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ABSTRACT

The existing dry box facility has been modified and cali-
brated for conducting high-temperature, liquid-potassium cavita-
tion damage tests. The faclility 1s capable of being operated

£ temperatures up to 13OOOF.

Oxygen and moisture in the argon cover gas in the dry box
can be maintained below 5 ppm for 1 hour with the glove ports

closed.

An 8-hour potassium purity test under operating conditions
was made and oxide impurity levels were maintained well below

50 ppm.

Instrumentation for monitoring amplitude of the magneto-
striction device has been installed in the air-cooled free end

of the transducer, away from contact with liquid metal vapor.

A program for cavitation damage tests under various tem-
perature and pressure parameters is in progress. The materials

selected are TZC, T-111, TiC, and Cb-132M.
fuTHOR
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(POTASSIUM STUDIES)

Technical Progress Report 607-1
For the Period
10 January 1966 - 31 July 1966

I. INTRODUCTION

High-performance components such as mechanical condensate
pumps of a nuclear Rankine-cycle space power plant are antici-
pated to operate for considerable periods of time in a cavitating
environment of high-temperature, alkalil liquid metal. The ulti-
mate success of such equipment may depend on the resistance of
materials to cavitation damage. High-temperature 1liquid potas-
sium 1is currently being considered for the thermodynamic and

heat transfer working fluids of these power plants.

Data on the behavior of candidate materials cavitating in
high-temperature potassium are virtually nonexistent. One of the
objectives of the subject research program, therefore, is to ob-
taln such data. In addition, since liguid-metal condensate pumps
¢’ these Rankine-cycle power plants may cavitate under various
iniet net positive suction heads (NPSH), the parameters of ambient
pressure as well as temperature will be varied to determine their
effect on the cavitation damage resistance of the selected

materials.,

From previous cavitation damage studies in high-temperature
11;uld sodium (1) under an earlier NASA Contract (NAS 3-4172),
an 1nert atmosphere dry box facility incorporating a magneto-

srtriction apparatus and a liquid metal retort was constructed and
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calibrated. The detalls of this apparatus are described else-
where (2)(3). 1In the present study, the facility was converted
from liquid sodium to liquid potassium service and means will be
provided to maintain retort test pressures independent of the

dry box pressures,

-
=

OBJECTIVES OF THE PROGRAM

The objectives of this program are three-fold:

1. To determine the cavitation damage behavior of
selected refractory alloys and 316 stainless steel in liquid

potassium at temperatures ranging from 400O to 12OOOF.

2. To determine cavitation damage behavicr of TZC re-
fractory alloy and 316 stainless steel under pressures ranging
from 2 - 40 psia (retort argon pressure minus potassium vapor

pressure) up to temperatures of 13OOOF.

3. To analyze the data above, to determine the material
property (or properties) which controls the cavitation damage re-
sistance of the metals, and to determine the liquid metal property
(or properties) which governs the bubble collapse energy for po-

tassium for various temperatures and pressures.

Thus, from these experiments, candidate materials can be ranked
for performance in a nuclear Rankine-cycle space power plant

under a given set of operating conditions.
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ITTI. MODIFICATION OF THE TEST FACILITY

The existing test facility, shown in Figure 1, for con-
ducting cavitation damage experiments on refractory alloys in
high-temperature liquid sodium was modified for potassium service

as follows:

(a) A new retort and asscciated vapor trap were de-
signed and installed to withstand independent pressures of

50 psig and 1300°F.

(b) Sodium piping was replaced with new piping to
avold contamination. Improved transfer system heating was pro-

vided.

(¢) The hot trap was cleaned and recharged with
zirconium gettering material, and modifiled to permit vapor trapping
and rod-out cleaning of vacuum and gas lines to prevent clogging

during operation.

(d) The magnetostriction device was recalibrated using
an amplitude pick-up device repositioned at the cpen end of the

transducer. A new means of air-cooling was incorporated.

(e) New seals for the elevating head mechanism and

retort nozzle were designed and partially installed.
(f) Heating control circuits were modified.

The salient details of the modified facility are described

below.
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Retort System

A new retort for potassium service capable of withstanding
13OOOF and pressures from 10"3 torr to 50 psig was constructed of
a 5-inch diameter 304 stainless steel tube having a wall thick-
ness of 1/4 inch. A suitable end cap was welded on the bottom
end of the tube to which was fitted the existing fill and drain
piping system used previously for the sodium experiments. The
upper end of the retort was fitted with a2 mating flange which
bolted directly to the floor of the dry box, and was sealed with
a metal O-ring. A screen was placed over the drain hole to pre-
vent large particles of foreign material from entering the po-
tassium piping system. The entire fabrication of this component
conformed to highest commercial standards for nuclear service.
All welds were helium leak tested and found to be free of defects.

The essential details of the retort system are shown in Figure 2.

The head of the retort was modified slightly to incorporate
a vapor trap system which vents into the dry box. A pressure
gage was fitted into the vent system for measuring retort pres-
sures. The schematic details of the vapor trap system are also
shown in Figure 2. This arrangement will permit the retort
pressure to be maintained at any level independent of the dry
box pressure. Whenever specimens are to be removed from the re-
tort for observation and weighing, the retort pressure 1s equal-
i1zed to box pressure by either venting the retort atmosphere into

the dry box at higher retort pressures or by venting the dry box
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atmosphere into the retort at lower retort pressures. The vapor
trap 1s cooled by fastening the entire assembly to the water-

cooled floor of the dry box.

' One existing thermocouple well (short) in the retort head
was removed and a heavy Inconel-sheathed, grounded thermocouple
was inserted Lhrough a2 sulitable fitting to make direct contact
with the upper level of potassium in the retort. This arrangement
permits faster thermal response and allows the thermocouple to be
used as a secondary liquid level indicator. The primary liquid
level indicating method employs an electrical contact through an

ungrounded probe as described in the earlier sodium experiments (3).

Potassium Transfer System

A new potassium transfer system was installed, using 3/8 inch
0.D. annealed 316 stainless tube (.049 inch wall) to the approxi-
mate configuration used for the previous sodium experiments. Trans-
fer system heating was accomplished by wrapping the lines with
various lengths of high-temperature fiberglass-insulated heating

tape. Each set of heating tapes can be controlled independently

by an auto-transformer allowing separate heating of retort, fill

and dump,or hot-trap charge lines. These glass-insulated tapes
performed so efficliently that no outer thermal insulation over
the piping was necessary. Thermocouples fastened to the piping
by means of hose clamps are positioned at strategic locations in
the piping system to permit a temperature check to be made at

elbows, fittings and valves prior to the transfer of potassium.
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No trouble was experienced in transferring potassium to any part
of the liquid metals loop. The schematic diagram of the potassium

loop is shown 1n Figure 3.

Hot Trap

The cleaned hot trap was further modified by replacing the
existing spring-operated bellows-sealed valves (which become in-
operative after long-term exposure to high temperatures) with

positive-opening bellows-sealed valves.

One of the existing thermocouple wells (short) was removed
and replaced by a 3/4-inch 0.D., 316 stainless steel tube,
.060-inch wall thickness. This larger tube, which connects to
the cover gas and vacuum piping, permits the installation of a
rod-out system to clear the line of potassium residues which are
expected to accumulate during prolonged operation. A suitable
vapor trap was incorporated in the cover gas and vacuum piping
to confine the potassium vapor to that section of piping con-

taining the rod-out mechanism.

Heavy Inconel-sheathed, Chromel-Alumel, grounded. thermocouples
were inserted into existing piping connections in the hot trap to
make direct contact with the potassium. These fast-response
thermocouples provide a liquid level indicating system; a long
thermocouple indicates the beginning of fill and the short thermo-
couple indicates the upper level of filling for the hot trap.

This system has worked so well that the design of a direct weigh-
ing system for measuring the amount of potassium charge in the

hot trap was abandoned.
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The hot trap 1s cycled automatically to maintain a 125OOF
temperature overnight for 12 hours and then cooled down so that
potassium can be transferred at about BOOOF at the start of the
working day. A high-temperature safety cutout on the hot trap
furnace prevents the possibility of over-heating during unattended
periods. Figure 4 shows a schematic diagram of the modified hot

trap and associated insbrumentation.

Magnetostriction Apparatus

The magnetostriction apparatus was modified to permit the
amplitude pick-up coil to be relocated on the open end of the
transducer to avoid contact with potassium vapor. Previous ex-
perience with sodium, where the pick-up coil was positioned on
the exponential horn and exposed to liquid metal vapor at ele-
vated temperature, showed frequent failure of electrical insula-
tion on the pick-up coil. After trying several schemes, including
an accelerometer and a piezoelectric crystal (both of which over-
heated at the point of attachment to the transducer), the original
pick-up coll was used in conjuncticn with a resonant extension
rod attached to one leg of the free end of the transducer. Much
trouble was experienced at the soldered Jjoint between the mount-
ing platle and the transducer. At high-power input, the heat gen-
erated at the Jjoint melted the solder and lcosened the attachment
of the voice-coll extension rod. The final configuration using
5 titanium rod and mild steel, tapered stub is shown in Figure 5.
I'nis arrangement eliminated the need for special sezls and allowed

cooiing by forced-air circulation.
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The heat developed in the transducer stack had been pre-
viously dissipated by immersion in a water-cooled kerosene bath.
For additional safety reasons, it was decided to eliminate all
liquid cooling and use only compressed-alr flow to remove the
heat developed by the transducer. Compressed air from our shop
supply was passed through a high—efficiency, water-cooled heat
exchanger and expanded rapidly through an expansion valve prior
to entering a drilled circular ring located inside the ftubular
housing at the bottom of the transducer assembly. Radially
swirling cool air blows over the transducer stack maintaining
proper operating temperatures. The schematic detalls of the air-

cooling system are shown in Figure 5.

Elevating Head Seals

The elevating head system had to be completely disassembled
and cleaned. The tubular housing was scored from dust and grit
entrapment on the sliding seals. The score marks were removed
and the external surface of the tubular housing was repolishcd
to a mirror finish. A felt wiper ring was installed in the upper
opening of the seal well of the elevating mechanism housing. This
prevents foreign matter from entering the housing seal. An ac-
cordian-type, Buna-N rubber boot will be attached to the com-
pression cap and bolted onto the transducer housing so that any
metallic vapor in the dry box will be prevented from being de-

posited on the polished sliding tubular surface.
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Much difficulty was experienced in realigning the elevating
mechanism, jack-screw assembly so that the male telescopic housing

mates concentrically and perpendicularly with the female nozzle

seal on the retort. This 1s due to the unsupported and relatively

long travel of the tubular housing along the jack screws prior to
mating with the retort. For the initial experiments which are to
pbe conducted at ambient retort pressures, minor misalignment can
be tolerated, as the seal only prevents potassium vapor from en-
tering the dry box during a test. For the pressure experiments,
positive-sealing means must be maintalned and therefore the ele-
vating mechanism will have to be fitted with guide bars and a
modified retort sealing system be installed. Figure 6 shows the
design of a back-up nozzle seal to prevent splattering of po-

tassium in the event of an internal O-ring failure.

Heating Control Circuits

Several improvements were made in the facility heating sys-
tem. The retort furnace previously used for sodium experiments
failed and was replaced by a more serviceable, higher wattage
unit providing faster heat-up and more accurate temperature con-
trol. Four quarter-circular,high-temperature ceramic heaters are
clamped around the retort and rest on an insulating base. The
entire assembly is then wrapped with several layers of fiberglass
insulation. Each opposing pair of heaters can be controlled by
a switch. This arrangement allows the use of half or full power,
as required, under pyrometer control. The furnace operates ef-

ficiently and can easily maintain retort temperatures of 1SOOOF.
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The potassium fill and dump drums were fitted with band
heaters which have separate thermostatic temperature controls.
In addition, two ring heaters with separate proportional controls
are mounted under each drum; these are used primarily for rapid
heat-up in conjunction with the band heaters until the desired
drum temperature is obtained. The potassium drum-heating sche-

matic is shown in Figure 7.

The modified dry box and associated systems have been checked
for proper operation and found to perform their intended function.

The next section describes the calibration of the facility.

IV. CALIBRATION OF THE DRY BOX FACILITY

The performance standards for the dry box as set forth by

NASA are, as follows:

(a) The test chamber, with its glove-port cover plates
in place, shall be capable of maintaining the argon purity below

5 ppm oxygen and 5 ppm water for a period of one hour.

(b) The oxygen content of the liquid potassium in the
retort shall be maintained below 50 ppm over an 8-hour day of

normal operation.

In addition to the above, the amplitude of the magneto-
striction apparatus was calibrated, the oxygen and moisture rise
was recorded with glove-port cover plates off, and pump-down
pressure of the dry box was observed with a McLeod gage. All
instrumentation was cheéked and adjusted, and all systems were
operated and their performance observed over their designed

range.
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Test Chamber

Pump-Down and Leak Rate - The vacuum manifold with the

blank-off valve closed was capable of being pumped down to 3 milli-
forr as measured by a McLeod gage after a 72-hour initial pump-~
down. The pressure in the dry box was measured at 4 millitorr.
The Pirani gages showed higher readings than the McLeod gage; how-

ever, the calibration of the Pirani gages 1is less accurate.

Rise of pressure with time inside the dry box was recorded
over several runs: thils averaged about 35 millitorr per hour.
These initial readings were higher than those obtained in the pre-
vious sodium experiment; however, from subsequent measurements of
oxygen and moisture rates of rise in the dry box, these values
appeared adequate for the present experiment. Incidentally the
higher pump-down pressure is probably due to minor wear of the
wiper vanes of the mechanical pump. Also, the higher in-leak
rate is attributable to minuscule cover gas through-leaks from

the cylinders through the valves in the manifold.

Oxygen and Moisture Rise - The moisture analyzer and

oXygen analyzer were recalibrated by a factory service representa-
tive. All worn parts were renewed including the electrolytic
cells. Argon gas was monitored at the manifold prior to entering
the dry box and was found to contain 0.5 ppm Oz and 1.5 ppm HzO.
Argon was back-flushed into the dry box (after overnight pump-
down) and allowed to come to atmospheric pressure. The analyzers
were swltched to sample the box gas. With the glove-port covers

in place, the moisture rose almost linearly from 1.5 to 5 ppm in
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one hour and the oxygen climbed rapidly to about 4 ppm and then
remained practically constant for the one hour run, stabilizing

at 3.5 ppm. Figure 8 shows the moisture and Oz rise as a function

of time.

The rise in moisture and oxygen with the glove ports open was
also recorded. The gloves in use were a sulfur-free Butyl rubber
glove, 30 mils thick, in the right side and a PVC 30-mil glove in
the left side. The PVC glove replaced a faulty (punctured) Butyl
glove since no spare was available. These Butyl gloves are belng
tried on an experimental basis. Figure 9 shows the rate of rise
of moisture and Oz which compares favorably with values obtained
in previous experiments; average rate of rise for oxygen is about

12 ppm/hr, and for moisture, 30 ppm/hr.

Oxide Impurity Level in Potassium

Preparations were made to calibrate the oxide impurity level
of liquid potassium heated in the retort and exposed to the dry
box atmosphere over a normal 8-hour working period. The potas-
sium had to be transferred from the storage drum to the hot trap
where it was hot-trapped for a minimum of 72 hours at 12500F°
Potassium sample capsules were made from 3/4—inch diameter,
.028-inch wall, 316 stainless steel tubing, 6 inches in length
and capped on both ends. The capsules were degreased in acetone,
carefully washed and baked out in vacuum prior toc use. Each
capsule could contain a 20-gram sample of potassium. The po-

tassium samples are sent to Atomic Power Development Assoclates
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in Detroit, Michigan, for analysis by a modified mercury amalgama-
ticn technique. Neutron activation analyses were considered but,
in view of low confidence 1limit for detecting oxygen limits below
50 ppm and the need to use container material having less than

10 ppm of oxygen (commercially unavailable), this method of testing

was abandoned.

Each of the four potassium samples were taken by the dip tube
method used previously for sodium sampling. Several dips were
required to fill a sample capsule with potassium. During the en-
tire sampling period, representing about 4—1/2 hours of a normal
working day, glove ports were operated intermittently, the ele-
vating mechanism was operated and a specimen was tested and re-
moved from the box through the specimen lock. The dry box was
pumped down after the first sampling, since the moisture level
rose to 65 ppm. The results of this calibration are contained in

Table 1.

Calibration of the Magnetostriction Device

The double amplitude and resonant frequency of the magneto-
sStriction device were calibrated by means of a filar microscope
and an oscilloscope voltage display of the voice-coil output. Witn
the displacement pickup coil located in the new position, as shown
in Figure 5, the peak-to-peak travel of specimens was measured &as
a function of mv output of the oscilloscope as plotted in Fig-
ure 10. The resonant freguency of the magnetostriction assembly

at these amplitudes was 14 kes.
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When the air-cooling system for the transducer stack was
operated, the air outlet temperature, at 0.5 cfm directed at the
stack, was recorded to be 54OF. Under these conditions, the
stack temperatures at full power remained below IBOOF which is

considered to be satisfactory.

A1l other components assoclated with the facility were

checked for proper operation. It was concluded that the facility

is ready for conducting the necessary experiments required for
the research program.
V. TEST PROGRAM
The test program is divided into two experimental phases:
(a) Temperature Studies

(b) Pressure Parameter Studies

Temperature Studies

On the basis of their high strength and other desirable
properties at elevated temperatures, five candidate materials

have been selected by NASA for determining their cavitation dam-

age resistance in liquid potassium over three temperature ranges:

400°F, 800°F, and 1200°F. The test materials whose chemical

compositions are given in Table 2 are listed as follows:




HYDRONAUTICS, Incorporated

-16-

a) 316 stainless steel,
(b) T-111 alloy,

) TZC alloy in two conditions of heat treatment:
recrystallized and stress-relieved,
(d) Cb-132M alloy in two conditions of heat treatment:

recrystallized and stress-relieved, and

(e) TiC + 10 percent Cb binder. These specimens are
to be furnished by NASA in the form of 1/4 inch
thickness discs, 5/8 inch diameters, which will

be brazed to Cb-1 Zr cavitation button stubs.

The rate of volume loss for these alloys will be determined
as a function of test duration. The damage rates in the steady
state zone will be compared to that of 316 stainless steel, chosen
as a control because of 1ts extensive use as a containment ma-

terial for high-temperature, alkali metals.

The pressure parameter (retort argon pressure minus po-
tassium vapor pressure) will be kept constant at 15 + 1 psia

throughout these tests.

Pressure Parameter Studies

The second phase of the experimental program will be to
determine the effect of the pressure parameter on the cavitation
damage sustained by two of the materials tested in the tempera-

ture studies: 316 stainless steel and the TZC alloy in one of
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the previous heat-treated conditions. The pressure parameter
(which roughly corresponds to NPSH of a pump) will vary from
2+ 1 psia to 40 + 1 psia with temperature ranges for potassium
of 4OOOF to 13OOOF. Twelve retort pressure levels are to be

tested.

The experimental data obtained from the above two phases
will be analyzed to determine what material properties and liquid
parameters govern the rate of cavitation damage to the material.
Table 3 1lists some of the more important physical properties of
the metals under consideration. Table 4 gives the salient

physical properties of liquid potassium.

The next technical progress report will cover the experi-

mental studies on cavitation damage as a function of temperature.
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TABLE 1

Oxide Impurity Levels in Potassium*

Box Box Potassium Oxide
Sample Oz H-0 Tgmp. Impurity
Time No. (ppm) (ppm) ("F) (ppm)
3:20 PM 1 4 20 300 6
4:50 PM*¥ 2 1.5 15 300 6
6:21 PM 3 3 19 300 7
7:50 PM 4 6 70 300 5

Note:

¥ All samples were taken in the retort under dry box
argon atmosphere on 7-28-66.

*¥*  Box was pumped down and back-flushed with argon.

Cover gas measured at manifold contained 0.4 ppm Oz
and 2.2 ppm Hz0.
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TABLE 3

Some Mechanical Properties of Alloys Under Test
(Room Temperature)

Yield Strength Tensile Elongation
Material (psi) Strength (psi) in 2"*
0
(in 1")
T-111 73, 000 89, 600 4o
CB-132M 109, 800 121,200 4.2
316 stainless
steel 68, 000 91, 400 36
60, 000 80, 000 (in 4D)
Class A 90, 000 110, 000 5
TZC
100, 000 125, 000 (in 4D)
¥* ¥ s 2
Class B 140, 000 175, 000 15

TiC + 10% Cb
Binder

* Except where otherwlise specified.
*¥*  Parallel to direction of work.
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TEST CHAMBER INTERIOR

POTASSIUM VAPOR <L XISTING WELDED
EXISTING "ROD OUTS" TRAP TUBE END

/

o

Y ¢
= T
7 ~
DRY BOX FLOOR
RETORT
EXISTING ARGON COVER EEJS';ESEESZ‘&EE
GAS AND VACUUM SYSTEM —X
THROUGH CONNECTION
REMOVABLE SCREEN
f / RETORT PRESSURE
FILL VALVE ____|

POTASSIUM FILL LINE
DUMP VALVE ———

= POTASSIUM DUMP LINE

FIGURE 2 - MODIFIED RETORT SYSTEM
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TIGHTENING HANDLES
(3) SPACED 120°

ELEVATING TUBE

A |

EXISTING THREADED ADAPTER

1/8 NPT - | /4 TUBE

[

T.C. WELL

MODIFIED EXISTING

[

1/40D T.C.

L

Lo
A

G

\"

7

\\\\\\\\\\

NEW SECONDARY 0-RING

EXISTING PRIMARY

AIR COOLING

FIGURE 6 - SECONDARY SEALING SYSTEM FOR RETORT NOZZLE

(PRESSURE EXPERIMENTS)
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2.5

FREQUENCY ~ 14 KCS

2.0

.0

DOUBLE AMPLITUDE (MILS)

0.5

0 40 80 120 160 200 240
OUTPUT MV

FIGURE 10 - MAGNETOSTRICTION TRANSDUCER CALIBRATION
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