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FOREWORD

This quarterly progress report of the Aircraft Nuclear Propulsion Project at ORNL
records the technical progress of the research on circulating-fuel reactors and other
ANP research at the Laboratory under its Contract W-7405-eng-26. The report is divided
into three major parts: 1. Reactor Theory, Component Development, and Construction,
1. Materials Research, and lli. Shielding Research,

The ANP Project is comprised of about 530 technical and scientific personnel en-
gaged in many phases of research directed toward the achievement of nuclear propulsion
of aircraft, A considerable portion of this research is performed in support of the work
of other organizations participating in the national ANP effort. However, the bulk of the
ANP research at ORNL is directed toward the development of a circulating-fuel type
of reactor.

The design, construction, and operation of the Aircraft Reactor Test (ART), with
the cooperation of the Pratt & Whitney Aircraft Division, are the specific objectives of
the project. The ART is to be a power plant system that will include a 60-Mw circulating-
fuel reflector-moderated reactor and adequate means for heat disposal. Operation of the
system will be for the purpose of determining the feasibility, and the problems associated
with the design, construction, and operation, of a high-power, circulating-fuel, reflector-

moderated aircraft reactor system,

vii
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SUMMARY

PART I. REACTOR THEORY, COMPONENT
DEVELOPMENT, AND CONSTRUCTION

1. Reflector-Moderated Reactor

Construction work is now under way on the
Aircraft Reactor Test facility, Package 1 con-
struction, which consists in alterations to the
existing building, an addition to the building,
and installation of the reactor cell, was 10%
complete at the end of the quarter. A major design
change was made in order to provide more space
for NaK system piping and equipment, as well as
for a special heat-dump facility for the removal of
heat from the fuel fill-and-drain tank,
and specifications for a modified version of pack-
age 2 work were completed.
sists in the installation of the diesel generators
and facility, the electrical control center, and the
spectrometer room electrical and air-conditioning
equipment,
cooling water, helium, lubricating oil, and hydraulic
oil drive systems was removed from the package 2
work unit ond was designated as package A,
Design work continued on package 3, which covers
the experimental
lines, and process equipment to be installed by
ORNL forces,

System flowsheets and instrumentation lists
were prepared in an initial attempt to define the
entire ART. The flowsheets show the various
components of the system; the annunciater pickup
and presentation locations; the operating con-
ditions of temperature, pressure, and flow rates;
the control stations for electrically operated
components; the normal valve positions and uniform

Drawings

This work now con-

The piping work for nitrogen, air,

instruments, controls, process

valve identification; and line sizes,

The fuel-to-NaK heat exchanger design was
modified to overcome interferences at the headers
and to provide additional space in the region of the
headers for the beryllium support struts. Di-
mensional and operating data for the heat ex-
changers were revised accordingly.

The problem of cooling the fuel fill-and-drain
tank was studied, Dual NaK systems are to be
utilized for both cooling and heating the tank.
Each system is to be capable of operating individu-

ally and of removing the total maximum heat load

of 1.75 Mw from the fuel in the tank.

The basic mechanical design work on the ART
lead-and-water shield and supports was completed,
and the procedure for assembly and installation
was studied. A comparative evaluation of rubber
and aluminum containers for the borated shield
water showed aluminum to be preferable on all
counts, including weight.

Additional core flow studies were made on both
the full-scale aluminum and plastic core models,
Photographs were made of the flow patterns ob-
tained with various core inlet configurations.
Intensive studies of the various flow patterns are
under way,

An equipment layout was prepared for the Engi-
neering Test Unit (ETU), and work was started on
design of the facilities required for operation of
the unit, Design problems have delayed the
issuance of firm drawings of the reactor com-
ponents, and it is estimated that operation of the
ETU will be about three months behind the origi-
nally scheduled date of September 1, 1956.

Instrumentation lists were prepared for each ART
system, and instrument sensor
designated. Five permanent instrument information
centers will be used, in addition to three temporary
ones, and some instruments will be located and
read on the equipment. Layouts of control and
instrument panels and boards are being prepared,
and elementary wiring diagrams have been com-
pleted. The layout of the control rod and drive
mechanism is being prepared.

locations were

The problems of procurement of special reactor
materials and components are being investigated.
Equipment for machining the large beryllium re-
flector blocks is being prepared by The Brush
Beryllium Co. A newly developed Hydrospin
process shows promise of being satisfactory for
the fabrication of the required six sets of thin
inconel shells, which vary from 18 to 54 in. in

The processing of the 100,000 ib of
CX-900 Inconel required for tubing is
under way. Welders qualified under the special
ORNL procedures are being trained for several

diameter.
special

- 1
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vendors who are interested in fabricating the heat
exchangers and radiators,

Operation of the high-temperature critical experi-
ment revealed that the ZrF, vapor traps were
inadequate, Therefore a program for the develop-
ment of suitable equipment is under way,

2. Experimental Reactor Engineering

An in-pile loop was inserted and successfully
operated in the HB-3 beam hole of the Materials
Testing Reactor, after attempts to operate two
other loops had failed because of difficulties with
electrical heating circuits,  The fuel mixture
circulated was NaF-ZrF4-UF4 (53.5-40-6.5 mole %);
the maximum fuel temperature was 1500°F; the
maximum mixed-mean temperature differential was
150°F; and the total operating time was more than
400 hr. The loop power generation was estimated
to have been 20 kw at the position of maximum
insertion, The power density was calculated to
have been 0.6 kw per cubic centimeter of fuel
mixture, The loop is now being disassembled for
shipment to ORNL for examination. Operating
difficulties are being studied in connection with
design work on the next in-pile loop,

Studies of the electrical failures which prevented
startup of the first two loops have indicated that
the helium atmosphere used allowed electrical
breakdown and that the Sauereisen cement used
as insulation tended to conduct current at high
temperatures. Since nitrogen is a better insulator
than helium, tests are being conducted to de-
termine the effectiveness of nitrogen as a purge
gas for the nose section. Grade A Lava sleeves
are to be substituted for Sauereisen cement at the
heater terminals in future loops,

Five electrically heated and three gas-heated
fused-salt—Inconel forced-circulation
operated during the quarter.

loops were
A study was made of
temperature measurements and heat distribution in
the gas-heated loops, and the electrical heaters of
the electrical-resistance-heated loops were modi-
fied so that fluid-to-wall temperature ratios could
be varied. Also, six forced-circulation loops were
operated with sodium and noneutectic NaK. Further
evidence was obtained that the plug indicator does
give a measure of the oxide contamination in the
sodium,

Seals of various designs are being tested for
possible use in the lower position in the ART fuel
pump. Several seals have been found to meet the

N

stringent specification of ‘‘leakage of oil into
helium across a pressure differential of 0 to 5 psi
of not more than 2 cm3 per 24 hr.”

Full-size models of the impeller and the volute
for the ART sodium pump are being tested with
water,  Initial tests indicated that the impelier
would meet head and flow requirements at slightly
lower speeds than predicted. The cavitation tests
performed, to date, indicate that the pump will
operate safely at inlet pressures below the pres-
sure planned for the reactor sodium pump.

Tests of an ART fuel pump are under way with
high-temperature (1400°F) NoK as the pumped
fluid. A heat-source plug was used in the initial
tests to simulate gamma-ray heating, but equipment
failures necessitated discontinuing this phase of
the experiments. Tests with a heat-source plug
will be resumed later, if more satisfactory means
can be found to simulate reactor conditions, Two
high-temperature loops are being fabricated for
testing ART-type fuel pumps with NaK and with
fuel mixtures, and loops are being designed for
testing ART-type sodium pumps and ART-type NaK
pumps at high temperatures,

Operation of intermediate heat exchanger test
stand A was continued, and test stand B was
placed in operation. Heat exchangers were de-
signed for future operation in these tests stands
and in test stand C, which is being fabricated.
York radiator units Nos. 1 and 2 were tested on
stand A, and unit No. 3 is being installed, Ex-
amination of unit No, 1, which failed after 140 hr
of operation, revealed severe buckling of the side
plates of the radiator core because of differential
thermal expansion between the tube matrix and the
side plates, The side plates of unit No. 2 were
split to allow the tubes to move freely, and this
unit operated for 435 hr. The diffusion cold trap
installed in the loop was found to be ineffective,
and it was replaced with a circulating cold trap,
which, although somewhat more effective, is not
satisfactory,

Test stand B has completed a total of 670 hr of
operation, including 247 hr of bifluid operation,
in a series of radiator, heat exchanger, and circuy-
lating-cold-trap tests. The system is now in
steady-state operation with a temperature differ-
ential imposed.

A small heat exchanger test stand is also oper-
ating with a 20-tube fuel-to-NaK heat exchanger,
a 500-kw NaK-to-air radiator, and a circulating




cold trap. The NaK circulating in the cold trap
is cooled by an economizer located in the inlet
line to the cold trap and by air circulated in the
cold-trap cooling coil. With this arrangement it
has been possible to operate at cold-trap temper-
atures below 150°F, with system temperatures as
high as 1500°F.
data indicates that cold-trap performance is repro-
ducible and that the oxide concentration of the
NaK can be repeatedly reduced.

The test data obtained with the intermediate
and small heat exchanger test stands have been
correlated. The seven radiators tested, which
were built by three fabricators from the same
specifications, have given a wide range of per-
formance. An intensive investigation is under way
to determine the reasons for the differences, The
correlation of the heat exchanger data revealed
an apparent rise in the NaK pressure drop during
operation of the system with a temperature differ-
ential imposed, which is also being investigated,

Work has continued on the fabrication of a one-
fourth-scale outer core shell model that is to be
subjected to cyclic thermal and pressure tests.
Two anvil bending-test assemblies were put in
operation to obtain basic information on the be-
havior of Inconel under strain cycling at elevated
temperatures in both inert and corrosive atmos-
pheres.  The preliminary tests have indicated
that temperature has o major effect on the initia-
tion of cracks. The number of cracks produced for
a given number of cycles was greater at 1200°F
than at 1400°F and was greater at 1400°F than
at 1600°F,

A test assembly for use in the development and
testing of cold traps and plugging indicators is
‘being fabricated, and a test assembly for use in
the development of a ZrF4 vapor trap was placed
in operation. Preliminary results indicate that
there must be very close control of the temperature
of the inlet line to the trap. The ZrF, vapor
precipitated and plugged the line when there was a
temperature differential of 25°F or more on the
0.5-in.-0OD, 0.025-in.-wall inlet line,

A full-scale aluminum model of the top portion
of the ART is being fabricated, Problems of
design and operation will be investigated with
this assembly, which will be equipped with Inconel
fuel and sodium pumps and the external piping
needed to permit the pumping of water under simu-
lated reactor flow conditions.

A preliminary analysis of the
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3. Critical Experiments

on the
reflector-moderated-reactor critical assembly have
been completed. Power-distribution measurements
across the fuel section ot the equatorial plane of
the reactor show an edge-to-center ratio of 4.5,
with only about 10% of the fissions at the center
being produced by thermal neutrons; adjacent to
the beryllium, this fraction is 70%.
measurements, with gold foils, show a similar
depression and energy distribution in the fuel. In
a mockup of the fuel-to-NaK heat exchanger,
shielded from the reactor by a Z-in. thickness of
boral, the fissioning rate was about 0.1% of that
in the reactor fuel region. The contribution to the
over-all critical assembly reactivity by a sample of
uranium in the fuel region was shown to vary by a
factor of 2 as the sample was moved from the edge
to the center of the annulus. The effect of the
beryllium at the end of the assembly on the over-all
reactivity was found to be about 20 cents per
linear inch,

Experiments with the reflector-moderated critical
assembly operated with liquid fuel (NaF-ZrF -UF )
at 1200°F were also completed. The mid-plane
power-production distribution in the liquid fuel
showed an edge-to-center ratio of about 2, The
value was determined from the fission-product
activity induced in uranium disks which remained
in the annulus throughout the test,

A preliminary loading has been made of a mockup
of a solid-fuel modification of the reflector-
moderated reactor proposed by the Nuclear De-
velopment Corporation of America (NDA). In this
reactor design the solid fuel is cooled with sodium.
It was found that the critical mass of the mockup
had been underestimated by NDA., A 35% increase
in the uranium loading and a 23% decrease in the
steel content of the core were necessary in order

to make the assembly critical, The core now con-
tains 31 kg of U235,

Several room-temperature experiments

Neutron flux

PART Il. MATERIALS RESEARCH

4., Chemistry of Reactor Materials

Phase equilibrium studies of various fluoride
systems were continued in order to obtain a better
understanding of their structures and to devise
and detect improved fuels. In the ZrF -UF,
system, in which solid solutions are the only
crystalline phases that have been observed, it was
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shown that there is no major miscibility gap.
Diagrams of the LiF-UF , and KF-UF, systems,
which had been based almost entirely on thermal-
analysis data, were revised on the basis of ex-
aminations carried out on quenched specimens,

The study of mixtures in the NaF-LiF-UF4
system gave strong indications that no fuel mixture
with a suitably low melting point was available.
Thermal-analysis experiments and examinations of
slowly cooled melts in the NaF-KF-ZrF, system
were continued, and o series of quenching experi-
ments will be carried out to obtain additional
information,

Work continued on determining the phase re-
lationships in the NaF-LiF-BeF,-UF, system,
Fuel mixtures with low melting points appear to
be available. The viscosity of the mixtures was
improved by lowering the BeF. content, but it
appears to be likely that only very little additional
lowering can be achieved by reducing the BeF,
content to below about 20 mole %. Additional
clarification of the phase relationships in the
KF-BeF , and NaF-KF-BeF, systems was achieved.

As a matter of long-range interest in materials
for producing higher reactor temperatures, some
phase studies were carried out on alkali-metal-
fluoride—MgF2 and —CaF, systems.

Improved equilibration methods gave values of
K, =2.5and 0.64 at 800 and 600°C for the reaction
FeF,(d) + H,(g) & Fe(s) + 2HF(g), where the
concentrations in solution are expressed as mole
fractions and the gas pressures are in atmos-
pheres.

Studies of the stability of vanadium and niobium
in NaF.LiF-KF-UF , at 600 and 800°C indicated
that vanadium was quite stable and that niobium
was not. Preliminary studies indicated that the
behavior of tungsten was similar to that of niobium,
Analytical data from equilibrations with tantalum
are not yet available,

Additional data were obtained on the solubility
and stability of CrF2 in NaF-ZrF, and of CrF,
in NaF-LiF-KF. In each case the major portion
of the dissolved chromium retained its original
valence, The solubility of CrF2 in NaF-ZrF,
increased as the available CrF, was increased and
thus confirmed previous indications that solid
CrFZ-UF4 is formed.

Experiments were carried out in which UF_ was
added to molten fluorides at 900°C in copper

containers, No reduction occurred in the case of

LiF, but, with NaF and, to an even greater extent,
with KF, alkali metal was formed and partially
vaporized from the melt, A study was made of the
reactions of uranium metal with LiF and KF, In
the case of KF, metallic potassium was produced,
but LiF was stable, Since NaF-LiF is unstable
to uranium metal at 750°C, it can be concluded that
NaF was the unstable constituent,

Preliminary experiments indicated that used fuel
material can be freed from chromium by reduction
with zirconium followed by standard hydrofluori-
nation-hydrogenation treatment, if its oxide content
is kept low by careful handling.

A satisfactory commercial supply of ZrF4 has
been located for use in fuel preparations, The
hafnium content of the material limits it to use
in tests that do not involve nuclear activity.

Fuel small-scale corrosion and
physical-property tests continued to be prepared
in laboratory- and pilot-scale facilities, The

samples for

stockpile of fuel from the large-scale production
operation reached an all-time high, and a temporary
shutdown will occur if usage continues to be less
than
nickel reactor cans are on order to replace the
A-nickel cans which have experienced frequent
failures.

The fuel mixture was removed from the high-
temperature ART critical experiment, with the
exception of the enricher system. Almost all the
fuel is still in this system, and, since it is a
prototype of the ART enricher, it will be used for
Two in-pile loops were

the predicted requirements, Low-carbon

additional experiments,
filled with enriched fuels.
Relative viscosity-composition studies were
made in the NaF-LiF-ZrF, system. Additional
emf measurements were carried out in the fused
salts, and additional optical and x-ray data were
obtained on various compounds in the fluoride

systems,

5. Corrosion Research

Examinations were completed of several Inconel
forced-circulation loops in which fluoride fuel
mixtures were circulated, Additional data were
obtained which confirmed previous observations
that, for a bulk-fluoride-fuel-mixture
temperature, increases in wall temperature signifi-
cantly increase the amount of corrosion, The
attack in the loop which operated with a maximum
wall temperature of about 1710°F was 8 mils after

constant



332 hr, in comparison with attack to a depth of
5 mils in 681 hr in a loop which had a maximum
wall temperature of about 1582°F, These data
were obtained with NaF-ZrF ,-UF, as the circu-
lated fuel mixture. The alkali-metal-base mixture
NaF-KF-LiF (11.5-42-46.5 mole %), with sufficient
UF, and UF, added to give 11.9 wt %, was circu-
lated in another [nconel forced-circulation loop,
and, as previously, the attack was negligible, but
there was a continuous metal deposit in the cold
leg.

Several Inconel forced-circulation loops were
operoted in a study of the effect of the oxide
content of the sodium being circulated. Mass-
transferred deposits were found in the cold legs
of loops operated with and without added oxygen,
as N0202, and with and without cold traps, The
addition of barium as a deoxidant did not measur-
ably decrease the mass-transferred deposit. A loop
operated with a maximum sodium temperature of
1000°F demonstrated the significant effect of
temperature on mass transfer; the loop was free
of deposited material, and there was no hot-leg
attack.

A special thermal-convection loop was operated
with thermocouples attached to the hot-leg wall,
and it was found that a temperature difference of
160°F existed between the maximum fluid temper-
ature and the hottest section of the wall. This
temperature difference is higher than that found
for the forced-convection loops and accounts,
in part, for the attack in thermal-convection loops
being deeper than that in forced-circulation loops
with similar bulk-fluid temperatures.

A series of six thermal-convection loops was
operated with NaF-ZrF -UF, (50-46-4 mole %)
to which various amounts of ZrH, had been added
to reduce the UF, present to UF,. The total
uranium content of the fuel mixture decreased
during operation of the loop in each case, and the
decrease was apparently associated with the
appearance of a metallic layer on the loop walls,
However, the corrosive attack was negligible
(0.5 mil) compared with that in a standard loop
operated without ZrH, added to the fuel mixture.

A group of thermal-convection loops was fabri-
cated from special Inconel-type alloys in which the
chromium content was the primary variable, When
the loops were operated under standard conditions
with NaF-ZrF ,-UF , (50-46-4 mole %) as the circu-
lated fluid, l'r was found that the depth of attack
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in the loops that contained less than 10% chromium
was appreciably lower than it was in a standard
Inconel loop; that is, 2 to 3 mils in comparison
with about 13 mils in 1000 hr. Loops fabricated
from several nickel-molybdenum alloys in which
NaF-ZrF -UF, (50-46-4 mole %) was circulated
also showed little attack, 1 to 2 mils, in 1000 hr,

A special thermal-convection loop was fabri-
cated for testing brazed Inconel segments in the
hot-leg section,  This loop was operated for
1000 hr at a hot-leg temperature of 1500°F and a
cold-leg temperature of 1100°F with N<:xF-ZrF4-UF4
(50-46-4 mole %) as the circulated fluid. The
Inconel segments were brazed with Coast Metals
alloy No, 52 (89% Ni-5% Si-4% B-2% Fe). No
evidence of mass transfer was found, but the
brazed joints were porous and shrinkage voids
were present, In a series of seesaw tests of
Inconel T-joints in sodium and in fuel mixtures, a
75% Ni-25% Ge mixture was found to have fair
resistance to both mediums. Buttons of six differ-
ent braze materials were also tested in static
sodium and in static NaF-ZrF“-UF4 (50-46-4
mole %), and two palladium-rich buttons were
tested in NaOH and in the fluoride mixture, Coast
Metals alloy No. 52 and General Electric alloy
No. 81 showed fair corrosion resistance to sodium,
and the 60% Pd-40% Ni alloy showed good re-
sistance to both the fluoride mixture and NaOH,

Thermocouple assemblies were exposed to
sodium and to NaF-ZrF ,-UF, (50-46-4 mole %) i
seesaw appdratus so fhu’r 41e effect of various
amounts of Chromel-Alumel in the weld nugget
could be studied, The nuggets with low Chromel-
Alumel content were unattacked after 100 hr at
1500°F in sodium and in the fuel mixture, and
those with high Chromel-Alumel content were
attacked to a depth of about 0.5 mil in the fluoride
mixture, The Inconel tubes on which the welds
with high Chromel-Alumel content were made
were more heavily attacked in the nonweld areas
than were the tubes with the welds of low Chromel-
Alumel content,

A second boiling-sodium—Inconel loop was
operated, and the scheduled 1000-hr test was
completed, in contrast to the 400 hr of operation
for the first such loop. After the 400-hr test no
mass-transferred crystals were found in the cold
trap, but heavy intergranular cracking to a depth
of 50 mils was found. After the 1000-hr test,

mass-transferred crystals were visible in the cold
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trap, and there were cracks to a depth of 25 mils,
The temperatures in areas where cracks were found
varied from 1150 to 1325°F. A loop fabricated
from type 348 stainless steel is now in operation,

In a test of type 1043 mild steel (0.433% C) in
static sodium at 1830°F for 100 hr, significant
decarburization occurred. The carbon content of
the mild-steel specimens decreased, and the
carbon content of the capsule walls in contact
with the sodium increased; the two types of
capsules used were Armco iron (0.019% C) and
type 304 ELC stainless steel (0.022% C). Two
special heats of Stellite were exposed to static
lithium at 1500°F for 100 hr. They were attacked
to a depth of 2 to 3 mils, in general, but there
were isolated areas that suffered very heavy
attack., The variations in susceptibility to attack
may be due to composition variations in the
specimens,

Titanium carbide cermets with cobalt- and nickel-
base alloys as binding material were exposed to
NaF-ZrF -UF , (53.5-40-6.5 mole %) for 200 hr
in seesaw apparatus, The hot and cold zones of
the apparatus 1500 and 1200°F, re-
spectively, Ten specimens were tested and only
two showed attack; the other specimens remained
unattacked. The compositions and methods of
fabrication of these materials, which were sub-
mitted by the Sintercast Corp. of America, are not

known,
Inconel valve disks and seats were flame-plated

were at

with a mixture of tungsten carbide and cobalt for
testing to determine the suitability of the coating
as a hard-facing material. To be suitable, the
coating must be resistant to solid-phase bonding,
galling, and wearing. In an initial thermal-cycling
test from room temperature to 1500°F, the coating
did not crack, but, under thermal conditions
similar to those used in brazing, the coatings
cracked., Kentanium cermet valve parts were held
in contact at a pressure of 10,000 psi and exposed
to static NaF-ZrF4-UF4 (53.5-40-6.5 mole %) for
150 hr at 1500°F. There was no indication of
bonding and the seating was uniform. The joint
between the cermet and the Inconel showed no
signs of attack; there was no distortion of the
'{‘-in.-thick nickel shim; and the cermet pieces
did not show any signs of cracking.

Several experiments were performed to determine
the effect of a small air leak into a fused-salt—
Inconel system. The test capsules were heavily
attacked by the air-contaminated fused salt,

Measurements were made of the self-decomposition
of fused sodium hydroxide into water and sodium
oxide,
the vapor pressure of water over fused NaOH give
a valuve for AH® that agrees within 8% with a value
Tests of mass
transfer and corrosion of structural materials in
fused NaOH were continued. The materials studied
were Inconel, nickel, iron, Hastelloy B, and
types 310 and 405 stainless steel.

An apparatus is being constructed for studying
the solubility and the rate of solution of the
constituents of Inconel in sodium and in NaK as
a function of temperature and of oxygen content
of the liquid metal, in order to clarify the mecha-
nism of the mass-transfer reaction observed when

Data obtained in recent measurements of

known from other measurements.

liquid metals are circulated in Inconel loops.
Also, an apparatus was constructed for studying

eutectic mixtures by zone melting.

6. Metallurgy and Ceramics

A third 500-kw NaK-to-air high-conductivity-fin
radiator, two 20-tube fuel-to-NaK heat exchangers,
and two 100-tube bundles for intermediate heat
exchanger No. 3 were fabricated. Job samples
containing welded and brazed joints of the type
used in the fabrication of intermediate heat ex-
changer No. 3, submitted by outside vendors, were
examined and evaluated.

The two NaK-to-air radiators that failed in
service were examined. One of the radiators was
fabricated by ORNL and the other by the York
Corp. to the same specifications. The ORNL
radiator was found to have been so badly damaged
by fire that the cause of failure could not be
detected. However, it was found that the York
Corp. radiator failed because of the initiation of
a fracture in a braze fillet by shear forces and
the propagation of this fracture through the tube
wall by tensile forces or combinations of shear
and tensile forces. The tensile loading was
caused by differences in cooling rates between
the support members and the finned tubes when
cooling air was forced across the high-conductivity-
fin surfaces. The shear forces were caused by
a difference in cooling rate between the support
members and the bottom flanged plate and the
finned tubes. Modifications have been made to
the radiator design to relieve the tensile and shear
forces.

The results obtained to date in the brazing-alloy
development program were correlated with cor-



rosion data, and the alloys that are satisfactory
for use in the fabrication of heat exchangers and
radiators were selected. The alloys selected for
radiator fabrication on the basis of compatibility
with both liquid sodium and air were Coast Metals
alloy Nos. 50, 52, and 53; standard and low-
melting Nicrobraz; General Electric alloy No. 81;
and an 80% Ni-10% Cr-10% P alloy. The alloys
selected for heat exchanger fabrication on the
basis of compatibility with both fluoride fuel
mixtures and sodium were an 80% Ni-10% Cr—-10% P
alloy; standard and low-melting Nicrobraz; Coast
Metals alloys Nos. 50, 52, 53, and NP; a 70%
Ni-13% Ge-11% Cr-6% Si alloy; and a 50%
Ni—~25% Ge—25% Mo alloy.

Alloys in the nickel-molybdenum system are
being investigated in the search for structural
materials with sufficient corrosion resistance and
high-temperature strength for use in circulating-
fuel reactors. The sirength and corrosion re-
sistance of Hastelloy B have proved to be superior
to those of any previously tested material. How-
ever, this alloy has a tendency to age-harden in
the 1200 to 1500°F temperature range. The re-
sulting decrease in ductility is so severe that its
use as a structural material in a circulating-fuel
reactor would be limited.

Hastelloy W has been found to have strength
properties similar to those of Hastelloy B, and
the results of preliminary tests of the creep
properties show that Hastelloy W has less tendency
to age at the temperatures of interest.

Several new vacuum-melted nickel-molybdenum
alloys have also been creep-tested. Several of the
alloys showed poor ductility that may be attributed
to insufficient degassing in the vacuum-melting
process. Despite the poor ductility of the alloys,
their stress-rupture properties are equal, or su-
perior, to those of Inconel,

Preliminary work on the fabrication of seamless
duplex tubing was completed, in that tube blanks
of nickel-, Inconel-, and Monel-clad type 316
stainless steel were extruded, without difficulty.
The conditions for extrusion of Hastelloy B are
still not definite. Three Hastelloy B—clad type
316 stainless steel duplex billets were extruded,
but they were unsatisfactory because of cracking
and roughness that resulted from poor lubrication.
Attempts to improve lubrication of Hastelloy B by
flame-spraying with a heavy layer of type 304
stainless steel were unsuccessful. The extrusion

PERIOD ENDING DECEMBER 10, 1955

of Hastelloy W tube blanks from forged billets
was unsuccessful because of hot-shortness of the
material,

Attempts are being made to produce suitable
B,C-base tiles for the ART neutron shield and
to evaluate the properties of such tiles. Com-
patibility tests of Inconel and B,C with various
coatings and diffusion barrier materials in the
temperature range of 1500 to 2000°F are under
way. An irradiation test is being run to determine
whether helium and lithium will be released from
B,C at high temperatures. If these gases are
released, it may be necessary to vent the shielding
layer. Several other methods of preparing neutron
shielding are being studied, such as casting
mixtures of borides and metal and fabricating
cermet compositions that are high in B,C or boride
content.

The problems associated with the fabrication of
Inconel-clad niobium are being studied. A number
of specimens fabricated with copper—stainless
steel foil or tantalum foil diffusion barriers have
been prepared for mechanical-property tests.

Several compositions are being tested for use
as a gamma-ray shield of low thermal conductivity
for the ART pump impeller shafts, Two compo-
sitions which are of satisfactory density are
tantalum-constantan and tungsten carbide—con-
stantan.  Thermal-conductivity data are being
obtained for these materials.

It was demonstrated that control rods containing
30 vo! % rare-earth oxide could be fabricated by
canning a cermet-type core in a capsule of suitable
cladding material and hot swaging the composite.
Physical-property data were obtained for the ex-
truded control-rod parts containing rare-earth oxides
and for iron-zirconium alloys.

Investigation of the various methods by which
small-diameter tubing may be inspected has con-
tinued. The Cyclograph (an eddy-current instru-
ment) gives very effective, high-speed indications
of flaws as small as 10% of the tube-wall thick-
ness. For detection of minute flaws, the ultra-
sonic method is effective and can be applied to
large-scale inspection, The eddy-current-probe
instrument is being developed for use with the
ultrasonic method as a simultaneous inspection
on the same mechanical scanning operation. This
will provide close correlation of the defect indi-
cations from both methods. Tubing that is ]{1 in.
in diameter and 7 ft 6 in, in length can now be
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inspected with this dual inspection method, and,
upon completion of a new probe coil, 3/]'S-in.-dicn
tubing 28 ft long can also be inspected.

7. Heat Transfer and Physical Properties

A forced-convection fused-salt heat-transfer
system that includes a mechanical pump has been
fabricated. This system is to be used to study
the heat-transfer characteristics of the fused salts
at Reynolds numbers higher than those covered
previously. The friction characteristics of small,
drawn, Inconel tubes such as those to be used in
the ART fuel-to-NaK heat exchanger were de-
termined over the Reynolds-number range 50,000
to 200,000; the friction factors of the Inconel
tubes fell only about 6% above the normal corre-
lation for flow in smooth tubes.

Additional hydrodynamic studies were made of
annuli of the type being considered for the fuel
channel of the ART reactor core, Calculations
of the pressure drop through a core fabricated
according to the present ART design were made
for straight-through flow, as well as for «
rotational-flow case. A study of flow distribution
in the annulus in which sodium will be circulated
to cool the outer core shell of the ART has been
initiated.

The conceptual design, as well as the detail
designs of the test section, entrance sections,
exit section, and mixing chambers, of the volume-
heat-source experiment for determining the temper-
ature structure to be expected in the ART core
has been completed, and fabrication of the test
section is in progress. Several analytical heat-
transfer solutions for volume-heat-source systems
were developed; for example, turbulent flow in
curved channels was investigated, and the thermo-
couple error that results when a thermocouple is
used to measure the temperature of a flowing fluid
having a volume heat source was studied. A
general study of the problem of heat removal from
a fuel dump tank of an ART-type aircraft reactor
after shutdown was initiated. The wall-temperature
asymmetry predicted to occur in a helical pipe
that has fluids with volume heat sources flowing
through it was demonstrated experimentally in g
glass helix that contained a circulating fluid with
an electrically generated volume heat source. The
predicted results correlated well with data ob-
tained from operation of the MTR in-pile loop.

The enthalpies and heat capacities of two
rubidium-bearing fluoride mixtures were determined:

namely, RbF-ZrF4-UF4 (48-48-4 mole %) and
LiF-RbF (43-57 mole %). The heats of fusion of
nearly all fluoride mixtures that have been studied
to date are presented. Viscosity measurements
were made for nine different fluoride mixtures. A
method that has been used to
measure the thermal conductivity of liquids was
studied and used successfully for measurements
on water and molten sodium hydroxide. Pre-
liminary measurements made by the constant-gap
method gave a value of about 1.2 Btu/hr-ft2(°F /ft)
for the thermal conductivity of RbF-ZrF4-UF4
(48-48-4 mole %).

transient-cell

8. Radiation Damage

The in-pile loop in which a fluoride fuel mixture
was recently circulated in the Materials Testing
Reactor is being disassembled and sectioned for
examination, The disassembly work is being done
in the G-E ‘‘hot-cell’ facilities at the National
Reactor Testing Station, and the sections to be
examined will be shipped to ORNL,

Samples of the nose section of the miniature
in-pile loop which was operated for 30 hr in
vertical position C-48 of the LITR were examined.
Only slight, sporadic, corrosion penetration to a
depth of 1 mil was found, and comparisons of the
sections on each side of the center of the nose
bend and on the compression and tension sides
of the bend showed no changes in relative grain
Since this loop operated only 30 hr, no
definite conclusions can be drawn from these
observations. A large number of sections of the
ARE core and auxiliary equipment have been
prepared for metallographic examination,

An investigation of thermocouple errors in in<pile

size,

loop temperature measurements was concluded,
The results confirmed the results of the previous
investigation of temperature measurements of
static in-pile capsules. Resistance-welded thermo-
couples were again shown to be superior to
discharge-welded thermocouples, in that they gave
smaller errors in temperature measurements and
were less sensitive to changes in cooling-air
flow rates.

Experiments are under way for determining
holdup times of fission gases by charcoal traps
at various temperatures with various gases in
the traps. Radiokrypton is being used to simulate
the fission gases. In the initial experiment,
nitrogen was used as the carrier gas in order to
determine whether nitrogen could be used as the



purge gas in the next MTR in-pile loop instal-
lation. The results obtained with a charcoal trap
identical to that used in the first in-pile loop
experiment indicate that a temperature of —110°C
or colder would be necessary in the charcoal trap
to properly limit the amount of activity sent to
the MTR stack if nitrogen were used as the carrier
gas. Similar information is to be obtained for
helium and other purge gases so that the data
needed for designing the ART purge system will
be available.

Tube-burst creep-test specimens irradiated for
two weeks in the LITR are being examined. Four
tubular specimens were stressed to rupture at
a circumferential fiber stress of 2000 psi at 1550,
1500, and 1450°F. Other tube-burst rigs are being
readied for irradiation., The MTR creep-test appa-
ratus in which the specimen was tested at 1500°F
and 1500 psi has been returned to ORNL for ex-

amination.

9. Analytical Chemistry of Reactor Materials

Studies were undertaken to determine whether
positive errors in the determination of oxygen in
sodium result from the presence of alkaline-earth
metals in the alkali-metal samples. Typical
samples of scdium used in corrosion and heat-
transfer studies were found to contain approxi-
mately 100 ppm of calcium and less than 50 ppm
of magnesium. Such concentrations will have to
be taken into account, since they correspond to a
maximum error in the determination of oxygen of
about 80 ppm. In further studies of this method
it was shown that, if the reaction between sodium
or NaK and #-butyl bromide is contained in a
sealed vessel so that pure n-butyl bromide can
be used rather than a solution in hexane, the
conversion from the alkali metals to bromide salts
is complete in a matter of approximately 5 min.
With this technique it is possible to carry out the
reaction in an atmosphere of helium and to sample
sodium at temperatures as high as 1000°F.

It was demonstrated in connection with the
distillation method for the determination of oxygen
in sodium that temperature and total time of distil-
lation are important factors.
almost completely volatilized from a sample of
sodium after a 4-hr distillation period at 900°F,
while a residue of 400 ppm, which roughly corre-
sponded to the expected amount of oxygen, re-
mained after a similar period of distillation at
850°F., Reproducible results which correspond to

Sodium oxide was
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35 + 5 ppm of oxygen were obtained after distil-
lation of a purified sodium sample for 4 hr at
850°F. Essentially the same results were ob-
tained after distillation periods of 1 and 2 hr at
850°F. Analyses of the residues after distillation
show that Na_O is the predominant residual oxide.

A method Zor the determination of the quantity
of the rare-earth elements gadolinium, europium,
and samarium in reactor construction materials
was developed. Since these rare-earth elements
have high absorption cross sections for thermal
neutrons, they must be limited to a few parts per
million. The method involves the use of spectro-
graphically pure yttrium oxide as a carrier for the
precipitation and concentfration of microgram
quantities of the rare-earth elements from the
structural material. The yttrium oxide also serves
as an intemnal standard for the spectrographic
determination, Concentrations of the rare-earth
elements of the order of 1 ppm were determined
in 2.5-g samples of stainless steel.

The Aluminon method for the spectrophotometric
determination of aluminum was applied to samples
of flueride salt mixtures. Interfering elements,
such as zirconium, are removed by extraction with
cupferron.  The concentration of aluminum in
typical samples of fluoride salt mixtures was
found to be approximately 100 ppm.

A method was developed for the determination
of water relative to HF in the effluent gases from
a hydrofluorination reactor. The HF and water
were absorbed in pyridine, and the concentration
of the water was determined by titration with
coulometrically generated Karl Fischer reagent.
The concentration of HF was determined by
titrating an aqueous solution of the pyridine
absorbate with standard sodium hydroxide solution.
The determinations are reproducible to about 0.5%
of water and are therefore sufficiently accurate
to permit monitoring of the reaction

ZrO2 + 4HF— ZrF4 + 2H20 .

Modifications were made to the apparatus for
the determination of oxygen in zirconium oxide by
Gold containers were substituted for
platinum, since gold is more inert to oxygen than
is platinum. When FeF, was added to the mixture
of ZrO, and graphite, complete removal of ZrO
from the sample container was achieved after
bromination at 950°C for 2 hr. The recovery of
oxygen from the Zr0, was, however, incomplete,

A method for the determination of tantalum in

bromination,
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fused mixtures of fluoride salts with the use of
pyrogallol was developed. The method is not
applicable to the determination of tantalum in the
presence of uranium, however,

A direct spectrophotometric determination of
trivalent iron in NQF-KF-LiF-UF4 was developed
that is based on the iron(lll)-thiocyanate complex.
The fluoride salt sample is dissolved in a solution
that is 8 M with respect to H,PO, in order to
prevent reduction of trivalent iron by tetravalent
uranium during dissolution of the sample.

For application to the determination of trivalent
iron in mixtures of alkali-metal fluoride salts, a
method was developed which is based on the
absorption of the ferric phosphate complex in the
ultraviolet region at 260 my. Zirconium and
uranium interfere with this determination.

10. Recovery and Reprocessing of
Reactor Fuel

Construction of the pilot plant designed for using
the fused-salt fluoride-volatility process in the
recovery of fused-fluoride-salt reactor fuels is
scheduled for completion by March 31, 1956, The
cost, including process, project, and instrumenta-
tion engineering, is estimated at $435,000. On
the present flowsheet the product will be decon-
taminated by passage through two NaF sorption
beds.

Two types of gas contactors are being investi-
gated for the fluorinator: a percolator type and
a sieve plate. Tests have shown agitation to be
more vigorous with the percolator, but gas en-
trainment was lower with the sieve plate. The
percolator is being modified to decrease entrain-
ment. Additional tests are to be made, and tests
with uranium-bearing mixtures will be required
before a final decision can be made as to the
contactor to be installed in the pilot plant,

In tests of a prototype of the freeze valves
proposed for closing molten-salt transfer lines,
the valve remained sealed against a test pressure
of 20 psig in 15 of 20 cycles of melting, freezing,
and pressurizing. It is believed that slight con-
traction of the fused salt permitted gas leakage
around the downcomer. The design of the valve
is being modified.

Resistance heating was tested as a means of
heating and of maintaining the temperature of salt
transfer pipes at 1200°F, The tests showed that
an uninsulated 7-ft length of ]/2-in. sched-40 Inconel
pipe could be heated to 1200°F in 5 min by passing

10

a current of 600 amp through the pipe.

Laboratory studies indicated that the NaF sorp-
tion beds can be repeatedly re-used for decontami-
nation of the UF volatilized from the fused salt.
in a series of four runs with the same NaF in
the two-bed absorption procedure, there was no
indication of decreased decontamination resulting
from buildup of activity in the material. The
activity of the product UF . was less than the
UX,-UX, activity associated with natural uranium,
The uranium loss on the NaF beds under process
conditions was 0.1 to 0.2%. In batch tests, with
completely dry NaF, the loss was less than 0.01%
when fluorine was used os o sweep gas. It was
shown by desorbing 98.6% of the absorbed UF,
with N, alone as the sweep gas that desorption
of the UF, does not require refluorination. The
UF, absorption capacity of one lot of Harshaw
Chemical Co. NaF was about 0.9 g of uranium
per gram of salt and was independent of tempera-
ture {70 to 150°C), pressure (7 to 15 psia), or
pellet size (]/8 in. to 40 mesh). The capacity of
Baker & Adamson Co. analytical-grade NaF was
1.9, which corresponds very closely to the molecu-
far ratio in the complex UF ;- 3NaF.

PART Ill. SHIELDING RESEARCH
11. Shielding Analysis

The air-scattered gamma-ray dose rate predicted
by theory for a Co%0 source at a source-detector
distance of 15 meters was compared with ex-
perimental measurements in a similar geometry.
The two results were found to be in substantial
agreement,

The coding of a Monte Carlo calculation of heat
generation resulting from the transport of gamma
radiation through shields with stratified slab
geometry has been completed. Preliminary results
are in good agreement with experimental results
obtained for lead.

A set of integral equations was derived to
determine the flux density near a thin foil. The
calculation of the flux in the foil interior is carried
out as if the flux from sources outside the foil
were constant for the small part of the foil con-
sidered. Similarly, o set of integral equations
was derived to determine the flux in air in the
presence of the ground. The flux in the ground
near any surface point is calculated as if the
surface flux were constant over the infinite plane
and equal to its value at the surface point.
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12. Shield Design

Methods were devised for calculating the sodium
activation in the heat exchangers of circulating-
fuel reactors. The activation from core neutrons
was determined directly from Lid Tank Shielding
Facility (LTSF) experimental data obtained during
static source tests with mockups of a circulating-
fuel reflector-moderated reactor. The contribution
of prompt neutrons was calculated from the ex-
perimental data by the application of conventional
shielding transformations. The activation induced
by delayed neutrons emitted in the heat exchanger
was estimated from the experimental data taken
at the LTSF by using a moving-belt source to
simulate the circulating fuel.

The total saturated activities were calculated
for four reactors. The activities of three of the
reactors, with power levels of 300 Mw and be-
ryllium reflector thicknesses of 8, 12, and 16 in.,
were 21,270, 4,880, and 1,680 curies, respectively.
The activity of the fourth reactor, which corre-
sponded to the 60-Mw ART with an 11l.in.-thick

beryllium reflector, was 531 curies.

13. Lid Tank Shielding Facility

The static source tests and corresponding
analyses of the recent series of experiments on
mockups of a circulating-fuel reflector-moderated
reactor and shield (RMR-shield) have been com.
pleted. The tests included an investigation of
the effect of varying the lead thicknesses on the
dose rate and flux measurements. Various other
tests were run to determine the sources of the
secondary gamma-ray dose rate in the shield, It
appears that the unattenuated secondary dose rate
is made up primarily of capture gamma rays from
boron, [ead, and hydrogen, The attenuated
secondary dose rate is made up primarily of
hydrogen and lead capture gamma rays attenuated
through a portion (1Y in.) of the lead shield which
was spaced out in ﬁwe water shield. The effect
of placing a heavy metal (bismuth or copper) in
the reflector region and eliminating an equivalent
thickness of the lead shielding was also investi-
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gated. The production of secondary gamma rays
by the bismuth or copper appears to make this
impracticable, especially for moderate lead thick-
nesses (up to 4% in.). The addition of boron
(1.95 wt %) to tile water shield was found to
reduce the gamma-ray dose rate by a factor of 2.3
and the thermal-neutron flux by a factor of about

15.

The radiation measurements behind the RMR-
shield mockups with a circulating fuel belt as
the source have been completed, but they have
not yet been analyzed. The measurements of the
activation of sodium in the heat exchanger for
various transit times of the circulating fuel belt
showed that rotation with g 1.25-sec transit time
increased the activation rate approximately 20%.
For the case of no rotation, replacement of one
of the boral sheets preceding the heat exchanger
with a 1-in. thickness of hydrogenous material
reduced the total activation from core neutrons
by 60%. There has been no correlation, as yet,
of these measurements with those taken in the
static tests because of the uncertainty of the
fission rate of the fuel in the circulating belt.

The Lid Tank Shieiding Facility circulating fuel
belt and the Bulk Shielding Facility gamma-ray
spectrometer were used for the first experimental
energy-spectrum measurement ever made for gamma
rays from the gross fission-product mixture. Boral,
lead, and water were placed inside the circum-
ference of the fuel loop to reduce as much as
possible the background caused by sources other
than the section of the belt viewed by the spec-
trometer collimator, Although a complete analysis
is not yet available, there was apparently no
variation either in the shape or in the intensity
of the spectrum as the transit time of the belt was
changed. Integration of a typical photon energy
spectrum between 0.36 and 5.8 Mev gave averages
of 4.2 photonsfission and 4.8 Mev/fission. An
estimated probable error of £20% is assigned to
these averages and to the normalization of the
experimental spectrum,

11
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1. REFLECTOR-MODERATED REACTOR

A. P. Fraas

W. G. Piper

H. W. Savage

Aircraft Reactor Engineering Division

E. R. Mann

Instrumentation and Controls Division

ART FACILITY DESIGN AND CONSTRUCTION
F. R. McQuilkin

Aircraft Reactor Engineering Division

Design and construction work on the Aircraft
Reactor Test (ART) facility continued. Package 1
construction, which consists in alterations to the
original building, an addition to the building, and
installation of the reactor cell, was 10% com-
pleted at the end of the quarter; the scheduled
completion at thaot time was 20%. Much of the
delay has been caused by the inability of the
contractor's vendors to supply reinforcing steel
and electrical items on schedule. The principal
work accomplished to date has consisted in the
demolition of portions of the existing building; the
excavation for building and cell foundations; the
provision of reinforced concrete for the cell founda-
tion, building footers and columns, stack footers,
charcoal adsorber tank, instrument and control
tunnel, spectrometer room wall, spectrometer
tunnel, and switch-house floor; the erection of
structural steel for reinforcing the existing building
high bay; the installation of columns and girders
for 30-ton crane service; and the placement of
conduit and a 1500-kva transformer. Much of this
work can be seen in Fig. 1.1, which shows a view
of the south end of the existing building. The cell
foundation, which may be seen at the bottom center
of the picture, is at an elevation of 816 ft 6 in.
The floor of the instrument and conirol tunnel,
which is above the cell foundation, is at an
elevation of 831 ft, and the basement floor is at
an elevation of 840 ft. The building main floor is
at 852 ft, which is the elevation at the top of
the exposed grade beam above the tunnel. The
building addition columns appear on the left, with
the switch house {floor elevation, 840 ft) beyond.
Figure 1.2 is a view, looking south, taken from
atop the 852-ft-elevation grade beam. In the
right center can be seen the charcoal adsorber
tank for the off-gas piping system, and, on the
left, beyond the building columns, is the end of
the forms for the spectrometer tunnel., Figure 1.3
shows the forms for the spectrometer tunnel and

the spectrometer room wall which it joins, as well
as building addition columns and grade beams,

Steps were taken to incorporate in package 1
construction a major design change which is
required so that more space will be provided for
the NaK system piping and equipment, as well as
for a special heat dump facility for the removal of
heat from the fuel fill-and-drain tank. This ad-
ditional space is to be obtained by lowering the
radiator pit floor 5 ft 9 in., to an elevation of
820 ft, and by constructing a vaultlike room ad-
jacent to the radiator pit.

Drawings and specifications for a modified
version of package 2 work were completed, This
unit of work consists in the installation of the
diesel generators (AEC-supplied) and facility,
the electrical control center, and the spectrometer
room electrical and air-conditioning equipment.
Release of the drawings and of specifications for
lump-sum bidding is scheduled for December 6,
1955. Bids are to be opened on January 10, 1956,
and the work is to be completed on about June 15,
1956. For the auxiliary power supply, the Allis-
Chalmers Mfg. Co. has contracted to supply four
of the 300-kva diesel-generator units, while the
fifth, a Caterpillar unit, will be transferred from
the Y-12 plant.

The piping work for nitrogen, air, cooling water,
helium, lubricating oil, and hydraulic oil drive
systems was removed from the package 2 work unit
and was designated as package A, This relatively
small unit of work will be negotiated either with
the package 1 contractor or a fixed-fee contractor.
Design work and job completion are scheduled for
January 10, 1956, and June 1, 1956, respectively,

Package 3 work, which covers the experimental
instruments, controls, process lines, and process
equipment, is in the design phase, Sufficient
design work was completed on the NaK piping and
associated equipment, which will be installed in
the radiator pit and in the special equipment room,
to permit modification and release of structural
drawings affected. Package 3 work will be done

by ORNL forces.
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Fig. 1.1. Aircraft Reactor Facility Construction as of December 5, 1955, Showing Cell Foundation,
Instrument and Control Tunnel, Building Addition Columns, and Switchhouse,
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Fig., 1.2, Aircraft Reactor Facility Construction Showing Charcoal Adsorber Tank and End of Spectrometer Tunnel. Photograph taken
November 25, 1955.
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Fig. 1.3, Aircraft Reactor Test Facility Construction as of December 5, 1955, Showing Forms for Spectrometer Tunnel and the Spec-
trometer Room Wall,
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ART DESIGN

A. P. Fraas
Aircraft Reactor Engineering Division

System Flowsheets

W. B. Cottrell R. D. Schultheiss
L. A, Mann
Aircraft Reactor Engineering Division

System flowsheets and instrumentation lists have
been prepared in an initial attempt to define the
entire ART. The flowsheets include, in addition
to the various components of the particular system,
the annunciator pickup and presentation locations;
the operating conditions of temperature, pressure,
and flow rates; the control stations for electrically
operated components; the normal valve positions
and uniform valve identification; and line sizes,
Flowsheets have been prepared for the following:

Reactor Temperature Instrumentation
Fuel System

Sodium Systems

Fuel Enricher System

Fuel Recovery System

Fuel Sampling System

Main NaK System

Auxiliary NaK System

Special NaK System

Hydraulic System

Reactor Pumps Lubricating System
NaK Pumps Lubricating System
Helium System

Off-Gas System

Nitrogen System

Water System

Process Air System

Compressed Air System

The flowsheets are to be issued in preliminary
form for comments, and the necessary revisions
will be made before they are issued for con-
struction and fabrication use,
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Fuel-to-NaK Heat Exchanger
R. I. Gray M. M. Yarosh

Aircraft Reactor Engineering Division

Layout drawings were completed for the fuel-to-
NaK heat exchanger! which indicated that a
12 by 24 array of 0.1875-in.-0OD tubes on 0.2175-in,
centers would be acceptable for the heat exchanger
design; however, detail drawings have subsequently
showed that difficulties would be encountered in
overcoming interferences at the headers and that
problems might occur in the final assembly of the
heat exchangers. In addition, it was found de-
sirable to provide additional space in the region
of the headers for the beryllium support struts,
To overcome these difficulties and to provide for
uncertainties in the NaK friction factor for small-
diameter tubing (see Sec. 2, ‘*Experimental Reactor
Engineering’’), the heat exchanger design was
modified, The revised design data are presented

in Tables 1.1 and 1.2.

. D. Schultheiss, ANP Quar, Prog. Rep. Sept. 10,
1955, ORNL-1947, p 19.

TABLE 1.1. DIMENSIONAL DATA FOR FUEL-TO-NaK
HEAT EXCHANGER

Tube dimensions, in.

Center-line spacing 0.250
Outside diameter 0.230
Inside diameter 0.180
Wall thickness 0.025
Spacer thickness 0.020
Mean length 65.0
Equatorial crossing angle 26°20°
Inlet and outlet pipe, in.
Inside diameter 2.375
Qutside diameter 2.875
Header sheet, in.
North head thickness 0.500
South head thickness 0.375
Fuel volume, £t3 2.45
Number of tube bundles 12
Number of tubes per bundle, 260
13 by 20 array
Total number of tubes 2130
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TABLE 1.2, FUEL-TO-NaK HEAT EXCHANGER DESIGN DATA

Tube diameter, in.

Number of tubes per bundle
Number of bundles

Tube center-line spacing, in.
Tube wall thickness, in,
Tube array, square pitch
Mean tube length, ft

Fuel temperature range, °F

NaK temperature range, °F

0.230

260

12

0.250

0.025

13 by 20
5.42

1250 to 1600
1070 to 1500

Fuel pressure drop through heat exchanger, psi 39
NaK pressure drop through heat exchanger, psi 13
Fuel Reynolds number in heat exchanger 3740
NaK Reynolds number in heat exchanger 120,300
Fuel flow rate,* cfs 2.96
NaK flow rate,* cfs 10.45
Fuel volume in heat exchanger, 3 2.45
NaK volume in heat exchanger tubes (not including headers), £13 2.97
Heat exchanger thickness (includes 0.015-in, side wall clearance), in, 3.25
Log mean temperature difference, °F . 136
Estimated maximum tube wall temperature, neglecting secondary heating effects, °F 1535
Fuel mixture NaF-Zr F“-UF4 (50-46-4 mole %) heat transfer coefficient, Bfu/hr-ff2°°F 2215
NaK (56% Na—44% K) heat transfer coefficient, Btu/hr-ft2.CF 10,000
Heat load at design operating conditions, Mw 55

*At mean operating temperatures in reactor.

Fuel Fill-and-Drain System

J. Foster
Aircraft Reactor Engineering Division

An intensive study was made of the problem of
cooling the fuel fill-and-drain tank. The results
of analyses of boiling and circulating liquid and
gas cooling systems are presented in Table 1.3.
Of the fluids considered, NaK gives the most
promising system and was therefore chosen for the
ART.

Dual NaK systems have been designed in order
to provide maximum reliability of operation for
both cooling and heating the fuel fill-and-drain
tank. Each NaK system includes a pump, piping,
a radiator, an air blower, a duct, and controls and
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is capable of removing the maximum heat load of
1.75 Mw from the fuel in the tank. The tank is a
horizontal cylinder, with each circular head being
a tube sheet fitted with U-shaped NaK tubes which
sweep through the fuel volume. Alternate rows of
these cooling tubes originate in the opposite heads
of the tank to provide adequate cooling throughout
the fuel mass even when one system is out of
service,

Reactor Shield
H. Wiard
Consolidated Vultee Aircraft Corporation

The ART lead and water reactor shield has been
designed to be essentially similar to a unit shield



TABLE 1.3, RESULTS OF ANALYSES OF COOLING SYSTEMS FOR FUEL FILL-AND-DRAIN TANK

Vapor Pressure Vapor Pipe
Coolant Temperature (°F) at Outlet Flow Rate of Coolant Diameter (in.)
_— T for Fl § Basis for Elimination
Material In Out emperature Ib/sec gpm cfm or ow o
(psia) 150 fps

Helium 1000 1400 3.8 17,500 at 20 Pipe size?
50 psig
and 1400°F

Nitrogen 1000 1400 20 13,200 at 18 Pipe size?
50 psig
and 1400°F

Boiling 1200 1200 1 1.05 8.9 48,000 at 30 Pipe size? and temperature vs pressureb

sodium 1 psia

and 1200°F

Boiling K 1200 1200 5 2.13 22 11,700 at 16 Pipe size? and te mperature vs pressureb
5 psia and
1200°F

Boiling Rb 1200 1200 10 5.00 28 6250 at 12 Pipe size®°®
10 psia

Boiling Hg 1200 1200 960 15 Pressure too high

Boiling H,0 705 (critical) 3206 Pressure too high

NaK 1200 1400 7.75 300 2.5 in, (liquid) Not rejected

(56-44 wt %)

12

“The large pipe size is a basis for elimination for four reasons: (1) good flexibility will be required for expansion and contraction, (2) space is at a
premium, (3) large openings throughthe pressure vesselwall present serious problems, and (4) a large vapor pipe implies the need for large vapor passages

within the drain tank, where an increase in size would create a space problem and greatly increase shield weight.

bEliminafion because of low vapor pressure is based on the vapor pressure at the maximum allowable temperature not being high enough to give a well-

proportioned condenser,

“Space limitations would require condenser to be outside the pressure vessel.

SS61 ‘0l ¥39W3ID3d INIAN3I QOI¥3d
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for use in an airplane. The basic mechanical
design work has been done for the support of the
7-in. layer of lead, with its cooling system, and
the 30.2-in,-thick layer of borated water, and the
procedure for the assembly and installation of the
reactor and shield has been studied.
to minimize the over-all weight, consideration was
first given to the use of a rubber container for the
borated water, but, as discussed below, rubber
proved to be inferior to metal for this application.
Of the various metals considered, 0.1875-in.-thick
61S aluminum alloy appears to be the most suitable
because it is easily formed and welded and is
sufficiently corrosion-resistant in borated water,
A weight summary of the installation is given in
Table 1.4, and the materials to be used are
described in Table 1.5.

In an effort

TABLE 1.4. WEIGHT SUMMARY OF REACTOR
AND SHIELD INSTALLATION

Reactor 12,000 Ib
Lead shield

2 side castings (14,300 [b each) 28,600

Bottom casting 1,500

Top casting 1,200

Lead burner material 3,700

Total 35,000
Shield-water container 1,000
Shield water 35,000
Granulated BAC 1,000
84,000 Ib*

*Does not include bridge support structure ("™ 7000 !b),

which is unique to the ART installation,

The feasibility of using rubber for the water
container was evaluated as to radiation stability,
weight, fabricability, method of support, and
anticipated service performance., With respect to
each of these criteria, rubber was found to be
inferior to metal for this application, The radi-
ation dose at the surface of the lead layer is
expected to be 107 rad in 1000 hr, and practically
all this dose will be in the form of fast neutrons,
This dose level is higher than was anticipated
earlier and would cause sufficient deterioration?
of the' elastomer to reduce its strength to ap-
proximately 25% of its original value in 1000 hr,
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TABLE 1.5. SHIELD AND SUPPORT MATERIALS

Component Material

615-T6 aluminum alloy,
0.1875-in. sheet, butt-welded

Shield water con-

tainer

Lead shield Probably **chemical’’~type

lead*

Tubing for cooling Cold drawn or annealed copper;

system for lead tinned

Fiberfrax blanket; density,
6 Ib/f3

Insulation

Insulation pads Fiberfrax compressed to with-
stand approximately 100 psi

in compression

Bridge structure Boiler plate or equivalent

structural steel

4130 steel bar, heat-treated at
125,000 psi/min

Shield support studs

NaK line cover Stainless steel or Inconel

bellows and tube

*The composition of the lead to be used is yet to be

*‘chemical’’ type of

determined., At the present time the
lead appears to have the requisite structural and nuclear

properties,

Rubber has approximately the same radiation-
absorption qualities as borated water, Therefore,
the weight penalty for the use of rubber would not
be large; that is, for every inch of rubber added,
an inch of water could be removed, However, in a
hypothetical aircraft installation study, the over-all
weight advantage appeared to favor the use of a
metal cell. It was further considered that the
fabrication and modification of the container would
be easier with metal than with rubber, since metal
can be formed readily and welded with available
tools and equipment, The problems associated
with supporting and maintaining the shape of a
rubber cell also made the metal cell appear more
desirable.

2y, J. Stumpf and B. M. Wilner, Radiation Damage to
Elastomers, Lubricants, Fabrics, and Plastics for
Use in Nuclear-Powered Aircraft, ORNL CF-54-4-221
(April 15, 1954).



Alkylbenzene may be used instead of borated
water
because it has a higher boiling temperature and
hence can be cooled by ram air, which will be at a
temperature near or above the boiling point of
water, In this instance, the higher temperature
would make rubber less desirable than metal as a
container. In addition, rubber deteriorates with
age and therefore would
placement.

The reactor is to be supported at the flanges
of the fuel and sodium pump wells which will bear
on the cylindrical part of the bridge structure,
These pump flanges will be free to move sideways
relative to each other to accommodate the thermal
expansion of the reactor pressure shell,

in an actual aircraft reactor installation

require periodic re-

The reactor bridge structure will not only support
the reactor but, through eight adjustable studs,
will also support the lead and water shields. One
end of each stud will be screwed into a fitting
attached to the inner skin of the water cell, while
the other will be fastened to projections from the
cylindrical portion of the bridge. In effect, the
lead shield will be clamped inside the water cell,
whichwill act as a support cradle for it, Therefore,
since the reactor and the shields will be supported
from the same bridge structure, they will move as
a unit,

Both the lead and the water shields will be
fabricated in four parts: two hemispherical shells,
which will join along a longitude and leave an
opening at each pole, and two plugs, which will
effect the shielding closure at each pole. It is
planned that the two large hemispherical shells
of lead shield will be installed as prefabricated
and that the pole pieces will then be *“‘puddled’
on, The sides of the water shield will also be
separate units which will be joined together when
installed around the reactor., The cylindrical part
of the bridge structure will be filled with borated
water to serve both as the upper part of the water
shield and as the water expansion tank. Equipment
such as the fuel and sodium pumps, the control rod
housing, and the instruments that will penetrate
the shield in this region will be ‘‘canned’ to
prevent contact with the water. Sodium system fill
lines, shield cooling-water lines, and other un-
canned equipment will also be located in this
area, Access to these lines and equipment will
be through the open top of the cylindrical part of
the bridge structure, Almost all other equipment
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and lines that will penetrate the shield will run
through a similar cylindrical water cell at the
bottom of the reactor.

The cold rodial clearance between the reactor
and the lead shield will be 1 in., of which 0.5 in,
will be used for a layer of Fiberfrax insulation;
the remaining 0.5 in. is provided for differential
thermal expansion. A 0.25-in.-thick Johns Manville
Super X insulating blanket will be placed between
the lead shield and the water shield cell to ac-
commodate the differential expansion of the lead
and the water cell.

The vertical thermal expansion of the NaK lines
which will run through the water cell will be
accommodated by bellows (deflecting in shear)
attached to each end of a tube. The tube will be
installed over the 1/2-in.-thick Fiberfrax insulation
around the NaK lines and will be attached through
the bellows to the cell, Experiments currently in
progress at the Lid Tank Shielding Facility (LTSF)
will determine the additional amount of gamma
shielding required around these NaK lines where
they pass through the lead.

Water-cooling lines will be provided for cooling
both the shield water and lead shield. One of the
main shield-water containers will be heated by the
NaK lines to beyond the capacity of the container
to dissipate the heat by convection, and therefore
a cooling coil will be required in the water shield,
The line from this cooling coil will be paraliel
to a line that will separate into three circuits for
cooling the lead and the ZrF, vapor trap, which
will probably be cast into the lead, Tubes em-
bedded in the lead will probably be tinned to aid
in providing a good bond with the lead,

CORE FLOW STUDIES

G. D. Whitman W. J. Stelzman
W. T. Furgerson
Aircraft Reactor Engineering Division

Further core flow studies were made on both the
full-scale aluminum and the plastic core models by
using the techniques described previously, with
the major emphasis on observing and photographing
the flow patterns obtained with various core inlet
configurations, However, some additional data
were obtained on the axial-flow system in the
aluminum model, Paired inlet guide vanes were
used that were designed on the basis of previously
obtained inlet-guide-vane and turbulence-generator
data, The reliability of the data obtained from
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these tests is in doubt, however, because of the
extreme difficulty encountered in locating the flow
direction and in measuring the total pressure in the
upper half of the core annulus., The plastic core
model will be modified to accommodate this inlet-
guide-vane configuration so that the flow patterns
can be photographed.

Photographic data were obtained with the header
designed to give a compound vortex3 installed on
the plastic core model., Motion pictures were
taken at 64 and 500 frames per second, but experi-
ence showed that 500 frames per second was too
fast, lodine injections at several fixed levels
along the outer core shell indicated that the flow
along this surface had axial and rotational com-
ponents which were approximately equal in magni-
tude throughout the upper third of the annulus.
However, as the flow approached the equator,
the axial component diminished gradually until,
at the equator and throughout the lower half of the
annulus, it became, and remained, low. In general,
the peripheral velocities along this entire surface
were very high, as indicated by a very rapid
movement of the iodine. lodine injections along
the inner shell showed a pronounced upward axial
velocity component along the upper third of the
shell surface. This component diminished until,
at the equator, a good downward axial component
existed. The axial component continued to in-
crease until it equaled the rotational component
about three-fourths of the way through the core; it
again diminished throughout the lower fourth of
the annulus, and flow reversal occurred at the
outlet. The peripheral velocities along the inner
shell were very high, and there were indications of
pronounced stabilization of the boundary layer
throughout the lower third of the annulus.

Photographic data were also obtained with an
axial flow type of header without any means of
auxiliary flow guidance. lodine injection along
the outer shell indicated a flow pattern which was
similar to that obtained with the compound vortex
header, except that the peripheral velocities were
lower because of the larger pump-volute discharge-
nozzle areas. lodine injections along the inner
shell showed a flow reversal region that extended
from the inlet to slightly above the equator; how-
ever, it differed from the compound vortex flow

reversal in that the axial velocity component

3A. P. Fraas, ANP Quar. Prog, Rep. March 10, 1955,
ORNL-1864, p 20.
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seemed more unstable, At the equator, the large
cross-sectional area gave a small axial velocity.
Below the equator, the axial velocity component
increased, and the direction of flow became more
stable. In general, the flow pattern showed rapid
fluctuations in local axial velocities but no major
low-frequency irregular fluctuations.

Photographic data were also obtained with the
axial flow header and only one of the two pumps
operating. In general, the flow pattern did not
change much except that velocities were lower,
channeling in the lower region was more noticeable,
and the iodine holdup was visibly greater.

A fourth set of motion pictures was obtained with
the axial flow header equipped with a set of inlet
guide vanes (Mark |) and turbulators (5-9) attached
as illustrated previously.4 The flow pattern along
the outer shell approached an axial type of flow in
which the fluid gradually spiralled downward with
a maximum deviation of 30 deg from a direct,
downward path. The flow along the inner shell
showed no reversal in the region adjacent to the
turbulators, but, in the region extending from
slightly below the turbulators to below the equator,

it showed the same type of flow reversal as that

found when the guide vanes and turbulators were
not used. However, in the lower third of the core,
the axial and rotational flow components gradually
became equal. The velocities were about the same
as those obtained without the guide vanes and
turbulators,

Turbulators designated as type 4 were then
installed, and another set of motion pictures was
taken,
progressed generally downward but was extremely
unstable with regard to direction in the region
extending from directly below the turbulators to
about midway between the equator and core outlet,
Fromthis mid-point to the outlet the flow increased
in velocity and became more stable, The inner
shell surface again showed no flow reversal in the
region adjacent to the turbulators, but, in the
region extending from directly below the turbulators
to the equator, the flow was generally downward,
with spasmodic reversals, However, below the
equator the flow accelerated, as in previous runs.

For another set of motion pictures, the axial flow
header without inlet guide vanes or turbulators

In this case, flow along the outer shell

was used and simultaneous iodine injections were

4w, T. Furgerson et al., ANP Quar. Prog. Rep. Sept.
10, 1955, ORNL-1947, Fig.1.7,p 27.



made at two different points, either on the island
or shell surfaces or one on each. These injections
provided a better basis for comparing both the
relative
intermixing.

flow directions and the twin stream

ENGINEERING TEST UNIT
M. Bender

Aircraft Reactor Engineering Division

An equipment layout was prepared of the Engi-
neering Test Unit (ETU), and work was started on
the design of the facilities required for operation
of the unit. A purchase order was placed to obtain
the required Inconel shells,

Specifications for the main heat exchangers, the
radiators, the boron carbide tiles, and the lube oil
pumps have been prepared for procurement, Nu-
merous design problems prevented the
issuance of firm drawings for the reactor com-
ponents, but procurement action has been started
in advance of complete design information so that
the time losses will be reduced. The advance
procurement action will not completely salvage the
time lost, and it is estimated that the ETU will
not be ready for operation before December 1956.
The previous schedule called for operation by

September 1, 1956.

have

CONTROLS AND INSTRUMENTATION

J. M. Eastman
Bendix Products Division

R. G. Affel E. R. Mann

Instrumentation and Controls Division

Instrument lists were prepared for each ART
system, and instrument sensor locations were
designated. The quantity of instrumentation
needed considerably exceeds the original esti-
mates, and the original instrument flowsheets are
being revised and expanded. Five permanent
instrument information centers will be used, in
addition to three temporary ones, and some instru-
ments will be located and read on the equipment,
The five permanent information centers will be in
the control room, the information room, the power
room, the auxiliary equipment room, and the vent
house. Temporary instrumentation will be used for
fuel enrichment, fuel sampling, and fuel recovery,
The layouts of the control and instrument panels
and boards are being prepared.

The elementary wiring diagrams have been
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completed except for minor modifications that may
be necessary for them to be adapted to optimum
components, The information block diagrams have
been revised to include improvements worked out
in devising the elementary wiring diagrams,

The layout of the ART control rod and drive
mechanism is being prepared.
formance of the fuel enricher used for the high-
temperature critical experiment are being reviewed,
and layout work on the ART enricher and actuating
mechanism is expected to begin soon. A location
for the flux-sensing chambers and their actuating
mechanisms has been proposed, and a nuclear
evaluation is being made. Actuator motors and
synchronizing mechanisms have been included in
the specifications for the main radiators, the
auxiliary radiators, and the bypass air louvers.
A recommended design and the specifications have
been issued for the dump valve actuator mechanism,

The first of two high-temperature instrument de-
velopment loops is scheduled to start hot operation
late in December. It will be used for evaluating
items under actual operating conditions of pressure,
temperature, etc. ltems currently being studied
include solenoid valves for liquid metal vaper
service, high-temperature pressure transmitters for
fuel and NaK service, ambient-temperature electrical
pressure transmitters, high-temperature flowmeters,

Data on the per-

and high-temperature level-indicating devices.

PROCUREMENT OF SPECIAL REACTOR
MATERIALS AND COMPONENTS

W. F. Boudreau
Aircraft Reactor Engineering Division

The fabrication of many items of equipment for
the ART and the ETU requires the establishment
of combinations of facilities not presently available
in this country, It will therefore be necessary
to transmit some of the very specialized welding,
brazing, and related fabrication techniques which
have been developed at ORNL to the manufacturers
of special equipment. The major projects currently
under way are described below,

Beryllium
Individual beryllium blocks, seven times heavier
than those which have been previously made, are
to be produced at the Luckey, Ohio, plant of The
Brush Beryllium Co. A lothe, with contour-
following equipment, has been provided at Brush’s
Cleveland plant. The facility for sintering and
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machining large blocks of beryilium, from which
spheres up to 54 in. in diameter can be machined,
is essentially complete and ready for tryout,

Shell Fabrication

The six sets of thin inconel shells required for
the ART, which vary from 18 to 54 in. in diometer
and are fairly complex in shape, have unusually
close manufacturing tolerances. A comprehensive
discussion of this problem with a variety of manu-
facturers led to the conclusion that the newly
developed Hydrospin process is the only method
which promises to yield a solution. An order has
been given to the Lycoming Division of the Avco
Mfg. Corp. to enlarge the capacity of their
Hydrospin machine from 42 to 54 in, and to provide

the necessary annealing and pickling facilities.

CX-900 Inconel
The processing of 100,000 Ib of special CX-900

Inconel is under way at the International Nickel
Company plant, and the material was released from
one manufacturing step to the next as the require-
ments gradually became somewhat firmer. For
example, a release was given during the quarter
to process the amount of redraw stock estimated to
be necessary for producing all the small-diameter
tubing for the heat exchangers and radiators.
Some of this was released for final tubing manu-
facture.

Main Heat Exchangers and Radiators

It has been recognized for some time that it
would be necessary for ORNL personnel to spend
a considerable amount of time with the manu-
facturers who have the experience and facilities
required for building the main heat exchangers and
radiators to develop welders qualified under the
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special ORNL procedures. During the quarter,
the previously established policy of developing
this know-how by placing orders with outside
manufacturers for test heat exchangers and job
samples was continued and expanded.

When
drawings and specifications became available at
the end of September, requests for proposals to

the main heat exchanger and radiator

furnish these assemblies were sent to about eight
of the sources that had been developed.

OPERATION OF ZrF4 VAPOR TRAPS IN THE
HIGH-TEMPERATURE CRITICAL EXPERIMENT

W. C, Tunnell

Aircraft Reactor Engineering Division

During operation of the high-temperature experi-
ment, deposits on the seats of the gas control
valves made it apparent that the ZrF, vapor was
creating a much worse problem than had been
expected, The cold traps installed in the system
removed little or no material during periods of
high-velocity gas flow, that is, during core filling
and fuel mixing operations. Large tanks were
installed in the gas lines, but these low-velocity
volumes did not reduce the deposits on the valves
or in the vent line. A cold trap consisting of
nickel Demisters packed in a tube had proved to be
successful on the fuel processing equipment
(low-velocity gas), but it was entirely inadequate
in this application, even when doubled in size.
Venting of gases laden with ZrF, will be a con-
in the ART, as contrasted to
venting in the critical experiment

Consequently, the vapor deposition
problem will be greater, Development work on
vapor traps for reactor application is under way
(see Sec. 2, ‘“Experimental Reactor Engineering®’),

tinuous process
intermittent
fuel-loading.
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2. EXPERIMENTAL REACTOR ENGINEERING

H. W. Savage
Aircraft Reactor Engineering Division

An in-pile loop was inserted and successfully
operated in the HB-3 beam hole of the Materials
Testing Reactor (MTR). The difficulties en-
countered are described, and a summary of the
operating cycle is presented. Modifications that
are to be made in the nose purge system before
operation of another in-pile loop are discussed.
Fourteen forced-circulation loops were operated in
a series of corrosion and mass-transfer tests of
fused salts in Inconel and of liquid metals in
Inconel or stainless steel,

Seals are being tested for use in ART-type fuel
pumps, and water tests of a full-scale ART-type
sodium pump were completed. High-temperature
tests of an ART MF-2 fuel pump with NaK are
under way, and stands for testing models of this
pump with fuel are being fabricated. Stands for
testing the sodium and NaK pumps are also being
designed.

The results of heat exchanger and radiator tests
are presented, and the data obtained on heat trans-
fer and pressure drop are correlated.

The status of the work on apparatus for thermal-
stability tests of the outer core shell of the ART
is given, and the results of Inconel strain-cycling
tests are discussed. Development tests on the
ART dump valve, a cold trap, a plugging indica-
tor, and a zirconium fluoride vapor trap are de-
scribed, An aluminum mockup of the top of the
ART is being fabricated for water tests.

IN-PILE LOOP DEVELOPMENT AND TESTS

D. B. Trauger
Aircraft Reactor Engineering Division

In-Pile Loop Operation
L. P. Carpenter J. A, Conlin
C. W. Cunningham P. A. Gnadt
Aircraft Reactor Engineering Division
C. C. Bolta D. M. Haines
Pratt & Whitney Aircraft

The second in-pile loop was installed in the
HB-3 beam hole of the MTR during the reactor
shutdown week of September 12, 1955. It was
brought to temperature with Calrod heaters, and
operation of the pump was started satisfactorily.

Some of the fuel mixture had been inadvertently
allowed to enter the pump during the filling of the
loop fill tank, and hence the pump could not be
operated until the loop was heated. Upon attempt-
ing to increase the temperature of the fill line to
above the melting point of the fuel mixture, the
electrical heating circuit failed, and it was impos-
sible to fill the loop. Later analyses showed that
the failure was due to electrical breakdown through
the helium blanket gas in the nose region or to
breakdown of the Sauereisen cement which pro-
tected the junctions at the Calrod ends. This
loop was returned to Oak Ridge for possible re-
building or salvage of parts.

A third loop had been assembled and shipped to
the MTR early in September. [t was leak-checked
at the MTR and found to contain a small leak
through the pump bulkhead and another in the heat
exchanger. Both leaks were exceedingly small
and were considered to be tolerable. This loop
was installed in the reactor during the shutdown
period beginning October 3. It was brought to
temperature, filled with salt (NaF-ZrF4-UF4,
53.5-40-6.5 mole %), and started on isothermal
operation on October 5.

Reactor operation began on October 7 and
proceeded to full power on the moming of October
9. The loop was operated in the retracted position
for one day and then was inserted to a position
3.5 in. from the end of the beam hole, at which
point the maximum air-cooling capacity was
reached. A mixed-mean temperature differential of
approximately 150°F was reached, with a maximum
temperature of 1500°F. The cooling-air control
system for maintfaining Ioop temperatures re-
sponded well, and it was possible to follow
changes in reactor power with only minor adjust-
ments of the control set point. There was some
leakage of neutrons through the concrete plug
shield, but this was easily stopped with a few
blocks of paraffin. The gamma activity at the
cubicle door, apparently originating from the fis-
sion gas lines in the cubicle, was quite high, and
considerable external shielding was required. The
water activity was slightly higher than expected,
but no other activity problem was encountered.
After four days of operation the helium purge line
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from the bearing housing was observed to plug
suddenly. Operation was continued, however, and
no increase in activity was observed except for
back diffusion of gases through the normal inlet
line to this region. At the entrance to the cubicle
this line had an activity of approximately 2 r/hr.
After four additional days of operation, it was ob-
served that the exit line for purge gas from the
pump sump was plugged. This plug caused rapid
buildup of activity in the purge-gas inlet line out-
side the cubicle, and it was deemed necessary to
crimp and clamp both the bearing housing and the
pump-sump inlet lines at the cubicle to prevent
high radiation levels at the instrument panel. The
loop was withdrawn to the retracted position to
minimize the activity generation and the power
density, and operation was continued. The reduc-
tion in power density decreased the hazards that
might arise from loop misoperation as a result of
the plugged lines. The activity on the pump-sump
inlet line built up to a stable value of approxi-
mately 25 r/hr at the point where it was clamped,
approximately 25 ft from the pump sump.

Irregularities in the pump operation were noted
after the purge lines had plugged. These irregu.
larities appeared as increases in pressure of the
hydraulic motor oil, although nearly constant oil
flow and pump speed were maintained. The oil
pressure would build up and decrease intermit-
tently with increasing frequency and magnitude
over a period of several hours and then retum to a
normal value and remain there for several hours
before repeating the cycle. These deviations
continued with increased severity until pump
speed changes were observed. On September 22,
one of these cycles resulted in a pump speed
change which scrammed the reactor through the
loop control circuitry., Since the reoctor was
within 20 hr of the end of its operating cycle, it
was not retumed to power. Isothermal operation
was continued for two more days before complete
shutdown and removal of the loop.

Connections were made to the clamped lines
after shutdown to facilitate purging the residual
gases to the stack. The charcoal traps were
warmed slowly, and the gases were continuously
vented to the stack. Some increase above the
normal background was observed in the stack ac-
tivity during these operations, However, there
was no fission gas released from the loop at any
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time during the run or during the shutdown and
purging operations.

The reactor power during this operation was quite
erratic because of numerous scrams caused by
other experiments and inadvertent dropping of con-
trol rods by the reactor-operating mechanisms.
This erratic operation produced drastic power ex-
cursions, and full use had to be made of the Calrod
heaters to avoid freezing of the fuel in the loop.
Further, sizable strains must have been produced
in the loop by thermal expansion and contraction
during the rapid transitions from the operating tem-
perature differential to isothermal conditions and
during a certain amount of temperature cycling
while the foop was being returned to power opera-
tion. The excursions produced no observable
damage to the loop except for electrical leakage
of some of the Calrod heater circuits., The gas
ledk in the heat exchanger did not increase notice-
ably. Following the shutdown, a much larger leak
was observed in the pump bulkhead than that which
had existed previously, but the cause for the in-
crease is unknown.

A resumé of the operating cycle is shown in
Fig. 2.1, in which high and low operating temper-
atures are plotted as a function of time, In
Fig. 2.2, the mixed-mean inlet and outlet tempera-
tures are shown as a function of time. The temper-
ature pattern in the nose coil heating section is
shown in Fig. 2.3. A marked difference can be
noted between temperatures on the inner and outer
radii of the coil. Unfortunately, several of the
thermocouples in this region were unstable at
times, and the recorded temperatures are subject
to considerable uncertainty, It is evident that flow
asymmetry existed, but similar observations must
be made for future loops before the magnitude of
the asymmetry can be determined.

The thermocouples from which the mixed-mean
temperature measurements were obtained and which
gave the highest temperature differentials were the
most consistent during operation. Power calcula-
tions based on air flow and air temperature dif-
ferentiais confirmed these values. The loop power
generation was estimated from these data to have
been 20 kw at the position of maximum insertion.
This gives an average power density of 0.6 kw per
cubic centimeter of fuel in the nose section of the
loop. Disassembly work on the loop is described
in Sec. 8, “‘Radiation Damage."’
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Loop Purge System
P. A. Gnadt A. A, Abbatiello

Aircraft Reactor Engineering Division

Electrical-system failures prevented the startup
of the first two in-pile loops, and therefore a study
was made of the electrical properties of loop in-
sulating materials in various gaseous atmospheres.
Because of its low neutron activation and its low
adsorption on liquid-nitrogen-cooled charcoal, he-
lium had been chosen originally as the radioac-
tivity-sensing gas for the nose section. However,
helium has poor electrical-insulation properties,
especially at elevated temperatures, whereas nitro-
gen, in comparison, is much less subject to elec-
trical breakdown. Tests were made of electrical
leakage of actual and simulated leads and termi-

s vs Time of Operation of In-Pile Loop No. 3 in MTR.

nals in atmospheres of both gases. Electrical-
insulation tests also indicated that Sauvereisen
No. 1 cement, which was used at the teminals of
the heaters, tended to conduct currents at elevated
temperatures. Comparative curves for the onset of
electrical leakage as a function of veltage and
temperature for the two gases and for Sauereisen
cement insulation are presented in Fig. 2.4,

The use of nitrogen as a purge gas in the nose
section presents some additional problems, be-
cause the liguid-nitrogen-cooled charcoal trap
would adsorb large quantities of gaseous nitrogen,
and its effectiveness would thus be reduced. Also,
impurities in the nitrogen might cause the fraps to
plug.
loop No. 3, nitrogen was used for purging the nose
section, but it bypassed the traps during startup

As an expedient measure for operation of
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and when the reactor was shutdown. Helium was FORCED-CIRCULATION CORROSION AND
used, as originally planned, during reactor opera- MASS TRANSFER TESTS
tion when the electrical heat was not needed. Ex- W. B. McDonald

petiments are being conducted(see Sec.8, ‘‘Radia-
tion Damage’’) to determine the hoidup time of
fission gases in the charcoal adsorption traps Fused-Salt—~Inconel Systems

when nitrogen is used as the nose purge gas. C. P. Coughlen P. G. Smith
Radioactive krypton is used to simulate the fis-
sion gases, and trap temperatures of 0°C to below
~110°C are being studied. A design for using a
nitrogen atmosphere in the nose section of the

Aircraft Reactor Engineering Division

Aircraft Reactor Engineering Division

R. A. Dreisbach
Pratt & Whitney Aircraft

loop is being prepared, and jrade A Lava sleeves Five electrically heated and three gas-heated
are to be substituted for Savereisen cement at the fused-salt~Inconel forced-circulation loops were
heater terminals in future loops. operated during the quarter. The operating condi-
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tions are summarized in Table 2.1. The results of
metallurgical examinations of the loops are pre-
sented in Sec. 5, *‘Corrosion Research.”

In addition to the routine loop operations, a
study was made of temperature measurements and
heat distribution in the gas-heated loops, and the
electrical heaters of the electric-resistance-heated
loops were modified so that different ratios of
fluidsto-wall temperatures could be obtained.

Uniform wall temperatures cannot be obtained in
the heated section of loops operated in the small
gas furnaces, because of improper design of the
furnaces for this application, These fumaces
were originally designed as heat sources for loops
for testingthe corrosiveness of circulating sodium.
In order to utilize them as heat sources for the
fused-salt—Inconel forced-circulation loops, they
must be operated above rated power, Under the
operating conditions required, much of the combus-
tion takes place in the chamber around the heater
coils rather than in the combustion chamber, The
resultant hot spots in the furnace cause nonuniform
pipe-wall temperatures,
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TA?T:&Mf.i. SUMMARY OF OPERATING CONDITIONS FOR FUSED-SALT-INCONEL FORCED-CIRCULATION
LOOPS THAT CIRCULATED NuF-ZrF4-UF4 (50-46-4 mole %) FOR 1000 hr

Reynolds Te'mperaft.lre Maximum Recorded Temperatures (°F)
Loop No. Number D'“;::mm' Fluid Tube Wall
)
Loops with Direct-Resistance-Heated Straight Sections

7425-5 2,600 200 1500 1550

-6 10,000 200 1500 1565

-7A 10,000 200 1500

-41 2,750 200 1635 1700

-42 Variable 200 1300 to 1650 1700

Loops with Gas-Heated Coiled Sections

4935-6* 8,000 200 1500 1575

-7B 8,000 200 1500 1550, changed to 1700 at 617 hr
7425-71 Variable Variable Variable Variable

*Thermocouple failures made loop unsatisfactory for planned test. Loop now being operated as a life test. On

December 1, 1955, it had operated for more than 4500 hr with a temperature differential imposed.

The excessive cost of revamping the gas fur-
naces and the availability of electrically heated
test stands brought about the decision to discon-
tinue the use of gas furnaces for carrying out the
fused-salt corrosion program. These fumaces will
be utilized forsalt and liquid-metal life-test loops.

A series of forced-circulation corrosion-testing
loops with NaF-ZrF UF ,(50-46-4 mole %) flowing
in Inconel tubing is being operated with the wall
temperature of the heated section held constant at
1700°F and the maximum fluid temperature held at
1300, 1500, or 1650°F; further, the temperature
differential in the circulating fluid is maintained
constant at 200°F, In order to obtain these condi-
tions without changing the surface-to-volume ratio
of the loop, it was necessary to modify the loop
design to give greater flexibility of power input to
each of the two heater sections. Four equally
spaced heater lugs were added to the entrance
section of the heater, and one lug was added to
the exit section. By shifting the power-transformer
cable connections to alter the length (and effec-
tive resistance) of the two heater sections, the
power input to each section could be varied over a
wide range. Loop 7425-41 is the only loop that
has been operated in this series, to date,
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Liquid Metals in Multimetal Loops
C. P. Coughlen P. G, Smith

Aircraft Reactor Engineering Division

Six forced-circulation loops were operated with
sodium and noneutectic NaK. These loops were
heated electrically and had economizers in the
system. The results of metallurgical examination
of these loops are presented in Sec. 5, ‘““Corrosion
Research,” A summary of the operating conditions
is given in Table 2,2,

Test loop 7426-4 is the loop, described pre-
viously,! that was designed for obtaining accurate
information on the oxygen content of the sodium
during operation, Tests conducted with this loop
have shown that the plugging indicator does give
an indication of the contamination in the sodium,
However, the contaminant may not be sodium oxide
alone, since the saturation temperatures at the
plugging indicator stay consistently 250 to 300°F
higher than those at the cold trap. This loop has
operated at fluid temperatures up to 1500°F and
with system temperature differentials of 300°F.
Under these conditions corrosion and mass trans-
fer occur, and the contaminants may comprise

e, p. Coughlen and R. A. Dreisbach, ANP Quar.
Prog. Rep. Sept. 10, 1955, ORNL-1947, p 38.
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TABLE 2.2. SUMMARY OF OPERATING CONDITIONS FOR FORCED-CIRCULATION LOOPS THAT
CIRCULATED SODIUM OR NaK

Maximum
Loop Material of Cold Reynolds Temperature Recorded Fluid Operating Operating
No. Construction Trap Number lefeorenhcﬂ Temperature Fluid Time
(°F) (OF) (hr)
7426-2  Inconel No 59,000 300 1500 Sodium 1000
(0.05% oxide)
-3 Inconel Yes 50,000 200 1000 Sodium 1000
(as delivered)
-4* |nconel Yes 59,000 300 1500 Sodium Indefinite
(as delivered)
-5 Type 316 Yes 59,000 300 1500 Sodium 1000
stainless steel {as delivered)
7439-1 Inconel Yes 65,000 300 1500 Noneutectic NaK 1000
(as delivered)
-2 Inconel No 65,000 300 1500 Noneutectic NaK 1000

(as delivered)

*This loop includes a vacuum analyzer and a bypass loop with a plugging indicator for oxide determinations.

metal particles and metal oxides other than sodium
oxide,

PUMP DEVELOPMENT

E. R. Dytko
Pratt & Whitney Aircraft

A. G, Grindell

Aircraft Reactor Engineering Division

The small-scale NaK-circulating loop described
previously? was also operated, The design was
found to be inadequate in that the surface area of
the small-diameter, 3"6-in.-OD, 0.025-in.-wall tub-

ing was insufficient for transferring, by radiation, Bearing-and-Seal Tests

the amount of heat necessary to maintain the maxi- W. L. Snapp
mum design fluid temperature of 1500°F, and the Pratt & Whitney Aircraft
design flow of 1 gpm was not obtained. The flow W. K. Stair

rate of 0.8 gpm obtained was probably limited by

University of Tennessee
the pressure drop. A new heater has been de- Y

signed to increase heat transfer, and the flow-path
cross section has been increased by adding one
tube to give a higher flow rate, The tube bundle
in the heater section is now surrounded by a NaK
bath to increase the heat transfer from the clam-
shell heaters to the tube bundle. The pressure
drop across the heated section will be established
experimentally with water,

21bid., Fig. 2.2, p 41.

Seals of various designs are being tested and
evaluated for possible use in the ART as the
lower seal of the type MF-2 pump. The Dura-
metallic Corporation of Kalamazoo, Michigan, has
supplied, for testing, a group of so-called ‘‘Dura
seals” that consist of a Stellite-faced stainless
steel seal ring running against a gland insert of
No. 9 carbon. Without exception, leakage rates
for these seals were excessive, averaging 50 to
100 cm3/hr, with extremes being as high as 200
cm3/hr. (The specifications state that the lower
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seal is to have a leakage of oil into helium across
a pressure differential of 0 to 5 psi of not more
than 2 cm? per 24 hr.) As a secondary shaft seal,
the Dura seals employ a stainless steel U-cup, and
it was thought that the excessive leakage was
probably due to surface irregularities on the seal-
ing surfaces of this U-cup., To smooth out the
irregularities, fixtures were made that would permit
honing of the surfaces. Also, to further verify
that the high leakage occurred at the U-cup seal,
the U-cup of one Dura seal assembly was replaced
with a Buna N O-ring. It was found that both
measures had a marked effect on the seal per-
formance. The honed U-cups reduced the leakage
to 10 to 15 ecm3/hr, and the Buna N O-ring reduced
the leakage rate to 1 to 2 cm3/hr,

Tests were also conducted to check the effects
on seal performance of varying the differential
pressure across the seal, the lubrication-fluid tem-
perature, and the shaft rotational speed. The
ieakage was found to increase with increasing dif-
ferential pressure and with increasing lubrication-
fluid temperature, The relation of the leakage rate
to the shaft rotational speed is shown in Fig. 2,5,
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Since the leakage rate was linear with speed, the
possibility of induced mechanical vibration being
a contributing factor in theleckage was eliminated,
The linear relationship did indicate, however, the
possibility of a hydrodynamic wedge building up
at the seal interface and forcing the seal faces
apart, Additional tests were run which completely
verified this and, consequently, pointed out a
basic limitation of this seal in its application in
the ART.

A second type of Dura seal was also tested; it
was identical with the seal described above, ex-
cept that the Stellite face was replaced with a
ceramic (zirconium oxide) face. The tests showed
that the initial leakage rates, although much lower
than the leakage rates for the Stellite-faced seals,
were still too high, averaging 5.6 cm® per 24 hr.
However, by increasing the surface area of the
seal-gland carbon insert, the seal leakage rate
was further reduced, to below 2 ecm® per 24 hr,
which meets the specifications. This low leakage
rate has been obtained with only this one unit, and
it may or may not be reproducible, Further tests
are planned which will establish the performance
characteristics of this modified Dura seal.

In other tests, Fulton Sylphon seals with
Graphitar No., 14 noses against case-hardened
steel runners have proved to be quite successful.
Two such units were tested during this quarter.
One unit showed no leakage in over 200 hr before
being placed in a high-temperature pump test
stand. The other unit has been under continuous
testing for 1200 hr, with a nearly uniform leakage
rate of 0.75 cm3 per 24 hr.

A spring-loaded bellows seal developedat ORNL
showed no leakage in 132 hr of testing, and then a
slow leak was noted. This seal, which has a
carbon insert, includes multiple springs located
inside the bellows to provide the seating load.
The bellows acts as the secondary static seal.
The seal is designed so that increased gas pres-
sure increases the seating load. Inspection
showed that the seal interface was perfect and
that the measured leakage was seeping through
the carbon nose on the stationary member. A
higher-density carbon nose is to be installed be-
fore evaluation tests of this seal assembly are
continued,



Sodium<Pump Water Petformance Tests

M. E. L ackey
Aircraft Reactor Engineering Division

H. C. Young
Pratt & Whitney Aircraft

Full-sized models of the MN-2 impeller and the
volute for the ART sodium pump were tested with
water, The impeller was fabricated of brass and
the volute of steel. The test rig consisted of a
4-in, closed-pipe loop with a 30-hp calibrated-
drive motor, a flow-metering orifice, a throttling
valve, and the necessary manometers. A model-T
pump rotary element was used for the impeller
shaft and the bearing assembly.

The first performance test indicated that the
impeller would meet the head and flow require-
ments of the ART sodium pump at slightly lower

PERIOD ENDING DECEMBER 10, 1955

speeds than predicted Pressure measurements at
points around the periphery of the impeller indi-
cated no excessive unbalance of hydraulic forces
on the impeller, and therefore no modifications to
the volute were anticipated. The efficiency of the
pump in the first test was approximately 63%.
Maximum efficiency occurred at speeds below de-
sign speed, A series of tests was also run in
order to determine the value of inlet shroud vanes
as a method of reducing leakage flow and of in-
creasing efficiency at design point. Six perform-
ance tests and two cavitation tests have been
conducted to date; the performance-test conditions
and results are recorded in Table 2.3. The im-
peller, which had five short and five long radial
blades, remained unchanged during the tests, but
the inlet shroud, the shroud vanes, and the clear-
ances were varied. In general, the test results

TABLE 2.3. RESULTS OF WATER PERFORMANCE TESTS OF MN-2 IMPELLER AND VOLUTE
FOR ART SODIUM PUMP

Design point: 430 gpm, 90-ft head

Impeller Clearance (in.)

Approximate Pump

Test Efficiency ot
Inlet Conditions Type of Inlet Shroud : .
No. Axial Radial Design Point
(%)

1 Volute inlet plate 3]/32 in, thick; 0.050 0.050 With shroud vanes 63
opening 3.5 in. in diameter, with
3]/32-in. radius at edges; 0.109-
in. spacer between plate and
bottom of impeller

2  Same volute inlet plate as above; 0.050 0.050 0.109-in. plate covering 63+
0.109-in. spacer attached to bottom of shroud
impeller shroud

3 Same as test 1 0.050 0.050 Shroud vanes extended 61

3/32 in,

4 Same as test 1 0.039 0.050 Same as test 3 62.5

5 Volute inlet plate :“/:32 in. thick; 0.050 0.0625 Shroud shortened 0.258 64
opening 3.5 in. in diameter, with in, from previous tests;
31/32-in. radius at edge; 0.370- shroud vanes removed
in. spacer between plate and
bottom of impeller

6  Some as test 5 0.050 0.0625 Shroud length same as 63

in test 5; shroud vanes
reinstalled and extended

3/32 in.
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indicated that the shroud vanes did not increase
efficiency.

Design changes in the reactor caused the design
of the sodium impeller shroud to be shortened
0.258 in. and the radial clearance of the impeiler
to be increased from 0.050 to 0.0625 in. Tests 5
and 6 were therefore conducted to mock up the
design change. Further tests will be made to de-
termine the effect of inlet conditions on perform-
ance and cavitation,

The cavitation tests performed to date indicate
that the sodium pump will operate safely with
water at inlet pressures below the pressure planned
for the reactor sodium pump. Some difficulty was
encountered in obtaining the original cavitation
data. Air entrapped in the water came out of solu-
tion when the pump inlet pressure was reduced,
and resulted in lowered pump performance because
of what is believed to have been vapor locking.
This phenomenon obscured the true point of cavi-
tation, The water in the test rig was heated to
remove the dissolved air, and satisfactory cavi-
tation tests were conducted.

High-Temperature Tests of ART MF-2
Fuel Pump with NaK

S. M, DeCamp, Jr.

Aircraft Reactor Engineering Division

High-temperature testing of an ART MF-2 fuel
pump (Fig. 2.6) in a short-circuit loop (Fig. 2.7)
was started on August 31, 1955, with NaK (44%
K<56% Na) as the pumped fluid. After 168 hr of
operation at 1400°F the heat source (simulated
gamma-ray heating source) in the shield plug
burned out, and the loop was shut down for re-
placement of the plug. At the same time, the
mechanical condition of the pump was examined.
In the process of disassembling the pump, it was
found to be impossible to remove the impeller re-
tainer nut, The nut was binding because of warp-
age of the impeller, An increase in the clearance
between the sides of the nut and the impeller from
2 mils to 10 mils corrected this difficulty.

It was also found that because of improper in-
dexing during assembly, the pressure-breakdown
plug had been rubbing on the main impeller hub.
Approximately 15 mils had been removed from the
top of the pressure-breakdown lands on the im-
peller hub, Examination of both the pump and the
temperature data indicated that the metallic O-ring
located at the bottom of the gamma-ray shield plug
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had not completely sealed, and hot NaK vapors
had been able to get between the rotary-element
housing and the pump barrel. This caused a poor
temperature gradient in the pump barrel, as shown

in Fig. 2.80

Shortly after the second test run was started,
the heat plug again shorted; also, the temperature
gradient around the barrel was still poor (see
Fig. 2.9). The pump was again shut down and
disassembled, This time the O-ring on the shield
plug had apparently broken at the weld when it
was seated. |t was decided to replace the O-ring
and continue the tests without the heat-source
plug. The heat-source-plug tests will be resumed
later as a separate problem,

The third test run was started on September 20,
1955, and the pump was still operating on Novem-
ber 30, 1955, Figure 2,10 gives the cumulative
seal leakage, the lube oil flow rate, the lube oil
inlet temperature, and the operating NaK tempera-
ture plotted against time, The temperature gradient
along the pump barrel in test run 3 is shown in

Fig. 2.11. The operating conditions were the
following:
Speed, rpm 2700
Head, 46
Flow rate, gpm 600
Input power, kw 7
Cooling-oil flow rate, gpm 1.9
Cooling-oil inlet temperature, °F ~ 165
Average temperature rise across 1
lube oil, °F
Average temperature rise across n
cooling oil, °F
Average temperature in lower section 1100
of shield plug, °F
Average temperature of Monel section 275

of shield plug, °F

The top seal leaked 30 cm? of oil at startup, but
it did not leak thereafter, The leakage was prob-
ably oil that was used to backfill the top seal
prior to startup. Rotation of the pump shaft forced
this backfill oil out the drain line. Since the top
seal is lubricated by a mist of oil rather than by
submergence, it is probable that only a gross oil
leak would show up.
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Theoriginal test program called for simulation
of gamma-ray and neutron heating in the shield
plug by using a Calrod heater to produce about
2.5 kw of heat. However, as mentioned before,
this part of the test program has been delayed be-
cause of troubles with the plug heater, Apparently,
several problems must be solved. A satisfactory
means must be found for insulating the electrical
leads (close mechanical clearances complicate
this) for operation up to 1500°F in a helium atmos-
phere. Also, a heat source must be constructed
that can supply approximately 7 w/cm® without
reaching a temperature that will destroy the heater.

As a further complication, two reactor operating
conditions must be simulated by the shield plug.
First, to simulate reactor operation at zero power,
the lower surface of the plug must be maintained
at a minimum temperature of 1000°F in order to
prevent fuel from freezing on its lower face and
seizing the slinger impeller of the pump. Second,
to simulate reactor operation at full power, the
plug must be able to conduct away enough heat to
maintain the lower face at a temperature of 1500 to

PERIOD ENDING DECEMBER 10, 1955

1600°F so that the mechanical strength of the
Inconel can on the shield plug will not be impaired.
A second test stand, similar to that shown in
Fig. 2.7, will be in operation soon. This test loop
will circulate fuel, and a hydraulic motor rather
than an electric motor will be used to drive the
pump. Data will be taken on operation of the
hydraulic drive, as well as on pump operation.

High-Temperature Pump-Performance Test Stands

R. Curry H. Young
Pratt & Whitney Aircraft

Two high-temperature loops, described previ-
ously,? for testing MF-2 ART-type fuel pumps are
being fabricated. Cavitation, performance, shake-
down, endurance, and acceptance tests on MF-2
pump rotary assemblies will be made with NaK and
with the fuel mixture NaF-ZrF ,.UF, (50-46-4
mole %) as the circulated fluids and with fluid
temperatures of up to 1400°F,

The design layout has been completed for a
high-temperature loop for testing MN-2 ART-type
sodium pumps. Cavitation, performance, shake-
down, and acceptance tests on MN-2 pump rotary
assemblies will be made with sodium at tempera-
tures of up to 1400°F, Most features of this loop
are similar to those of the loop for testing MF-2
ART-type fuel-pump performance.

High-temperature performance-testing loops are
being designed for testing PK-2 and PK-A ART-
type NaK pumps. Cavitation, performance, shake-
down, endurance, and acceptance tests on NaK
pump rotary assemblies are to be made at NaK
temperatures of up to 1400°F,

HEAT EXCHANGER DEVELOPMENT

E. R. Dytko
Pratt & Whitney Aircraft

R. E. MacPherson
Aircraft Reactor Engineering Division

Intermediate Heat Exchanger Tests

R. D. Pedk M. H. Cooper
J. M. Cooke L. R. Enstice
Pratt & Whitney Aircraft
Designs of the two fuel-to-NaK heat exchangers

that are to be tested in stands B and C were com-
pleted. Type IHE-3, shown in Fig. 2.12, is an

3R. Curry and H. Young, ANP Quar. Prog. Rep. Sept.
10, 1955, ORNL-1947, p 44.
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all-Inconel 100-tube design, for which 0.25-in.-0OD, regenerative system of the type shown in Fig.
5.6-ft-long, 0.025-in.-wall tubing is to be used. 2.14, with two tube bundles operating in series.
Type IHE-8, shown in Fig. 2.13, which is also all Figures 2.15 and 2.16 show the range of operating

Inconel, is a 144-tube design, for which 0,1875-in.- conditions which can be expected from the two
OD, 5.6-ftslong, 0.025-in.wall tubing is to be heat exchangers, and Figs. 2.17 and 2.18 show
used. These heat exchangers will be tested in a stresses which will be encountered in the test
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Fig. 2.12. Fuel-to-NaK Heat Exchanger Type IHE-3.

L
ORNL-LR-DWG 9623

144 TUBES
01875-in. OD NaK INLET
0.025-in. WALLS ~~__ 7 FILLER BAR
~"[T0P AND BOTTOM 1‘1
‘ I
SIDE FILLER BAR-~-—_{} ! ‘M

SECTION A-A

TUBE SPACER\\
)

=y

e SPACER WIRE, 0.021 x 0,045 in. (1)

= [
-
il

R N W a—
= A - — -

" NaK HEADER GOVER MATERIAL : INCONEL ‘

I 2 0 2 _a &
” I i
k SCALE IN INCHES ,

!
NoK OUTLET l
o - — - — —e73— —— — - «4

Fig. 2.13. Fuvel-to-NaK Heat Exchanger Type IHE-8,
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. ORNL-LR-DWG 11269
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Fig. 2.14. Diagram of Intermediate Heat Exchanger Test Stand.

units throughout the operating range. The thermal
stresses (calculated by using Castigliano's theo-
rem) are imposed on the heat exchanger tubing by
the difference in temperature between the tubing
and the shell of the heat exchanger. These
stresses arerelieved by creep and are the stresses
of primary interest in a thermal-cycling program,
The pressure stresses (calculated by using simple
cantilever-beam theory) are imposed on the tubing
by the drag forces of the flowing fluid and are not
relieved by creep; rather, the tubing is steadily
deformed.

Test stand A, the first experimental assembly
operated in the present series of intermediate heat
exchanger tests, was described previously.? |t
was operated for 434 hr during this quarter in a

4R. D. Peak, M. H. Cooper, and L. R. Enstice, ANP
Quar. Prog. Rep. Sepi. 10, 1955, ORNL-1947, p 45.

series of radiator and circulating-cold-trap tests.
A chronological description of the test operations
is presented in Table 2,4, The stand was op-
erated with York radiator units No. 1 and No, 2
until unit No, 1 failed. When unit No. 1 had been
removed, operation was resumed and continved
until unit No. 2 failed. York unit No. 3 is cur-
rently being installed. Examination of unit No. 1,
which failed after 140 hr of operation, revealed
severe buckling of the side plates of the radiator
core because of differential thermal expansion be-
tween the tube matrix and the side plates. With
no air flow across the radiator core, the tempera-
tures of these plates could be 125°F below the
tube temperature, and, during periods of heat re-
moval from the radiator, a femperature difference
of 300 to 1200°F could exist. Temperature dif-
ferentials of such magnitudes would cause severe
compressive stress in the tubes at the start of air
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Fig., 2.15. Predicted Operating Performance of
Fuel-to-NaK Heat Exchanger Type IHE-3 in Test
Stand B,

flow, and, if it is assumed that the compressive
stress is relieved by creep, equally severe tensile
stress would be present when the air flow was
stopped. The results of metallurgical examination
of the unit are reported in Sec. 5, ‘“Metallurgy and
Ceramics."’

Prior to initiation of operation with York unit
No. 2, the side plates were split so that the tubes
could move freely with core temperature changes.
This unit subsequently failed during thermal-
cycling tests after 435 hr of operation. Figure
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2.19 shows the split side cover plates and the re-
sults of the NaK leak and fire. Since the location
of the leak was almost the same as the location of
the feak in York unit No. 1, that is, near the side
plate and near o horizontal stiffener plate, the
same conditions which caused York unit No. 1 to
fail undoubtedly weakened York unit No. 2. In the
case of York unit No. 2, as with ORNL uvnits
Nos. 1 and 2, a marked increase in the radiator
friction factor (~12%) occurred prior to failure.
The exact cause of this increase, which was not
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Stresses of Fuel-to-NaK Heat Exchanger Type
IHE-3 in Test Stand B.

encountered prior to the failure of York unit No. 1,
has not yet been established, _
During the shutdown for installation of York
radiator units Nos. 1 and 2, the diffusion cold trap
initially used on this stand was changed to a cir-
culating cold trap. The trap, as modified, con-
sists of a 6-in. pipe, 36 in. long, that contains
York Demister stainless steel packing in the top
30 in. The NaK flowed into the trap through an
economizer section (‘/2-in. pipe inside a 2-in. pipe,
12 in, long) mounted on top of the cold-trap body,
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Fig. 2.18. Predicted Operating Heat Loads and
Stresses of Fuel-to-NoK Heat Exchanger Type
IHE-8 in Test Stand C.

flowed through the central l/2-in. pipe fo the bottom
of the trap, flowed back up over the packing to the
economizer, and then flowed back to the system,
The trap was cooled with forced air, and heaters
were provided for local temperature control, It
was installed in series with, and downstream from,
the plug indicator. The series arrangement was
not suitable, however, because cooling of the plug
indicator caused plugging to start in the cold trap.
A parallel installation was therefore devised, and
with this installation the trap could be operated at
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w3 ABLE 2.4, SUMMARY OF OPERATION OF INTERMEDIALE HEAT EXCHANGER TEST STAND A

Operation continued from previous quarter. NaK system repaired by the installation of new York
radiator units Nos. 1 and 2, new circulating cold trap, and plug indicator; trap and indicator

piped in series. Blower operated to measure radiator air flow at 90°F. Filled system with NaK

NaK system operated isothermally at 1500°F with flow rate of 80 gpm to check operation of cold

Plug indicator gave erroneous measurements of sodium oxide because of interaction of

Radiator tests with the NaK system operated at various flow rates and temperatures between

Radiator tests with the NaK system operated at various flow rates and temperatures; blower at
Tests terminated because of a leak in York
This radiator was cut out for examination, and the air duct was changed to
The circulating cold trap was modified with a

throttling valve so that the plug indicator and the cold trap operated in parallel NaK streams.

NaK system operated isothermally at 1300°F with flow rate of 40 gpm to check operation of cold

Radiator tests with the NaK system operated at various flow rates and temperatures; blower at

Cold trap operated intermittently to

Hours of
Operation Remarks
690

(56% Na-44% K) at room temperature.
690 to 720

trap.

cold teap in series with it,
720 to 748

1000 and 1650°F; blower run at various air flow rates. Eleven measurements taken,
748 to 823 NaK system operated isothermally at 1300°F with flow rate of 80 gpm.
823 to 830

various air flow rates, Three measurements taken.

radiater unit No, 1,

fit the remaining York radiator unit No. 2,

Blower operated to measure radiator air flow with NaK system at 90°F.
830 to 909

trap. Sodium oxide plugging temperature reduced from 1000 to 750°F.
909 to 999

various air flow rates. Twenty-five measurements taken.

control the oxide content.
999 to 1017

1017 to 1712

1112 to 1124

NaK system operated isothermally at 1200°F with a flow rate of 40 gpm. Cold trap operated to
reduce the oxide plugging temperature from 920 to 800°F. NaK system shut down to calibrate

the electromagnetic flowmeter on the main NaK system.

NoK system operated isothermally at 1400°F with a flow rate of 40 gpm. Cold trap operated in
an attempt to reduce oxide content; plugging temperatures varied erratically between 1010 and

720°F.

Radiator thermally cycled according to the following schedule: high power for 4 hr; NaK into
radiator at 1500°F, out at 1140°F; flow, 42 gpm; air in ot 90°F, out at 1100°F; low power for
2 hr; NaK circulated isothermally at 1425°F; flow, 42 gpm; no air flow. York radiator unit No. 2
failed on the start of the third cycle to high power. The radiator was cut out for examination by
the Metallurgy Division, and the cold trap was cut out for examination by the Materials Chemis-
try Division. A new circulating cold trap, a new screen filter, a duplicate plug indicator, and

York radiator unit No. 3 are being placed in the NaK system.

0.3-gpm NaK flow with a minimum temperature of
350°F. At the end of the test when the cold trap
was cut open for examination by the Materials
Chemistry Division, it was found that the trap had
not effectively removed oxides. The equivalent of
75 g of O, was found, which corresponds to the

Stbid,, p 49.
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removal of 260 ppm of O, from the 80 gal of NaK
used in the system during operation of the cold
trap.

The NaK samples taken during this quarter indi-
cate that the cleaning done to remove the fuel
constituents which leaked into the NaK system
at the time of failure of IHE No. 2, described pre-
viously,® was not complete. Fuel constituents



UNCLASSIFIED
PHOTO 24962

Fig. 2.19. York NaK-to-Air Unit No. 2 from Inter-
mediate Heat Exchanger Test Stand A after NaK
Leak and Fire.

continue to showup in miscellaneous NaK samples,
as illustrated below:

Zirconium
Uranium

Content

Content
(wt %)

0.007 g
1.4 wt % 1.9

Drain from circulating cold trap
Leak from York radiator unit No. 1

Leak from York radiator unit No. 2 1.9 wt %
Since the sump, plug indicator, and cold trap were
opened and cleaned manually before reinstallation
on the chemically cleaned system, it is certain
that the fuel constituents were held up in portions
of the pump and furnace which were not adequately
reached by the cleaning solutions.

The analyses of the NaK drained from the circu-
lating cold trap and of the water used to wash the
trap are also of interest:

PERIOD ENDING DECEMBER 10, 1955

Amount in NaK Amount in Water

(ppm) (9)
Nicke! 10 10
Chromium 30 27
tron 89 1.5

These results substantiate other evidence that
chromium is preferentially leached from the Inconel
in the systems and is carried to the cold regions
of the loop in the NaK stream.

Test stand B, described previously,® has com-
pleted a total of 676 hr of operation, including
247 hr of bifluid operation in a series of radiator,
heat exchanger, and circulating-cold-trap tests. A
chronological description of the tests conducted
and the difficulties encountered is given in Table
2.5. The system is now in steady-state operation
with a temperature differential imposed.

As stated in Table 2.5, considerable trouble was
experienced with operation of the cold trap and
the plug indicator. On stand B, these components
are operated in parallel, with the radiator pressure
drop as the driving force. The NaK that enters
the cold trap is cooled by a forced-air precooler.
It is convection-cooled as it passes through the
trap, and then it is reheated at the exit end before
being discharged through a throttling valve and an
electromagnetic flowmeter and being returned to
the system. The plug indicator is identical to
that on stand A,

Most of the trouble associated with operating the
plug indicator and the cold trap has been due to
plugging of the small-diameter, Zé-in. tubing on
the discharge sides. This tubing was utilized in
order to magnify the electromagnetic flowmeter
signal. A cold trap of the type being installed in
stand A will be installed in this loop, and the
small-diameter tubing in both the cold-trap and
plug-indicator circuits will be removed and re-
placed with larger tubing.

As stated in Table 2.5, the 2-in. IPS sched-40
pipe adjacent to the electromagnetic flowmeter on
the main NaK circuit developed a leak after 374 hr
of operation. The resulting fire destroyed the
aluminum pieces and fused the pipe surface so
that the exact cause could not be determined.
Examination of the pipe after it was cut out
showed no defects detectable by x ray or Dy-Chek.
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TABLE 2.5. SUMMARY OF OPERATION OF INTERMEDIATE HEAT EXCHANGER TEST STAND B

Hours of
Operation Remarks
0 Stand assembled with Pratt & Whitney Aircraft radiator units Nos. 1 and 2 ond with ORNL heat
exchangers (type IHE-3) Nos. 1 and 2. Filled system with NaK (56% Na-44% K) at room temper-
ature. Operated blower to measure radiator air flow at 90°F.
0Oto9 Heated NaK system to 1200°F with flow of 80 gpm. All NaK drained into sump when remotely
operated dump valve failed to close when draining some NaK to adjust level in pump. Added
manually operated handle to dump valve,
9 to 88 NaK system operated isothermally at 1400°F with fiow of 80 gpm to check operation of circu-
lating cold trap. Sodium oxide plugging temperature reduced from 940 to 660°F.

88 to 139 Radiator tests with the NaK system operated at various flow rates and at temperatures between
1000 and 1550°F; blower at various air flow rates. Cold trap valved out. Plug indicator plugged
up and then unplugged when outside resistance heat was odded, The NaK-system friction
factor* gradually increased 25% during tests.

139 to 173 NaK system operated isothermally at 1400°F with flow of 80 gpm with cold trap on to reduce
oxide content. Faulty operation of the trop washed oxide back into the system initially; how-
ever, the trap reduced the plugging temperature from 850 to 730°F. The NaK-system friction
factor was reduced by 13%.

173 to 175 Furnace test with the NaK system operated at flow rate of 140 gpm, a temperature of 1350°F
into the furnace and a temperature of 1500°F out. The Struthers Wells furnace burned 8100 scfh
of natural gas with a thermal efficiency of 48%, Heat transfer to the NaK was 3,69 x 10% Bru/hr
(1.68 Mw). Cold trap valved out.

175 to 350 The NaK system operated isothermally at 1400°F with a flow rate of 80 gpm. Cold trap in

operation; plug indicator plugged, unplugged, and finally plugged solid.

204 to 206 Fuel system filled for cleaning with Nc:F-ZrF“-UF4 (50-46-4 mole %) and operated isothermally
at 1400°F for 2 hr at a fuel flow rate of 30 gpm; fuel then dumped. System filled with new fuel,
NaF-ZrFA-UF4 (50-46-4 mole %). Bifluid isothermal operation at 1400°F with NaK flow of
80 gpm and fuel flow of 30 gpm. Tes* stopped because of leak in 2-in. NaK pipe adjacent to
the electromagnetic flowmeter. Replaced NaK pipe and the plugged tubing downstream ftom the

plug indicator,

374 to 388 Heated NaK system to 1200°F with flow of 80 gpm. NaK drained into sump while repairing NaK
dump valve. Found helium line to NaK pump plugged with sodium oxide.

388 to 453 NaK system operated isothermally at 1400°F with a flow rate of 80 gpm to check cold-trap
operation, Electromagnetic flowmeter on plug indicator failed. No change in NaK-system
friction factor.

453 to 604 Heat exchanger tests in bifluid operation at various temperatures between 1000 and 1500°F;
NaK, fuel, and blower air flow rates varied. Radiator data also taken. The circulating cold

trap plugged. NaK-system friction factor increased 35%. Thirteen heat transfer measurements

taken.

604 to 628 Bifluid isothermal operation at 1300°F; NaK flow rate, 145 gpm; fuel flow rate, 30 gpm. Attempted
to unplug cold trap by using resistance heating on tubing. NaK-system friction factor did not
change.

628 to 676 Bifluid operation with a temperature differential across system; NaK flow rate, 145 gpm; high

NaK temperature, 1600°F; low NaK temperature, 1100°F; fuel flow rate, 42 gpm; high fuel
temperature, 1435°F; low fuel temperature, 1250°F. NaK-system friction factor increased an

additional 8%. Operation continuing.

*The friction factor was taken to be the ratio of the NaK-system pressure drop to the square of the NaK flow rate.
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Test stand C is being fabricated and is 25%
complete., Radiator units supplied by the Cam-
bridge Comp. and heat exchangers being built by
Black, Sivalls & Bryson, Inc., will be tested first.

Small Heat Exchanger Tests
J. C. Amos

Aircraft Reactor Engineering Division

L. H. Devlin J. G, Turner
Pratt & Whitney Aircraft

Small heat exchanger test stand B, shown in
Fig. 2.20, was placed in operation on November 3,
1955, The test units installed in this stand are a
20-tube fuel-to-NaK heat exchanger and a 500-kw
NaK-to-air radiator (ORNL No. 3), both built by
the Metallurgy Division of ORNL. The heat ex-
changer tubes, 0.25 in. in outside diameter and
0.025 in, in wall thickness, are amranged in a
4 by 5 matrix with 0.282-in, center-to-center
spacing.

The test stand includes a circulating cold trap,
described previously® and shown in Fig. 2.21, for
removing oxides from the NaK, The NaK circu-
lating in the cold trap is cooled by an economizer
located in the inlet line to the cold trap and by
air circulated in the cold-trap cooling coil. With
this arrangement, it has been possible to operate
at cold-trap temperatures below 150°F, with sys-
tem temperatures as high as 13500°F. Relative
oxide concentration in the system is determined
by an air-cooled plugging indicator, also shown in
Fig. 2.21. Much of the initial operation of this
test system has been devoted to obtaining data on
cold-trap operation. A preliminary analysis of the
data indicates that cold-trap performance is re-
producible and that the oxide concentration of the
NaK can be repeatedly reduced.

Small heat exchanger test stand C is approxi-
mately 65% complete. This stand is identical
with stand B, with minor exceptions. The heat
exchanger is identical with the one in stand B and
was also built by the Metallurgy Division of
ORNL, but the 500w NaK-to-air radiator is York
unit No. 5. :

The design of a 25-tube heat exchanger, with
0.1875-in.-0D, 0.025-in.-wall tubing and 0.2175-in,
center-to-center spacing, that is to operate at
ART temperature and flow conditions was com-

6F. A. Anderson and J. J. Milich, ANP Quar, Prog.
Rep. Sept. 10, 1955, ORNL.-1947, p 54.
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pleted. This unit is shown in Fig. 2.22, Negotia-
tions are in progress to obtain four of these units
from outside vendors. Present plans call for
testing these four heat exchangers, two additignal
20-tube heat exchangers, and six additional 500kw
radiators, in small heat exchanger test stand§ 3

and C, $
Heat-Transfer and Pressure-Drop Correlations
R. D. Peak
Pratt & Whithey Aircraft
J. C. Amos

Aircraft Reactor Engineering Division

The test data on radiator and heat exchanger
heat transfer and pressure drop obtained with the
intermediate and small heat exchanger test stands
have been correlated. The parameters of the vari-
ous radiators tested are presented in Table 2.6,
and those of the several heat exchangers in
Table 2.7.

The air pressure-drop cortrelation for the radia-
tors is shown in Fig. 2.23, where the pressure
drop per tube row (in inches of water), corrected
from the air film temperature to 60°F, is plotted
against the ratio of air flow rate to the free-flow
area. The points for ORNL-1,-2, PWA-1,-2, and
York-1,-2 are averages for the two radiator units,
since the two radiators were usually operated
simultaneously, The air heat-transfer correlation
for these radiators is shown in Fig. 2.24, where
the air Nusselt number at the film temperature is
plotted against the air Reynolds number at the
film tem<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>