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FOREWORD

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

The ANP Project is comprised of about 510 technical and scientific personnel engaged in
many phases of research directed toward the achievement of auclear 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 circulcﬁng-fuel type of reactor.

The design, construcfion; and operation of the Aircraft Reuctér Test (ART), with the coopera-
tion of the Pratt & Whitney Aircraft Division, are the specific objectives of the project. The
ART is to be o power plant system that will include a 60-Mw circulating-fuel reflector-moderated
reactor and adequa;re 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

" opetation, of a high-power, circulating-fuel, reflector-moderated aircraft reactor system.
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ANP PROJECT QUARTERLY PROGRESS REPORT

SUMMARY

'PART I REACTOR THEORY, COMPONENT
DEVELOPMENT, AND CONSTRUCTION
1. Reflector-Moderufed Reactor o

A con'rrqcf was awcrded on Augusi 19, ]955 to ’rhe
V. L. Nichol son Compuny, Knoxville, Tennessee,
the low bidder for package 1 of the Aircraft Reactor

Test (ART) fac1hfy. Their low bid of $765,835

included $264,373 for the reactor cell, with the
Chicago Bridge & Iron Co. engaged to serve as

‘the subcontracfor to design, fabricate, and erect

the cell, Package 1 includes, in addition to the
cell, the major modifications of Building 7503.
Recent experiments at the Tower Shielding
Facility (TSF) emphasized the need for shielding
data from the ART, and therefore a layout has been
completed to provide for the measurement of the
gamma-ray spectrum of the ART as a function of
the angle of emission from the reactor shield

“surface,

_ Layout drawings have been completed for the
principal features of the ART reactor—pump—heat
exchanger—pressure shell assembly, and the de-
tails are considered to be sufficiently firm for

procurement to be started. Fabrication of the

shells, such as the ‘pressure shell, reflector
shell, etc., will be particularly flme-consumlng

" because of die problems, and therefore procuremenf
'work began with the shells.
A one-half-scale ploshc model of fhe pump andr .

expansion tank region at the top of fhe reactor
been completed to facilitate examination of fabr

cation, stress, and ﬂmd-flow problems, and workn

mumA model De-
von established

Unit (ETU

sign for the fuel-to-NaK heat “exchanger has been_t
selecfed Design calculcmons and layout drawings

charge tangentially into the core to give a system
that is insensitive to the one-pump-out condition,
Tests performed to date were planned fo assist in
the systematic development of an inlet-guide-vane
and turbulence-generator design that will produce
radial velocities of sufficient magnitude to keep
the boundary-layer fluid mixed with the free stream,
High-speed photographs of dye injections and con-
ductivity measurements of salt injections are being
used to examine radial flow, circumferential dis-
tribution, and transients, Core designs with lower
degrees of divergence than that of the present
21-in, design are being studied to determine the
effect of inlet annulus dimensions on the adverse
pressure gradients encountered by the fuel in
flowing from the core inlet to the equator.

Performance tests of the fuel pump with water as
the circulated fluid were completed. The noise
present in the initial testing was found to result
from a local flow condition that existed at the
tongue of the pump volute. A modification of the
volute design has eliminated the noise, and other
impeller modifications have brought about a con-
dition in which the hydraulic force balance on the
impeller occurs near design speed and flow. The
tests have demonstrated that the design point lies
in the region of maximum efficiency.

A flow sheet has been prepared that shows,
schematically, the locations of the principal
instrumentation and contro| components of the

;/'ART “and confrol panel layouf sfudles are being
Av,‘made. Excepf for special sensmg equipment, it
oppears fhat no developmenf ‘work will be requrred

A consfrucflon program for the Engmeermg Test
) has been esfcbl“lshed with a target
for initial opercmon of Sepfember 1, 1956.
e objectives of the ETU are to develop fechmques

b

i_lfor use in_ ssembly» of the’ ART to furm‘sh some

" orie '§.'y'sfem”'i;hweﬂ ‘vortex axes parallel the island, ‘and

in the other they spiral helically downward around

it. In both systems the two fuel pump volutes dis-

“Calculations
be expected in the ART ‘were comple’red and the
relative merits of various materials were studied.
For example, for a 1/4-in. annular control rod of

T
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: B‘IOC ina cdppér matrix (30 vol % B,O), the burnup

penetration would be one-sixth as great as that in
a_europium oxide cermet, but the heat produced
would be one-third greater. The boron layer be-
. tween the reﬂecfor and the fuel-to-NaK heat ex-

changer was examined with respect to heat genera-

‘hon,‘ flux attenuation, helium gas evolution, and
burnup.  Also, the differences between the ART
and the high-temperature critical experiment were
: fevolum‘ed lf is estimated that the critical con-
" céntration of fhe ART w:ll be between 4.6 and 5.4
J"kmole % UF

A new mulhgroup, mul’nreglon reactor calculation

“is being programed for the Oracle. The code will
compute fluxes as a function of one space variable
in slab, cylindrical, or spherical geometry, and it
Will dllvow:'|25\gr'o'dp‘s“ dnd 125 regions.

Expenmentul Reucfor Engineering

The flrsf loop For C|rcu|at|ng fluoride fuel in
hole HB-3 of the MTR was shipped to NRTS on
June 20. It successfully passed the preoperational
checks, and startup of the loop proceeded satis-
factorily to the final step, that is, melting of the
freeze line and filling of the loop with the fuel
mixture. The heater for the freeze line was found
to be inoperable, and therefore the experiment was
terminated, The loop has been returned to ORNL
and disassembled. The modifications required to
overcome the difficulties encountered have been
incorporated in a second loop that is nearly ready
for shipment to NRTS, A third loop is also being
fabricated, The auxiliary facilities required at the
MTR for operation of the in-pile loop were com-
pleted, including a loop retractor mechanism for
adjustment of the loop nose position during reactor
operation,

Twenty-two fused-salt—Inconel forced-circulation
loops were operated in the test program for studying

‘corrosion and mass-transfer in high-temperature-

differential, hlgh velocity systems under conditions
that simulate reactor flow rates and temperatures.
Nine similar loops were operated with sodium in
lnconel orin stamless s'reel tubmg.

A new test loop has been de5|gned with which

it will be possnble to obtain accurate information

Loooon fhe oxygen content of sodium or NaK during
S opercmon of the loop. The main loop of the system

is to include a bypass cold trap and a sampling

L

and analyzing device, and an auxiliary plugging-
indicator loop will be attached to the main loop.
Also, a loop has been designed, in which NaK will
be circulated, that has the same ratio of surface
area to volume as that of the primary NcK cnrcunfs

of the ART.

The design layouts for two loops for high-
temperature tests of full-scale models of the ART
fuel and sodium pumps were completed, and fabri-
cation and assembly were started. The first group
of bearing-and-seal and mechanical tests on the
rotary elements of the pumps was completed. In

‘general, the test results indicate that the bearing-

and-seal designs for the upper and lower units can
be made to function satisfactorily. One short-
circuit pump-test stand was completed and shake-
down tests with water were started.

Intermediate heat exchanger test stand A was

operated for 690 hr in a series of furnace and

diffusion cold-trap tests of the NaK circuit and a
2-hr cleaning cycle of the fluoride-fuel circuit.
The gas-fired furnace for heating the NaK proved
to be copable of transferring 1.13 Mev of heat to
the NaK after minor modifications, including in-
stallation of a larger burner, had been made.
After the fuel mixture had been circulated and
dumped, a leak occurred in one tube bundle of the
heat exchanger, and subsequently one of the
NaK-to-air radiators developed a leak. The leak
in the heat exchanger was found to be a radial
crack on the inside of a tube bend, It was dlso
found that severe distortion had occurred as a
result of the thermal cycling created by operating
the heat exchanger with NaK in the tubes but with-
out fuel around the tubes. The temperature dif-
ferences thus created ranged from 200 to 1000°F,
The failure of the radiator is also thought to be the
result of extreme thermal cycling, but the analyses
of the difficulties have not yet been completed,

‘Additional test assemblies are being fabricated.

The first series of tests were completed on a
small (20-tube bundle) heat exchanger that was
operated nearly continuously for 1560 hr. Heat
transfer, pressure drop, and corrosion and mass-
transfer data were obtained. No appreciable

amount of mass fransfer could be detected by

visual inspection, and metallurgical examination
is under way., The oxide content of the NaK was
found to be high, and therefore cold frcps ure to be
installed in subsequent test loops.

&
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'cenhmefer of fuel region, and a

’ ;sysfem

A one-fourth-scale model of the lower half of the
21-in. reactor core shell was fobrncated for thermal-

‘stability tests, and a design was completed of an

Inconel strain-cycling rig. A third thermal-cycling
test of a sodnum-befy”iumJnconel system was
sfcrted A systemanc study was made of devices

for the measurement of oxides in circulating

sodium or NaK and the removal of the oxides
during opercmon. Designs of cold traps and plug

’ mdlcators were prepared

3 Crmcal Expenmenfs

The fuel concentrchon in the room-fempercfure

' crmcal assembly of the reflector-moderated circu-

latmg-fuel reactor was decreased from 0.416 (3%
excess reactivity) to 0.345 g of y23s per cubic
‘‘clean’’ critical
mass of 19.9 kg of U23% was obtained. Two
structural changes in the assembly were also
studied. |n one of the modlflcahc)ns, the average

'W|dth of one of the end ducts was |ncreased from

]29 to 2 0 m., which increased its volume al-

'mos’r 2.5 times, The corresponding critical mass

was abou'r 24 kg of U235, In the other alteration,

~ the radius af the center of the berylllum island

was increased from 5.18 to 7 19 in. The critical
mass of fhls ussembly was ]8 4 kg of U235

~ Another crmcul cssembly of this reactor is bemgk

perated at femperafures between 1200 and 1350°F.
The minimum critical concentrahcm has been de-

'rermmed as 6.29 wt % @. 96 mole %) uronlum “ind

mixture of sodium, zirconium, and enriched uranium

_fluondes. The over-all temperature coefﬁc:enf of

fedctivity is =2 x 1073 (Ak/k)/oF and the <
rod has a value of ] 7% A/e/k over the 4

meltmg pomfs'
high vapor pressures of ZrF . In the NaF-LiF-UF,
system it was found that mixtures in the regions

anied by exceedlngly
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of low melting point contained too much UF, for
use with circulating-fuel reactors,

Preliminary studies were made of the NaF-RbF-
ZrF ,-UF, system to determine whether it could
provide a low-viscosity fuel, Previous work on the
RbF-ZrF, system had demonstrated the need for a
fourth component in order to obtdin a low-melting
fuel with 20 to 40 mole % ZrF .. All the work was
carried out with RbF which contained dabout 20
mole % KF as an impurity. The KF caused un-
expected results in the phase diagram work, which
has therefore been postponed until better RbF can
be procured. Viscosity measurements in the sys-
tem RbF- ZrF4 UF, (48-48-4 mole %) below 600°C
were hindered by particulate matter, but the
measurements made above 600°C gave viscosity
values which were somewhat lower than those in
the NaF-ZrF -UF, system. In order to obtain
further msxght into ’rhe mixtures containing rubidium,
studies were made in the KF- -ZrF, and NaF-KF-
ZiF, systems. The latter system proved fo be
much more complex than either the NaF-ZrF ,-UF
or NaF-LiF-UF, systems, which show no 'rernqry
compounds. The NaF-KF-ZrF, system was shown
to have at least five ternary compounds.

In the system NaF-LiF-BeF, it was found that
acceptably low melting points can be obtained with
low LiF concentration by moving into the ternary
system along the drainage path leading from the
NaF-Na,BeF , eutectic toward the LiF-Na,BeF
eutectic. In order to obtain-a melt with a kinematic
viscosity as low as that of the ARE-type fuel, it
was established that the BeF, content cannot be
greater than 30 mole % to assure complexing of
BeF as BeF,™ The LiF content will probably
have to _be. less than 10 mole %. The melting
point of NaF LIF BeF (63 5-7.5-29 mole %) was
» cnd a defermmcmon of its
sity “will be made in ‘the near. future.

tration of uranium (|n g/cm3) at 800°C is about
the same as the concentration of NaF-ZrF ~UF

(50-46-4 mole %).

The‘

s gy

TN T




Y

ik

ANP PROJECT PROGRESS REPORT

- Liquidus temperatures were determined for mix-
: ';iures of NaF- BeF (70-30 mole %) with about 2.5
~‘mole % UF4 because of the reported low viscosity

.of the NaF-BeF, mixture. The liquidus tempera-
““tures were in ’rhe _region of 560°C, which is un-

“‘satisfactorily high. A more complete investigation
-.of melting points in the NaF-KF- BeF, system

confnrmed prev:ous observa'rlons of hlgh hqundus

tempercn‘ures.
Andlyses were carried out on mixtures of UF3 -U

p}and UF -U dissolved in LlF-BeF and NaF-BeF

i ;l~:.‘,me|1’s qnd filtered in either copper or nickel equ:p-
“ment.  The resulfs showed that the solublhty and
- ‘stoblllfy of UF in these melts were not solely a
o func'rlon of the form of the uranium addition and

the confcmer metal, The resulfs were erratic, and
further expenmen'ro’non is necessary to defermme
the controllmg factors.

By means of an equilibration technique pre-

“.viously described, a more precise value for the
‘equilibrium constant of the reaction FeF2 +

H,=—=Fe® + 2HF in NaZrF was found to be K,
= 5.2 at a concentration of FeF, corresponding to
6490 ppm of iron. A study was made of the re-
duction of UF, in NaF-LiF-UF, (22-55-23 mole %)
by Ct° and Fe® at 600 and 800°C. The equilibrium

210,
Iy
4(@) || NaF-ZrF, (@)

M MFNS“H), NuF(a]), ZrF

i

chromium concentrations were found fo be lower
than those of fuels with greater concentrations of
ZrF,. The equilibrium iron value remained about
the same as that of fuels made with NaF- ZrF,
mixtures and the NaF-LiF-KF eutectic, but lts
temperature coefficient was reversed to give
slightly higher values at 800°C than at 600°C,
Data were obtained on the stability of iron fluorides
and chromium fluorides in various fused materials.

Reduchons of UF4 with excess uranium were
carried out in several melts. In the NaF-LiF
eutectic the UF3 was more stable in copper than
in nickel equipment, In the NaF-KF-LiF eu-
tectic the stability of UF; was ‘independent of
the container, and, with copper containers, a
uranium- copper alloy was found. This alloying
with copper did not occur with either NaF-LiF

~eutectic or BeF, melts.
. A study of the reaction of metallic uranium with
o s€ veral fused mcferluls at elevated temperatures

disclosed reduchon and volahhzahon of clkah'

metals. Equilibrium studies on mixtures of
potassium metal and NaF gave results that led to
an equilibrium constant at 800°C of

oo K, = (Na/K)XKF/NaF) = 0.2 .

Workable methods have been devised for re-
processing fuel used in component testing at
ORNL and Pratt & Whitney. It is expected that
2000 to 3000 Ib will soon be available each month
for reprocessing and re-use. Since a satisfactory
commercial source of ZrF, has not yet been found,
a unit is bemg fabricated which is capable of pro-
ducing 1000 Ib of ZrF, per week by direct low-
temperature hydrofluorination of ZrCli .

A shortage of ZrF, reduced operation of the
large-scale (250-1b batch) fluoride-processing facil -
ity to one-half the normal capacity during this
quarter, A total of 6960 Ib of purified fluoride
compositions was produced, including the fuel
carrier for the ART high-temperature critical ex-
periment, Pilot-scale equipment was used to pro-
duce 53 batches of purified fluorides, Enriched
fuels were prepared for the high-temperature
critical and in-pile loop experiments,

Examinations have been made of cells of the
ype , > S

1 1
NaF ZrF4(a;), M F2(sufd) MY,

where M and M! are Cr°, Fe®, and Ni®, These
cells appear to be reversible and are reproducible.
Interpretation of the data is complicated by the
solid fluorides in equilibrium with the melt not
being simple metal fluorides and their compositions
being dependent on the amount of fluoride present
in excess of the saturation value. Reproducible
emf’s have also been obtained in the case where

M and M1 are Cr° and where the CrF2 content is

less than the saturation value at one of the elec-
trodes. In the cell Cr|NaF, ZrF,, CrF,|Inconel,
with no barrier between the Inconel and chromium,
the potential eventually dropped to zero because

of the Inconel being converted effectively to a

chromium electrode. The mechanism for transport
of chromium might include disproportionation of

CrF, to CrF; and Cr° at each electrode, with the

solution being carried from one electrode to the
other by means of convection currents,
Optical properfles and x-ray patferns were de-
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termined for several newly encountered compounds
in the fluoride systems. High-temperature x-ray
diffraction was used to study the polymorphs of
Li,ZrF,.

Progress is reported in the efforts to obtain
high-temperature x-ray and neutron-diffraction data
on fused materials to serve as an aid in determining
the molecular structure of the melts. A summary is
presented of the work on the electrical conductance,
density, and freezing-point depression measure-
ments with various alkali and heavy metal halides.
Self-diffusion coefficients are reported for sodium
and nitrate ion in fused sodium nitrate,

5. Corrosion Research

Examinations were made of several Inconel
forced-circulation loops operated with NaF-ZrF ,-
UF, (50-46-4 mole %) as the circulated fluid for
various times under otherwise identical conditions.
These loops, which were direct-resistance heated,
had o temperature differential of 200°F, a Reynolds
number of 10,000, a maximum fluid temperature of
1500°F, and a maximum wall temperature of 1600
to 1625°F. A curve obtained by plotting depth of
attack vs operating time exhibited the two-stage
type of attack found previously in thermal-convection
loops; that is, the initial rapid attack that occurred
while chemical equilibrium was being established
and the impurities were reacting was followed by
the slower mass-transfer type of attack, An at-
tack rate of 3 to 4 mils per 1000 hr was found for
the second stage of attack. In two similar loops
operated under the same conditions, except that
ohe was heated in a gas furnace and the other was
heated by electrical resistance of the tubing, the
depth of attack was not found to be affected by the
heating method. Another similar loop with a maxi-
mum wall temperature apprdximo’i‘ely‘ 100°F higher

than the usual 1600 to 1625°F showed heavy sub-

surface-void attack to a depth of 18 mils. Thus

additional evidence was obtained that the wall_'_
temperature is a more critical’ varmble fhan |s fher/

fluoride mixture temperature.

Additional data have been accumulated on mass
‘ rculd_on sys-
tems, No correlcmon between femp'éroturé"' dif-
' found, but in-" T
t of the “sodium did

transfer in sodlum-lnconel “forced-

ferenfiol and m
creasmg ‘the 6x1de cont
increase the mass transfer. In an all-stainless-
steel loop in which sodium was circulated, there
was o mass-transferred layer that was 0,8 mil
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thick, in contrast to a 9-mil-thick layer found in an
Inconel loop with a stainless steel cold leg.

In an effort to ascertain the cause of the erratic
results being obtained with Inconel thermal-
convection loops, several loops were cleaned by
different methods and then operated with NaF-
ZtF -UF, as the circulated fluid. No effects
attributable to the cleaning method could be
found. In other tests, heat was applied by direct
electrical resistance of the wall rather than by the
usual “‘clamshell” eleciric heaters. The results
confirmed a previous conclusion that the depth of
attack was not affected by the method of heating.
Since the forced-circulation loops had indicated
that the maximum loop wall temperature was a
significant variable, thermocouples were installed
on the hot legs of two standard Inconel thermal-
convection loops to study this effect. Preliminary
results indicate that the wall temperatures may
have been as much as 1670°F, in contrast to wall
temperatures of about 1600°F in the forced-circu-
lation loops. The higher temperature difference
between the wall and the fluid may account for the
attack in the thermal-convection loops being deeper
than in the forced-circulation loops.

A series of thermal-convection loops have also
been operated with small applied potentials, The
loop which circulated NaF-ZrF ,-UF , for 2000 hr
with a positive charge applied to the hot leg showed
only about one-half the depth of attack found in
the loop operated with a negative charge applied
fo the hot leg, With a negative hot leg the attack
was about the same as that with no applied po-
tential. Inconel thermal-convection loops operated
with sodium gave results which confirmed those
obtained with forced-circulation loops.

Hot-pressed  metal-bonded tungsten carbide
cermets were tested in NaF-ZrF -UF, and in

sodiym in seesaw apparatus; no measurable attack

was found on any specimens, Similar additional
tests were made of the Kentanium cermets. The

) ibesf of the Kentcmlum cermets are being fabricated
into valve disks and seats for self-bonding tests
’ under service conditions.

Ruthenium was plated onto Inconel for tests of

“creep-rupfure properfles of fhe plated spemmen.

rate and a decrecse in rupture llfe, m comparlson

‘with standard Tnconel. Additional screening tests

were made of Inconel T-joints brazed with various
dloys and exposed to fluoride mixtures and to

PR
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sodium, and several brazing alloys on Inconel and
- on stainless steel were tested in static lithium.
Al VfH‘é'Brd‘zin‘g\alvloy\s tested showed poor corrosion
" resistance to lithium.

A static test of a Hastelloy B specimen in an
Inconel capsule containing a fluoride mixture
showed the Hastelloy B to be unattacked, but the
Inconel was attacked to a depth of 8 mils, in con-
trast fo a normal attack to a depth of 2 mils in a
static lnconel capsule without the Hastelloy B
specimen,

Experiments are under way with a boiling-sodium—
Inconel system so that the effect of oxide-free
sodium on mass transfer can be studied. In pre-
liminary experiments no mass transfer could be
detected.

Seesaw corrosion tests have been made on
Inconel capsules loaded with sodium-potassium-
lithium mixtures in which the lithium content was
varied from 2 to 30 wt %. The heaviest attack was
found in the hot section of each tube, and it varied
from 0.5 mil in the presence of 10% lithium to 2 to
3 mils in the presence of 5% lithium. Molybdenum,
vanadium, and niobium were tested in static
lithium at 1500°F, Molybdenum was unattacked,
niobium was only slightly attacked, and vanadium
showed grain-boundary penetration by an uniden-
tified phase fo a depth of 2 mils.

Measurements of the oxidation rate of metallic
sodium at 25 and 48°C were extended to periods of
2 x 10* min. The data obtained do not fit any of
the postulated oxidation-rate theories, although
highly protective oxide films were formed.
Measurements of the oxidation rate of metallic
columbium confirmed the previously reported change
in rate law with time. Tentative conclusions have
been drawn ‘concerning the origin of the change.

|mprovemenfs in technique have been made for
‘'studying fused sodium hydroxide by spectrophoto-

_mefric_techniques, Measurements of corrosion in
fused sodlum hydroxide have shown that water
vapor is an important inhibitor and that the pres-
ence or absence of a closed electrical circuit be-
tween the hot and cold parts of the corroding
system has a significant effect on mass transfer.

Measurements of the self-dissociation of sodium
hydrox;de have been made for the first time in the
absence of S|de reactions. Both the expected
decomposition into water and sodium oxide and
the postulated decomposition to produce hydrogen
have been confirmed.

A series of studies of the four-component fuzl
NaF-LiF- ZrF4 -UF , (22-37.5-35.2-5mole %) exposed
for 100 hr in sealed capsules of Inconel in the
standard rocking furnace have indicated that this
mixture may be less corrosive than others being
considered, A series of mixtures of the NaF-KF-
LiF eutectic with UF; and UF, added were also
tested in Inconel in the rocking-furnace apparatus.
The data indicate that UF; is quite unstable under
these conditions, regardless of the original UF,-
to-UF, ratio. It also appears that considerable
disproportionation of UF, must be expected in this
sy stem.

In experiments for determining the effect of
chromium on the mass transfer of nickel in NaOH,
it was not obvious that the chromium was particu-
larly beneficial. However, it was shown that some
mechanism for preventing the loss of hydrogen
from the system —~ perhaps cladding the nickel
with some metal impervious to hydrogen - might
be quite bereficial.

6. Metallurgy and Ceramics

Mechanical property investigations of Inconel
have continued with stress-rupture tests of 3/4-in.
tubing in argon and in fused sdlts at 1300, 1500,
and 1650°F. A comparison of creep-rupture dnd
tube-burst data showed similar rupture times for
0.060-in.-wall tubing and 0.060-in.-thick sheet in
argon and in NaF-ZrF ,-UF, (50-46-4 mole %) at
1500°F. The data being obtained indicate that
the presence of an axial stress in the tubing does
not appreciably affect the time to failure. Data
obtained for tubing with 0.010-, 0.020-, and
0.040-in. walls show, in comparison with data for
0.060-in.-wall tubing, that the thinner the wall the
shorter the rupture life at comparable stresses.

An evdluation test in fused-salt fuel of an

Inconel bellows with a welded diaphragm showed

only normal corrosion attack in the weld areas
and no cracks that resulted from flexing of the
bellows., A determination of the extent of inter-
action between beryllium and Inconel in contact
at high temperatures in an inert environment was
made. The results indicated that an intermetallic
layer was formed that would be detrimental to the
load-carrying capacity of the Inconel. This in-
formation was needed in the design of the high-
temperature critical experiment,

Additional tests were made of mckel-molybdenum
alloys containing titanium, aluminum, vanadium,




‘zirconium, columbium, or chromium which con-

firmed the previously reported embrittlement of
these ternary alloys aofter a long heat treatment at
elevated temperatures in hydrogen. The ductility
of the alloy can be restored by a high-temperature
anneal in vacuum. In the study of factors affect-
ing the fabricability of Hastelloy B, it was found
that canning the extrusion billets with Inconel
reduced the pressure required during the extrusion
and at the same time clad the alloy tubing with a
heat-resistant alloy.

A series of creep-rupture tests of solution-
annealed, 0.060-in.-thick, Hastelloy B sheet at
1500 and 1650°F in NaF-ZrF 4-UF, (50-46-4 mole
%) were completed and desugn curves were pre-
pared. The influence of aging heat treatments on
the creep-rupture properties of Hastelloy B is

being studied in the range 1300 to 1800°F in

argon. The creep-rupture properties at 1800°F

‘are not substantially affected by aging, since at

this temperature a single-phase alloy exists. How-
ever, at 1500°F a second phase appears to exist
in aged specimens which increases the rupture
life at high stresses. Short-time tensile tests

" conducted after long-time aging of cold-worked

Hastelloy B ot high temperatures indicate that

“résidual stresses from the cold-working operation

are quite detrimental to ductility. Data showed
the ductilities of cold-worked specimens to be
considerably lower than those of specimens an-
nealed before aging. Microstructural studies indi-
¢ate that cold work induces precipitation in larger
quantities and perhaps in smaller particles than
does annealing.

‘Additional oxidation-resistance tests of high-
temperature brazing alloys were conducted, and
melting-point studies are being made by using
sintered, conical samples. Experiments are under
way in an attempt to find an alloy for brazing a
boron carbide’ céfnﬁacf to an Inconel envelope.
The adlloys inQésfigaféd thus far that wet the

boron carbide also reac'r with it to form brittle
bonds that crack upon coohng. The boron carblde—4
Inconel assembly is reqmred for radlcmon shield-

ing in fused-salt pumps. A success fdl ‘method was

established forlbrazmg Ken’mmurn cermef va]ve\

seats to Inconel‘ s'rrucfural components. ‘Nickel is

used to dlssupate ‘the thermal stresses resulfmg\

from the different coefficients of thermal expansion
of Inconel and the cermet,
The Inconel core-shell assembly for the high-
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temperature ‘critical experiment was fabricated
after the development of experimental techniques
for minimizing distortion, The fabrication of a
third, 500-kw, NaK-to-air radiator is under way.
The design of the radiator is essentially the same
as that used previously, but improved fabrication
techniques are being utilized, Presintered rings
are to be used for the preplacement of brazing
dlloy. One tube bundle of the fuel-to-NaK inter-
mediate heat exchanger No. 3 has been completed,
and construction of the second tube bundie is under
way. Design modifications for this heat exchanger
have included the use of larger diameter tubing
(0.250 in.) and the elimination of right-angle
corners of header components to provide better
stress distribution. A second liquid-metal-to-air
radiator was fabricated for the Cornell Aeronautical
L aboratory.

An eddy-current method for flaw detection in
low-conductivity tubing is being investigated,
Studies have shown that an ultrasonic method for
the inspection of small-diameter tubing is suf-
ficiently sensitive to detect the types of flaws
encountered to date.

Corrosion-erosion in graphite-hydrogen systems
at 2400°C, with a hydrogen velocity of Mach 0.15,
is being investigated. Present indications are
that the slight weight losses observed were due to
the small amounts of water vapor in the gas,

Two rare-earth-oxide control rod assemblies were
prepared for critical experiments; flux-detector
spacers of calcium fluoride and alumina were pro-
duced; dysprosium oxide disks were prepared for
use in measuring thermal flux; and a method for
preparing europium oxide wafers was investigated.
A study of the feasibility of synthesizing Mo, B
and B,C was started, and the optimum pressing
conditions for pelletizing fluoride fuels are being
determined.

Investigations of diffusion barriers for use be-
tween Inconel and columbium have shown only
tantalum and copper to be useful. Tests for de-
termining the more satisfactory of the two barrier

materials are under way. Mixtures of columbium

and UO, being considered for use as fuel elements
were tested at 1500 and 1832°F for 100 hr. A
solid solution of Cb-U and a pinkish phase, as yet

iumdenhf;ed formed in the samples.

The deformation patterns obtained in two- and
three-ply extrusions of metal tubing were studied,
and limits were established on the metal ratios




ANP PROJECT PROGRESS REPORT

and on the configurations of the billets that can be
successfully extruded. The creep performance of
lead-calcium was found to depend upon the care
with which the master alloys were made. This
implies that an accurate knowledge of the amount
of alloyed calcium rather than total calcium is
required,  Therefore, chemical analyses, which
give a measure of the total calcium, were found to
be an unreliable index for predicting the creep
properties of the alloy.

The fabrication of boron-containing materials
for use as neutron shielding is being studied. At
present, attempts are being made to thermally bond
boron-containing layers to Inconel. The use of
B,C tiles is also being considered for locations
where thermal bonds are not necessary.

7. Heut Transfer and Physucal Properties

Forced-convecﬂon heat transfer measurements
were made for molten NaF- KF-LiF-UF, (11.2-41-
45.3:2,5 mole %) which was flowing furbulently
through type 316 stainless steel tubes. The re-
sults were comparable with those obtained pre-
viously in an Inconel tube and were thus 40% below
the general turbulent-flow heat transfer correlation.
A check on the experimental apparatus was ob-
tained by operating it with water as the heat trans-
fer medium, and the data were in good agreement
with the general turbulent-flow correlation. The
low heat transfer valves obtained with NaF-KF-
LiF-UF  therefore appear to be real.

The heat transfer and friction characteristics of
a full-scale model of the ART heat exchanger
were determined with and without the presence of
tube spacers. These results were compared with
conventional heat transfer and friction relations
for simple duct systems. As was to be expected,
both the heat transfer coefficients and the friction
factors decreased upon removal of the tube spacers.
Hdwevef, when the spacers were removed, the
tubes were not held rigidly and channeling occurred
in fhe flow paﬂ'ern.

A summory of hydrodynamic research on models
of the 18- and 21-in. ART cores has been pre-

"pared.  Rotational and axial flow patterns, as

well as various entrance conditions, were studied,
One core, which had a low ratio of flow cross-
sectional area at the equator to flow cross-sectional
ared at the inlet, was characterized by uniform and
steady flow.

The temperature distributions within fluids flowe
ingthrough converging and diverging channels were

experimentally determined in the volume-heat-
source system, Information on the transient be-
havior of the wall temperatures, as well as on the
asymmetry of wall temperature profiles, was ob-
tained for these uncooled channels. A report has
been prepared which describes applications to
general convection problems of previously de-
veloped mathematical temperature solutions for
forced-convection systems having volume heat
sources within the fluids.

The enthalpies and heat capacities of LiF-KF
(50-50 mole %) were determined in the liquid and
solid states. The viscosities of eight fluoride
mixtures were determined. A mixture of RbF and
LiF (57-43 mole %) yielded a viscosity of 9.0
centipoises at500°C and 3.4 centipoises at 650°C,
An RbF counterpart of the ART fuel was formu-
lated, This mixture, whose composition is RbF-
ZtF ,-UF, (48-48-4 mole %), had a viscosity of
9.5 centipoises at 550°C and 3.1 centipoises at
850°C, lts kinematic viscosity was found to be
about 20% lower than that of the corresponding
NaF-ZrF ,-UF , mixture.

8. Radiation Damage

The high-temperature forced-circulation fluoride-
fuel loop recently operated in a horizontal beam
hole in the LITR was examined metallographically.
Corrosion of the Inconel tubing by the circulating
fluoride-fuel mixture was found to be low and to
be substantially the same as that found previously
in capsules exposed in the MTR. No increases in
corrosion attack because of irradiation and no
other unusual effects were found. In the portion of
the loop that showed the maximum corrosion, the
average penetration was 1 mil and the maximum
was 2.5 mils. In general, the changes in the
Inconel were those expected in specimens sub-
jected to the heat treatment imposed by operation
of the loop. The average corrosion for the entire
loop was 0.5 mil, and no deposits of mass-trans-
ferred material were found. The fuel circulated
in this loop was NaF-ZrF -UF4 (62.5-12.5-5
mole %). The fission power generated in the
fuel was calculated to be 2.8 kw, and the maximum
power density was 0.4 kw/cm3,

The miniature in-pile loop was operated in a
vertical position in the LITR, but the experiment

was terminated after about 30 hr because a faulty

pump motor prevented the maintenance of steady
fuel flow. The test was incomplete as a corrosion
study, but it was possible to make a fairly thorough
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study of the in-pile characteristics of the loop.
The necessary design modifications are being
made, and a new loop is being fabricated.

" The Reactor Experimental Review Committee
has approved the insertion of the pressurized
stress-corrosion apparatus in HB-3 in the LITR,
and specimen assemblies for a series of tests are
being filled with fuel. Bench tests are in progress
on an apparatus for insertion in the MTR that is
designed to test creep in two nonfuel atmospheres.
An MTR (tensile) creep test apparatus irradiated
during two reactor cycles is being returned to
ORNL for postirradiation measurements, The
bench equivalent of this apparatus has been
assembled and tests have been started.

The maximum high-energy neutron flux in HB-3
of the MTR was measured to be 3.1 x 10'3 fast
neutrons/cm2.sec, and the thermal-neutron flux
was found to be 2.3 x 1014 neutrons/cmZ.sec. A
flux-depression experiment in HB-3 indicated a
lack of sensitivity of flux depression to the kind
of nuclear absorber used, The power to be ex-
pected in the MTR in-pile loop was estimated from
the measurements to be 31 to 36 kw.

Analyses of reactor-grade beryllium obtained from
The Brush Beryllium Co. and the R. D, MacKay
Company showed that the predominant source of
gamma activity after long irradiation followed by a
few days decay is Sc48, The quantity of scandium
present is so small that it cannot be found by
chemical analyses with a limit of detection of

200 ppm.

‘9. Analytical Chemistry of Reactor Materials

Modifications of the n-butyl bromide method for
the determination of oxygen in sodium were evalu-
ated. The modifications included the addition of
a column of silica gel and diatomaceous earth
for the rapid purification and desiccation of re-
agents and an improved apparatus in which the
reaction between sodium and butyl bromide could
be carried ouf in an afmosphere of argon, Although
the oxygen content of the majority of the samples

whlch were used in tesfmg ‘these modlflcohons_‘
~ 'was in_excess of 200 ppm, concentrcmons of the
order of 20 to 40 ppm of ~oxygen were found ln'

specially prepored sodium,

#Tests were made of the method for the determina-

tion of oxygen in sodium by titration of the Nazo,,

that remains after vacuum distillation of the sodium
metal, An apparatus was constructed that was
similar to one developed by the Argonne National
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Laboratory. Preliminary results on sodium sampled
at 1200°F showed an oxygen content of the order
of 50 ppm. Since samples of sodium at high tem-
peratures can be obtained with this apparatus and
since low levels of oxygen can be detected, the
apparatus is to be attached directly to a forced-
circulation  high-temperature-differential sodium
loop so that analyses can be carried out during
operation of the loop.

Development of a volumetric method for the de-
termination of zirconium in fluoride salts was
completed, In this method zirconium is converted
to a stable complex by the addition of an excess
of disodium dihydrogen ethylenediaminetetraacetate
(EDTA) to a dilute H2$O4 solution containing
zirconium, The excess EDTA is titrated with
trivalent iron to a disodium-1,2-dihydroxybenzene-
3,4-disulfonate end point at @ pH of 4.8, Titration
can be conducted in the presence of as much as
0.1 M of fluoride ion by first complexing the
fluoride ion with beryllium, Slight modifications
in the procedure make the method also applicable
to the determination of zirconium in the presence
of moderate amounts of irivalent iron, divalent
nickel, and trivalent chromium.

The apparatus for the determination of uranium
metal in mixtures of fluoride salts by decomposi-
tion of the hydride in an atmosphere of oxygen at
reduced pressures was modified to include fwo
combustion tubes so that one sample can be oxi-
dized while a second is being converted to the
hydride,

Analytical assistance was given in a study of
the rate of elimination of atmospheric gases from
a dry box with argon. The most efficient flushing
action was found to be the fairly rapid injection of
argon at the bottom of the dry box, without supple-
mentary agitation, With an argon flow rate of 25
cth, the concentration of oxygen in the atmosphere
of a 21-ft3 dry box was reduced by a factor of 100
by flushing with two volumes of argon.

Investigation was continued of the application
of the bromination method to the determination of

“oxygen in ZrF, and its mixtures with alkali-metal

fluoride salts. Incomplete removal of oxygen was

" observed for samples of pure ZrO, after bromina-

tion for 6 hr at 950°C,

“In the bromination method for the determination
of oxygen in metal oxides, the oxygen is converted
to CO and then oxidized to CO2 for measurement,
A method for the direct measurement of CO was
studied in which the CO is absorbed in an aqueous
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solution of PdClZ and KCl. The net increase in
hydrogen ion concentration of this solution is a
function of the CO present, Excellent titration
curvés were obtained only when an amount of KI
in excess of the PdCl present was added to the
solution prior to htrahon with a standard base.

10. Reqovery and Reprocessing of Reactor Fuel

" A review of the design and construction prob-
lems involved in the completion of the pilot plant
for the recovery of fused-salt fuels has indicated
that a construction completion date near the end
of February 1956 will be more realistic than the
December 1955 date given previously., An engi-
neering flow sheet was issved, and approximately
65% of the process equipment items are on hand
of are ‘in some stage of procurement or fabrication,

The dump tank containing the ARE fuel was
moved, uneventfully, from the ARE building to
the pilot plant building. Methods have been de-

©vised for removing the fused salt from the dump

tank and from other types of containers for charg-
ing into the fluorination vessel.

Direct-resistance heating of transfer lines was
found to be satisfactory for preventing plugging,
except at fittings, where supplemental external
heating will be required. A freeze valve was de-
signed for closing the transfer lines to and from
the fluorinator, After 15 cycles of freezing and
thawing, this valve, when frozen, held against a
pressure of 20 psig without leaking.

An improved procedure for decontamination of the
UF6 product of the fluorination step was developed
which involves the absorption of the UF, on NaF
at 100°C and desorption by heating to 400°C, with
the product gas passing through a second bed of
NaF before collection of the UF, in a cold trap.
Since in this two-bed process, in contrast to the
previous process in which a single absorbent bed
was used, the fission products never enter the
product-collection system, decontamination factors
of greater than 10° were obtained in re-used equip-
ment, Preliminary results indicate that nitrogen
may be used as a sweep gas in both the fluorina-
tion and the NaF absorption and desorption steps
to reduce fhe amount of fluorine required for
processmg.

PART HI. SHIELDING RESEARCH
» 11, Shield Design

A survey of the weights of spherically symmetric
um’f»‘shlelds’for circulating-fuel reactors was made

10

for a range in dose rates of 0.1 to 10 rem/hr at a
distance of 50 ft and a range in reactor power of
100 to 300 Mw. An estimate was obtained for the
added weight of an NaK-to-NaK secondary heat
exchanger and its shielding. The additional weight
was found to vary sharply with the manner in
which the dose rate was divided between the

"secondary heat exchanger and the reactor and with

the absolute value of the sodium activation. The
chief sources of radiation in the 300-Mw circulating-
fuel reactor for the NJ-1 power plant were determined.

New data recently obtained at the TSF and the
LTSF are being used in a parametric shield weight
study for a 300-Mw circulating-fuel reactor in
which the important reactor dimensions are varied.
Differences between the shield test mockups and
the design reactors are accounted for on the basis
of the present understanding of the sources of
radiation in each. As a result, shield weight
dependence upon reactor and shield dimensions
and materials can now be calculated with greater
certainty. The results obtained to date indicate
that divided shield weights can be significantly
reduced by increased shield-shaping based upon

TSF and LTSF data and analyses.
12, Lid Tank Shielding Facility

The static source tests of the second series of
the circulating-fuel reflector-moderated-reactor and
shield (RMR-shield) mockup experiments have been
completed. The final tests included neutron and
gamma-ray measurements beyond the mockups to
determine the effect of placing an intermediate or
high atomic weight material immediately behind the
beryllium reflector, varying the thickness of the
reflector, and distributing the lead gamma-ray

shield in borated water. For a typical 300-Mw

RMR-shield, little, if any, welght saving results
from adding bismuth to the outer region of the
reflector rather than using lead in the shield. The
addition of a 2-in.-thick layer of copper in the
same region was insufficient fo effect an appreci-
able weight saving, but there was ewdence that
there might be enough self-absorption of copture
gamma rays in a 4-in.-thick copper layer to show a
valuable weight saving. Varying the berylhum
thickness (8, 12, and 16 in.) did not have an
appreciable effect,

The study of distributing the lead gamma-ray
shield in borated water showed that, for lead
thicknesses up to 5 in., there would probably be

Wl
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“completed.”
for use with the shleld opflmlzatlon ‘'studies of the

Tower Shleldmg Facnhty. It is felt that fhlS:;: i
analysis, which involves simple geometry, is

no weight saving as a result of distributing the
lead rather than placing it in one piece but that
there might be an appreciable weight saving as
a result of distributing the lead beyond the first
5-in, layer, The secondary gamma-ray dose rate
produced in the lead and borated-water shield fell
off at the same rate as the thermal neutron flux

" and thus was apparently caused by thermal-neutron

captures in the shield.

Sodium activation tests were performed to de-
termine the activation of the coolant in the heat
exchanger region as a function of the heat ex-
changer thickness, the boron curtain thickness and
distribution, and the reflector thickness., Results
of representative tests showed that the sodium
activation in the heat exchanger was increased in
going from a 4-in. thickness to a 6-in. thickness.
The probability of escape of the resonance neu-
trons was reduced by the increased thickness; the
probability may be increased, however, by dis-
tributing the boron curtain through the heat ex-
changer region. An increase in the reflector thick-
ness from 8 to 12 in. decreased the sodium acti-
vation by 80%. A gamma-ray shield of copper
placed between the beryllium reflector and the
first boron curtain increased the sodium activation
by a factor of about 6.

13. Bulk Shielding Facility

A part of the experiment designed for determining
the gross fission-product gamma-ray spectrum was
completed.  Small samples of enriched uranium
were irradiated in the ORNL Graphite Reacter for
time intervals ranging from 1 to 8 sec, and the
gross fission-product photon spectrum was studied
by using the multiple-crystal gammo-rcy specfrom-

eter, The decay of six energy groups, covering
the range of 0.28 to 5.0 Mev, was followed from
5 to 150 sec after fission. The total energy re-
lease per fission in the time ‘interval and energy

range described was found to be about 1.5 Mev.

Additional measurements of fast-neutron dose as,

a function’ of cmgle in a water shueld have be
The resulting data were analyzed

more meaningful than that reported in the pre-
vious ANP Quarterly for which data obtained with
the GE-ANP mockup were used.

The angular-distribution measurements made on
the reactor center line at a distance of 70 cm
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from the reactor were integrated, The integrated
dose (0.49 mrep/hrew) compared surprisingly well
with the total dose measured by the Hurst-type
dosimeter (0.52 mrep/hrew).

Measurements were also made through 70 cm of
water at a point 19.6 cm from the center line of
the reactor and through 5 cm of water on the center
line of the reactor. In all cases the measured dose
remained constant, within the statistical devia-
tion, when the collimator was pointed at the active
lattice of the reactor,

14. Tower Shielding Facility
The results of Phase | of the TSF differential

shielding experiments have been incorporated in
the development of a procedure for optimizing the
neutron shield of a divided aircraft shield. In this
optimization procedure the neutron shield at the
reactor is divided into N conical shells, The
thickness of the nth conical shell is then denoted
by T, (n=1,2,...,N). Thecrew shield is assumed
to be cylindrically shaped, with a rear thickness
T, and a front and a side thickness T .. The pro-
cedure then consists in (1) expressing both the
total weight of the neutron shield and the dose
rate at the center of the crew compartment as
functions of the T 's, T, and T; (2) using the
method of Lagrange multipliers to obtain the equa-
tions which the T 's, T, and T, must satisfy in
order that the weight be a minimum for a specified
total dose rate at the center of the crew com-
partment; and (3) developing an iterative procedure
for the solution of these equations.

There are still some gaps in the experimental
input data required for the optimization, Where it
has been feasible, these gaps have been filled by
extending the existing data by qualitative theoreti-

" cal Cénsidéraﬁons of the attenuation processes
“involved. An important limitation does exist, how-
“‘ever,”in the use of this optimization procedure,

In the TSF experiments, scattered dose rate meas-

_.Surements were “not taken for T or T, smaller

of ‘water. Therefore, for T and

Tr less than 5 cm, extrapolations must be used

Indications are that, for such small thicknesses,

:'rhe relaxonon Iengfhs chqnge opprecmbly, hence,
it does not appear advisable to use the procedure
for a crew shield thickness of less than 5 cm of

water.

A neutron shield optimization calculation for a
typical reactor and shield configuration was made
by using the above procedure. This calculation

11




indicated that the procedure is quite satisfactory
~and yields results which converge rapidly enough
for the solution to be obtained in a reasonable
length of time by hand calculation. In going from
the first to the third iteration, the weight of the
calculated shield, in this sample calculation, was
reduced from 11.3 to 9.6 tons,

12

A further investigation of the GE-ANP R1 re-
actor and crew shield mockups is under way.
Measurements of gamma-ray doses inside the crew
compartment mockup have been completed, and,
at present, a study of the distribution of gamma-ray
intensities in air around the reactor shield is
being made.
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E. S. Bettis

1. REFLECTOR-MODERATED REACTOR

A. P, Fraas

W. G, Piper

Aircraft Reactor Engineering Division

A, M, Perry

Electronuclear Research Division

AIRCRAFT REACTOR TEST FACILITY
F. R. McQuilkin
Aircraft Reactor Engineering Division
Construction of the ART Facility has been
divided into three ‘‘packages’® of work. Package 1
includes alterations and additions to Building
7503; construction of the 7503 cell, air duct,
stack, adsorber tank, spectrometer facility, and
fuel storage tank; a portion of the electrical power
system; and all work required on roads, grounds,
and fencing. Package 2 consists in additional
mechanical, electrical, and structural work for

* which design could not be completed for inclusion

in package 1. The work included in packages 1
and 2 is to be performed by an outside contractor,

The work items included in package 2 are the

diesel-generator auxiliary power supply facility,
auxiliary service and utility equipment, and lines
up to the cell and to the vent-gas piping system.
Package 3 includes the installation, by ORNL
forces, of the experimental instruments, controls,

‘process lines, and process equipment,

Drawings and specifications for package 1 were
prepared by the K-25 Engineering Division for
lump-sum prime contracting. All six prospective
prime contractors who expressed prior interest
submitted bids, which were opened August 16.
The bids ranged from $765,835 to $869,560, with
bids for the cell included; the cell bids ranged
from $229,000 to $280,000.
awarded on August 19 to the low total bidder,

the V. L. N|cho|son Compcny, Knoxv:lle, Ten- -
,nessee. __V_Thélr bid

ed $264 373 for the crglzl‘

bunldmg 'addutnon,‘:’?‘v , in 240 ,_duys,
commencing August 29 1955,
southwest corner installation are to be completed

by June 1, 1956.

" The cell and A

The package 1 drawings for the southwest area
are being withheld pending design of the complex
piping and equipment (package 3 work) that will
be installed within this area. Final release of the
package 1 drawings for this area is scheduled for
October 15, 1955. Plans and specifications for
package 2 work are being made at ORNL.

SHIELDING EXPERIMENT FACILlTY
R. D. Schultheiss

Aircraft Reactor Engineering Division

Recent tests made at the Tower Shielding
Facility indicated that provision should be made
for the measurement of the gamma-ray spectrum
of the ART as a function of the angle of emission
from the reactor shield surface. It was decided
that four collimated beams radiating from an
equatorial point at the surface of the water shield
at angles of from 0 to 70 deg from the radial
direction would serve to give the essential data.
One additional collimated radial beam will be
available from an equatorial point at the surface
of the reactor pressure shell; this beam will be
used only during low-power operation. The layout
required for providing these beams and the fa-
cilities for measuring them are shown in Fig. 1.1.

~ In addition to the facilities shown in Fig. 1.1, a

The contract was

gamma-ray dosimeter will be located on the roof
above the reactor,

NP e e ey s L

AIRCRAFT REACTOR TEST DESlGN
k Reacfor De5|gn . ' ;
y P Frcncs

shown in Figs. 1.2, 1.3, and 1.4, "and Table 1.1
gives the key dimensional data. The design of
the pump-expansion tank region, which includes
the sodium-to-NaK heat exchanger, has been
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Fig. 1.1. ART Shielding Experiment Facility.

worked out in a fashion which seems to be satis-
factory from all standpoints. A one-half scale
plastic model of that region has been completed
to facilitate examination of fabrication, stress,
fq:nd’ _fIUid/-_fl'b;/v' problems. Work has started on a
- full-scale aluminum model of this same assembly;

o with a;I'UmVirn‘ukm, the procurement and machining

~time will be reduced drastically from the time that
-~ would be required with Inconel, and yet the
S fabr tion problems that will arise in the pro-
~ “duction of this model will be the same as those

16

to be involved in the fabrication offhe ART lf

is expected that many welding problems will be

revealed and that modifications can then be made
to facilitate fabrication with Inconel. The alu-
minum model will also be used for flow tests with
water and stress analyses with strqin\gfage‘s or

stress-coat paint. The remaining design work on

subassemblies is sufficiently well along that
arrangements for procurement of the Inconel and
other parts for the ART began on August 1,

Fabrication of the various shells, such as the

)
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Inconel tubes placed on 0.667-in. square centers.

ita are presented in

“* Fuel-to-NaK Heat Exchanger Design

oo Ajreraft Reactor Engrineering Dﬁiviksi'or‘l

e ART are identical ‘in design.” Each radiator —~ = TETaT edeion ERgmEsting IV S Ior
consists of type 310 stainless-steel-clad copper =~ Design calculations and the layout drawings for
P ' (0.0025 in.—0.005 in.-0.0025 in.) fins spaced 15 the main heat exchanger were completed, and a

19

n ¥ 4-in.-CD, 0.025-in.-wall

sign conditions are presented in
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Fig. 1.4. Horizontal Section Through Sodium Pumps.

selection of a heat exchanger was made. The iig. The design data are presented in Table 1.4,
. design selected is similar to the designs previ- The new layout makes it possible to halve the
ously described except that the tube configuration number of heat exchanger tube bundles without
in the vicinity of the header sheets has been doubling the number of jigs. This has the ad-
modified so that all tubes in a given layer have vantage of halving the number of NaK pipes

the same shape and can be made with a single  penetrating the reactor pressure shell,
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TABLE 1.1. REACTOR DIMENSIONS

»!c REACTOR CROSSV-SECTION EQUATORIAL RADII (in.) B4C tile
{’ Inside 22.043
é Control rod thimble Thickness 0.375
) Inside 0.750 Outside 22.418
" Thickness 0.062
‘Outside 0.812 Helium gap
' Inside 22.418
Sodium passage Thickness 0.020
Inside 0.812 Outside 22.438
Thickness 0.094
E Outside 0.906 Outer reflector shell
. Inside 22,438
Beryllium Thickness 0.062
Inside 0.906 Outside 22.500
Thickness 4.219
Outside 5.125 Spacer thickness 0.015
Sodi Tangent to first heat exchanger tube 22,515
odium passage
Inside 5.125 Tube radius 0.094
Thickness 0'1?5 Center line of first tube 22,609
Outside 5.250
R : Eleven 0,2175-in, spaces 2.392
Incone! shell (inner core shell) .
|, Inside 5.250 Center line of twelfth tube 25.001
' Thickness 0.125 Tube radius 0.094
Outside 5.375 Spacer 0.015
o Fuel ) . Channel
Inside 5.375 Inside 25.110
Thickness 5.‘]25 Thickness 0.125
) Outside 10.500 Outside 25.235
Ovuter Inconel core shell Gap
Inside 10.500 Inside 25.235
Thickness 0.125 Thickness 0.040
Outside 10.625 Outside 25,275
. Sodium passage Boron- jacket
Inside 10,625 Inside 25.275
Thickness 0.094 Thickness 0.062
Outside 10.719 Outside 25,337
Beryllium fe'vflé‘i:;fbi'vﬁ » » B,C tile
Inside_ R e 10-71_9 ) Inside 25.337
» Thickness 7 o . ]0.949 ' Thickness 0.313
i Outside T 1668 ¢ Outside , 25.650
i Sodium passage Helium gap
i ' Inside 25.650
Z’ Thickness Thickness 0.020
Outside _ 25.670
- Inconel shell Pressure shell liner o
] < Inside TR Inside 25.670
’ Thickness 'v ) 0.250 Thickness 0.375
? Outside 22.043 Outside 26.045
’ 21
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TABLE 1.1. (continved)

So‘dbium passage
‘Inside
Thlckness
Outside
Pl;essure shell
rlhsiaé
- Thickness ’
7 Outside

CORE

D?ame:fey (i’risvide‘ of outer shell at
“équdter), in. ‘
Island outyéi‘dé’ d’i'crir:nefer, in.

Core |n|ef outsnde diameter, in.

" Core inlet inside diameter, in,

" Core inlet area, in.2
Core equatorial cross-sectional

area, in.2

MODERATOR REGION

Volume of beryllium plus fuel, £3
Volume of bery!lium, 13

Cooling passage diameter, in.
Number of passages in island

Number of passages in reflector

FUEL SYSTEM

Fuel volume, £3
In 26-in.-long core
In inlet and outlet ducts
In expansion tank when 1/2 in. deep
In heat exchanger
In pump volutes

Total in main circuit

Fuel expansion tank
Volume, £43
Width, in.

Length, in.

SODIUM SYSTEM (f+3)

Sodium volume

annular passages

© I heat exchanger

26.045
0.125
26.170

26.170
<71.000
27.170

21

10.75
n
6.81
58.7
256.2

28.2
24.99
0.187
100
288

3.2
1.41
0.08
2.84
0.84
8.38

0.5787
13.625
32.500

1.n
0.165

In island tubes

In reflector tubes

In inlet and return piping
In pumps and volutes

In first deck

In second deck

In external piping

In expansion tank

Total sodium volume

FUEL-TO-NaK HEAT EXCHANGER

Tube data, in.
Center-line spacing
QOutside diameter
Inside diameter
Wall thickness
Spacer thickness

Mean length
Equatorial crossing angle

Inlet and outlet pipe, in.
Inside diameter

Outside diameter

Header sheet, in.
Thickness

Inside radius
Fuel volume, ft3
Number of tube bundles
Number of tubes per bundle, 12 x 24
Total number of tubes
Latitude of north header center line

Latitude of south header center line

PUMP-EXPANSION TANK REGION

Vertical distance above equator, in.
Floor of fuel pump inlet passage
Bottom of lower deck
Top of lower deck
Bottom of upper deck
Top of upper deck
Top of sodium pump volute
Center line of fuel pump discharge
Center line of sodium pump

discharge
Top inside of fuel expansion tank

Inside of dome

0.064
0.233
0.077
0.175
0.260
0.308
0.019
0.042
2.45

0.2175
0.1875
0.1375
0.025
0.030
72.000

26°20°

2.375
2.875

0.375
3.812

2.84
12

288
3456
41°30”
47°

17.500
19.125
19.625
24.000
24.500
27.750
21.500
26.125

29.500
29.875

L)
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TABLE 1.1. (continued)

... Number of vanes in impeller

- Centereline s

Qutside of dome

Top inside of sodium expansion
tank

Top outside of sodium expansion
tank

Top of fuel pump mounting flange

Top of sodium pump mounting

flange

FUEL PUMPS
Center-line spacing, in.

Volute chamber, in.
Width
Length

" Height

Impeller speed, rpm
Estimated impeller weight, b

Critical speed, rpm

Shaft data, in.
Diameter
Overhang
Over-all length
Outside diameter between bearings

Outside diameter below seal
Distance between bearings, in,

impeller data, in,
Diameter
Discharge height

Inlet diameter

Lower journal bearing

outside diameter, in.

Thrust bearing height from

equator, in.

Volute chamber, in.
Width

23,125

20.875
24.312

34.812

47.000
50.220

21.000

13.625
32.500
4.375

2750
11
6000

2.250
14.750
31.500

2.375

2.250

12.000

5.750
1.000
3.500

3.400

48.187

7.687

Length
Height

Impeller speed, rpm
Estimated impeller weight, |b

Critical speed, rpm

Shaft data, in.
Diameter
Over-all length
Outside diameter between bearings

Outside diameter below seal

Distance from center line of lower

bearing to center line of impeller, in.

Distance between bearings, in.

Impeller data, in.
Diameter
Discharge height

Inlet inside diameter

Lower journal bearing outside

diameter, in.

Thrust bearing height above
equator, in,

Number of impeller vanes

Diameter of top positioning ring, in.

Diameter of bottom positioning
ring, in,

Outside diameter of top flange, in.

SODIUM-TO-NaK HEAT EXCHANGER

Tube data, in.
Center-line spacing
Outside diameter
Inside diameter
Wall thickness
Spacer thickness
Mean length

Number of bundles

Number of tubes per bundle, 15 x 20
Total number of tubes

Inlet and outlet pipe, in.

Inside diameter

Outside diameter

8.687
2.500

2880
10
6000

2,250
31.500
2.375
2.250

13.300

12.000

5.750
0.500
3.500

3.400

51.907

10
6.200
6.190

10.000

0.2175

0.1875

0.1375

0.025

0.030
28

300
600

2.375
2.875
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TABLE 1.2. RADIATOR DESIGN CONDITIONS

Main Auxiiiary
Power, Mw 55 4.7
NaK inlet temperature, °F 1500 1100
NaK outlet temperature, °F 1070 900
Total NaK flow ot average femperature, cfs 10.45 170
" Air inlet temperature, °F 100 100
C AN outlet temperature, °F 1128 810
“Total air flow at inlet conditions to blower, cfm 179,000 22,800
Air pressure drop across radiator, in. Hy0 5.58 5.84
TABLE 1.3. RADIATOR DESIGN DATA
Main ~ Auxiliary '
Face ared, f2 6.25 6.25
 Mean free area, ft2 3.66 3.66
Air mass velocity, Ib/ft2.sec 3.46 371
Collar plus tube wall thickness, in. 0.035 0.035
Fin area, f12 922 922
Collar area, 12 5.2 5.2
Inside tube area, ft2 42.7 42.7
Mean tube area, ft2 44.2 44.2
Number of tubes 360 360
Number of rows 8 8
Air Reynolds number 1321 1590
NaK flow area, in.2 5.34 5.34
NaK Reynolds number 91,400 111,000
NaK mass velocity, Ib/ft2.sec 820.0 121

Core Flow Studies

W. T. Furgerson G. D. Whitman
E. C. Lindley W. J. Stelzman
A. M. Smith Jo M. Trummel

Aircraft Reactor Engineering Division

Two approaches to the core hydrodynamics
problem are being investigated. Both make use

‘of a vortex sheet in the annulus between the
“island ‘and reflector in an effort to get a high
.~ degree of mixing. In the first system the vortex
“_axes parallel the island, while in the second they

24

spiral helically downward around it.

systems the two fuel pump volutes discharge
tangentially into the core inlet to give a system
that is insensitive to the one-pump-out condition,

Eight series of tests have been made on the
axial vortex system in the metal core rig. The
tests constituted a systematic development of an
inlet-guide-vane and turbulence-generator design

‘which would produce radial velocities of sufficient

magnitude to keep the boundary-layer fluid mixed
with the free stream.

-y
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PERIOD ENDING SEPTEMBER 10, 1955

TABLE 1.4, FUEL-TO-NoK HEAT EXCHANGER DESIGN DATA

Inconel surface in contact wnth NcK

Tube diameter

Number of tubes per bundie
Number of bundles

Tube center-line spacing
Tube wall thickness

Tube array, square pitch?

‘Mean tube length

Fuel temperature range

NaK temperature range

Fuel pressure drop through heat exchanger

NaK pressure drop through heat exchanger

Fuel Reynolds number in heat exchanger

NaK Reynolds number in heat exchanger

Fuel flow rate?

NaK flow rate®

Fuel volume in heat exchanger

NaK volume in heat exchanger tubes (not including headers)
Heat exchanger thickness (includes 0.015-in, side-wall clearance)

Limiting combined tube stresses” at tube wall temperatures

Log mean temperature difference

Estimated maximum tube wall temperature, neglecting secondary

Eeqting effects

Fuel mixture NaF-ZrF +YUE, (50-46-4 mole %) heat transfer coefficient

NaK (56% Na-44% K) heat transfer coefflment
Capacity at design operating condmons ‘ -

Inconel surface (tubes and channel) in contact with fuel

Inconel volume of fubes in heat exchanger

0.1875 in.
288

12

0.2175 in.
0.025 in,

12 x 24

5.95 ft

1250 to 1600°F
1070 to 1500°F
43 psi

41 psi

4135

144,000

2.96 cfs

10.45 cfs

2.84 f13

2.14 43

2.61 in.

1125 psi at 1135°F
220 psi at 1535°F

136°F
1535°F

2090 Btu/hr-ft2.0F
18,200 Btu/he+2.0F
55 Mw

160,000 in.2 (1110 £12)
107,500 in.2 (746 f12)
”'3170 .n.3 (1 83 ff3)

7 "'wnfh swnrl .chamber

approx1ma’rely three times he axial
. Thls glves rlse fo sfrong radial

fricti n, “induce an adverse axial pressure grodlenf
gut_de vanes or turbulators,  The flow has « along the island w_all, This induced axial pressure
rotational component centered on the core axis gradient is additive to the already existing
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STATION 9
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STATION 6
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Fig. 1.5. Axial Velocity Profiles from Test

Series 1.

gradient caused by the divergence of the core,

and thus large areas of reverse flow occur next
to the island.

The results of tests of the core with inlet guide
vanes for eliminating the rotational flow com-
ponent are presented in Fig. 1.6, The induced
axial pressure gradient was removed, and the
amount of flow reversal along the inner wall was
decreased. As in the first series, the flow was
essentially two-dimensional; that is, no appreci-
able radial component existed.

Turbulators were added to the previous con-
* figuration for another series of tests. The tur-
“bulators were expected to generate radial velocity
»componenfs which would carry boundary-layer fluid

ln'ro the mldstream and vice versa. It can be seen

ORNL-LR-DWG 9349

EQUATOR STATION
5 INLET GUIDE
VANE DETAILS
STary
g ON
NO DATA TAKEN
ABOVE STATION 7
OR BELOW STATION 4
3 a
STATIoN Q&
2 5]
STATION 9
! ¢
o

Fig. 1.6. Axial Velocity Profiles from Test
Series 5.

from Fig. 1.7 that the amount of flow reversal was
further reduced.

In another series of tests (series 8) flow re-

versal was eliminated from station 6 downward
by use of a greater radial velocity component.
The configuration of series 8 was used for two
brief tests that simulated the one-fuel-pump-out
condition. Preliminary results indicate that flow
conditions change very little, the percentage of

flow separation remaining approximately the same

as for the two-pump condition.

Data are taken from the metal core test rig by
means of wall static pressure taps and claw probe
traverses. The latter read total pressure and flow
direction but are limited to measuring flow which
is two-dimensional. As stronger turbulators are

designed and radial velocity components become

greater, accurate data will be mcreasmgly more

¥
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i B < electrolyte injected was a concentrated solution
, ORNL-LR-DWG 9320 . -

of sodium chromate, injections were made
manually by using a 30-ml glass syringe. Some
care was required to obtain adequate insulation
and to seal around the two wires of the conduc-
tivity probes. A satisfactory arrangement employs
Kovar tubing and wire with a glass insulator and
seal. As now used, the probes consist of a
/‘6-m.-dlq Kovar tube with two 0.025-in.-dia Kovar
wires. The wires are separated by approximately
]/8 in. and project about % in, from the seal. The
total length of the probe is 9 in. Some corrosion
of the probes occurs, but probe life is considered
to be satisfactory,

INLET GUIDE VANE AND
TURBULATOR DETAILS

The resistance bridge is a Wheatstone bridge
with fixed legs of 10,000 ohms each; the third leg
is adjustable to match the electrolyte resistance
sensed by the probe, which is the fourth leg. A
45-v battery supplies the bridge current. The
bridge can be balanced for any initial conductivity

of the water, and therefore only a change in
NO DATA TAKEN - . . .
ABOVE STATION 7 conductivity is passed as a signal to the ampli-

TN ’ i
st o OR BELOW STATION 4 fiers.
gT’ON 5

STATION
5

STar,
0
4 fon

Conductivity experiments have been made on
both the aluminum model and the transparent
plastic model. The water flow rate is approxi-
mately two-thirds the fuel flow rate for the
Reynolds number expected with the fuel flow.
Perhaps the most pertinent values derived from

4 S s e the tests are the estimates of transit times. For

Fig.. 1.7. Axial Velocity Profiles from Test example, data were taken with the probes located

Series 6. , o very near the inlet and outlet of the aluminum

o : ; model core, and, if time is counted from the first

. difficult to obfain. Two other llmltahons fo the  appearance of added salt at the inlet probes, the
metal core rig exist in time of appearance of the salt at the outlet probe

average values and do not respond fo fransients, ~ is as shown in Fig. 1.8. The fastest transit time

: and surveys are limited to two points 9-deg aport ~ was 0.8 sec, while \_"fh sylowesfrrnrecsured transit
; about 28 se There is a limit to the
" sensitivity of the measuring qppqrufus, cnd un-
*"doubtedly, some small amount of salt passes after
‘the hme of no signal on the Brush recorder. The

A transit time, compu'red as fhe quohem‘ of

g

20

VELOCITY {fps)

ected p sn‘lons ‘in_the flow.

The ‘apparatus  used includes “two’ “conductivity transit time was found to be 0.35 sec, and, by

" - probes, two resistance bridges, two Brush ampli- extrapolation, the maximum transit time was esti-
' fiers, and a two-channel Brush recorder. The mated to be at least 3.2 sec.

27
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Fig. 1.8. Transit Time for Flow Between Core Inlet and Outlet.

Studies were made of the flow of water through
the transparent plastic model by injecting a dye
at various points. The header, at the time of
these tests, was designed to produce two,
meshing, helical vortexes through the flow
chamber. Several combinations of chemicals for
imparting color changes were considered. The
most satisfactory one, by far, was a combination
of starch, iodine, and sodium thiosulfate. For the
tests the model was filled with a starch solution,
which was transparent prior to the injection of
the dye, the dye being an iodine solution (a
safurated solution of iodine in methyl alcohol).
After the dye was injected, transparency could
again be obtained in the closed system by the
injection of a clearing agent, The clearing agent
was a saturated solution of sodium thiosulfate in
water., The study was made by alternately in-
jecting the dye and the clearing agent. The dark
blue cloud resulting from the dye injection was

,fronsported with the water. The general character-
“istics of the flow could be observed, and, in

particular, the flow at various points could be
noted. In one way the action of the clearing agent
was superior to that of the dye: those areas
where turbulence was least were the last ones

28

to be cleared of the dye. Photographs were taken
of the tests, but they have not yet been analyzed.

Visual observations indicated that the water
circulated about the vertical axis of the core, with
the greater portion of the mass making from four
to seven revolutions in passage. There was
upward flow in the upper hemisphere near the
island, but very good mixing appeared to prevail
throughout most of the core. An extensive series
of pictures of flow in both cores is scheduled for
completion in September.

Core Design Analyses

W. T, Furgerson
Aircraft Reactor Engineering Division

Interest in core designs with lower degrees of
divergence than that of the present 21-in. design
prompted a study of the effect of inlet annulus
dimensions on the adverse pressure gradients
encountered by the fuel in flowmg from the core

inlet to the equator. Any core desngn in which

the area perpendicular to the flow increases along
the flow path will have adverse pressure gradlents
resulting from conversion of velocity head to
static head. If the flow entering the core has a
rotational component, an additional axial pressure

*
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gradient will be induced through fluid friction
effects. If the rotational component is centered
about the core axis, the induced gradient is
favorable along the outer wall and adverse along
the island. In each case, the gradient is algebrai-
cally additive to the gradients brought about by
area change. Since, all other things being equal,
flow separation is favored by higher relative
pressure gradients, the result is a tendency for
flow to separate from the island.

The effect of increasing the outside radius of
the present 21-in. core inlet on the two relative
pressure gradients along the island wall is illus-
trated in Fig. 1.9. The divergence gradient de-
creases because of the decreased divergence of
the core, but the induced gradient increases,
principally because of the increased ratio of inlet
radii,
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- Fig. 1.9, Reloﬂve Dlvergence and |nduced Pres-
sure Gradients for a 21- -in. Core with a 3405-|n.
Inside Rudlus ot the Infet. . o

A contour mop showmg the |hes -ofw censc

o’nve pressure grodlenf ploﬂed cgalnsf bofh

relative’ gradlenf is very closely cpproached, A

" change of inlet inside and outside radii to 5.0°
cmd 7,25)”‘"" respechvely,' could reduce fhew

an |n|ud|c10us increase of inlet area could result‘
in higher relative gradients than those of the
present core design.
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Fig. 1.10. A Contour Map of Constant Relative
Pressure Gradient vs Core InletInside and Outside
Radii.

Similar plots have been prepared for cores
having different equatorial dimensions. The value
of the minimum relative gradient decreases with
decreasing equatorial area, but the inlet radii at
which the minimum occurs remains as shown in
Fig. 1.10. It must be emphasized that the induced
gradient is present only where rotational flow

-~ components exist. Also, the equation by which

the induced gradlent is calculated is highly
theorehcal ‘and has not yet been quantitatively
checked by experlmenf

" Fuel Pump Petformance

R. L. Brewster A. M. Smith

M. E. Luckey ~ G. D. Whitman

< Aircraft Reactor Engineering Division
Performcnce tests “of the fuel | pump (model MF-2)
" with wofer as ‘the cu'cul' fluid were concluded,

v‘w1'rh a fo'ral of >]6 tests hcvmg ‘been conducted.
‘These tests my‘lved hange*s in lmpe“er desxgn,
in the axial and radial running clearances, in

volute design, and in suction geometry, The major
changes in impeller design, suction geometry, and
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radial. rtmnmg clearance were discussed in the
previous report, !
Further study was made of the noise which was
- present in the initial testing and which was
. suspected to be cavitation noise. It has been
‘determined that the noise was not primarily due
to fluid cavitation but, rather, to a local flow
condition that existed at the tongue of the pump
volute. This was established by the use of a
carbon microphone probe. A circuit was devised
so 'rhaf the microphone signal could be observed
“on a cofhode-ray oscilloscope. With this arrange-
'ment, the region of maximum noise was located
near the volute tongue. The absence of cavitation
was further indicated by no observable decrease
in efficiency when the pump was operated at the
.design point under conditions of varying pump
_suction pressure. The pump suction pressure was
‘varied from cpproxuma’rely 11 to 0 psig with a
" water temperofure of approximately 70°F. The
‘vapor pressure ‘of the water at 70°F corresponds
to that of fuel at a temperature of 1535°F, which
is well above the maximum fuel pump suction
temperature expected.

Analyses of the data from the pump performance
tests indicated the need for additional flow area
in the pump volute., The particular evidence for
this was the imbalance of hydraulic forces around
the periphery of the impeller at the design point
and the occurrence of design-speed maximum ef-
ficiency at approximately 20% less than the design
flow.

A design change in the reactor north head for
structural reasons allowed the pump volute flow
area to be increased; however, this increase did
not compensate for the increase in the fuel flow
rate required for improved heat exchanger per-
formance. To obtain the additional required flow
area, the pump volute was redesigned without
diffuser cones.

Results of water performance tests with the
redesigned pump volute indicated excessive re-
‘circulatory losses between the impeller discharge

“-and suction volumes. The impeller lower shroud
was therefore modified to allow the 12 radial
~slingers to be lengthened to the full impeller
diameter in order to increase their developed back
pressure.  The results of this modification are
' ;shown in Flg. 'I 11. To further reduce the re-

- ]G D. Whltman, R. L. Brewster, and M. E. Lackey,
ANP Quar, Prog. Rep. June 10, 1955, ORNL- 1896, p 32.
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circulatory loss, the impeller'qxial.ﬁ:léé}&nce was
reduced from 0.102 to 0.053 in. The results of
this modification are shown in Fig, 1.12. '

It may be seen from Fig. 1.12 that the design
point lies in the region of maximum efficiency.
The noise present with the earlier volute design
was eliminated, and the condition of hydraulic
force balance on the impeller occurs near design
speed and flow.

Controls and Instrumentation

J. M. Eastman
Bendix Products Division

E. R. Mann

Instrumentation and Controls Division

A flow sheet has been prepared that shows,
schematically, the locations of the instrumentation
and control components.  Control-panel layout
studies“are being made. Elementary-control elec-
trical wiring diagrams are being prepared to
provide control actions in accordance with infor-
mation block diagrams, which show control func-
tions independent of control techniques or hardware
types. The selection of control techniques and
the specifications for component hardware are
being worked out., Apparently no fundamentally
new development work, except for special sensors,
will be necessary to meet control requirements,
although heat load responses may require the use
of some controls not previously required for
reactors.,

The linear equipment for an ORNL reactor
simulator has been assembled and tested. Com-
pletion of the nonlinear simulator equipment is
scheduled for September 1, 1955, with the delivery
of special components from Reeve Electronics,
Inc. One of the major objectives of the simulation
is the determination of the control system re-
sponse requirements under emergency conditions.

Two instrument test loops are being prepared
for checking special sensors, including thermo-
couples, flowmeters, pressure indicators, and the
tachometers. Arrangements are also being made
for testing the fuel-level indicator.

Conceptual designs have been worked out for
the rod-drive mechanism, the enricher actuating
and control mechanism, the moderator coolant
temperature control system, the flux-sensing
chambers, the radiator main louver actuating dand
control mechanism, the fuel and sodium pump

LRSS
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Engmeermg Tesf Un|1
M. Bender

: Alrcraft Reactor Engmeerlng Division

‘construction program for the Engmeermg Test
“7"Unit (ETU) has been established, which, based
on current equipment delivery information, makes
it feasible to start assembly operations on June 1,

and coolmg “equiphe g
mechanism will begin after pertinent reactor design

details are frozen, Fuel-temperature-sensing
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Fig. 1.12. Fuel Pump Performance Characteristics with Modified Impeller and Axial Clearance on

Shroud Reduced from 0.102 to 0.053 in.

1956, On this basis the target date for completion
of assembly and initiation of operation of the ETU
has been set at September 1, 1956.

The basic flow and heat transfer circuits have
been established so that two of the main NaK
‘circuits will heat the fuel and the other two will
" cool the fuel. In each of the cooling circuits there

32

will be a one-fourth section of an ART radiator

arrangement. In each of the two heating circuits
there will be a 1-Mw gas furnace. The sodium
moderator circuit will be cooled by a 0.5-Mw
radiator. This arrangement will apply sufficient
heat to permit measurement of the response of the
system to power changes at low power levels.
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The most important objectives of this experiment
are to develop assembly techniques for use on
the ART, to furnish some information on thermal
stresses in the reactor assembly, to obtain some
heat transfer information on the radiators and the
NaK-to-fuel and Na-to-NaK circuits, and to test
some of the instrumentation to be used on the

ART.

REACTOR PHYSICS
Control Rod Heating and Burnup

W. J. Fader
Pratt & Whitney Aircraft

A. M. Perry
Electronuclear Research Division

Calculations of control rod heating and burnup
to be expected in the ART were completed. The
rod designs considered included cylindrical annuli
of various rare-earth oxides, 13/8--in. OD, either
7/8' or ]]/8-in. ID, and Z or l/8 in. in annular
thickness. The maximum density of the heat
generated by gamma-ray absorption in the 1{‘-in.
annulus was found to be about 140 w/cm3, of
which 15 w/em® was due to gamma rays produced
in the core; the remainder was due to neutron
capture gamma rays produced in the rod. The
heat generated in a 1/8-in. annulus was found to
be about two-thirds of that generated in the Z-in.
annulus. Temperatures in the rod material depend
on whether the rod is fabricated of fused oxide
or of a cermet, For a Z-in.-thick fused oxide rod,
the temperature rise is expected to be 620°F if
the rod is cooled at both the inner and the outer
surface and to be 2300°F if it is cooled only at
the outer surface. Correspondmg temperature
rises for the cermet are very much smaller: 20
and 54°F, respectively, if the conductivity of the
cermiet is assumed to be the same as that of iron.
The heat fluxes are large: 140,000 Btu/ft2.hr if
the rod is cooled at both surfaces, 230,000

Btu/ft2.hr if it is cooled at the outer surfoce

only.
The thickness of the poison material required

to allow for burnup by neutron absorption depends

on the abundance of high cross-section isotopes
in the rare earth and on the density of the rare-
earth oxide, which would be greater for the fused
ceramic rod than for the cermet. Calculated pene-

2. M. Perry; The Boron Layer of the ART, ORNL
CF-55-8-38 (Aug. 4, 1955).
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trations for 500 hr at 60 Mw are tabulated below.
The cermet is assumed to be 33% oxide by volume.

Burnup Penetration (in,)

Ceramic Cermet
Sm203 0.051 0.150
Gd203 0.028 0.082
Eu203 0.011 0.032

For a ]/A-in. annular control rod of BZOC in
copper (30 vol % B,C), the burnup penetration
would be one-sixth as great as that in a europium
oxide cermet, but the heat produced would be
one-third greater. All these considerations are
based on a neutron current of 2.5 x 104
neutrons/cm2.sec into the rod.

ART Boron Layer
A. M. Perry

Electronuclear Research Division

The boron layer (assumed to be made of BlOC
tiles) between the reflector and the fuel-to-NaK
heat exchanger was examined with respect to heat
generation, flux attentuation, helium gas evo-
lution, and burnup.? Heating will be largely due
to the alpha particles from the B19(n,a)Li7 re-
action and will amount to about 13 w/cm? of tile
(40,000 Btu/ftZ-hr). The heat flux per unit area
will be one-half this amount, since both surfaces
of the tile will be adjacent to cooled surfaces;

thus the temperature rise for radiative heat -

transfer will be about 500°F. The absorption
mean free path of thermal neutrons (1200°F)

BlOC with a density of 2.5 g/cm® is 0.0017 in.,
while that of 3-kev neutrons (near the sodium
resonance) is 0.145 in, If the Bl}oC layer were
made 1 in. thick to absorb sodium resonance
neutrons, gamma-ray heating of the layer would
increase the total heat produced by only 30%.
The flux of about 4 x 1013 neui’rons/cm2 ec

“absorbed over an area of 4 x 104 cm? yields a

theoretical helium gas evolution rate of 5

liters/day (STP). Burnup of the boron will be

only 1.2 mg/cm? of B'? in 500 hr at 60 Mw.
High-Temperature Critical Experiment vs ART

A. M. Perry
Electronuclear Research Division

It is recognized that certain rather minor differ-
ences exist between the high-temperature critical
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experiment and the ART with respect to the
factors that determine the critical concentration
of UF, in the fuel mixture. The differences that
may have a significant effect on the critical
concentration are: (1) control rod position: the
ART will be made critical with the control rod

~inserted farther than it was in the high-temperature

critical experiment; (2) beryllium density: cooling

‘ h‘oles_i_n: the ART reflector will reduce the moder-
- ator” density; (3) reflector poisoning: sodium
coolant in the reflector will increase neutron

absorpﬁbhs in the reflector; (4) reflector size:
in order to minimize machining of beryllium for

"the experiment, the reflector was made in an

irregular rectangular shape circumscribing the
design reflector and had a somewhat larger volume
than that of the ART reflector., The effects of
these differences are estimated in the following
paragraphs.

The ART will be made critical ot 1200°F with
the control rod withdrawn about 1.5% in Ak from
its fully inserted position. The control rod cali-
bration of the high-temperature critical experiment,
carried to a point 4 in. above the mid-plane of
the reactor, appears to be consistent with an
over-all rod value of about 5% in Ak. Thus, the
Ak inserted at critical will be about 3.5%. The
increment in concentration necessary to com-
pensate for the initial rod insertion is thus about
7 x 3.5, which is ~24%. The initial rod position,
of course, is, to some extent, at the discretion
of the operators, and the increment in critical
concentration could, if desired, be chosen to be
less than 24% — say 18 or 20% — to correspond
to an initial rod insertion of 2.5 to 3%.

Since the change in beryllium density is not
uniform, the cooling holes being more closely
spaced near the core, it is necessary to calculate
a weighted average density change. This was
done in two ways. From two-group perturbation
theory, the importance of a change in the fast-
group diffusion coefficient or in the group-transfer
cross section is approximately proportional to the
square of the fast flux. The quantity U, (r) was
obtained by adding multigroup fluxes, and v,b% was
used as a weighting function. An alternate

‘weighting function was obtained by computing the

slowing-down density by means of age theory.
in this case the weighting function at radius 7

‘is applied to the average density change in the

spherical shell between the core and the spherical

surface of radius , rather than to the local density
change at 7. Average density changes computed
in these two ways are 4.2 and 3.5%, respectively.
The reactivity effects of a uniform density change
in beryllium have been computed by Curtiss-Wright
Corp. to be 0.42% in reactivity for 1% in density,?
and by Pratt & Whitney Aircraft to be 0.35% in
reactivity for 1% in density. Based on these
figures, an average reactivity change of -1.5%
is predicted. Data from the high-temperature
critical experiment indicate (AM/M)/(Ak/E) to be
about 7. Thus a change in critical concentration
of 10.5% is anticipated as a result of the reduction
of the beryllium density.

The effect of thermal-neutron absorptions in the
sodium coolant was estimated by comparing the
calculations of the Curtiss-Wright Corp.> for
Inconel-lined and unlined cooling holes. The
penalty in uranium concentration due to the
Inconel was reduced in the ratio of the macro-
scopic thermal neutron absorption cross sections
of the sodium and the Inconel. When allowance
was made for the greater number of cooling holes
presently planned for the ART, the increment of
fue! concentration required to compensate for the
sodium in the reflector was 5.6%.

The effect of the additional beryllium in the
reflector of the high-temperature critical experi-
ment has not yet been satisfactorily computed.
This is due, in part, to the irregular distribution
of the added beryllium and, in part, to some
uncertainty regarding the dependence of reactivity
on reflector thickness. Whether the entire re-
flector volume is considered or only the portion
between two planes 1 ft above and below the
equatorial plane of the reactor, the beryllium in
the experimenf was about 3 in, thicker, on the
average, than the beryllium in the design reflector
of the ART. According to the parametric studies
of Curtiss-Wright Corp.,> such a decrease in
reflector thickness over the whole surface of a
spherical reactor would increase the critical con-
centrafion by a factor of 1.26. Results of the
cold critical experiments, however, indicate that
removing 3 in. of beryllium over the region ex-
tending 1 ft above and below the reactor mid-plane

3¢c. B. Mills and H. Reese, Jr., Design Study of an ANP
Circulating Fuel Reactor, WAD-1930 (Nov. 30, 1954).

D. G. Ott and A. Berman, private communication,

SH. Reese, Jr., S. Strauch, and J. T. Mihalczo,
Geometry Study for an ANP Circulating Fuel Reactor,
WAD-1901 (Sept. 1, 1954).
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should increase the concentration by about a
factor of 1.12. The true effect is believed to lie
between these extremes.

The over-all factor by which the critical con-
centration of the ART is likely to exceed that
of the high-temperature critical experiment is

_obtained by multiplying the four factors together.

The result is
F = (1L.2(1.1)(1.06)(1.12) = 1.56 ,

if the low estimates for control rod allowance and
reflector size effect are employed, or

F = (1,25)'(1.1‘)(1.;‘)6)(1.26)'= 1.84 ,

if the high estimates are used. Since the clean
critical concentration of the experiment was 2.9
mole % UF , the critical conceniration of the ART
is expected to fall between the limits 4.6 and
5.4 mole %. Some multigroup calculations are
to be undertaken, in the near future, which should
help to establish the critical concentration of the
ART somewhat more reliably,

6R. R. Bate, L. T. Einstein, and W. E. Kinney, The
Three-Group, Three-Region Reactor Code for Oracle,
ORNL CF-55-1-76 (Jan, 13, 1955).

PERIOD ENDING SEPTEMBER 10, 1955

Multigroup, Multiregion Reactor Calculation

W. E. Kinney
Aircraft Reactor Engineering Division

A new multigroup, multiregion reactor calcu-
lation is being programed for the Cracle. By
taking the consistent P, approximation to the
Boltzmann equation, group equations have been
developed and lethargy dependent coefficients
have been put into a form suitable for coding. In
the treatment of thermal neutrons, both neutron
and moderator temperatures will be considered.
The theory for the inclusion of shells and for the
spatial integration of the group equations is the
same as that described previously.b

The code will compute fluxes as a function of
one space variable in slab, cylindrical, or
spherical geometry. As presently planned, it will
allow up to 125 groups and 125 regions. The
calculation may be iterated on the concentration
of any specified element to obtain a multiplication

‘constant of unity, and self-shielding factors will

be available, Adjoint fluxes may be computed,
if desired.
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2, EXPERIMENTAL REACTOR ENGINEERING

H. W. Savage

E. S. Bettis

Aircraft Reactor Engineering Division

The difficulties encountered during the installa-
tion of the MTR in-pile loop and in startup of the
system are presented, and the modifications being
made in the loops now being fabricated are de-
scribed. The operating conditions for the 22 fused-
salt—Inconel  forced-circulation loops operated
during the quarter are presented, as well as the
operating conditions for 9 forced-circulation loops

‘ operated with sodium in Inconel or in stainless
steel tubing. A new test loop is described with
which more accurate information on the oxygen
content of the sodium can be obtained during
“operation, .

" Two stands for testing ART pumps were de-
veloped, and tests of pump seals were made. The
tests performed with intermediate heat exchanger
test stand A are described, as well as the small
heat exchanger tests.

The apparatus being built for tests of the thermal
stability of the ART outer core shell is described.
Also, a design for Inconel strain-cycling tests is
presented.

Several designs for cold traps for removing oxides
from sodium and NaK are presented, along with
designs of plug indicators for detecting and meas-
uring the oxide content,

IN-PILE LOOP DEVELOPMENT AND TESTS
D. B. Trauger

Aircraft Reactor Engineering Division

Loop Installation

C. W. Cunningham
Aircraft Reactor Engineering Division

The instrument panel for the MTR in-pile loop
was installed on the first level balcony on the
reactor north face. This location is advantageous
in that it is above the activity on the main floor
and relatively close to the HB-3 beam hole. Pro-
vision of a central balcony extension for the oper-
ator enabled him to easily observe the instrument
and control panel in the somewhat resiricted space,
The additional instrument panels and cabinets
were located on balcony extensions at each end of
the instrument and control panel.

The auxiliary equipment and the loop, on its
cradle, were placed on the main floor, largely
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under and adjacent to the east face stairway.
Interconnecting tubes and wires were protected
by running them in troughs hung beneath the bal-
cony and the stairway above head level. The
tubes and wires to the loop were lifted into these
troughs after the loop was inserted into the beam
hole.

A means for flux compensation had to be pro-
vided, since the flux profile at the HB-3 beam hole
was not known with certainty, A loop retractor
mechanism was built and was mounted in the HB-3
cubicle to permit withdrawal of the loop plug 6 in,
from the fully inserted position. This device
permits adjustment of the loop nose position in the
tapering flux region and, thus, variation of the
loop power level independently of reactor opera-
tion. The retractor also serves as a safety device.
By withdrawing the plug 6 in. and reducing the
process air flow, reactor operation could continue
in the event the in-pile loop experiment had to be
operated on the limited, emergency, cooling-air
supply. The ability to preset the position of the
plug greatly reduces the risk of freezing or over-
heating the loop during the reactor startup and
shutdown.

Orderly arrangement of lines and equipment in
the cubicle presented a difficult problem. The
lead shields, retractor mechanism, tubing cutoff
block, tubing and electrical wires, and hoses
almost completely filled the available cubicle
space. The problem was further complicated by
the movement required for retraction. A workable
arrangement was found by trial and error movement
of the lines and tubes into various coiled configu-
rations. The water hose had to be carefully routed
to eliminate excessive strain on the quick-discon-
nect fittings provided to eliminate the leakage of
radioactive process water,

Loop No. 1 Cperation

L. P. Carpenter D. W. Magnuson
P. A, Gnadt

Aircraft Reactor Engineering Division

D. M. Haines
Pratt & Whitney Aircraft

The first MTR in-pile loop was completed on
June 20, and it was shipped, by air, to the MTR




facility at NRTS, It successfully passed the pre-

‘operational checks required by the MTR Reactor

Safeguards Committee, and it was then inserted
into the HB-3 beam hole from the special loading
cradle supplied as part of the experiment, Fuel
elements adjacent to the beam hole were removed
for the insertion, since no shielding was provided.
Although a rather high radiation beam was meas-
ured adjacent to the in-pile loop plug shield, it
was well collimated, and the insertion proceeded
rapidly and smoothly without the coffin,

The startup of the loop proceeded systematically
through pump operation and preheating of the fuel
and the piping. At the final step, melting of the
freeze line and charging of the loop, the heater for
the freeze line was found to be inoperabie. An
internal short, to ground, had developed after the
preoperational checkout., Efforts to clear the short
were unsuccessful, and it was impossible to melt
the line by increasing the power to adjacent
heaters. This terminated the loop operation, and
the loop was removed from the beam hole for return
to ORNL. Since this loop had been reworked re-
peatedly during the initial assembly, it was deemed
to be irrepairable and was therefore cut up for
evaluation,

The short was fo’uhd in a nipple, or extension,
from the pump bulkhead to the glass seal for the
power leads, Braided glass insulation had become
frayed, apparently during assembly, and the copper
lead wire was exposed. ‘Mechanical separation
between the copper wire and the nipple probably
existed durmg the checkout buf rnovement due to'v 7

hon. Experlence'"‘wnh the ¥
provide adequate information for esn‘abhshmg hea
ing procedures,

in pump stoppage. Théﬂchange in sump level

PERIOD ENDING SEPTEMBER 10, 1955

Horizontal-Shaft Sump Pump
J. A, Conlin

Aircraft Reactor Engineering Division

The difficulties previously encountered with the
shaft seals of the horizontal-shaft sump pump have
been corrected. The original seal used a thin,
brass bellows, which failed mechanically. it was
replaced with a stainless steel bellows, which
serves both as the flexible member of the seal
and the loading spring. It was necessary that the
bellows serve as the loading spring because the
combined spring loading of the steel bellows and
a spring would have been excessive. However,
the spring-loaded bellows caused chatter between
the graphite nose and the mating seal ring, and
the graphite crumbled. The installation of friction
dampers, in the form of spring-loaded steel plugs
that pressed radiqlly against the outside of the
seal nose, eliminated this difficulty.

The maximum gas diffusion leakage rate for this
seal has been found to be 100 ppm of argon dif-
fusing from the pump sump into the helium in the
bearing housing. The flow rate of both the helium
and the argon is 700 cfh. Satisfactory seal leakage
rates could not be obtained consistently with the
initial drip lubrication system; so the oil level in
the bearing housing was raised until the lower
edges of the running faces of the seal were im-
mersed, This provided a better oil film on the
seal mating faces, and satisfactory sealing condi-
tions were obtained.

A prototype model of the in-pile pump operated
satisfactorily, with the fuel mixture NaF- -ZrF -UF,
(53.5-40.6.5 mole %) as the pumped fluid, for

. 173 hr at 1400°F in an isothermal loop identical
to fhaf of fhe in-pile Toop. Operahon was then
. »'rermma'red by a sudden pump stoppdge caused by
_the a 1
“cold reglondof the pump. A postrun ‘examination

ulation of fuel along the shaft in the

ted \‘hqf there had been 'rwo levels of fuel
in the svump. The flrst level was at the normal

~ sump operating pomt ‘as indicated by an etched

metal surfcqe. _The second level, as evidenced
Ilghtly efched surfoce, was sufﬁcuenfly

probably occurred the day before the pump stopped.
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An m'rerruphon in the plant air supply that was
bemg used to cool the fill-tank freeze line caused

“the fill-line temperature to rise to above the
melting pom’r of the fuel and the indicated fill-
tank fempercfure to increase about 25°F due to
4 fhe qbsence of air movemenf in its wcmufy. The
fill-tcnk femperature rise, plus any gas evolution
from 'rhe fuel, could have increased the fill-tank
3 :'QGS’/'

“'pump and flood the sump. A fill-tank temperature
“rise of 35°F would huve, alone, caused sufﬁcnen’f
“expansion of the fuel to account for the 13-cm3
dlsplocement This \‘ype of failure could not occur
‘with the MTR in-pile loop assembly, because the
freeze llne wnll be cooled by its proximity to the
ﬁwater |cckef of ’rhe Ioop.

olume sufflcnenﬂy to force fuel into the

Oll lrradmtlon

Hclnes
Pratt & Whn‘ney Alrcrcﬁ

Samples of Gulf Hcrmony “*A” oil were irradiated
at the gamma facility of the MTR to determine the
suitability of this oil for use in the lubrication and
hydraulic power systems of the in-pile loop. Cal-
culated doses of 109 r were obtained. The specific
gravity of the oil samples increased about 1%, and
the viscosity increased about 60 to 90%. In a few
of the samples a small amount of suspended par-
ticulate material was observed but not identified.
The radiation damage observed in these tests is
not considered to be seriously defrimenfcl

DEVELOPMENT AND OPERATION OF
FORCED-CIRCULATION CORROSION
AND MASS TRANSFER TESTS

W. B. McDonald

Aircraft Reactor Engineering Division

Operahon of Fused-Sult-lnconel Loops

C.P. Coughlen P. G. Smith

. Alrcraff Reactor Engineering Division

R. A. Dreisbach
Pratt & Whltney Aircraft

Twenfy two fused- sclt—lnconel loops were oper-
ated during this quarter, A summary of the con-
ditions of operation of these loops is given in
. Table 2.1. The results of metailurgical examina-

‘tions of fhese Ioops are presenfed in Sec. 5,

s "Corroslon Research

The major cause of failure of these fused-salt

loops has been the freeieﬁp “of the salt in the

coolmg conl when flow was mferrupfed for any

reason. Most flow m'rerrupnons resulf ‘from loss

of power, either at the test rig or in the building
as a whole. The freezing of the cooling coils has
occurred in times as short as 30 sec. Preliminary

tests have shown that a gas flame automatically

tgmted at the time of an |n’rerruphon of the coolmg
air will prevent freezing for perlods of 5 min or
more, Several methods of automatic ignition of
such a flame were tried, but the only one which
appears to give the surety of ignition required is a
high-resistance heater coil in the gas stream; the
coil is energized from a 12-v, wet-cell circuit.

Liquid Metals in Multimetal Loops
C. P. Coughlen

Aircraft Reactor Engineering Division
R. A. Dreisbach
Pratt & Whitney Aircraft

Nine forced-circulation loops were operqted with
sodium in Inconel and in stainless steel tubing,
A summary of the conditions of operation of these
loops is given in Table 2.2, The loops were
heated with electric heaters, and each loop had
an economizer section. The results of metal-
lurgical examination of these loops are presented
in Sec. 5, ““Corrosion Research.”

A new test loop has been designed with which
it will be possible to obtain accurate information
on the oxygen content of sodium during operation.
The test system, as indicated in Fig. 2.1, consists
of a main loop, which includes the sodium-sampling
device and a bypass cold trap, and a plugging-
indicator loop, with its separate pump and flow-
meter., (The plug indicator is described in a sub-

sequent portion of this section.) The cooling rate
of the entire loop can be controlled to a fraction of

a degree per minute. The oxygen content of the
sodium circulating in the main loop is controlied
by use of the bypass cold trap. The plugging-
indicator loop and the sampling device are both

~used to independently determine the oxygen content
" and thus to determine the efficiency of the cold

trap.

In order to use the pluggmg-lndlca'ror loop, fhe
valve between that loop and the main loop is
opened, and sodium is allowed to flow from the
main loop until the plugging-indicator loop is
filled to a predetermined level in the surge tank.
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TABLE 2.1. SUMMARY OF OPERATiNG CONDITIONS FOR 22 FUSED-SALT—INCONEL FORCED-CIRCULATION CORROSION AND MASS TRANSFER TESTS

-

Maximum Maximum X
l.oop Method of Type of Reynolds T?mperah.Jre Recorded Fuel Recorded Tube Fused Salt Ope‘rahng o
No. Heating Heuted Number  Differential Temperature ~ Wall Tempera- Circulated Time Reason for Termination
Section (°F) (°F) ture (°F) (hr)
4950-2 Direct resistance : Straight 5,000 200 1500 1565 NaF-Zrf ,-UF ,% 1000 Scheduled
49503 Direct resistance 'Straight 10,000 200 1500 1690 NuF-Zer-UFAb 1000 Scheduled
4950-4 ' Direct resistance  Straight 10,000 100 1500 1600 NaF-Z:F -UF ,# 1000 Scheduled
4950-5° Direct resistance _Straight 10,000 200 1500 1575 NaF-ZrF ,-UF ,° 1000 Scheduled
 4950-6. - Direct Resistance  Straight  ~8,000 300 1500 1620 NaF-ZrF -UF ;¢ 1000 Scheduled
7425-1 Direct resistance ' Straight ~10,000 200 1500 1600 NaF-ZrF UF ¢ 22 Leaked at 22 hr; motor
failure
7425-1A - Direct resistance | Straight ~ 10,000 200 1500 1600 NaF-ZrF ,-UF ,* 1000 Scheduled
7425.2 . Direct resistance Straight 10,000 200 1500 1575 NaF-KF-LiF® 550 Fuel evaluation test; pump
shaft seized at 550 hr
74253 Direct resistance . Straight ~23,500 125 1525 1600 NaF-ZrF ,-UF ,# 73 Motor overfoaded; loop
¥ failed at 73 hr
7425-3A  Direct resistanc ~ 16,000 125 1525 1600 NaF-ZrF -UF @ 1000 Scheduled
7425-4 : Direct resistanc 10,000 200 1500 1575 NaF-KF.LiF¢ 1000 Scheduled; fuel evaluation
4695-4D . Direct resistanc 10,000 200 1500 1595 NaF-ZrF -UF ,# 20 Failed during power
v ' failure ot 20 hr
4695-4D-2: Direct resistanc 10,000 200 1500 1635 NaF-ZrF ,-UF /@ 500 Scheduled
& . 4695-5C-2> Direct resistanc 10,000 200 1500 1635 NaF-ZeF UF @ 1000 Scheduled
¢ . 742541 . Direct resistancey: Straight 2,750 200 1650 1700 NaF-Z¢F -UF 4 1000 Scheduled
1 49353 . Gas % Coiled | 1,000 100 1500 1540 NaF-ZrF -UF,* 1000  Scheduied
49354 : Gas Coiled 10,000 100 1500 1690 NaF-ZrF -UF 4 486 Clutch failure caused
. ; freezeup; failed on
restart
49355 - Gas " Coiled 10,000 200 1500 1550 NaF-Z¢F ,-UF ;% 682 Clutch failure caused
v freezeup; failed on
. restart
© 4935.7 . Gas . Coiled 6,000 200 1500 1700 NaF-ZrF ,-UF % 330 Power failure caused
' freezeup; failed on
restart
' 4935-7B ' Gas Coiled 6,000 200 1500 1700 NaF-ZrF ,-UF,* InTest Conditions noted were
’ i new conditions im-
pressed at 600 hr;
; scheduled for 1000 hr
49358 . Gas - Coiled 6,000 200 1500 1700 NaF-ZeF UF @ 435 Terminated at 435 hr by
; thermocouple burnout
4935.9 " -Gas + Coiled 4,000 200 1500 1800 NaF-ZrF ,-UF % 1000 Scheduled

%Composition: 50-46+4 mole %.

bComposiﬁon: 50-46-4 mole % with 2 wt % of the total uranium converted to U3*,

€Composition: 11.7-59.1-29.2 mole %.
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"TABLE 2. 2 SUMMARY OF OPERATING CONDITIONS FOR LOOPS THAT CIRCULATED SODlUM

PR A I : Temperature o Mammum o " ) Operafi}:x:g
Loop No. Material of C°Id Reynolds Differential Recorded Fluid Condition of Time
- : kCVo4nksfrvuctiork| Trap VNumber CF) Temperature (°F) Sodium (,hr)
49514  Inconel No 55,000 300 1300 Commercml grade 000
49515 Incomel  No 59,000 0 1500 0.15% oxide added ,
49516 Inconel  Yes 59,000 300 1500 ’H,gh purity 500
49517 Type 316 No 59,000 300 1500 Commercial grade ~ 475%
: S sfomless steel ) e L
49518 incomel  Yes 59,000 300 1500 ‘Commercml grade 1000
49519 Inconel  No  ~59,000 300 1500 1% barium added 500
74267 Incomel  Yes ~59,000 300 1500 1% barium added 1000
S 74262 inconel No  ~59,000 300 1500 0.05% oxide added 1000

74268

]nconel‘ : (‘Yes 50,

000 200 1000

1000

. *Operation te’rmvinufed by a power failure.
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"The valve is then closed, and the sodium is cir-

culated by the electromagnetic pump in the un-
heated plugging-indicator loop. The plugging disk
collects the oxides: precipitated as the tempera-
ture of the sodium decreases, and it eventually
plugs. The temperature at which pluggingoccurs
is compared with a calibration chart to determine
the “oxide content of the sodium. The plugging-
indicator loop is then heated until flow is re-

" established. The valve is then reopened and the

sodium is forced, by pressure, back into the main
loop.

PERIOD ENDING SEPTEMBER 10, 1955

The data on oxygen content obtained with the
plugging-indicator loop are compared with those
obtained with the analyzing device attached to the
main loop and with results of chemical analyses
of samples removed from the main loop. The
analyzing device attached to the main loop is
described in Sec. 9, ‘‘Analytical Chemistry of
Reactor Materials,”

A loop in which NaK is to be circulated has
been designed with the same surface-to-volume
ratio as that of the primary NaK circuits in the

ART. A sketch of this loop is shown in Fig, 2.2.

UNCL ASSIFIED
ORNL~LR~DWG 9047

Fig. 2.2, Loop for Studying Mass Trcngfér in an |Vnconél'Loop Circulating NaK.

41

T T PR TR

T RO TR

T W




ANP PROJECT PROGRESS REPORT

It is desigheid to operate at a maximum NaK tem-

percn‘ure of 1600°F and a minimum NaK temperature

' of 1200°F The Reynolds number is to be com- |

‘ puroble ’fo fhot |n prlmqry NaK circuits of fhe ART,

' ; PUMP DEVELOPMENT

. E. R. Dytko
Pmtf & Whltney Aircraft

Mechum ul Shakedown nnd Beunng-and-Seul Tests
@ ' A. G. Grindell -

A:rcraff Reacfor Engineering DIVISIon

The ART-fype MF-2 pump mcorporofes two foce- (i

type mechanical seals. The seal specifications
requn’e the upper seal to have a leakage rate of
-~ oil to the atmosphere of not more than 20 cm? per
24 hr at 70 psi. The lower unit is to have a leakage
_of oil into helium across a pressure differential of

k 0 to 5 psi of not more than 2 cm3 per 24 hr. The

"'k;eq_rljerd flu:d is a light, spindle oil having a vis-
cosity of 60 SSU (Saybolt seconds universal) at

“Ine. will be tested,

100°F Most of the manufacturers confacfed would';‘

not bld on the seals, and the three or four c m-

panies who did make bids would not guqrom‘ee‘

their seals to meet the strmgenf requnements of

the specifications, Therefore a seal evaluation

program! was initiated in which a small number of

seals from the Fulton Sylphon Division, the Dura-

metallic Corporcmon, and the Koppers Company,

that low leakage rates could probably not be
achieved with metal-to-metal seals, and, conse-
quently, the seals being tested are made of carbon
products and ceramics,

The evaluation of the Fulton Sylphon seals is
nearly complete. Nine of the 11 tests started
have been completed, and over 1600 hr of testing
time has been accumulated. The conditions of
the tests are given in Table 2.3, and the results

1D, R. Ward, W. C. Tunnell,and J. W, Klngsley, ANP
Quar, Prog. Rep. ]une 10, 1955, ORNL 1896 33.

TABLE 2.3, CONDITIONS OF TESTS OF MF-2 PUMP LOWER SEALS MANUFACTURED BY
THE FULTON SYLPHON DIVISION
0il temperature: 200°F
Shaft speed: 3000 rpm

R‘dfio of

Test Material Flatness® (bands) o | g Pressure g 0 0b Jounal Radius
No. Seal Nose Wear Ring Seal Nose Wear Ring  (b)  PDifferential | L 4 b)  to Radial
(psi) Clearance
1€ Sabeco 9%  Ketos® 2 50 0.5 010300 800
2°  Graphitar 14 Ketos 6 30 0.5 0 to 300 900
3¢ Sabeco9  Ketos 8 30 0.5 0 to 300 1250
4/ Sabeco 9 Case-hardened steel 4 50 0.5
5/ Sabeco 9 Ketos 2 50 0.5
6/ Sabeco 9 Case-hardened steel 3 1.5 20 ~1310 16
7/ Sabeco 9 Ketos 3 20 0.5
8¢  Graphitar 14 Case-hardened steel 4 20 0.5 0 to 200 810
12/ Graphitar 14 Ketos 8 20 0.5 '
6A7 Sabeco 9  Case-hardened steel 3 1.5 20 0.5tc7.5
6 20 0.5

7Af ‘ vSﬁal‘a‘gco’ 9 Ketos

Measuréd‘ with helium light; one band equivalent to 11.6 win.

;bBeurmgs made of ASTM-B-144-49-36 bearing bronze.
‘ CTesfs made in bearmg and seal testing facility.

- “Sabeco 9 is a leaded bronze.
,‘eKetos is an ]8-4-] type of tool steel.

/Tesf made in cold shakedown facility; no bearing loads applied.

Earlier tests had lndlcqfed‘
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are presented as Fig. 2.3, It may be noted that

the low specified leakage rate has not been met, -

and only four seals had rates lower than 1 cm®/hr,
It was noted that the Fulton Sylphon seal was not
balanced, and the resulting pressure changes
caused variable performance of the seal. Repro-
ducibility of results from seal to seal has not been
possible, In similar tests the operation of the
upper seal was satisfactory, with leakage rates
of less than the specified 20 cm3 per 24 hr being
attained in six tests,

PERIOD ENDING SEPTEMBER 10, 1955

The lower journal bearing of the pump was de-
signed initially to carry loads of up to 600 Ib, but
hydraulic studies revealed that the expected
bearing load would be 150 Ib or less. With the
lower loads it appears to be feasible to employ
Inconel as the journal material and to thus obviate
the need for a hardened journal bushing, Tests 1,
2, 3, and 8 were conducted in the bearing and seal
testing facility, and loads up to 300 Ib were satis-
factorily carried by the Inconel shaft in a bronze
bearing.
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Short-Clrcult Pump-Test Siond

eCamp, A
Alrcraﬁ Reqcfor Engmeerlng D|V|$|on

. J.B. Kercheval
Prah‘ & Whlfney Aircraft

Fobrlcahon cnd assembly of the first short-

circuit pump-fesf “stand, described prevnously,
have been essenhully completed, and water tests
have been started, These water tests are for

: checkmg mechamcal fits and interferences, check-
‘ing pressure breakdown bypass flow rates, and
“cotrelating head and flow data from this loop with

those obtained on the water test stand. 3

Assembly 'of the pump “and the volute indicated
~ that the radial seals with metallic O-rings were
ety sensitive diménsionolly. A 0.002-in, intet-
f"""ference on a bein.~dia ‘O-ring was not enough to
“seal, while a 0.008- to 0.010«in. interference

caused d_llfhculfy in assembly and disassembly.

Data were taken on bypass flow rates to deter-
mine the effect of the left-hand threads used in
the flow breakdown annulus, With a radial clear-
ance of 10 mils and thread depth of 37 mils, a by-
pass flow rate of 2.3 gpm was measured at a pump
speed of 2700 rpm; the main circuit flow rate was
approximately 630 gpm. lIncreasing the radial
clearance to 15 mils gave the desired flow rate of
4.77 gpm.

The data obtained in the water tests will be use-
ful in analyzing the data obtained at high tempera-
tures, since it will be difficult to measure dis-
charge pressures when the system is operating at
high temperature. Throttling orifices for the loop
were calculated to give a 50-ft head at 650 gpm.
Data obtained in the water tests indicate a flow
rate of 650 gpm at a 46-ft head. The test loop is
now being readied for operation at the design tem-

perature, 1400°F.

Hfgh-Temperufure Pump-Performance-Test Stand »

R. Cumry H. Young
Pratt & Whitney Aircraft

The design layouts have been completed for two
loops for testing MF-2 ART-type pumps at tem-
peratures up to 1400°F. Calibration, shakedown,
and endurance tests on MF 2 pump rotary assem-

25, M. DeCcmp, ANP Quar. Prog. Rep. June 10, 1955,
ORNL-1896, p 35.

3G. D. Whitman, R. L. Brewster, and M. 'E. Lackey,

- "ANP Quar. Prog. Rep. June 10, 1955, ORNL-1896, p 32.
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..4b:|ies wnII l;ekmcld’e’ wifh' NaK or sbd'i'brbﬁﬂand 'wbi"rwh.

fhe fuel mixture NaF-ZrF“-UFA (50-46-4 mole %)
as the circulated fluids., Data obtained at 1200
and 1400°F on shaft speed, head, flow rate, and
power input will be compared with water-perform.
ance data, and cavitation and vibration characteris-
tics will be noted. An endurance test will then be
run at design head and flow rate. The xenon-
removal system, including the helium-bleed and
oil- leakage-removcl sysfems, is to be incorporated
in the circuit for checking in conjunction with the
main fluid circuit, One of the two test stands will
be available for acceptance testing of the final
MF-2 rotary assemblies with NaK.

‘A concentric pipe de5|gn was chosen for the
test stand loop to eliminate thermal stresses from
nonuniform heating or coolmg, to reduce the num-
ber of critical welds, and to provide a compact
assembly. The compac‘rnessof the cssembly makes
possible a low fuel inventory.

A conventional venturi is located 15 pipe diam-
eters (60 in.) downstream from the pump volute
discharge, and a piston-type throttle valve is
located downstream of the venturi. The valve
travel was specified within the recommended travel
of a suitable bellows used as the valve-stem seal.
This valve cannot be fully closed; therefore, as
presently conceived, the minimum loop resistance,
with the valve wide open, will permit testing at
about one-half the rated pump head with rated flow,
and the maximum loop resistance, with the valve
closed, will permit testing at approximately one-
half the rated flow with the pump delivering the
rated head.

A screen-type, axial-baffle, flow-control device
is provided just below the inlet to the impeller to
prevent an uneven velocity profile and prerotation
in the stream entering the pump. To simulate the
fluideexpansion and xenon-removal region, a sepa-
rate chamber is provided above the top plate of the
pump volute. Fluid enters and leaves this chamber
only through the pump batrel wall, and this cham-
ber is not directly connected to the pump inlet

‘chamber except through the impeller. The rise in

level of the fluid in this chamber for a 100°F in-
crease in the temperature of the fuel mixture will
be about the same as that for the ART.

During steady-state high-temperature operation,
the pumping power will be removed by blowing a
high-volume low-pressure air stream transversely

actoss the outer loop pipe. A power failure will
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: “tamer, thh"c volume ’/]7 of that of the NaK circuit,
ec circuit by a plpe 2 m. in

cause automatic cutoff of the cooling air, and it is
anticipated that the fuel can be dumped before it
freezes in any section of the loop.

HEAT EXCHANGER TESTS

E. R. Dytko
Pratt & Whitney Aircraft

R. E. MacPherson

Aircraft Reactor Engineering Division

Intermediate Heat Exchanger Tests

R. D. Peak  H. M. Cooper L.R. Enstice
Pratt & Whlfney Aircraft

The new experlmenful assembly (stand A) for
intermediate heat exchanger fests, described
previously,4 is shown in Fig. 2.4, This apparatus
was operated for 690 hr in a series of furnace and
diffusion cold trap tests of the NoK system and a
2-hr cleaning cycle of the fluoride-fuel circuit, A
chronological description of the tests that were
conducted and the troubles that were encountered

is given in Table 2.4,
As stated in Table 2.4, the 1-Mev gas-fired fur-

nace (Struthers Wells Corp.) for heating the NaK, as
installed, did not give satisfactory performance.
The best over-all thermal efficiency that could be
obtained was 28%, with 1.7 x 106 Btu/hr being
transferred to the NaK. In an effort to improve the
performance, a 12-ft-high stack extension was
placed on top of the original 4-ft-high stack. As a
result, a thermal efficiency of 31% was obtained,
with 2.83 x 106 Btu/hr being transferred to the
NaK. Since the heat transfer was still below the

design requirement, a new, larger burner was then
mstalled whlch proved to be cclpable of trans-

of opercm :
and a NaK temperature of 1500°F,  The oxide con-

4R, D. Peak, ANP Quar. Prog. Rep. June 10, 1955,
ORNL.-1896, p 37.
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tent in the NaK was measured by means of a plug
indicator and by chemical analyses of samples
taken from the pump bowl. The plug indicator is a
conceniric pipe stem connected to the NaK circuit,
with a filter containing five 0.030-in.-dia holes
located at the bottom of the inner pipe, which plugs
with precipitated oxide at the saturationtempera-
ture of the oxide in the NaK. Both the plug indi-
cator and the chemical analyses showed that the
cold trap had reduced the initial oxide content of
1000 ppm to values of 150 and 650 ppm, respec-
tively, as found by the two methods after the first
56 hr of operation. This discrepancy in oxide
content, as obtained by the two methods, cannot be
explained at this time,

The second cold trap test was of 193-hr duration
(the period from 373 to 566 hr of operation) with
NaK flow rates of 50 to 110 gpm and NaK tempera-
tures ranging from 1000 to 1400°F; the tempera-
tures in the cold trap were below 750°F. In this
test, only the plug indicator was used to measure
the oxide content. These measurements showed
that the oxide content was reduced from an initial
1000 ppm to 150 ppm after the first 168 hr of NaK
circulation, This level of oxide contfent is con-
sidered to be too high for a NaK-Inconel system.

One tube bundle of the fuel-to-NaK intermediate
heat exchanger (No. 2), described previously,?
developed a leak after approximately 350 hr of
operation of the NaK circuit, The fuel had been
circulated for only 2 hr in the fuel circuit during
this period. At the time that the leak occurred,
the fuel circuit was empty, except for small un-
drainable portions in the pressure transmitters, fuel

~pump, and the lower ends of the heat exchanger
_tube bundles, With a pressure differential of 35
_ psi across the NaK and fuel circuits, a consider-

unonhfy of NaK flowed info the fuel circuit
e the leak was detected. The leak was de-
lll’ewer spark plug in the fuel pump
Subsequent dumping of the NaK circuit

. \;,_resulfed n contamination of the NaK circuit and

the NaK dump tank with some of the fuel which
could not be completely drained following the 2-hr
operation of the fuel circuit,

...The fuel-to-NqK heat exchanger was removed
bly and excmmed Pressure tests

showed fhof only one tube in one of the two 100- -

i hi NeK flow rates of 55 to ‘85 gpmu

tube bundles leaked. The leak was found to be a

5P, Patriarca et al., ANP Quar, Prog., Rep. June 10,
1955, ORNL-1896, p 131.

45

P

e




ANP PROJECT PROGRESS REPORT

TABLE 24, SUMMIARY OF INITERMEDIATE HEAT EXCHANGER TESTS

Hours of

Remarks

NaK system electrlcally heated to 300°F NaK flow rclfe, 100 gpm, hlghest NaK tem-

NaK system operated |nterm|ﬂenfly at various flow rafes cnd femperatures to check

operablllty of 1-Mw gas-fired furnace; furnace found to be unsatisfactory; thermal

" efficiency, 28%; heat transferred to NaK, 1.7 X 108 Bru/hr. NaK pump had to be

reploced at end of 50 hr of operuhon becquse of fculure of the onl-to-helwm seal.

NaK system operated isothermally at 1500°F wnfh NoK ﬂow rates of 55 to 85 gpm to
check operuhon of diffusion cold trap, cold trap reduced oxygen content of NaK from

“ 1000 to 150 ppm, according to plug indicator, or 650 ppm accordlng ro chemical analy-
"sis. NaK replaced with new supply because of high oxygen con'fenf NoK pump agam i

Fuel circuit filled for cleanmg w:fh NaF ZrF UF (50 464 mole %) und operated
isothermally at 1500°F for 2 hr at a fuel ﬂow raie of 60 gpm; fuel then dumped.

NaK system operafed |nfermmenf|y at various flow rates and femperafures to check

gas-fired furnace; furnace found to be satisfactory after alterations; thermal efficiency,

Blower started with NaK circuit isothermal at 95°F to check radiator air flow.

NaK system operated isothermally at 1400°F at various NaK flow rates to check
pressure drop in system. Test terminated because of a leak in the heat exchanger.

Heat exchanger removed for examination and fuel pump removed for cleaning. NaK

NaK circulated at 100 gpm with system isothermal at 1400°F for ¢leaning circuit; NaK

drained while hot; NaK replaced because it was found to be contaminated with fuel.

NaK system operated isothermally at 1000 to 1400°F at various NaK flow rates to

check effectiveness of diffusion cold trap; cold trap reduced oxygen content from

Blower started to create temperature differential of 200 to 250°F across NaK-to-air

radiator; NaK sysfem'operafed at various NaK flow rates and NaK temperatures of

" 1000 to 1250°F. Radlator gradually plugged with fuel contaminants. Plug fndicrqtor

showed oxygen content to be too low to cause plugging. Test terminated because of

a leak in fhe radiator. Radiator removed for excmlnahon. Cold trap, plug indicator,

Operation
0 Fllled sysfem wnth NaK (56% Na—44% K) at room temperature. b
0to 16
perature “attainable with electric heqfers found to be 300°F.
16 to 50
50 10 219
‘reploced at end of 219 hr of operohon becuuse of beorlng fmlure
7510 77
219 to 354
48%; heat transfer to NaK, 3.85 X 108 Btu/hr (1.13 Mw).
354
354 to 358
piping installed to replace heat exchanger.
358 to 373
373 to 566
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