is to permit the lines to move laterally. Flexible
bellows are to be placed at the pivot points. An
analysis of this approach in the 1L-1 airplane pro-
duced fairly complex line supports, but a minimum
of expansion joint length.

The lines are fixed at their origins in the fuse-
lage, and at the connections to the turbo-jet radia-
tors. There is also a pinned support, halfway out,
within the wing. In expanding, the line moves like
a nutcracker. Flexible bellows are provided at
each point where angularity is expected. External
provision will be made across the flexible joint
to take the thrust loads. This system requires ap-

- proximately 12 per cent of the line length as bel-
lows. A small scale model of this proposed line
arrangement was built to verify the motion,

Only incomplete data on the aircraft structure
and its motion relative to the intermediate fluid
lines were available; therefore, these factors were
not considered. All supports, other than the pinned
support mentioned above, will be hangers support-
ing the pipe but allowing for motion.

_ Computations of line sizes, gauges, insulation,
and system weights were completed and are shown

as Table 19.

TABLE 19

XB~52 ASRPLAHE LI1QUID-METAL CYCLE
LINE AND WEIGHT SUMMARY INTERMEDJATE COOLANT

Wall Insul. Over=-all Line Expansion N
1.0 Thickness Thickness 0.D. Length Line Insul. Li Systen Supports Totals
(in.) {in.) (in.) (in.) (ft.) (wto1b.) | (wtedbe) | (wt.1b.) (1b.) (1b.) (1b.)
e Pump to shield 7.95 0.235 1.0 10.42 6.0 130 7.38 64.2 75.0 4.0 280.58
mani fold .
2, Shield manifold 15.0 0.39) 1.0 17.78 3.0 204 5.50 114.0 — 2.0 325.50
3, Shield manifold to
|RE® inlet . 6 Lines {6 Lines 6 Lines 6 Lines 6 Lines
header 2,75 0.112 .0 4.97 | 4.0 85.32 12.48 30.78 35.0 6.0 169.58
4. IHE® outlet .
header to shield 6 Lines 6 Lines 6 Lines 6 Lines 6 Lines
attachment 2.75 0.107 1.0 4.96 4.0 85.32 12.48 27.78 35.0 6.0 166.58
Shield Attachment 4 Lines 4 Lines 4 Lines 4 Lines 4 Lines
(inboard) 3.22 0.130 1.0 5.44 £15.0 1948.00 267.20 726.00 650.0 184.0 3775.20
5 to
Engine radjator, 2 Lines 2 Lines 2 Lines 2 Lines 2 Lines
{outboard) 3.22 0.110 1.0 5.u4 140.0 1184.00 162.40 442.00 325.0 112.0 2225.40
Engline radiator 4 Lines 4 Lines 4 Lines 4 Lines Y4 Lines
(inboard) 3.16 0.007 1.0 5.31 115.0 1292.00 259.20 776.00 650.0 184.0 3161.20
6o to .
Pump manifold - 2 Lines 2 Lines 2 Lines 2 Lines 2 Lines
(outboard) 3.16 0.007 1.0 5.31 180.0 786.00 157.40 472.00 325.0 112.0 1852.40
7. Pump manifold 15.0 0. 107 1.0 17.21 53.60 6.40 144.00 ——— 4.0 178.00
8. Hanifold to pumps 7.95 0.079 1.0 , 10.11 58.00 9.50 85.70 80.0 6.0 239.20
9. Shield attachment
to 2 Lines {2 Lines 2 Lines 2 Lines 2 Lines
APU*® radlator 1.0 0.070 1.0 3.14 20.0 26.00 11.20 6.12 5.0 _12.0 60.32
10, APU** radiator
to 2 Lines 2 Lines 2 Lines 2 Lines 2 Lines
pump manifold 1.0 0.070 1.0 3.14 20.0 26.00 11.2 6.80 5.0 12.0 61.00
SUBTOTAL 1b. 5878.24 922.34% 2865.38 2185.00 644.00 =
*IHE = intermed|ate Heat Exchanyer
**APU = Auxilliary Power Unit GRAND TOTAL 12,49%.96
*
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An isometric drawing (see Fig. 66) showing the
XB-52 (IL-1) liquid metal cycle-power plant instal-
lation was completed. The weight breakdown and
line sizes shown in Fig. 66 are based upon using
bismuth as the core-circuit coolant, and lithium as
the intermediate-circuit coolant. The weight break-
down shown in Fig. 66 differs somewhat from the
weight breakdown for the IL-1 aircraft given in
section 1.1, ‘‘Design Data,’’ which was based
upon preliminary analytical shield estimates.

6.33 Compound Helivm Cycle. ~ The latest design
study of the helium coolant cycle [H-3 aircraft
calls for six XJ-53 engines, instead of eight
XJ-53 engines as was shown in the previous
quarterly report. A revised schematic diagram,

aspures:
aviisaee doete yuim fresinm
[ <tsn oou
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showing six engines instead of eight, and with
the engines relocated from the wing to a position
aft of the reactor within the fuselage is being
prepared. -

An analysis was made comparing the duct ~
weights of engines installed in pods and within
the fuselage. This study revealed that ducting to
and from the engine radiators weighed approxi-
mately 25,200 pounds for the engines installed on
the wings. For engines installed within the fuse-
lage, such ducting weighs approximately 3,000
pounds. These figures, however, do not include
the weights for the ducting to and from the helium
turbo-compressor. .For the effect of this weight
saving, see section 7.3.
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7. AIRCRAFT ANALYSIS

7.1 AERODYNAMICS
(22.5 Man-months)

Aerodynamics work, during this quarter, included
the analysis of aircraft configurations for the
airframe ~power plant combination studies de-
scribed in section 1, as well as the continued
collection and organization of aerodynamic data.
The aircraft configuration studies during the
quarter were made for Phase |l design points:
Mach 0.9 at 60,000 feet altitude, Mach 0.9 at sea
level, and M = 1.5 at 45,000 feet altitude. Pre-
liminary performance analysis of the lILF-6 air-
craft (M = 1.5 at 45,000 feet) and the IlILF-7
aircraft (M = 0.9 at sea level) have been com-

pleted.

Results of an optimization analysis for a HLF-6
aircraft are presented in Figs. 67-69, for an un-
swept wing configuration, Swept-wing aircraft
configurations will be considered in later studies.
Eighty wings were considered in the study to
arrive at optimum wing loadings and aspect ratios
for wing thickness ratios of 3, 4, 5, and 6 per
cent. The wing taper ratio was taken to be 0.25
with zero degree angle of sweep at the 50 per cent
chord. A gross weight of 500,000 pounds and a
fuselage 15 feet in diameter and 170 feet in length
were used. The combined vertical and horizontal
tail area was taken to be 30 per cent of the wing
area. Power requirements for both the landing
condition and the design point were considered
in the optimization, Employing power plant and
shielding data available at the time, the following
configurations were obtaired.

Hax. Hing
Thickness . . .
Gross Wefght | to Chord Aspe'ct Wing Loading | Margin ?f
Ratio Ratio (w/s) Feasibility
(t/c)
500,000 1b, 3% 3.0 102 1b. /ft.2 18.45%
500,000 1b. L7 2.25 100 1b. Ift.z 18.3%
500,000 1b, 5% 2.0 | 103 1b./ft.2 17.5%
500,000 1b. 6% 2.15 | 1nw.gee2 | 7 o13.sg

cCooQ
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The margin of feasibility was the percentage
of the 500,000 pounds gross weight remaining after
all the airplane component weights were summed

Upo

The configuration showing the largest feasi-
bility was selected for an off-design-point per- ~
formance study. A schematic drawing of the air-
craft is presented in Fig. 67 and the results of the

.performance analysis are presented in Fig. 68.

The power available for the rates of climb and the
stall limitation is obtained by arbitrarily assuming
that the reactor may be operated at 2.3 times the
design—point power. Fig. 68 also indicates a
flight plan for accelerating to speed and climbing
to the design point. The time to climb from take-
off to M = 1.5 at 45,000 feet along the indicated

flight path is in the order of nine minutes.

M= LS h = 45,000 FT.
% = 500,000 LB. ®m =30
Ay =0° A= 0.25
w/S  10218./FV.2 t/c =3

LIQUID METAL CYCLE
SCALE ~ 1" [N. T 20 FY.

{SCHBMATLC)

Fig. 67 - AIRPLANE CONFIGURATION FOR MACH
1.5 AT 45,000 FEET ALTIDUDE
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A
50 | W = 500,000 LB. AR=30 A= 0° t/c =3% POWER -
LIMITATION DESIGN POINT
LIQUID METAL CYCLE
—A—N A -
5 40 RC = 4000 FPM
w
[T}
- BEST FLIGHT PATH 6000
S
(713
o
Z
2 30 }F
[=]
X
=
[0
o
2
Ly STALL o
i 20 r LIMITATION 7
<
/O
10 T /0
1] [l j 1 ] —
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
MACH NUMBER .

Fig. 68 - MACH NUMBER-FLIGHT SPECTRUM FOR A 500,000 POUND LIQUID-METAL CYCLE AIRPLANE

The effect of decreased lift-drag ratio is shown -

in Fig. 69. The airplane lift-drag ratio can be
decreased to about 5.0 before the weight margin is
used up by additional engine and shield weight.
The effect of increasing the design-point altitude
is also shown in Fig. 69. It can be seen that
additional engine and reactor-shield weight rap-
idly consumes the weight margin for small gains
in altitude.

The effect of decreasing airplane gross weight
as a function of weight margin is shown in Fig. 69.
An airplane of the order of 290,000 pounds gross
weight is obtained for 0.0 per cent weight margin.

A performance study was conducted during the

past quarter for an aircraft to fly M = 0.9 at sea
level (IIOL-7), with a ceiling of 30,000 to 35,000

106
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feet altitude. Thirty-six wings were considered in
the study, and a configuration was selected em-
bodying a 30-degree swept-back wing of aspect
ratio 4, thickness ratio of 8 per cent. With this
wing, the airplane had a gross weight of 295,000
pounds. The estimated performance spectrum is
shown in Fig. 70, Fig. 71 shows the effect of
increasing the operating altitude of the airplane on
the gross weight and the number of engines re-
quired, Geometric characteristics of this design
are given in section 1.

At the present time, a standardized drag estima-
tion procedure, which is to be incorporated into
NEPA No. EDR-13, Aerodynamics Handbook, is
being checked against experimental data. The
estimation procedure will cover the subsonic,
transonic, and supersonic regimes of flight.
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Fig. 70 - PERFORMANCE SPECTRUM FOR A SEA 5 0
LEVYEL AIR CYCLE AIRPLANE (GROSS WEIGHT &
295,000 POUNDS) H
Tug-Tow Investigation. - Instrumentation of the g
T-33 tow airplane was completed at Wright-Patter- g 3
son Air Force Base during the quarter, and flight F
checking of the installed equipment is in progress. g
All the data taken during the tests will be fed 2
into an automatic synchronous recording oscillo- 3
graph which is radio-triggered to assure simultan-
eous readings in both the tug and the tow planes.
Engineer observers will be located in both planes 10 . : ) .
to check the functioning of the recording oscillo-
280 320 360 400

graphs and other equipment. The signals obtained
from the measuring instruments are fed info bridge
balance circuits, which will in turn transmit them
to the channels of the recording oscillograph.

240

AIRPLANE GROSS WEIGHT - THOUSANDS OF POUNDS

Fig. 71 - ABSOLUTE CEILING FOR AN AIR CYCLE
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Delivery of the B-50D tug airplane in May com-
pletes procurement of the major items of equipment
for the tests. The airplane has undergone the
acceptance checks of the Flight Test Division at
Wright-Patterson Air Force Base. It is currently in
the shops for modifications and installation of the
test equipment. The B-50D airplane will carry the
same instrumentation as the T-33 airplane, and
the data will be recorded in the same manner. The
master radio transmitter which will control the
recording of data in both planes will also be lo-

cated in the B-50D.

It is tentatively planned that one photo F-80

airplane and one photo B-43 airplane will be used
to photograph the tug-tow combination in flight.

During the quarter, an analysis was made of the
flight test data obtained by the United States Air
Force and the United States Navy during the de-
velopment of the Chance Vought high-speed target
glider, which has been towed at speeds of 450
miles per hour, 37,000 feet altitude, and 12,000

feet of cable. No accurate quantitative results were
obtained becouse of the incomplete information
recorded during the tests. However, the qualitative
value of these tests in showing the feasibility of
high-speed, long-line towing is important.

7.2 AIRFRAME STRUCTURAL ANALYSIS
(22.8 Man-months)

Structures work during this quarter included the
development of generalized formulas for estimating
structural weight and deformations of thin un-
swept supersonic wings, investigation of torsional
stiffness requirements for supersonic wings,
detailed weight calculations of two wing con-
figurations, additional weight calculations for
the nose section of an extended-fuselage con-
figuration to include a shield in the crew com-
partment, and a study of the shielding afforded by
the structure of a delta-winged airplane.

Generalized Wing Weight Formulas. - Generalized
formulas for estimating deflections and structural

108
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component weights of supersonic unswept wings
have been derived and summarized in a report,

NEPA No. 1393-EDR-22, entitled Generalized *

Formulas for the Estimation of the Structural.

Weight and Deformations of Thin Unswept Super-
sonic Wings. The formulas are based on the

elementary theories of stress and distortion and ~

are primarily applicable to thin wings of low
aspect ratio containing no concentrated or dis-
tributed loads. An approximation for swept plan-
forms which neglects local bending effects near
the root has also been included in the report.

Torsional Rigidity, - An important factor in the
design of thin high-speed wings is the torsional
rigidity necessary to meet the requirements for
roll control and to preclude wing divergence and
flutter. In the case of large subsonic airplanes,
roll control is usually the critical requirement. In
the case of large supersonic airplanes it is not
known which requirement will predominate; how-
ever, it appears that consideration of the roll
control requirement will be the most direct ap-
proach to the problem, NACA Technical Note
1890, entitled The Effect of Torsional Flexibility
on the Rolling Characteristics at Supersonic
Speeds of Tapered Unswept Wings, analyzes the
effect of torsional flexibility on the rolling charac-
teristics, at supersonic speeds, of tapered un-
swept wings with partial span’ constant-per-cent-
chord ailerons extending inboard from the wing
tip. This method is being studied with a view
toward incorporating an assumed roll control
effectiveness in the procedure for estimating
supersonic wing weights. This will insure that
adequate skin weight is included to provide the
desired torsional rigidity.

Detailed” Wing Weight Calculations. - Work has
continued on detailed weight calculations for two
wing configurations, one a subsonic and the other
a supersonic configuration. These calculations
are being carried out as a check on present wing
weight estimation procedures, The subsonic wing
configuration would be suitable for an airplane
such as the 0.9 Mach number, 60,000-foot altitude
airplane.  Characteristics of this wing are: A
sweep angle of 50° a thickness ratio of 10 per

i



I ' OURTH QUARTER,

\

o

o

o
[
Q
<
p

o o o o o e o - ~o >
o 0 o © o o o o e o 3 Ll ’:‘
9 o o o o o0 ° Qo9 ¢ 2 L2 b
o @9 o co © o -] o o i o2
o o [- I > o o o o > >0
60 060G o 04T O 00 906 o [ ana

SECRET

t

oo

cent in a streamwise direction, aspect ratio of
5.15, and a wing area of 8750 square feet. The
supersonic wing configuration would be suitable
_for an airplane such as the 1.5 Mach number,
45,000-foot altitude airplane. The characteristics
of this wing include an aspect ratio of 3, a thick-
“ness of 3 per cent, a ratio of tip chord to root
chord of 0.25, and a wing area of 4900 square
feet, The wing has no sweep.

Extended Fuselage Weights, - In NEPA 1374-
IPR-52, a method of estimating the weight of
extended fuselages was discussed. It was re-
ported that, as a check on the accuracy of this
methed, a typical extended fuselage had been
selected, and that a detailed weight estimate of
the nose section of that fuselage had been made,
without including a shield in the crew compart-
ment. During the past quarter, this detailed weight
estimate has been extended to include a shield in
the crew compartment. For this condition, a crew
compartment weight of 55,000 pounds including
shield was assumed, Ultimate design load factors

_of +'4 and =2 at the center of gravity of the air-
plane were used, and an approximation for the
elastic effects of the extension was made. The
- structural weight of a 100-foot nose section was
estimated to be 7250 pounds for no shielding -in
the crew compartment and 17,500 pounds with®
shielding. These weights are approximately 9
per cent and 24 per cent, respectively, under those
predicted by the method mentioned in the last
quarterly report. This variation may be due to an
overestimation of the weight by the one method or
to an insufficient allowance for such items as
joint inefficiencies, use of standard gauges, use
of nontapered skin and stringers, etc., in the more
detailed analysis. This work is summarized in
a report, NEPA No. 1396-EDR-23, entitled Weight
Estimation, Under Two Loading Conditions, of
Fuselage Extensions 12 Feet in Diameter up to

150 Feet in Length,

Structural Shielding, - A brief study was made of
the possibility of considering the primary structure
of an airplane as shielding material. It was
thought that, by this procedure, the reactor shield
weight might be reduced to some extent. A delta-
winged airplane was selected for this study. A
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structurally  efficient design for the primary
structure was assumed and the thickness of
material along a number of lines radiating from the
reactor was estimated, These thicknesses were
of the order of 1 inch or less, and the minimum
thickness occurred on the line toward the crew
compartment, This resulted from the use of a
shell-type fuselage reinforced by stringers and
circular rings. The possibility of using materials
less structurally. efficient but affording better
shielding was also considered. It was found,
however, that a structurally efficient design
provided an insignificant amount of shielding, and
that even a compromise of the structural efficiency
in favor of better shielding materials or a better
shielding arrangement gave little improvement.
This results primarily from the fact that, to avoid
scattered radiation, the reactor must be completely
surrounded by shielding material, and, conse-
quently, any shielding disposed at a distance
from the reactor is very inefficient from the shield
weight point of view. Further work along these
lines is anticipated.

7.3 GENERALIZED AIRCRAFT STUDIES
(2.1 Man-months)

Lockheed Aircraft Corporation

Crew Separation, - The study of bombardment
aircraft utilizing large crew-reactor separation
distances has progressed during the quarter, Con-
siderable time has been spent in discussions
between the staffs of the Lockheed Aircraft
Corporation and NEPA to arrive at suitable power
plant data for use in the study. Nuclear power
plant data consistent with those shown in section
1 were transmitted to Lockheed, and further
information is being compiled. While awaiting
basic power plant data, Lockheed has made a lay-
out study of six airplanes, primarily to get a con-
figuration which could serve as a starting point for
the discussion of various weight, balance, and
arrangement problems. The results are presented
in Lockheed Report No. 7385, Study of Six Air-
planes. These results are considered relative at
bestand are meant only as a guide for more thorough
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future investigations. Three altitudes were con-
sidered in this study. These were sea level,
35,000 feet, and 50,000 feet. Speed range covered
was from Mach No. 0.8 to 1.5 at each altitude. A

conventional wing-tail configuration, and a single -

value for crew-reactor separation distance were
utilized in these studies. The general arrange-
ment is shown in Fig. 72." The summary of the air-
plane characteristics as reported in the Lockheed
report are shown in Table 20.

Landing Gear. - A study of relationships between
landing gear arrangements and available airport
strengths for very heavy aircraft has been com-
pleted, and Lockheed Report No. 7437, Landing
Gear—Airport Relationships for Very Large Aircraft,
was issued.

'
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The report concludes that airplanes weighing
400,000 to 500,000 pounds will encounter severe
restrictions in the number of existing airports from
which they can operate. The strength requirements
for the runways coupled with the runway lengths

anticipated for the nuclear powered airplane will,

in all likelihood, call for construction of new,
extra-heavy-duty airports.

Wings. - A broad survey of the weights of a
series of wings whose characteristics are defined
by all possible permutations of three wing loads,
sweep angles, thickness ratios, taper ratios, and
aspect ratios is under way for a 600,000-pound
airplane in order to establish trends for external
wing optimization. A study of the effects of all
possible wing shape parameters and auxiliary
devices on the maximum lift of any wing has been
initiated.
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P TABLE 20

SUMMARY OF AIRPLAKE CHARACTERISTICS

(Lockheed Aircraft Corporation Designs)

Alrplane type A-5 A-6

Deslgned for Reasonable Reasonable
landing and landing char-
take-off acteristics and
character= celling above
fstics 50,000 ft.

Gross welght 600,000 1b. 475,000 1b.

Wing loading 100 1b/sq. ft. 100 1bfsq. ft.

Wing area 6000 sq. ft. 4750 sq. ft.
55,000 1b.

(50,000 t.)

Maximum thrust
output

200,000 1b,
(sea level)

Rumber of engines 8 - 8

Sea level maximum

Mach Ho. 1.055 0.905(0.902)
Wing sweep 60° 25°(35°)
MaxImum Mach Ho. at
35,000 ft. 1.080 1.050(0.952)
Wing sweep 60° 60°(35°)
Mach Ho.* at
50,000 ft. ———- 0.880
Wing sweep* ——— 35°

A-7 A8 A-9 A-10
Reasonable High speed High speed High speed
landing char- at medium at low at 50,000
acteristics and | altitudes altitudes ft.

high speed at
50,000 ft.

550,000 1b.
100 1b/sq. ft.

5500 sq. ft.

540,000 1b. 520,000 1b. 514,000 1b.

200 1bfsq.ft. | 400 1b/sq.ft.| 200 1b/sq.ft.

2700 sqg. ft. 1300 sq. ft. | 2570 sq. ft.

82,500 1b. 200,000 1b, 200,000 1b. | 82,500 1b.
(50,000 ft.) (sea level) (sea tevel) (50,000 ft.)
12 8 8 12

0.970 1.250(1.103) | 1.500(1.120) { 1.000(0.965)
60° 60°(50°) 45°(15°) 60°(u5°)
1.120 above 1.500 above 1.500 | 1.450(1.245)
60° 50° 15° 60°(u5°)
1.020 ———— ———— above }.500
60° ———- — y5°

* Ceilings less than 50,000 feet.

Brakes. - An investigation of brake design which

is to be combined with landing gear study has been
initiated recently.

Fuselage Weight Investigation. - Another investi-
gation which is under way isa preliminary analysis
of the effect of forward fuselage length (crew
reactor spacing, roughly) on the total weight of
the forward fuselage, including the crew shield.

Consolidated-Yultee Aircraft Corporation. - A
study of nuclear bombardment aircraft, designed
over a weight range of speed and altitude require-
ments, has been started this quarter by the Fort
Worth Division of the Consolidated-Yultee Aircraft
Corporation.  Members of Convair’s staff and
NEPA's staff have conferred several times during

[ SECRET

the quarter, and a number of questions concerning
the airframe, power plant, reactor shielding opera-
tions, and other items were clarified. Basic power
plant data which will be required have been agreed
upon and are in process of being compiled.

United Aircraft Corporation. - United Aircraft
Corporation has undertaken an investigation of
the performance aspects of nuclear powered air-
craft, A study is under way to determine the
interrelationships between volume, drag, and
weight when the aircraft and power plant size are
“minimized. The first phase of the study consists
of the analysis of a series of all-wing aircraft of
varying aspect ratios and thicknesses. The engine
parameters used to determine the effects of these

geometric variations on the choice of the smallest
&

111

000
°
L}



° ©00 0 © 62 00 o0 o © ooe oo
e o o e o o o ° o ¢ o e o o o
o o o L ° ogco o e 0 o ° o ° o
© o 00 o L o o o ¢ © 0o o 0o o o
6 o o o o o © o ¢ o © o o o o o
co coe o o a R 50 0 000 o 006 oo

SECRET

aircraft and smallest power plant for 45,000 feet
and Mach 1.5 are: (1) the thrust required to fly
a unit volume, and (2) the allowable installed
weight for a pound of thrust. The work on this
phase has been finished, and a draft of the first
performance and design report on the method of
analysis and its application is complete. How-
ever, certain questions have arisen regarding the
validity of the analysis which have delayed its
release, There has been no apparent, simple way
to clear up the continued difficulty which centers
on the repeated occurrence of designs which do not
utilize their maximum lift-to-drag ratios. By
rather lengthy explorations of the basic factors
entering into the aircraft designs, a fairly clear
explanation has been developed and will be made
part of the delayed report. A study of delta plan-
form all-wing aircraft similar in nature to the
rectangular all-wing aircraft study is under way.
The results of this study so far indicate that the
delta wing design is superior to the rectangular
wing designs, since it gives lower gross weights,
lower over-all drags, and smaller wing areas.

Maneuvering load factors have been under in-.

vestigation, and a report containing the results of
this study will be published. A chart is also
being prepared which can be utilized to determine

attainable maneuvering load factors, This chart

is intended to be used as an aid in the rapid
calculation of load factors. .

Structural design and weight investigation of
wings used in the aerodynamic studies has con-
tinued. A report is in preparation which discusses
a method for wing-weight estimation.

NEPA. - During the quarter, airframe work at
NEPA has revolved around the development of
new configurations for the air- and helium—cooled
Phase | aircraft, and the development of very pre-
liminary layouts of the following Phase Il aircraft:
Mach 0.9 at 60,000 feet, Mach 1.5 at 45,000 feet,
and Mach 0.9 of sea level. A summary of this
work follows.
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Phase | Aircraft Air Cycle. - A nuclear powerea— "

air-cycle aircraft design based on the XB-52 which

Il
!

will cruise at Mach 0.8 at 35,000 feet was developed -~

during the quarter.

The large air ducting requirements for this cycle

prohibited the use of engine pods such as those -

used on the chemically fueled XB-52. The engines
have been relocated in the fuselage, increasing
the fuselage cross—sectional area considerably
beyond that of the original XB-52 fuselage.
Engine air is supplied by wing leading edge
intake, The landing gear has been relocated fore
and aft, and requires a complete redesign. Be-
cause of the absence of the relieving loads of the
chemical fuel and the engine pods on the wing-
bending moments, the wing weight for this con-
figuration is approximately 45 per cent greater
than that of the original XB-52. The leading edge
air intakes also cause design changes. The air-
plane is structurally close to a complete new
design rather than an XB-52 modification. The
airplane gross weight at take-off would be 350,000
pounds. A three-view drawing of the airplane is
shown in Fig. 73.

Phase | Aircraft Helium Cycle, - Since the last
quarter, the compound helium cycle nuclear version
of the XB-52 airplane has been completely re-
vamped. The previous configuration corresponded
very closely to the chemically fueled XB-52 air-
plane, which featured jet pods underslung on a
sweptback wing. A careful analysis of the ducting
weight required for such a configuration indicated
that an installation of the engines in the fuselage
might be more favorable. This is reported in
section 6.33.

An investigation was made of a modified XB-52
airplane with the six XJ-53 engines installed in
the fuselage behind the reactor. The engine air
was introduced through wing leading edge inlets
and ejected through nozzles placed in a step on
the lower surface of the fuselage.

A comparison between this configuration and the
original showed the following pertinent differences:
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GROSS WEIGHT 350,000 L8,
ALTITUDE 35,000 FT.
MACH NUMBER 0.8
AIRCRAFT:
WING
WING LOADING 87.5 LB/FT2
WING AREA 4000 FT2
ASPECT RATSO 8.55
TAPER RATIO 0.4
THICKNESS RATIO « ROOT 16%
TIP [:13
SWEEP ANGLE AT 1/4 CHORD ase
POWER P{ANY
ENGINES & NUMBER 16} xJ-57
TURBINE INLEY TEMPERATURE 1685°F
DESIGN POINT THRUST 18.500 L8.
AIR FLOW/ENGIME  {MAX IMUM) 150 LB/SEC
URANIUM INVESTMENT 160 LB.
(MAY BE REOUCED TO ~ 100 LB, FOR TACTICAL VEHICLE}
AERCOYNAMICS
Cy (TAKE-OFF) 1.00
L/D DESIGN POINY 18.9
L/D MAXINUM 20.5

DRAG BASED ON WING AREA

WING PROFILE DRAG Cno = 0,0060
WING DRAG DUE TO LIFT CD‘ £ 0.0132
FUSELAGE DRAG Col = 0.0046
TAIL DRAG CDl = 0.0020
INTERFERENCE DRAG CDx = 0,0006

IS OURTH QUARTER,

FISCAL YEAR 1950

r—ts

Fig. 73 - GENERAL. ARRANGEMENT OF PHASE | AIR CYCLE AIRPLANE

1. The flyable gross weight of the aircraft
type having the engines in the fuselage is
20,000 pounds higher than that of the con-
ventional configuration.
higher lift-to-drag ratio obtained by removing
the nacelle.

2. The wing weight increased approximately
35 per cent when the engines were moved to
the fuselage. This is due to the concentration
of this weight at the center line of the wing as
opposed to weight distribution along the wing.

3. The landing gear weight increased with the
20,000-pound increase in gross weight.

4, The engine ducting weight decreased to

cco0

This is due to the -

eaooo

approximately one-tenth of its original value
when the engines were moved close to the

reactor, The net result of these and other

minor factors was that the aircraft having the
engines in the fuselage could carry a heavier
reactor-shield assembly. This is reflected in
the reduction of the uranium investment from
over 300 pounds to approximately 80 pounds.
A three-view drawing of this airplane is shown

in Fig. 74.

Phase Il Liquid-cooled Cycle. - Anglysis by the

aerodynamic and structures groups of various
wings, during the quarter, has revealed certain
optimum combinations of aspect ratio, thickness-
to-chord ratio, taper ratio, and sweep angles for

the design Mach numbers of 0.9 at 60,000 feet and
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GROSS WEIGHT 340.000 LB.
ALTITUDE 40,000 FT.
MACH NUMAER 0.8
AIRCRAFT:
WING
WING LOAD ING 85.0 LB/FY2
WING AREA 4000 FTZ
ASPECT RATIO 8.55
TAPER RATIO 0.4
TRICKNESS RATIO0 - ROOT 16%
TIP 8%

SWEEP ANGLE AT 1/4 CHORD ase
POWER PLANT

ENGINES AND NUMBER {6) XxJ-53 MOD.

TURBINE INLET TEMPERATURE 1170°F
DESIGN POINT THRUST 17.000 LB.
AIR FLOW/ENGINE {MAXIMUM) 231 LB/SEC
URARIUM INVESTMENT 80 LB.
AERODYNAMICS

€y (TAKE-OFF) 1.0
L/D DESIGN POINT 20.1
L/0 MAXIMUM 21.0

DRAG BASED ON WING AREA

WING PROFILE DRAG CD. = 0.0060
WING DRAG DUE TO LIFT Col = 0.0125
FUSELAGE DRAG Cnl = 0.0039
TAIL DRAG Ct,t = 0.0020

INTERFERENCE DRAG Col = 0.0006

NEPA PROJECT

PROGRESS REPORT

—

XX EY
[ sl st

Fig. 74 - GENERAL ARRANGEMENT OF MODIFIED PHASE | HELIUM CYCLE XB-52 AIRPLANE

1.5 at 45,000 feet. Using the optimum combination
of wing variables, preliminary layouts of Phase Il
liquid-coolant cycle airplanes have been drawn up.
The results of these layouts are shown in Figs.
75 and 76. It should be realized that more ex-
tensive studies of configurations will be made to
determine optimum over-all airplane designs.

Phase 1l Air Cycle, - A study of the sea-level
high-speed airplane was initiated during the
quarter, and preliminary results .are available at

114
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this time. Analysis of various wings by the aero-
dynamics and structures groups has revealed a
combination of wing variables suited for the de-
sign flight speed and altitude. An explanation of
this study will be found in section 7.1. Using this
wing, a preliminary layout of an airplane has been
made, and is shown in Fig. 77.

Further work is planned on the sea-level air-
plane in which the altitude requirement will be
abandoned, and higher wing loadings, variable
swept wings, and variable area wings will be

. K
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studied to determine the effects of the results
on the airplane design.

Crew Shield Weights, - To obtain lower crew
shield weights for the air-, helium-, and ternary-
liquid-coolant cycle aircraft, several geometric
shapes are being investigated for use as crew
compartments. Compartments for both the single-
and twin-reactor installations were examined.
The single-reactor aircraft was assumed to be of
conventional design having a fuselage, while the
twin-reactor aircraft was always assumed to be an
all-wing type aircraft with the reactors being
housed in two nacelles. A prolate spheroid was
selected as an optimum for the single-reactor con-
figuration, This resulted in a considerable shield
weight reduction over compartments of the type
presently used for aircraft design studies. A
triangular compartment with elliptical front and
profile views appears most desirable for the twin-

L

{
. S -
GROSS_WE JGHT 460,000 L8,
ALTITYOE 60,000 FT.
BACH HUMAER 0.9 .
' ALRCRAFT:
MING.
ot WING LOADING {LB/FTZ) 43 LB/FT2
WING AREA 10,700 F12
ASPECT RATIO 4.4
- TAPER RATIO 0.4
THICKHESS/CHORD RATI0 0.09
SWEEP AMGLE (0,25 CHORDLINE) s0.6°
POWER PLANT
ENGINES "AND NUMBER 32 NEPA NO. 7 ENGIKES
TURBINE SNLET TEMPERATURE 1550°F
DESIGH POINT THRUST 31,000 LB,
AR FLOW/ENG INE {MAX 1MUM) 400 tB/SEC
COMPRESSOR PRESSURE RATIO AT D, P. 7.0
URAHIUM IHVESTMENT ~ 100 LB.
AERODYHAMICS
. €y {TAKE~OFF) Vyo ~ 180 KPH) 0.5
L/D DESIGN POINT 17.0
L/D max s 18.7 AT € = 0.35
DRAG BASED ON WING AREA
WING PROFILE DRAG [
*  0.0062 AT € = 0.2 -
WING DRAG DUE TO LIFT Co,
FUSELAGE DRAG CD'
TAIL DRAG col
NACELLE DRAG Cnx
Fig. 75 - LAYOUT FOR A PHASE 1l LIQUID-METAL-COOLED AIRPLANE (GROSS WEIGHT 460,000
" POUNDS) ¢

reactor configuration, Since twin-reactor con-
figurations are now being dropped from further
study in the over-all airplane analysis, the cal-
culations onthis shield compartment were stopped.

Shield weight design charts are being prepared
as a function of the size of crew compartment and
the crew shield thickness requirements. The
thicknesses, in turn, are given for the air and
helium cycle as a function of reactor power, crew-
reactor separation distance, and altitude, Shield
thickness requirements will soon be made avail-

able for the ternary—liquid-coolant cycle; then
shield weight design charts for this cycle will
also be constructed.

(Figs. 76 and 77 are shown on fellowing pages)
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R 1GHY 400,000 LB.
ALTITUDE 45,000 FT.
MACH NUVBER 1.5 \ 1
AIRCRAFT: y j
WING LOADING {LB/FY2) 102 LB/FT2
WING AREA 3920 F72 T
ASPECT RATIO 3.0
TAPER RATIO 0.25
THICKNESS/CHORD RATIO 3% .
== !
SWEEP ANGLE (.50 CHORDLINE) o° o !
EOWER PLANT
ENGINES AND NUMBER (9)  NEPA NO. 7 ENGIRES
TURBINE INLET TEMPERATURE 1500°F .
DESIGN POINT THRUST 60,500 LB, ’ FA- b
AIR FLOW/ENGINE (MAXIMUM) 400 LB/SEC ’ ’( né
URANIUM INVESTMENT ~ 110 LB, l \ L
AERODYNAMICS R 7 Q\ﬁ /
Cy (TAKE-OFF) (Vo = 174 KTS.) 1.0 ! .
L/D DESIGN POINT 6.6 e - ——

ORAG BASED ON WING AREA

WING WAVE DRAG Cp, = 0.0033
WING DRAG DUE TO LIFT Cp, = 0.0128

WING FRICTION DRAG Co,, = 0.0043 -

FUSELAGE DRAG Cp, = 0.0087 (

TAIL ORAG Cp, = 0.0026 e B

-

Fig. 76 - LAYOUT FOR A PHASE I LIQUID-METAL-COOLED AIRPLANE (GROSS WEIGHT 400,000
POUNDS) .
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ALTITUOE
MACH NUMBER

AIRCRAFT:
WING
WING LOADING (LB/FT2)

WING AREA
ASPECT RATIO
TAPER RATIO

v

THICKNESS/CHORD RAT IO

SWEEP ANGLE (0.25 CHORDLNE)

AIRFOIL - NACA 65 SERIES WITH 0.10 CAMBER

POWER PLANT
ENGINES AND NUMBER

TURBINE INLET TEMPERATURE

DESIGN POINT THRUST

AIR FLOW/ENGINE AT S.L.S. THRUST

URANIUM INVESTMENT

AERODYNAMICS

€y (TAKE-OFF)

L/D DESIGN POINT

L/D MAX IMUM

DRAG BASED ON WING AREA

WING PROFILE DRAG
WING DRAG DUE TO LIFT
FUSELAGE DRAG

TAIL DRAG
INTERFERENCE DRAG

Cp_ = 0.00540
o

Cp, = 0.00057

€p, = 0.00380

Cp, = 0.00202
t

Cp, = 0.00059
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300,000 LB.
SEA LEVEL
0.9

96 LB/FT
3100 FT2
4.0
0.25
0.08

30°

(6) XxJ-57

1900°F

47.600

150 LB/SEC

180 LB.

0.95
6.46
15.20
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Fig. 77 - PHASE 1l AIR CYCLE AIRCRAFT
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8. TACTICAL CONSIDERATIONS

NEPA PROJECT PROGRESS REPORT

P

)

—

(0.3 Man-months)

The outstanding development in tactical con-
siderations during this quarter has been the con-
clusion that the uranium content of the reactors
has a very great influence on nearly all other
design varigbles.  This conclusion has been
arrived at by considering preliminary results of an
operational analysis of nuclear powered aircraft
made by the Weapons Systems Evaluation Group
(WSEG). NEPA provided data on three versions of
tactical airplanes having design speeds of Mach
0.9 ot 60,000 feet, Mach 0.9 at sea level, and
Mach 1.5 at 45,000 feet. WSEG made a systems
analysis (in a fashion similar to that developed
by the Rand Corporation) of such aircraft delivering
multiple strikes onto enemy territory. Although
the detailed results of this analysis are subject
to revision, and it is difficult, if not impossible,
to take all factors properly into account in such
an analysis, they clearly indicate the very strong
influence of uranium investment on the over-all
desirability of nuclear airplanes.

The cost, in fissionable material, of dropping
an atomic bomb on a defended target can be
expressed in terms of a delivery efficiency. This
efficiency may be defined as the ratio of fis-
sionable material dropped on the target to the
total fissionable material expended (dropped and
lost). If Z is the number of atomic bombs repre-
sented by the uranium investment in the airplane
power plant, and a the attrition rate, i.e. the ratio
of aircraft lost to aircraft sortied, and it is assumed
that half the aircraft are lost before the bomb is
dropped, then the delivery efficiency is:

1 - a/2
1 + aZ

N

Two airplanes having the same delivery effi-
ciency will cause the same amount of target
damage per pound of fissionable material expended
if possible differences in bombing accuracy
between them are neglected. For a chemically
fueled airplane Z = 0, and the delivery efficiency

118

is 1 — a/2. The nuclear airplane, with Z >0,
must obviously have a lower attrition in order to
equal the efficiency of the chemical airplane.

v

lfais small compared to unity, as it obviously has
to be, then the above expression can be simplified,
and the airplanes can be compared with sufficient
accuracy on the basis of the fissionable material
‘lost for a given number of atomic bombs sortied.
On this basis, it can be shown that, in compariscon
with chemically fueled aircraft, the attrition of
nuclear powered aircraft must be of the order of
1/(1 + 2Z) for an equal loss of fissionable
material. Thus, even for an optimistic case
where Z is equal to 2, the attrition of the nuclear
powered aircraft must be one-fifth that of the
chemically fueled aircraft, This must come about
by superior altitude-speed capabilities of the
nuclear powered aircraft.  The overriding im-
portance of keeping the uranium investment of
each reactor to a bare minimum thus becomes"
apparent.  Since the use of twin reactors will
increase the uranium investment per airplane,.
by a factor greater than two, over the single
reactor airplane, studies of twin-reactor airplanes
have been dropped. Reliance is being placed on
the use of standby chemical fuel to provide mul-
tiengine reliability, at least at take-off and landing
and in the vicinity of the home base.

The three design points considered were rated
by WSEG in the following order of decreasing
desirability: Mach 0.9 at sea level, Mach 0.9 at
60,000 feet, and Mach 1.5 at 45,000 feet. As
mentioned previously, no firm conclusions other
than the importance of minimum uranium investment
can be derived from this analysis at the present
time, since some of the assumptions going into
the analysis should be revised. It might also be
pointed out that all comparisons with chemically
fueled aircraft make the tacit assumption- that
chemically fueled aircraft will be able to reach
all the desired targets from available bases. This
will not always hold true. This factor may in
itself be of determining importance.
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Included in the work for this quarter was a
familiarization study of the problems associated
with vulnerability,  This study resulted in a
preliminary report, NEPA 1405-EDR-24, Vulnera-
bility-Size Relations for Nuclear Powered Aircraft,
issued May 9, 1950. "It was not intended that this

work should define the vulnerability problem in an

absolute sense. The express purpose was three-

fold:

1) To become familiar with the subject of
vulnerability;

2) To attempt to determine what factors are

=
om
o
£
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D000

FISCAL YEAR 1950

pertinent in vulnerability as applied to
nuclear powered aircraft;
3) To determine, if possible, the qualitative
effects of vulnerability on the ultimate
configuration of the nuclear powered air-
craft.

It is not intended actively to pursue the problem
of vulnerability further. However, efforts will be
made to keep abreast of this problem so that any
future developments by other agencies in vulnera-
bility studies, which have bearing on the nuclear
powered aircraft design, will not go unnoticed.
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9. OPERATIONAL PROBLEMS AND TEST FACILITIES

9.1 FULL SCALE REACTOR TEST STAND
(2.25 Man-months)

A preliminary layout of the Phase | test stand
facility, showing a fentative disposition of the
major items of test equipment and a possible
building arrangement, has been completed. This
drawing was prepared to furnish a rough idea of
the scope of the engineering and design work
required, and to serve as a guide for cost and man
power estimates. .

The facility planning has been based on the
compound liquid-metal cycle, because a facility
capable of accommodating the requirements of this
cycle is expected to present the greatest number
of novel and difficult engineering problems. The
test stand proper is planned as a modest facility
with all possible supporting services located
outside the maximum hazard area, some five miles
from the test stand. This would reduce the number
of operating personnel permanently stationed at
the test facility to a minimum.

9.2 FLIGHT TEST SITES (2.25 Man-months)

Though the Snake River Plain adjacent to Arco
is considered a possible location for Phase |
flight testing, studies are being conducted on other

potentially suitable sites, both inland and coastal.

Inland Sites. - Cursory study of potential inland
sites indicates that the arid regions of Utah,
Nevada, and California between the Sierra Nevada
and the Rocky Mountains are well adapted for
nuclear flight testing., A broad area approximately
125 miles wide, extending from the Great Salt
Lake Desert in Utah to the Mojave Desert in

120

California, appears to be the most suitable within
the continental United States, when the special
probelms of nuclear powered flight are considered.
It is unique geologically in that it is a very large’
catchment area and has no open drainage to the
sea. Further, the area would provide access to
Edwards Air Force Base at Muroc, and Wendover

" Air Force Base in _Ufah.

The area is sufficiently large to permit turning
radii up to 50 miles, and straight runs of 250 to
400 miles. Though it is generally mountainous,
there exist a number of dry lake beds and valleys
which appear suitable for emergency landing
sfrips, While comprehensive studies of the area
have not been made, locating the flight-test-base
facilities at either Arco, Muroc Air Force Base, or
Wendover Air Force Base appears to be a possi-
bility. Of these, Wendover would possibly be
superior in meeting the technical requirements for

the air base. -

Coastal Sites, - Preliminary studies of coastal.
areas indicates that three potentially acceptable
sites exist, all in the state of Florida. These are
the Eglin Air Force Base area, the Banana River
area and, southwest of Tallahassee, the Liberty-
Franklin Counties area. Of these, the Liberty-
Franklin Counties area appears, from preliminary
studies, to be the most suitable.

Additional information on these areas is being
obtained in order that a sound appraisal of the
sites may eventually be made.

The coastal base, as contemplated, would be
situated as near the shore line as practicable, and
all flight testing would be conducted over water,

7
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. radiation effects is being investigated.

FISCAL YEAR 1950

10. RADIATION MEDICINE AND BIOLOGY

(1.5 Man-months)

During the quarter, preparations continued for
subcontract activity on the radiation medicine
and biology tasks proposed by the NEPA Advisory
Committee on Radiation Tolerance of Military
Personnel (cf. NEPA Project Quarterly Progress
Report, second quarter, fiscal year 1950). Pro-
grams which will be started in the near future
include experimental study of physical fitness
following total-bedy irradiation (at both the Naval
Radiological Defense Laboratory, sponsored by
NEPA, and the University of California at Los
Angeles, under a NEPA subcontract), and a pro-
gram of compiling and publishing data on the
biological effects of radiation (at the University of
California at Los Angeles). Procedures for these
studies have been outlined. In addition to its
physical fitness studies, the Naval Radiological
Defense Laboratory is proposing an investigation
_of the long-term effects of ionizing radiations.
Quarters and personnel have been obtained for the
UCLA work, and sources of equipment and animals
for the studies are being investigated.

Having completed its functions of surveying
available data on the biological effects of ionizing
radiations and recommending specific fields of
research, the NEPA Medical Advisory Committee
was dissolved during this period. In its place, the
NEPA Research Guidance Committee was es-
tablished to assist in the initiation and prose-
cution of the proposed tasks. Members of the new
medical panel are: Dr. Simeon Cantril; Dr. Andrew
Dowdy; Dr. Robley Evans; Dr. W. A. Selle; Dr.
Robert Stone; and Colonel John Talbot (USAF
liaison). The Research Guidance Committee will
hold its first meeting in San Francisco in Sep-

tember 1950.

Further discussions of the effects of radiation
on physical fitness were held with Wright-Patterson
Air Force Base personnel during the quarter. The
possibility of obtaining foreign literature on
Plans
have been made to contact scientists engaged in
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radiological research in the western zone of

Germany, requesting reports of past and current
investigations,

A survey was made of equipment and procedures
used at Wright-Patterson for quantitative measure-
ment of behavior-decrement under conditions
related to flight. |t was apparent that similar
techniques can be used in NEPA’s projected
psychomotor studies,

A four-day conference on radiation effects, held
in Atlantic City, New Jersey, was attended. Dis-
cussions were held with representatives of the
AEC, the USAF, the Naval Radiological Defense
Laboratory, the Office of Naval Research, the
Naval Medical Research Institute, atomic energy
projects at the University of Rochester and the
University of California, and the AEC national
laboratories. Papers presented at the conference
showed that marked progress is being made in the
field of radiation biology. The need for a satis-
factory medium summarizing work in the field was
emphasized.

.Work in process at the Scripps Metabolic Insti-
tute on the prevention of radiation effects by rutin
and related pharmacological agents was discussed
with institute members during this period. Similar
discussions were held with pharmacologists and
toxicologists of the University of California’s
Atomic Energy Project. In additional conferences
with UCLA representatives, recent developments
in radiation biology and techniques of use in
NEPA’s research program were outlined.

Information on the physiological stress of aircraft
crews was obtained from members of the California

Aero Medical Association, and from Dr. Craig
Taylor of UCLA, USAF consultant and authority

on aviation physiology.

The recent meeting of the Aero Medical Associ-
ation in Chicago was attended. Papers presented
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treated quantitative measurements of behavior- prepared to summarize available information on
decrement under stress related to aircraft flight. = the biochemical effects of radiation,

Techniques useful in NEPA’s studies were de- .

scribed. Several members of the NEPA Research Guidance,

Committee

continuing literature surveys.. A report is being sented.

122

06 90 w0 ° e ¢ o cex 5‘9@:'%0
°o o - © » & ¢ O

o

attended a
College on ““The Basic Aspects of Radiation
Data on radiation effects have been collected in Effects on Living Systems.” Papers were pre-’

symposium at Oberlin

—
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RELEVANT NEPA NUMBERED REPORTS ISSUED DURING THE QUARTER

NEPA NO.

1363-STR-24

1365-STR-25
1369-EXR-7
1370-SCR-58

1371-BRF-4

1372-MIT-53

1373-LAC-4

1374-IPR-52

. 1375-CIN-1

1376-0SU-34

1377-BW-4

1378-FAN-36

(April, May, June, 1950)

TITLE

A Diffusion Solution for the éylindrical Ducting Problem of Infinite
Geometry. By D. Whitcombe.

A Method for Optimizing an Aircraft Shield.
White, and R. L. Echols.

By J. Carnes, W. E.

Thermal Stress Tests on Five Per Cent Uranium-Impregnated Graph-

ite. By A. R. Crocker.

Enthalpy, Mean Heat Capacity, and Absolute Heat Capacity of
Solid and Liquid Lithium. By A. M. Cabbage.

Monthly Progress Report for April 1950; Bartol Research Foundation.
By W. F. G. Swann,

Twenty-second Informal Monthly Report for the Project on ‘‘Heat
Transfer and Pressure Drop of Air Flowing in Small Tubes’’;
Massachusetts Institute of Technology. By W. H. McAdams, J. N.
Addoms, and C. L. Kroll.

Study of Six Airplanes (In Lieu of Progress Report No. 4, for the
Period March 1 - March 31, 1950); Lockheed Aircraft Corporation,
By W. M. Hawkins, Jr. '

NEPA Project Progress Report for the Peried January 1 - March
31, 1950,

Monthly Report of the University of Cincinnati. By J. W. Sausville,

Monthly Pl:ogress Report for the Period March 15 to April 15, 1950;

Ohio State University. By F. H. McRitchie, and W. J. Wilson.

Erosion and Heat Transfer with Liquid Metals, Progress Report
No. 4, for the Period March 16 to Aprii 15, 1950; Babcock and
Wilcox Company. By H. G. Elrod, Jr., and R. R. Fouse. )

Informal Monthly Progress Report for the Period March 10 to April
10, 1950; Fansteel Metallurgical Corporation. By Ralph Wehrmann.
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1379-UAC-69

1380-UAC-70

1381-CRC-31

1382-CRC-32
1383-BAT-41
1384-A08-27

1385-UM-24

1386-WU-18

1387-MHI-22
1388-BAT-42

1389-MIC-21

1390-ARM-32

“1391-MIT-54
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Analytical and Design Investigations of Various Aircraft Power
Plants, for the Period March 11 to April 10, 1950; United Aircraft
Corporation. By K. K. Klingensmith, and J. P. Grandfield.

Ducting and Header Tests Report for Period March 11 to April 10,
1950; United Aircraft Corporation. By W. G, Kennedy.

Survey of Possible Fluid Hydrogenous Shield Materials and Summary
of Work Performed to Date on the Development of Such Materials;
California Research Corporation. By R. O. Bolt, J. G. Carroll,
F. A, Christiansen, B. A. Fries, J. W. Kent, E. G, Lindstrom, and
C. D. Newman,

Monthly Progress Report Covering Period March 10 to April 15,
1950; California Research Corporation. By J. G. Carroll, and F, A,

Christiansen.

Apparatus for Modulus of Rupture Determinations at Elevated Tem-
peratures; Battelle Memorial Institute. By C. G. Harman, J. F.
Quirk, and E. C. Hoeman.

Report on NEPA Project at A, O. Smith Corporation for Month Ending
April 15, 1950. By M. K. Blanchard, C. A. Marcowka, and W. E.

Stearns.

Progress Report No. 24 on Beryllium-Carbon Equilibria; University
of Minnesota. By R. L. Dowdell.

Monthly Report on *‘The Effect of Charged Particles on the Physico-
Mechanical Properties of Materials,”” Covering the Period March
15 to April 15, 1950; Washington University. By W. P. Armstrong.

Informal Progress Report No. 20 for the Period March 16 to April
15, 1950; Metal Hydrides Incorporated. By T. R. P. Gibb, Jr.

Report for the Month of April 1950; Battelle Memorial Institute.
By H. W. Russell.

Twenty-first Progress Report on ‘‘Development of Apparatus and
Methods for Measurement of Creep at Temperatures to 3500°F,”
Covering Period March 15 to April 14, 1950; University of Michigan.
By M. J. Sinnott,

The Mechanical Protection of the Wolfram-lridium Thermocouple;
Armour Research Foundation. By Gary Steven, and W. C, Troy.

Eighth Informal Monthly Report on ‘‘Development of Metal-Ceramic
Compositions Suitable for Service at Elevated Temperatures,’ for

L
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1392-NB §-16

1393-EDR-22

1394-NOR-96

1395-WGT-13

1396-EDR-23

1397-EMR-69

1398-NOR-97

1399-ARM-33

1402-FAN-37

1403-FFP-3

1404-FFP-4

1406-EMR-70

1409-CRC-33

1410-BRF-5

S
1N T T
anad 2
- :

the Period March 1 to March 31, 1950; Massachusetts Institute of
Technology. By W. D. Kingery, G. Economos, M. Humenik, Jr.,
and M. Berg.

Creep Tests on Graphite; National Bureau of Standards. By M. D.
Burdick.

Generalized Formulae for the Estimation of a Structural Weight and
Deformations of Thin Unswept Supersonic Wings. By R. G. Noel.

Monthly - Progress Report for April ]950;~North;'op Aircraft, Incor-
porated. By H. E. Metcalf and L. A. Ohlinger.

Monthly Progress Report for April 1950; Westinghouse Electric
Corporation, Aviation Gas Turbine Division. By H. S. Jordan.

Weight Estimation Under Two Loading Conditions of Fuselage Ex-
tensions 12 Feet in Diameter up to 150 Feet in Length. By R. Q.
Boyles, Jr.

Properties of High-Beryllium-Content Alloys. By Helen Lee.

Utilization of Monte Carlo Techniques>for Reactor Problems; North-
rop Aircraft, Incorporated. By B. A. Shoor.

Report No. 4 on ‘““Study of Effects of Turbulence Promoters on
Heat Transfer’’; Armour Research Foundation. By Aaron Shaffer
and O, E. Teichmunn.";.%

5

Topical Progress Report on *‘Coatings on Graphite,’”’ Covering
Period September 1948 to March 1950; Fansteel Metallurgical Cor-
poration. By Ralph Wehrmann,

Progress Report for March 1950; F. Forrest Pease. By F. Forrest
Pease.

Progress Report for April 1950; F. Forrest Pease. By F. Forrest
Pease.

The Present Status of the Art of Molybdenum Fabrication. By C. E.
Schwartz,

Monthly Progress Report for the Period April 15 to May 15, 1950;
California Research Corporation. By R. O. Bolt, J. G. Carroll,
and F. A. Christiansen.

Progress Report for May 1950; Bartol Research Foundation. By
W. F. G. Swann.
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1411-MIT-55

1412-CiN-2

1413-BAT-43

1414-ARM-34

1415-LAC-5

1416-LAC-6

1417-WU-19

1418-A0S-28

1419-MHI-23

1420-UM-25

1421-UAC-71,

1422-UAC-72

1423-BW-5

1426-MIC22

Twenty-third Informal Monthly Report for the Project on ‘‘Heat
Transfer and Pressure Drop of Air Flowing in Small Tubes,'’ for the

Period April 1 to May 1, 1950; Massachusetts Institute of Tech-
nology. By W. H. McAdams, J. N. Addoms, and C. L. Kroll.

Progress Report for May 1950; University of Cincinnati. By J. W.
Sausville.

Progress Report for May 1950; Battelle Memorial Institute. By H W.
Russell.

Report No. 29 on ““The Mechanical Protection of the Wolfram-Iridium

Thermocouple’’; Armour Research Foundation. By Gary Steven and
W. C. Troy.

Progress Report No. 5 Covering Period April 1 to May 1, 1950; Lock-
heed Aircraft Corporation. By W. M. Hawkins, Jr.

Landing Gear-Airport Relationships for Very Large Aircraft; Lock-
heed Aircraft Corporation. By W. M. Hawkins, Jr.

Monthly Report on “‘The Effect of Charged Particles on the Physico-
Mechanical Properties of Materials,’”” Covering the Period April 16
to May 15, 1950; Washington University. By W. P. Armstrong.

Report on NEPA Project at A: O. Smith Corporation for Month Ending
May 15, 1950. By M. K. Blanchard, C. A. Marcowka, and W. E.

Stearns.

Informal Monthly Report No. 21 to NEPA, for Period April 16 to
May 16, 1950; Metal Hydrides Incorporated. By T. R. P. Gibb, Jr.

Progress Report No. 25 on Beryllium-Carbon Equilibria; University

_of Minnesota. By R. L. Dowdell.

Analytical and Design Investigations of Various Aircraft Power
Plants, Report for the Period April 11 to May 10, 1950; United Air-
croft Corporation. By K. K. Klingensmith and J. P. Grandfield.

Ducting and Header Tests Report for the Period Ap.ril 11 to May 10,
1950; United Aircraft Corporation. By W. G. Kennedy.

Progress Report No. 5 on *Erosion and Heat Transfer with Liquid
Metals,”” Covering Period April 16 to May 17, 1950; Babcock and
Wilcox Company. By W. G. Elrod, Jr., and R. R. Fouse.

Twenty-second Progress Report on “Development of Apparatus and
Methods for Measurement of Creep to Temperafures of 3500°F,”
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1427-NBS-17

1428-FAN-38

1431-ARM-35

1432-WRL-4

1433-NOR-98

1435-MIT-36

1436-WGT-14

1437-WGT-15

1438-WGT-16

1440-NOR-99

1441-NOR-100

1444
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for the Period April 15 to May 15, 1950; University omg Michigan. By
M. J. Sinnott and J. C. Johnson.

e

Creep Tests on Graphite,‘ Report for May 1950; National Bureau
of Standards. By R. F. Geller.

Informal Monthly Progress Report for May 1950; Fansﬂ.ael Metal-
lurgical Corporation. By Alex Bartok and Ralph Wehrmann.

Report No. 5 on *‘Study of Effects of Turbulence Promoters on
Heat Transfer’’; Armour Research Foundation. By A. Shaffer and
0. E. Teichmann.

Status Letter No. 4, April 1 to May 1, 1950; Westinghouse Research
Laboratories. By B. Jennings.

Monthly Progress Report for May 1950; Northrop Aircraft, Incor-
porated. By L. A, Ohlinger.

Ninth Informal Monthly Report on *‘Development of Metal-Ceramic
Compositions Suitable for Service at Elevated Temperatures’’;
Massachusetts Institute of Technology. By W. D. Kingery, G.
Economos, M. Humenik, Jr., and M. Berg.

NEPA Summary Report; Westinghouse Electric Corporation, Aviation
Gas Turbine Division. By C. A, Meyer.

Design of Installation for Operation of Twin 24-C (J-34-WE-30)
Engines with External Heat Source; Westinghouse Electric Cor-
poration, Aviation Gas Turbine Division. By E. F. Drewniany.

Engine Model J-34-WE-30 Modified for an External Heat Source-
Internal Performance; Westinghouse Electric Corporation, Aviation
Gas Turbine Division. By H. S. Jordan.

Summary Report on Monte Carlo Techniques; Northrop Aircraft,
Incorporated, By B, A, Shoor.

Summary Report on the Program for Analytical Design Studies of

Total and Shadow Shielding for Aircraft; Northrop Aircraft, Incor-
porated. By B. A, Shoor and J. S. Stewart,

Minutes of the First ANP Liquid Coolants Conference, April 26,
1950.
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5% . \‘ , Sept. 1, 197C
NATURE OF CHANGE:

eBGORIS LISTED EELSHGs been declassified w/out deletions -

has been downgraded to:

has been upgraded to: -
Duplicates, Retain . as [irime and as secondary.

Report No. correction. Change - to
has been recalled.
has been cancelled.

(1 Erratafor
7 Other

AUTHORITY FOR CHANGE: ANP DOGUMENT REVIEW 3Y DECLASSIFICATION ER. MAY 1976
COPY OF REVIEW FORM IN MASTER

LOCATION OF RECORDS THAT MAY REQUIRE CHANGE:

Computer Section 1 Microcard Corporation  73¢
Card Catalog & Systems Control
Descriptive Cataloging Science & Tethnology Branch
Distribution & Central Services  yrapMATTON SERVICES SECT. 11
INSTRUCTIONS:
1. & Correct |BM accountability and /or 7. T Destroy (FEKEELG56EK Class.
availability records, including Holdings List (Micronegative)
2. [J Make physical change on extra copies. 8. KX Correct catalog cards and /or prepare
3. [ Distribute TI~FL~14 to information cards as required.

9. [ Return all copies to:

4. (] Make revised caids 0
5, Make revised ~ errata — negatives. i0. Stop all processing immediately.
= OTIE shguld ~ should not Ebé charged. Return the master_and/or atl negative
) copies to Regulation & Appraisal Section.
6. [J Correct -Remove from Computer Files

11. K Other _For Info.

APEX-325 C~-RD  NEPA-391 C-RD  NEPA.1388 CeRD®
DCLe59w7-}i2  C-RD  NEPA-663 C-DI  NEPA-11429 CeRD
DOLw59w7-63 C«RD  NEPA=B23 S-RD  NEPA~1436 C

UCLw59=7-21ly C-RD  NEFA=916 SeRD% NEPi~lihl; CeDI
DGL-59-8-1  C-ED  NEPA-920 C % NEPA.158 CuDI
DCLw59-8.176 C-RD¥ NEPA-921 C HEPA«1L75 CeDIX
DCLw59e9=32 C«RD  NEPA-969 C-RD¥  N8SA1h78 C-DI
D0L-59-9-61 C-RD  NEPA-977 CeRD  NEBA-148l C-RD
HDAS T2l S-RD¢ NEPA-98L CeRD¥  NEPA=1501 CeDI
NDA~-57-38 S-RD%  NEPA-998 CeRD¥  NZPA1502 CwDI
WDA-73=l S-RD* NEPA-1034 C % NEPA=15T7h C-DI
NDA=2057-l=3 S-RD% NEPA-126L(Supp.l) S-RD  NEPA~1583 CeRD
NDA-2092-7  S-RD# NEPA-126h(Supp.5) S-RD  NEPA-1608 C.DI
NEPA-1h7 c FEPA-126h(Supn.6) SeRD  NEPALLSLE C-RD
NEPAw389 S«RD  NEP&-1365 SeRDi¢  NEFA-1653 SeRD%

/

— ‘ Regulation & Appraisal Sectior
1183 (3~67) Doovmont Fanag amer: Fraich

e




VEP A )45t
(Report Number)

ANP CLASSIFICATION REVIEW FORM

Report Title:

Author:

Please indicate in square below classification determination

/ / Classification confirmed as

in accordance with CG-RAN-4 topic

/ ] Classification downgraded to

in accordance with CG~-RAN-4 topic

/[ _/ Declassification is contingent on  (Explain)

[7Z;7///;;ntains no Restricted Data nor other Defense Information

and may be declassified in accordance with CG-RAN-4 Guide

Topic O/ [ AW
U

A Gh

f K 77/% A &, /970

(/ Signature Pate




