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ANP PROJECT QUARTERLY PROGRESS REPORT

FOREWORD

This quarterly progress report of the Aircraft Nuclear Propulsion Project
at ORNL records the technical progress of the research on the circulating-fuel
reactor and all other ANP research at the Laboratory under 1ts Contract
W-7405-eng-26. The report 1s divided into three major parts I. Reactor
Theory and Design, II. Shielding Research, and III. Materials Research. Each
part has a separate introduction and summary.

The ANP Project 1s comprised of about three hundred technical and scientific
personnel engaged 1n many phases of research directed toward the nuclear
propulsion of aircraft. (The Project organization chart 1s included as an
appendix.) A considerable portion of this research 1s performed 1n support of
the work of other organizations participating in the national ANP effort. How-
ever, the bulk of the ANP research at ORNL 1s directed toward the development
of a circulating-fuel type of reactor.

The nucleus of the effort on circulating-fuel reactors 1s now centered upon
the Aircraft Reactor Experiment - a 3-megawatt, high-temperature prototype of
a circulating-fuel reactor for the propulsion of aircraft. This reactor
experiment 1s now being assembled, 1ts current status 1s summarized in sec. 1.
However, much supporting research on materials and problems peculiar to the
ARE wi1ll be found i1n other sections of Part I and Part III of this report,
along with the general design and materials research contained therein.

A survey report on a reflector-moderated type of circulating-fuel reactor
1s contained i1n sec. 2. Since the feasibility of such a reactor was indicated
by critical experiments completed during the previous quarter, considerable
research, as well as design effort, has been devoted to problems associated
therewith.

The shielding research report, Part II, 1s devoted almost entirely to
problems of aircraft shielding.
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REACTOR THEORY AND DESIGN






INTRODUCTION AND SUMMARY

The Aircraft Reactor Experiment
(sec. 1) 1s rapidly taking form as
equipment 1s received and installed
in the ARE Building. There were no
significant changes 1n design or
concept during the quarter, and the
installation 1s proceeding according
to schedule. The fuel system heat
transfer loop and the fill and flush
tanks are completely i1nstalled, and
the sodium heat transfer loop 1s
nearing completion. Installation of
fuel and sodium piping 1s now 1n
progress. The control and graphic
panels have been completely instru-
mented and checked. The formal
presentation on the hazards involved
in the ARE was made to the Reactor
Safeguards Committee earlier 1in the
quarter, and in view of the subsequent
discussion of the Committee members,
1t 1s not expected that any modifi-
cations of the experiment will be
required.

Valves, pumps, 1nstrumentation,
and other components of the fluoride-
fuel and sodium-coolant systems are
being developed and tested for the
ARE (sec 2). Both centrifugal and
electromagnetic pumps of ARE capacity
have been operated, the latter waill
be employed in the by-pass loop for
preliminary tests, with NaK, of the
external fuel system. Impeller designs
for the centrifugal pumps are con-
ventional, but the pump seal, particu-
larly for fluoride fuels, remains a
problem. The packed-frozen seals on
fuel pumps have widely varying leakage
rates, and adequate temperature
control of the frozen zone has not been
obtained. Both packing and face-seal
materials are being examined 1n an
effort to find materials with the
desired service and life charac-
teristics. Gas face seals for vertical-
shaft pumps are being i1nvestigated.
Considerable success has been experi-
enced with frozen-sodium seals 1in
sodium pumps, and frozen-lead seals

are being tested for use with fluorades.
Frozen-sodium and frozen-lead seals
have proved to be unsatisfactory for
use on NaK pumps. The ARE bellows
type of valve was tested at 1100 and
1300°F and found to be satisfactory,
although excessive leakage occurred
after operation at 1500°F. The initaal
mockup of the ARE fluid circuit
revealed i1nstabilities and gas entrain-
ment that were eliminated by mainor
system alterations. The rotameters,
level i1ndicators, and pressure trans-
mitters have operated satisfactorily
for long periods of time under the
conditions expected 1n the Aircraft
Reactor Experiment.

The reactor physics studies (sec.
3) were concerned with the statics of
the reflector-moderated reactor and
damping of power oscillations. The
applicability of the multigroup method
to the calculation of the reflector-
moderated reactor was demonstrated by
the good correlation obtained waith
critical experiments. The damping of
power oscillations 1n a reactor 1s
demonstrated for a nonlinear case,
with delayed neutrons included, by
assuming (1) constant power extraction
or (2) a special case of cooling with
circulating fuel.

The reflector-moderated reactor
and an aircraft power plant assembly
employing this reactor are described
(sec. 4). 1In general, the reactor
consists of lumped regions of fuel
and moderator or reflector. An
essential element i1n this reactor 1is
the use of a thick beryllium reflector
that not only contributes to neutron
economy but also constitutes the first
layer of the aircraft shield. This
reactor and the compact, spherical
arrangement permit realization of
what 1s practically a unit shield for
a 200-megawatt reactor and heat
exchanger combination that weighs
about 80,000 pounds. Critical expera-
ments on a mockup of this reactor
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assembly indicate a critical mass of A preliminary weight estimate of the

about 20 lb and a total uranium in- complete power plant assembly, 1in-
vestment of 100 lb when the compact cluding the turbojets, 1s about 115,000
external fuel system is included. pounds.
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1. CIRCULATING-FUEL AIRCRAFT REACTOR EXPERIMENT
J. H Buck, Research Director’s Division, E. S Bettis, ANP Division e

The major effort in the ARE project
during the quarter has been in instal-
lation of equipment in Building 7503.
The arrival of the heat exchangers
permitted the i1nitiation of a large
amount of construction work that had
been postponed for several weeks
Valves began to arrive toward the end
of the quarter, and work could proceed
on the 1nstallation of the main
plumbing system. The 1installation of
equipment will no longer be dependent
upon the arrival of components. The
installation work 1s not ahead of
schedule, but thus far 1t appears
that the completion goal of June 1953
will be realized

No new technical crises have arisen
in the project. Tests of valves,
seals, pumps, etc. continue (sec. 2)
and, to date, reveal no insurmountable
difficulties. Seals have operated
satisfactorily, but their performance
has not been so good as might be
wished, The same condition exists
with respect to the valve tests, but
the valves have been shown to be
usable.

Although detailing of installation
drawings continues to be a problem,
1t has not yet actually retarded the
job. There have been the usual
modifications dictated by problems
arising in the field, but they have
been no more numerous or serious than
would be expected 1n a system of such
complexity as the ARE.

FLUID CIRCUIT

G. A. Crasty
Engineering and Maintenance Division

No significant design changes were
made 1n the fluid circuit. However,
since 1t appeared inadvisable for the
long drain lines in the fuel circuit
to stand full of stagnant fuel, two
valves were added to permit draining

e

these long lines so that they w¥[ll
be empty during operation of the
experiment. o

The heat disposal loops for the
fuel circuit, that 1s, the fuel-to-
helium heat exchangers, the helium-to-
water heat exchangers, the thermal
barriers, the helium ducts, and the
helium blowers, are now completely
installed. Figure 1.1 shows these
loops installed i1n the pit. Three
sections of the fuel pipe, together
with annuli, thermocouples, and
heaters (where possible), have been
prefabricated and can be welded 1nto
the system when the valves for these
lines are ready. Figure 1.2 shows one
of these sections of fuel pipe.

All the fill and flush tanks have
been put i1n the pit, and work has
been started on installing heaters on
these units. These tanks are shown
in Fig. 1.3.

The by-pass, which enables the
system to be run without the reactor
in the circuit, has been designed.
The electromagnetic pump, which waill
be i1nstalled 1n this by-pass for
circulating liquid metal, has been
tested by the Experimental Engineering
Group (sec. 2).

The surge tanks have been completed,
and tests of the mockup of the hydraulic
system are continuing (sec 2).

The helium-to-water heat exchangers
for the sodium coolant circuit have
been received and are being installed.
The liquid metal-to-helium heat
exchangers are to be delivered the
first week of March.

STRESS ANALYSIS

R. L Maxwell J. W. Walker
Consultants, ANP Division

The reactor by-pass circuit was
checked to see that previous pre-
stressing calculations would not be












invalidated by 1ts i1ncorporation in
the circuit A report on the complete
analysis of the stresses 1s being
prepared

A design has been developed for
1ncorporating strain gages 1n the
system at the anchor points to check
the computed stresses These gages
w1ll be i1nstalled prior to the pre-
stressing, and the magnitude of the
prestressing forces will be measured
The stress relief as the temperature
1s raised will be measured until the
temperature reaches about 200°F,
above 200°F the gages will no longer
be usable

REACTOR

The reactor 1s ready for operation,
except for welding of the serpentine
coils and final assembly. Figures 1 4,
1.5, and 1.6 show the ‘status of parts
of the reactor All preliminary work
on the pressure shell has been com-
pleted The coils have been received
and sample coils are now being test
welded 1n OBNL shops It 15 planned
to assemble the reactor i1nto a test
circult at the site and to circulate
liquid metal through the fuel coils
at design temperature so that the
reactor can be i1ndependently checked
prior to 1ts 1nstallation Thas
pretesting of the reactor core will
also serve to clean the fuel passages
with hot liquid metal prior to 1ts
incorporation into the system.

INSTRUMENTATION
R. G. Affel, ANP Division

The only real design modification
in the i1nstrumentation i1nvolved a
change 1n the leak detection circuit.
The change was a simplification to
minimize trouble without changing the
principle of operation of the system,
All the control room instruments have
been mounted. The graphic panel has
been 1nstalled and checked with a
dummy setup of pneumatic switches
that simulated valve operation.

PERIOD ENDING MARCH 10, 1953

Pneumatic lines have been run to
valves and sensing points 1n th%
pits, but a small amount (2%) of work
remains to be done. Thermocouple
designs have been completed and orders
have been placed Several of the
thermocouples needed to allow instal-
lation work to proceed have been made
by the Instrument Department All
instruments and actuators have been
labeled The enunciator panels have
been i1nstalled and checked, except
for connection to the sensing points.

OFF-GAS SYSTEM

There has been no change 1in the
off-gas system, and 1installation 1in
the building 1s practically completed.
The final design for the shielding of
the radiation monitors has not been
completed, but this shielding will be
quite simple and will be assembled 1n
the field by using a stacking of lead
bricks around the monitors

REACTOR CONTROL

The model fission chamber for use
at high temperature has operated
satisfactorily for several hundred
hours at a temperature of 1400°F
This test has proved the acceptability
of the 1nsulator for this chamber.
The live chamber, with a U235 sleeve,
has not yet been tested.

The control room relay panel has
been completed. The wiring of the
console and the control board instru-
ments console has progressed as far as
the interconnection terminal blocks
No interconnecting cables have been
run between the amplifier cabainet,
the relay cabinet control board, and
the control actuator assembly. This
work had just started at the end of
the quarter.

The mechanism for control rod
actuation 1s being assembled 1n the
crane bay area for testang. All
parts for this assembly are complete
and on hand in Building 7503, but no
significant progress had been made 1n
the assembly.
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ELECTRICAL SYSTEM

-

The electrical work 1s proceeding
satisfactorily. The large job of
completing the heater circuit panels
has been accomplished. Heaters are
being installed on the fill and flush
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tanks, and leads have been run from
the control panels to two of the fill
and flush tanks. Both motor generator
sets have been received and checked.
It was found that these sets raised
the noise level in the basement tp an
untolerable level, consequently they
w1ll be moved out of the building.
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2. EXPERIMENTAL REACTOR ENGINEERING

H. W, Savage, ANP Division

The work of the past three months
on the liquid circuits of the ARE has
been devoted to minimizing corrosion
to values acceptable for 1000 hr of
continuous or 1ntermittent operation
at elevated temperature, determining
and applying a process of blending
fluorides for the ARE that will yield
a product with a quality equal to that
of the mixture used i1n the most satis-
factory corrosion tests, providing
pumps for the circulation of fluorides
and either sodium or sodium-potassium
alloy, developing seals for the pumps
that are reliable for 1000 hr of
operation, providing other circuit
components, and studying circu1it
modifications thatwil]l assure accepta-
ble and operable fluid dynamics.
This work was carried out cooperatively
with the Metallurgy Division, the
Materials Chemistry Division, and the
ARE Section of the ANP Division,

Both centrifugal and electro-
magnetic pumps of ARE capacity ~ 50 to
100 gpm ~ have been tested. The
conventional pump impellers are satis-
factory, but seals for mechanical
pumps are still a problem, A 100-gpm,
a-c, double-cell, electromagnetic pump
has proved to be entirely satisfactory
for pumping sodium-potassium alloy at

1500°F, and 1t 1s being tested for
pumping sodium,
Packings for horizontal-shaft

centrifugal pumps have not yet been
proved reliable. The most promising
packing was graphite and/or MoS,
retained with braid or graphite rings,
or possibly by magnetic means. Leakage
rates have varied widely, and friction
demands, 1n some cases, have been
excessive. Thermal control of the
frozen zone, needed for low-friction
operation and for remotely stopping
and starting the pump, has not yet
been achieved.

Oi1l-lubricated, low-temperature,
face-type, gasseals have been reliably
operated for thousands of hours in
high-temperature, centrifugal, sump-
type pumps. An ARE-size sump pump,
similarly sealed, 1s undergoing a
water test, and there have been no
major difficulties, to date.

Frozen-sodium or frozen-lead seals
for NaK have proved to be impractical.
Frozen-sodium seals for ARE-si1ze sodium
pumps (2 1/2-1n.-dia shaft) are now
being tested, and the difficulties
experlenced to date appear to have
been due to thermal distortions,
Frozen-lead seals have been used
satisfactorily with fluorides, and in
several tests with molten fluoride in
contact with molten lead, there has
been no mixing of the fluoride and the
lead. High-temperature face seals for
use with molten fluorides are being
investigated, but data are not yet
availlable.

Other components that have been
operated successfully for long periods
are high-temperature rotameters and
high-temperature liquid-level indi-
cators (both the rotameters and the
liquid-level indicators use variable-
inductance pickups for signal gener-
thin-walled (0.005 an.)
bellows 1n pressurestransmitters 1in
contact with fluorides, a pneumatically-
actuated, bellows-sealed, Stellite-
seated valve, and the slip-ring and
brush arrangements for removal of the
thermocouple signals used for measuring
temperatures 1n moving parts,

A study of the parallel circuits
and the pumping and expansion tank
arrangements of the ARE has revealed
operational steps that will have to be
taken i1in the event of failure of one
of the pumps so that loss of circu-
lation from the remaining pump and
expansion tank can be prevented. The

ation),
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study also revealed the need for
piping modifications to eliminate gas
entrainment at the free surface in

the surge tanks,
Sodium-potassium alloy has been

distilled from closed systems to
simulate circuit cleaning of the ARE,
negligible quantities of alloy remained
in 1solated pockets.

PUMPS FOR HIGH-TEMPERATURE LIQUIDS

W. B. McDonald A, G. Grandell
W. G. Cobb G. D. Whitman
W. R. Huntley A. L. Southern
J. M. Trummel P, W. Taylor

ANP Division

Centrifugal Pump with Combination
Packed and Frozen Seal for Fluorides
A 50-gpm pump with a Stellite No. 6
coated, 2 1/2-in.-di1a shaft was
operated for 85 hr with the ARE fuel,
NaF-ZrF,-UF, (50-46-4 mole %). The
seal consisted of a packing of 1/4-by
1/4-1n. monel braid wrapped 1n nickel
fo1l. Operation was unsatisfactory
and the test was terminated because of
shaft seizure i1n the packing area.
Examination of the shaft after the run
showed that very severe scoring had
occurred. Some grooves were 0,049 in,
deep.

It may be concluded from this test
that small packings alone are
adequate. Compressive loading to
minimize leakage will be high and will
result 1n excessive wear because the

in-

poor penetration of liquid fluoraides
w1ll prevent their acting as a sort of
lubricant. The packing 1n subsequent
tests i1ncluded braid as a component
and either graphite or MoS,, each of
which 1s a lubraicant.

The pump has been repacked with
Dixon’s Microfyne flake-graphaite
powder, which 1s retained by close-
fitting, solid; APC-graphite rings at
each end of the packing gland. Initial
dry runs, without fluorides present,
showed this packing to be quite
sensi1tive to compressive loading.
Approximately 35 psi was found to be a
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maximum packing loading for smooth,
dry operation without the seal heating
excessively., The repacked pump has
now operated at a shaft speed of 700
rpm for 300 hr at 1200°F, The pressure
against the seal has been varied from
5 to 18 psi. Leakage of solid fuel
from the seal has varied from 60 to 75
g/day during operation with pressures
in the 5- to 10-psi1 range. Power
input to the driving motor has been
gquite smooth, with a variation from
2.6 to 3.0 kw, and under these con-
ditions only 1.5 to 1.8 kw 1s being
lost as friction in the pump seal.
Allis-Chalmers Centrifugal Pump for
Liquid Metals. The Allis-Chalmers
hydrostatic-bearing pump previously
reported(!) was shut down during the
quarter for alterations. A new,
piece shaft has been fabricated,

one-
the
bearing surface on the i1mpeller has
been hard coated with Stellite, and a
frozen-sodium gas seal has been in-
corporated in the pump. All fabri-
cation 1s complete and the pump 1s
ready for reassembly and further
testing.

Laboratory-Si1ze Pump with Gas Seal
The laboratory-size gas-sealed cen-
trifugal pump operated 996 hr waith
fluoride fuel, NaF-ZrF,-UF, (46-50-4
mole %), at a temperature of 1500°F,
The pump has thus far operated a total
of 2300 hours., The pump was run at
3600 rpm and produced a 50-ps1 head
at 8 to 10 gpm.

Figure 2.1 shows the upper assembly
of the pump after 996 hr of operation.
The ZrF, condensation does not appear
to be excessive, however, 1n the
original assembly, probe shorting was
serious and the two probes in the pump
were rendered inoperable after 50 hr
of operation. The shorting may have
been a result of fuel freezing around
and bridging the probe and radiation
shield assembly, shown in Fig. 2.1,
when an 1nadvertent liquid-level surge
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occurred during operation or filling.
This condition has been alleviated by
increasing the clearance between the
probes and radiation baffles and in-
serting a half cylinder in the cutaway
section 1n the baffle assembly.

The pump operated quite satis-
factorily without probes, and the
liquid level 1n the pump bowl was
established by noting the pump per-
formance and temperature of the
face plate., The reason for termi-
nation was agaln a broken guide vane
1n the discharge bowl. The vanes have
been rewelded tothe bowl several times,
but the latest failure occurred in the
parent metal of the vane rather than
1n the weld. The reliability of this
assembly can be greatly increased by
employing thicker vanes and adding a
reinforcing ring around the top edge
of the six vanes.

An 1dentical pump has been 1n-
stalled and has operated approximately
700 hr 1n a fluoride system that in-
cludes a fluoride-to-NaK heat exchanger.
Several design changes were made to
reduce or nearly eliminate the o1l
leakage past the rotary gas seal.

It was found that when the gas
volume above the pump was vented 1into
a si1ght glass, the discharged helium
was heavily laden with o1l vapor. It
has not been ascertained whether this
vapor 1s harmful to fluorides, but, at
least, the contamination was un-
desairable.

In the original pump, o1l was used
to cool the drilled shaft and to flood
the rotary gas seal assembly both for
cooling and for lubrication. 1In the
present pump, the shaft and the
stationary seal ring are water cooled
by using a closed system. The rotary
face seal can be lubricated, 1f
necessary, by adding small amounts of
o1l, as liquid or mist, through an
opening 1in the bearing housing.

The rotary, Graphitar No. 30, gas-
sealing ring was replaced with a
silver-impregnated graphite (Morganite
MYIF) ring, and an attempt was made to
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run the dry seal against hardened tool
steel. However, at a bearing pressure
of approximately 60 psi, this combi-
nation would not run unlubricated. It
has been necessary to add small amounts
of 011 to reduce gas leakage and to
prevent small power excursions in the
recorded demand of the pump motor. The
seal has required an average of 6 to 8
drops of 01l per day, and the gas
leakage has been negligible.

It 1s planned to use a Keller Aar
Line lubricator to atomize the lubra-
cation i1nto the seal region through
the bearing housing. This unit may be
operated remotely as frequently as
experience dictates.,

ARE-S1ze Sump Pump A modification
has been made to the existing model DA
pump(z) to convert 1t to a sump pump
with a shaft labyrinth seal from which
leakage wi1ll return by gravity to the
pump’s sump tank. The modified pump
1s now being tested with water and
other room-temperature liquids, and 1t
wi1ll be tested with liguids that
simulate the density and viscosity of
the ARE fuel. Studies are being made
of the labyrinth seal during pump
operation, the effects of the pump
inlet suction bell, and the volume of
fluid and the baffling required in the
sump tank for satisfactory pump
operation,

The operation of the labyrinth seal
(0 009-1n. radial clearance) was 1in-
vestigated by measuring the leakage
of the seal at various pump speeds and
heads. As expected, the fountain
increases with increase in pump speed
and i1n pump head. However, the amount
of the bypass fountain flow varied
from 2 to 10% of pump flow, which 1s a
reasonable fraction., A minor problem
was encountered in that the labyranth
leakage splashed the surface of the
liquid 1in the sump tank and some of
the gas bubbles were carried deep
enough to be entrained in the fluad
entering the impeller.
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The pump has been tested 1in two
types of sump tank. The first tank
was a rectangular, plexiglas box, 14
by 16 by 30 in., 1n which the fluad
inlet to the tank was considerably
offset from the eye of the impeller.
The second tank was a plexiglas cylin-
der, about 12 in. i1n diameter and 14
in, high, 1n which the fluid inlet 1s
below and directly 1into eye of the
impeller. When continuously submerged,
even 1f only to a small fraction of an
inch, the pump i1nlet suction bell
appeared to function satisfactorily in
ei1ther sump tank under all conditions
of pump speed and flow.

Pump priming 1s not difficult to
accomplish 1n either tank. In the
initial test setup, the volume of gas
in the system piping at startup was
approximately equal to the volume of
liquid, and 1n the cylindrical tank,
the prime was broken by a sudden surge
of gas 1nto the impeller eye. Placing
an obstruction over the fluid inlet to
divert most of the gas bubbles away
from the eye to the free surface was
sufficient to maintain the prime. In
a system 1n which there 1s a small gas
volume compared with the liquid volume
at startup, priming 1s accomplished by
bleeding the trapped gas into the sump
tank or by filling under vacuum. In
the ARE system, the trapped gas 1s
forced out.

Tests were made i1n which the fluaid
was gassed by admitting air, helium,
or argon 1nto the eye of the suction
bell until the fluid became milky.
The time required for the fluid to
become relatively clear was then
noted. In all tests, 1including tests
with flow rates of up to 100 gpm and
tests 1n which the cylindrical tank
without baffles was used, the fluaid
degassed 1nless than5 min of operation,
When the inlet of the cylindrical tank
was offset about 1/2 1in, with respect
to eye of the impeller, the entire
holdup volume of liquid in the tank
was given a rotary motion that 1in-
creased 1n velocity at high impeller
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speeds and low flow rates. When the
baffles were in place, this circular
motion occasionally caused the for-
mation of vortexes and gas entrainment
in the liquid. Without baffles 1n the
cylindrical tank, the rotary motion
was present but no vortexes were
observed. The gas seal for this pump
w1ll be either a frozen-sodium or
frozen-lead seal or a mechanical face

seal.
ARE Centrifugal Pump An ARE model

FP pump(3’) has been constructed and
incorporated 1n a test loop. The most
critical feature of this pump was the
frozen-sodium seal for which sodium
from an external source was fed to a
sealing annulus and frozen 1n rings on
each side of the annulus,

Three tests have been run in which
NaK was pumped for about 15 min, 4 hr,
and 1 hour, Each test was terminated
because of excessive seal leakage.
Chemical analyses ofsamples of leakage
material i1ndicated the presence of
from 1 to 7.5% potassium. Since thas
pump does not operate successfully
with NaK, 1t was modified for testing
with sodium. For operation with sodium,
the external supply of sodium to the
seal will not be needed and a larger
surface will be presented for cooling
of the seal.

Prior to installation of the new
sealing gland, a series of tests was
run on the externally supplied seal
with helium in the pump loop. During
these tests, pump speeds and seal
temperatures were systematically
varied, and considerable data were
taken to provide more adequate under-
standing of the frozen-seal mechanism.
Successful operation, as a gas seal,
was obtained over the available range
of speeds, 400 to 1920 rpm, and the
temperature of the sodium in the gland
groove varied from 300 to 400°F. Speed
and pressure conditions were determined
under which the seal would fail and
under which 1t would operate reliably.

(3)ANP Quar
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The sealing gland that has been
installed in the pump for operation
with sodium has a length-to-diameter
ratio of 2.3, 1n contrast to the
ratios of 0.6 and 0.2 for the 1nside
and outside glands of the previously
used externally supplied seal., Also,
the radial shaft-to-gland clearance
has been increased from 0,015 an. for
the externally supplied gland to
0.030 1n. for the longer gland. Initaial
tests of this gland and seal indicate
a satisfactory seal, but they also
indicate the presence of excessive
thermal distortions that will result
in displacement of parts and eventual
binding.

Electromagnetic Pump The two-
stage electromagnetic pump that wall
be used to circulate NaK in testing
and cleaning operations of the fuel
circurt of the ARE has been tested
with NaK at 1500°F and 1s undergoing
similar tests with sodium. With Nak,
the pump delivery 1s approximately
90 gpm at approximately 10 psi, per-
formance curves are shown in Fig. 2,2,
The pump has givenentirely satisfactory
per formance, except for a hard-soldered
Joint failure in the current loop,
which was easily repaired, and excess
cooling, which was removed.

ROTATING-SHAFT AND VALVE-STEM-SEAL
DEVELOPMENT

W. B. McDonald R. N. Mason
W. C. Tunnell P. G. Smath
W. R. Huntley
ANP Division

R. E. Engberg
Long Range Reactor Planning Group

Mechanical Face Seals High-
temperature mechanical face seals for
ligquids such as fluorides are being
investigated., Successful operation of
such seals may be dependent upon dry-
film lubrication, boundary lubricataion,
or adsorbed-film lubrication, but

research has revealed only empirical
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knowledge about the principles of
similar seals successfully used an
applications much less severe than
those 1mposed by ANP requirements.
The problem appears to be one of
selecting appropriate materials that
w1ll retain optically flat surfaces at
high temperatures and will have the
proper degree of hardness and softness
relative to each other, Graphite 1s
being considered for the soft material
and materials such as tungsten carbade,
titanium carbide, and cermets are
being considered for the hard material,
The methods of fabrication and the
maintenance of high ambient tempera-
tures and low thermal gradients to
avoid distortions are also pertinent
problems.

The work of others has shown that
a principal factor in determining wear
and surface damage 1n sliding 1s the
tendency of the sliding or rubbang
materials to alloy. Although other
factors, such as the hardnesses of the
materials, the melting points, the
rubbing velocity, and the temperature
of operation, are considered as being
of secondary importance, 1n some
instances they may become of controlling
1importance. The use of MoS, as a high-
temperature lubricant 1s intriguing,
and considerable work has been done to
obtain surfaces coated or 1mpregnated
with this material. Table 2 1 lasts
the attempts to establish a MoS, layer
by adding MoS, to the vehicle to make
a paste. It should be noted that MoS,
w1ll begin to oxidize at about 700°F
in air, but 1n the absence of oxygen
1t 1s stable to 2000°F. Tests of face
seal materials, made by rotating them
in contact with the other specimen are
described in Table 2.2. The chattering
noted may have been due to forces
resulting from the geometry used in
the test apparatus. These experiments
indicate that of the materials tested,
graphite 1s best for one of the
materials, under these test conditions,
when air 1s present.
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TABLE 2.1. DESCRIPTION OF ATTEMPTS TO OBTAIN A MoS, SURFACE

BASE METAL VEHICLE TREATMENT AND APPLICATION REMARKS
1 Type 316 G-E enamel Brushed on, air dried, Good coating obtained,
atainless steel furnace heated to 700°F apparently
2 Type 316 Colloirdal Brushed on, air dried, , Did not stick to base metal
stainless steel si1lver furnace heated to 700 F
3 Type 316 Hagh- Brushed on, air draied, , Varnish burnt off, did not stick
stainless steel temperature furnace heated to 700 F
varnish
4 Type 316 No 1202 varnish | Brushed on, air dr:.ed,o Varnish burnt off, did not stack
stainless steel furnace heated to 700 F
5 Type 316 Keystone grease Base metal heated to 700°F, Did not stick to base metal
stainless steel paste brushed on
6 Type 316 Permatex No 2 Base metal heated to 700°F, Showed promise, fair coating
atainless steel paste brushed on obtained
7 Type 316 Ruby flux Base metal heated to 700°F, Showed promise, fair coating
stainless steel psste brushed on obtained
8 Type 316 Aquadag Neo 200 Base metal heated to 700°F, Did not stick to base metal
stainless steel paste brushed on
9 Type 316 Permatex No 2 Base metal heated to 700°F, Remained soft, possibly not
stainless steel thinned with paste brushed on enough heat, indicates promise
Sebacate
10 Lapped tungsten None Heated to 700°F, dipped 1n Thin layer obtained, apparently
carbaide dry MoS2
11 Etched tungsten None Heated to 700°F, dry M052 Thin layer obtained, apparently
carbide sprinkled on
12 Type 316 Nene Heated to 700°F, dipped 1in Good layer obtained
stainless steel dry M052
13 Tungsten carbide Handi-flux Paste applied, heated with Adhered to base metal, but
torch uneven
14 Tungsten carbade Ruby flux Paste applied, heated with Soft and flexible, apparently
torch
15 Type 316 Permatex No 2 Base metal heated, brushed Good layer, apparently
stainless steel with Sebacate on in furnace
16 Brass Handi-flux Brushed on base metal, Brass burnt, but apparently
heated i1n furnace some layer remained
17 Type 316 Corn syrup Brushed on base metal, Fair coating, shows promise
stainless steel heated 1n furnace
18 Type 316 Celluflux Brushed on base metal, Good coating, but uneven,
stainless steel heated 1n furnace shows promise
19 Type 316 Pliobond Brushed on base metal, Fair coating, hard and
stainless steel heated in furnace brittle

An attempt has been made to establish

an upper temperature limit for silver-
impregnated graphite rubbing against
type 316 stainless steel. The assembly

ceased to seal helium at about 450°F,
and although the temperature was in-
creased slowly to 910°F, sealing dad
not occur again. When the temperature
was decreased to 450°F, sealing was
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again accomplished. This experiment
w1ll be continued, and varicus sealing
pressures will be tried.

Another experiment 1s 1n progress
1n which an attempt 1s being made to
seal against water with silver-
impregnated graphite vs, type 316
stainless steel atvarious differential
pressures and bearing pressures. To
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PERIOD ENDING MARCH 10,

SUMMARY OF TESTS OF FACE SEAL MATERIALS

BASE METAL NO,
(cf , Table 2.1)

MATERIALS

RESULTS

Operated for 2 hr before chattering
occurred

Operated for 2 hr before chattering
occurred

1953

11 Etched tungsten carbide vs
type 316 stainless steel
10 Lapped tungsten carbide vs
type 316 stainless steel
13 Tungsten carbide vs tungsten
carbide
16 Brass vs tungsten carbide
12 Type 316 stainless steel vs
tungsten carbide
14 Tungsten carbide vs
type 316 stainless steel
15 Type 316 stainless steel vs

tungsten carbide

C-18 graphite vs
carbide

Graphite (No

carbide

tungsten

40) 1mpregnated

with MoS, vs tungsten
carbide
APC graphite vs tungsten
C-18 graphite vs tungsten
carbade
C-18 graphite vs tungsten

Operated for only a short period

Operated for 5 hr before chattering
occurred

Operated for 3 hr before chattering
occurred, addition of dry MoS2 stopped
chattering for about 15 min

Operated for 7 min before chattering
occurred

Operated for 50 min before chattering
occurred

Chattered immediately, surface not flat

Operated for 12 hr at self-generated
temperature of 225°F

Attempted to coat graphite with fuel
27, operated for 4 hours

Heated with torch to 475°F, chatter
developed

Dry MoS, added, heated to 913°F with
torch, operation smooth, except
between 400 and 450°F, when chattering

occurred

date, the seal has not been consistent,
1t has leaked at times and i1in varying
amounts.

Other materials have been ordered,
such as boron nitride compacts, MoS,-
impregnated copper, silver and stain-
less steel compacts, and a sintered
molybdenum compact, that will be
treated to form a MoS, surface.

Combination Packed and Frozen Seal
with MoS,. Because MoS, has high-
temperature lubricating properties,
an attempt was made to use 1t as a

high-temperature packing material for
sealing fluorides, fluoride leakage
was slight, operation was smooth, and
there were no power surges, However,
as 1n previous experiments, the MoS,
was too fluid and could not be con-
tained. The retainers used were
Graphitar No. 14 rings. The materaial
slowly leaked out of the stuffing box
and around the gland until the gland
was completely inserted.

For the next attempt to seal wath
this material, a packing of Inconel
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braid impregnated with MoS, was used.
This experiment was terminated after
approximately 925 hr of operation with
fuel No. 30 at 10 psi and 1750 rpm.
Excessive leakage occurred because the
seal reached too high temperatures
when an attempt was made to restart
operation after binding had occurred.
The operation of the seal corresponded
to operation of seals 1n other tests
in that the leakage of the seal was
apparently temperature sensitive., When
the seal was too hot or too cold,
leakage and power surges resulted, but
under certain conditions operation was
smooth and there was no detectable
leakage. There have been no intentional
start-stop tests, although the unit
has been accidentally stopped on
several occasions, and power surges
have overloaded the motor relays
several times. The unit has been
restarted with laittle difficulty on
each occasion by heating the packing
area and using a wrench to ‘“break” the

shaft loose.
Combination Packed and Frozen Seal

with Graphite. Thecontinuous operation
of the graphite-packed seal, mentioned
in the previous report, was terminated
after 725 hours. The seal had shown
no signs of failure, and after another
150 hr of periodic and stop-start
operation, the test was again term:-
nated. During the latter period of
operation, attempts were made to
control the seal temperatures and,
thereby, the zone i1n which freezing
was occurring, since 1t was believed
that most satisfactory operation would
occur 1f freezing took place withain
the graphite region. Two faairly
stable temperature ranges of operation
were found, one set of temperatures
corresponded to that maintained during
the 725-hr period of continuous
operation and the other set was about
150°F lower. Operation was unstable
at intermediate temperatures. At the
lower temperatures, operation was
smooth, there was no detectable
leakage, and the unit could be stopped
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for as long as 20 min and started
again by motor power only. The seal
used 1n this test was similar to the
seals used 1n other tests in that
leakage occurred when the seal was
too hot or too cold.

Graphite Packed Seal. In an attempt
to determine the benefits of holding
the transition from fluid to solaid
within the graphite, a test was set up
that included a long (4 1n.), graphite-
packed, stuffing box. In order to
obtain more complete temperature data,
four thermocouples were installed in
the rotating shaft, and signals were
taken off through slip rings. After a
dry run, fluorides were introduced and
the seal i1mmediately started leaking
graphite., The Graphitar rings used
as retaliners did not contain the
graphite at the top of the seal.
Approximately 3/4 in. of Inconel braid
was then added, and the graphite was
successfully retained. The motor for
this test was a 5-hp unit. Operation
started off fairly normally, but the
temperatures adjacent to the seal
began to increase. Cooling of the
bearing housing and the gland was
started, but the temperatures continued
to rise. The temperatures never
became stable, they fluctuated over a
range of 940 to 2190°F throughout the
seal region. The hottest point was
apparently near the middle of the
packing, and the lowest temperatures
were 1n the regions of the bearings
and the fluoride. The molten fluoride
was acting as a coolant in this test.
The temperatures continued to i1ncrease
until the test had to be terminated
after approximately 50 hr of operation
because the shaft .froze. The shaft
could be restarted by motor power
afterit cooled, but would not continue
to operate when higher temperatures
were reached. At no time was there
any detectable leakage, however,
severe shaft scoring occurred.

A picture of the seal and shaft cut
through the center line 1s shown in
Fig. 2.3 The extreme scoring of the
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1 3/16-1n -dia shaft 1s quite evident,
other portions of the shaft (also at
very high temperatures) showed no
markings whatsoever. The condition
of the graphite 1tself 1s of interest,
since 1t apparently packed i1n more or
less “concentric” radial layers that
varied 1n thickness along the length
of the seal. The layers adhered at
times to the shaft and rotated, and at
other times they adhered to each other
and remained stationary. The powder
was exceptionally fine and very
“greasy”, the “concentric” layers were
very slimy, and there was no visible
evidence of fluoride penetration.
Rotating-Shaft Seal Test. The
apparatus for the tests of the rotating-
shaft seal consists of a container
for the packing material being tested,
an upper compression gland that exerts
pressure on the packing, a lantern
gland located midway in the container,
and a shaft extending through the
assembly. The shaft rotates 1in a
bearing beneath the assembly and 1s
driven by a motor mounted above The
packing container 1s mounted on four
rollers and 1s restrained from turning
with the shaft by two tension springs
The torque necessary to turn the shaft
1is 1ndicated by a pointer and a
calibrated scale on the assembly
Fluorides are forced under pressure
from a fill tube into the container
through the lantern gland During
the tests, the temperature of the
midpoint of the packing container was
1500°F, the temperature of the lower
shaft opening was 1400°F, the pressure
was 20 psi. The packing materials
tested were MoS, and powdered graphite
The MoS, packing began to leak after
1l hr of operation. The torque required
to turn the shaft at 350 rpm was
2 ft-1lb. The graphite test ran for
8 hr before leakage occurred, and the
same torque was required for rotation.
There was considerable wear on the
upper packing gland. The shaft had
to be started and stopped a number of
times because of severe vibration.
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Packing Penetration Tests. The
apparatus used i1n the packing pene-
tration tests and the results of
several tests were described previ-
ously ¢*) Further tests have been
made and the results are presented in
the following

Stainless steel braid impregnated
with MoS, was compressed and heated
twice to the annealing temperature,
with further compression after each
heating This packaing held the
fluorides for 1/2 hr at 2 psi, but
when the pressure was i1ncreased to
5 ps1, leakage occurred. Examination
showed that the leakage path was along
the walls of the containers, the
screw stem, and the strands of the
braid It could not be detected that
any fluoride mixed with the MoS, or
penetrated through 1t.

A second boron nitride test was
run 1n an assembly with much smaller
clearances than those used for the
previous boron nitride test. In thais
test, 1t was possible to raise the
pressure to 30 psi, and operation was
continued for 234 hr before leakage
occurred.

A test with J. T. Baker Chemical
Co. powdered graphite previously
reported(*) has continued for 240 hr
with no leakage. Analysis showed
that the packing was approximately
50% amorphous carbon. Three more
graphites have been tested, and ain
all cases 1t was possible to raise
the pressure to 30 psi without leakage
occurring. The analyses and results
are given 1n Table 2.3. There should
be a minimum of amorphous carbon in
the graphite because 1t would be
expected to increase the friction
between a rotating shaft and the
packing, however, the graphite with
the highest amorphous carbon content
sealed for the longest periods. That
the packing i1n the first test did not
leak whereas the packing in the later

(4)4NP Quar Prog Rep Dec 10,
1439, p 23

1952, ORNL-
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TABLE 2.3. PACKING PENETRATION TESTS

ANALYSIS OF AMORPHOUS HOURS OF OPERATION
PACKING MATERIAL CARBON CONTENT BEFORE LEAKAGE
(%) OCCURRED
Dixon No. 2 flake graphite 10 22
Dixon Microfyne graphite 50 75
Amer Graphite Co. No. 620
powdered graphite 50 63

tests did, although the physical
characteristics of the graphites were
the same, might be the result of

fuel No. 14 being used in the first
test and fuel No. 30 1n the later
test.

Frozen-Sodium and Frozen-Lead Seal
for NaK. It was reported previously($)
that tests were under way to determine
the feasibility of sealing a NaK pump
with an externally supplied frozen-
sodium or frozen-lead seal. Although
the preliminary tests were encouraging,
subsequent tests revealed that seal
life (the time before failure because
of alloying) was, 1n general, 1nversely
proportional to NaK temperature and
that the seals were unreliable for
periods of operation greater than
100 hours.

In the frozen sodium seal, the
sodium alloys with the NaK and forms
a low-melting-point alloy in the seal
that cannot be frozen with room-
temperature cooling water, as a result
the seal 1s completely lost. Re-
frigeration, with temperatures below
the melting point of eutectic Nak
(12°F), would be required to assure
seal retention.

In the frozen-lead seal, the lead
alloys with the NaK and forms a haigh-
melting-point alloy, as a result there
1s shaft seizure and 1t 1s impossible
to operate with reasonable power
requirements.

(S)ANP Quar Prog Rep Dec 10,
1439, p. 26

1952, ORNL-

ARE Valve Test. Preliminary gas
and liquid leakage tests have been
run on the ARE pneumatically driven
valve supplied by Fulton-Sylphon Co.
The valve 1s constructed of Inconel
and has a Stellite-to-Stellite valve
and seat. The shaft-sealing member
1s a four-ply Inconel bellows The
valve 1s adaptable to being either
normally closed or normally opened,
and the position 1s reversed by
application of 15 psi of air pressure
to a large bellows actuator.

For the i1nitial test, the valve
was mounted vertically and adapted
for normally closed operation. Wath
the valve at room temperature, gas
leakage was small with test pressures
from 30 to 60 ps1 that were first
applied up against the valve seat
and then down on 1t. Raising the
valve temperature to 1050°F caused a
slight i1ncrease 1n gas leakage,
however, the leakage remained small.

Testing for liquid leaks with the
ARE fuel, NaF-ZrF,-UF, (50-46-4
mole %), at 1100°F revealed that there
was no leakage with test pressures
of 30 to 60 ps1 applied both above and
below the seat. This test was repeated
several times.

In a test at 1300°F, slight leakage
(0.3 1n.%/hr or less) occurred at
various 1ntervals However, 1t was
concluded that the leakage at thais
temperature was not serious. The
initi1al checks at 1500°F were very
successful. Subsequent checks,
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however, showed a very serious leakage
rate, 120 1n.3/hr, that could not be
corrected by reseating the valve.
It was concluded therefore that the
valve might be usable for several
cycles at 1500°F but that 1t could
not be expected to hold tight 1f
cycled indefinitely.

Difficulty at the elevated tempera-
ture was experienced 1n that the
valve stuck when left closed for short
periods However, 1n all cases to
date, the valve has eventually become
operable by i1ncreasing the pressure
up to 30 psi on the valve actuator
In one instance at 1100°F and another
at 1500°F, 1t was necessary to vibrate
the valve body to get the valve open.
When the valve was cut for inspection,
1t was found that some binding of the
Stellite faces had occurred

HEAT EXCHANGER SYSTEMS

G. D. Whitman D. F. Salmon
ANP Division

Sodium-to-A1r Radiator Tests.
The sodium-to-air radiator tested
had a core element with 30 fins per
inch. (®) This test ran for 200 hr
and was then terminated because of
poor heat transfer performance. The
maximum, over-all, heat transfer
coefficients obtained were of the
order of 6 Btu/hr*ft?+°F, which 1s
far below the pre