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NOTICE

This report was prepared as an account of Government sponsored
work. Neither the United States, nor the National Aeronovtics
and Space Administration (NASA), nor ony person acting on
behalf of NASA: :

A.) Makes ony warranty or representation, expressed or
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or’ usefulness of the information contained in this
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infringe privately owned rights; or

B.) Assumes ony liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method or process disclosed in
this report.

As used above, “person acting on behalf of NASA" includes
any employee or contractor of NASA, or employee of such con-
tractor, to the extent that such employee or contractor of NASA,
or employee of such contracter prepares, disseminates, or
provides access to, any information pursuant to his employment
or contract with NASA, or his employment with such contractor.
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National Aeronautics and Space Administration
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Washington 25, D.C.
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POTASSIUM CORROSION TEST LOOP DEVELOPMENT

INTRODUCTION

This report covers the period, from July 15, 1965 to October 15, 1965, of
a program to develop a Prototype Corrosion Test Loop for the evaluation of re-
fractory alloys in boiling and condensing potassium environments which simulate
project space electric power systems., The prototype test consists of a two-
loop Cb-1Zr facility; sodium will be heated by direct resistance in the primary
loop and will be used in a heat exchanger to boil potassium in the secondary,
corrosion test loop. Heat rejection for condensation in the secondary loop will
be accomplished by radiation in a high~vacuum environment. The immediate corro-
sion test design conditions are shown below; it is expected that the temperature
could be increased by about 400°F when testing is extended to include refractory
alloys stronger than Cb-1Zr.

1. Boiling temperature, 1900°F

2. Superheat temperature, 2000°F

3. Condensing temperature, 1350°F

4, Subcooling temperature, 800°F

5. Mass flow rate, 20 to 40 1lb/hr

6. Vapor velocity, 100 to 150 ft/sec

7. Average heat flux in the potassium boiler -
50,000 to 100,000 BTU/hr ft2

The development program includes the construction and operation of three
Cb-1Zr test loops, each of which are being used in a sequence of component eval-
uation and endurance testing. Loop I, a natural convection loop, has been oper-
ated for 1,000 hours with liquid sodium at a maximum temperature of 2260° to
2380°F to evaluate the electrical power vacuum feedthroughs, thermocouples, the
method of attaching the electrodes, the electrical resistivity characteristics
of the heater segment, and the use of thermal and electrical insulation. Loop
II, a single-phase sodium, forced-circulation loop to evaluate the primary loop
EM pump, a flowmeter, flow control and isolation valves, and pressure transducers
has completed 2,650 hours of scheduled testing. This loop was operated at a
maximum temperature of 2065°F and a pump inlet temperature of 1985°F, The Pro-
totype Corrosion Test Loop, a two-loop system, includes a boiler, turbine simu-
lator and condenser in addition to the above components., This facility will be
used to develop and endurance test (5,000 hours) the components required to
achieve stable operation at the corrosion test design conditions.



The quarterly progress reports issued for this program will summarize the
status of the work with respect to design considerations, construction procedures,
and test results. Detailed topical reports will also be issued to describe each
test loop. Additional topical reports will be prepared to cover such areas as
materials specification, purification of potassium and sodium, and inert gas
purification and analyses,

The topical reports which have been issued on this program are listed
below:

Potassium Corrosion Test Loop Development Topical Report No. 1 - Purifi-
cation and Analysis of Helium for the Welding Chamber by T. F, Lyon,
NASA-CR-54168,

Potassium Corrosion Test Loop Development Topical Report No. 3 - Mate-
rial Specifications for Advanced Refractory Alloys by D. N. Miketta
and R. G. Frank, NASA-CR-54761.

Additional topical reports are being prepared which cover material and
process specifications, and the purification, analysis and handling of sodium
and potassium for the various loop tests,.




SUMMARY OF PROGRESS

The Prototype Corrosion Loop reached the test design conditions on August 2,
1965, at 1500 after 100 hours of boiling and condensing operation at potassium
boiler outlet temperatures in the range 1300°-1900°F,.

As of October 15, 1965, 1,785 hours of stable operation have been completed.
The system normally operates in an extremely stable manner with no detectable
variations in potassium flow, pressure or temperatures in the two-phase potassium
circuit. The stability achieved in the potassium circuit is attributed mainly
to the pressure drop across ‘the metering valve at the preheater inlet and to the
wire wound plug section located in the first 12 inches of the boiler. Activa-
tion of the vapor nucleator located between the preheater and the boiler was not
required to achieve stable loop operation,.

Failure of a fuse in the potassium preheater power supply on 8-19-65 at
0500 caused the nucleate boiling region to move out of the 12-inch plug section
and up the boiler. The resulting instabilities in the system persisted for approx-
imately one hour until restoration of preheater power to the system returned the
nucleate boiling region to the plug section and stable operation was resumed.

The pressure in the test chamber was 3.0 x 10'7 torr when the loop reached
the test conditions, decreased to the 10~8 torr scale after 120 hours of oper-
ation and reached 2.7 x 108 torr after 1,785 hours of test operation. Argon
and nitrogen/carbon monoxide have been the principal gaseous species of the
chamber environment and after 1,785 hours of test operation comprise approxi-
mately 83% of the total indicated pressure, Argon instabilities in the getter-
ion pump continue to cause momentary increases in the test chamber pressure,

The argon flooding safety system which is activated by an increase in the chamber
pressure was modified to avoid inadvertent test shutdown as a result of these
argon releases from the ion pump.

Analysis of the performance of the loop indicates that the variations between
the actual test conditions and the reference design test conditions are minor. No
trends in either the performance of individual components or in overall operation
which would indicate component degradation has been detected during loop opera-
tion. NASA has extended the period of Prototype Loop operation from the original
2,500 hours to 5,000 hours,




I1I

PROGRAM STATUS

A, Prototype Corrosion Loop Operation

1. Test Start-up

The boiling and condensing operation of the Prototype Corrosion Loop was
started on July 29, 1965, after the completion of the checkout of the loop con-
trol and safety circuits, The start-up procedure used was described in a pre-
vious progress report 1 f The test loop had completed several weeks of out-
gassing with all liquid operation and was at the following test conditions at
the start of the boiling and condensing operation:

Vacuum Tank Pressure - 1.8 x 107/ torr
Primary (Sodium) Flow Rate - 3 gpm

Secondary (Potassium) Flow Rate - 0.3 gpm
Primary Sodium Temperature - 1000°-1050°F
Secondary Potassium Temperature - 270°-1000°F

The potassium loop was dumped by evacuating the surge tank and gravity
draining the potassium into the surge tank, The metering valve was closed and
the surge tank was pressurized with argon to 2.0 psia, forcing the liquid potas-
sium out of the surge tank into the loocp to the top of the condenser. The rise
of the potassium was easily followed by temperature changes recorded by the con-
denser thermocouples.

The potassium fill procedure was designed to minimize the amount of
liquid potassium carryover from the boiler to the test nozzles and specimens
of the turbine simulator during the initial start-up and associated periods of
loop instability. The test start-up plan called for a specific potassium in-
ventory which would be pressurized into the secondary loop from the surge tank
and then separated from the surplus potassium in the surge tank by means of the
isolation valve. An alternate method of controlling the potassium inventory in
the loop which was considered was adjustment of the argon pressure in the surge
tank, The initial plan was to use the "isolation" approach because in some
systems communication of a two-phase loop system with its associated surge tank
has resulted in repetitive pressure, temperature, and %%guid level oscillations
in the system. It was demonstrated in the 100 KW loop that oscillations
of this type could be eliminated by closing the isolation valve and re-established
by opening the isolation valve,

The potassium inventory selected for the loop was an amount sufficient
to establish one liquid~vapor interface near the entrance to the boiler plug
and the other interface 12 to 18 inches from the condenser exit., During the
filling operation, the potassium was pressurized into the portion of the loop

*(1) = Reference



between the metering valve and the top of the condenser, and the proper inventory
was determined by observing temperature changes as the potassium level rose in
the condenser, Pressure sensing tests conducted after closing the isolation
valve indicated that there was some leakage across the seat. Rather than risk
over-torquing the valve, the decision was made to control the potassium inventory
by adjustment of the surge tank pressure. The valve was torqued to a maximum of
approximately five foot-pounds to dampen any oscillations which might arise
during loop operation. This method of controlling the loop inventory has proven
to be a completely satisfactory method of operation for the Prototype Loop as
will be indicated in more detail later in this report. However this condition
will be corrected in future loops and the inventory isolated from the surge tank.

Boiling operation was started by first increasing the temperature of
the sodium circulating in the primary loop to 1300 F. The secondary EM pump
was then turned on and a low flow of potassium was supplied to the boiler
portion of the loop. The flow rate and primary temperature were gradually
increased and then allowed to stabilize at a potassium vapor temperature of 1300 F
and a sodium temperature of 1550 F. The outgassing rate increased considerably
at this stage, and the titanium sublimation pumps were used to assist the getter-
ion vacuum pumps in maintaining a 10°‘ torr pressure level in the vacuum chamber.

During the next 96 hours, the loop temperature and potassium flow rate
were gradually increased to the design operation condition. An analysis of the
boiler performance at two times during the test start-up period is given in
Section III.C., of this report.

The rate of increase of the test conditions was limited by the out-
gassing of the loop components. The titanium sublimation pumps were operated
continuously during this period to maintain the pressure in the 10" Y torr range.
The total chamber pressure and the partial pressure of the principal residual
gases during this period when the test conditions were being approached is shown
for the -80 to O test-hour period in Figure 1. Carbon dioxide (m/e-44)%*, argon
(m/e-40) and nitrogen/carbon monoxide (m/e-28) were the principal species present
during this period. A total of approximately 600 hours of chamber bakeout
preceded the initiation of test operation., Additional discussion of the total
pressures of the individual species of the test chamber environment is covered
later in this report.

Since significant adjustments were required to reach the design oper-
ating conditions, the interdependence of the flow rate, power level and pressure
was evident during this period. The ability of the loop to return to a stable
operating condition after each adjustment clearly demonstrated the intrinsic
stability of the Prototype Corrosion Loop configuration. Low frequency fluctua-
tions of the order of 2 psi or less were encountered during certain portions of
the start-up period. Heating the vapor nucleator to a temperature 100 to 150°F
above the boiler inlet temperature did not eliminate these minor fluctuations.

*m/e (mass/charge).
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The small oscillations are probably inherent in the boiling operation and not
due to the common type of instability resulting from super-heated liquid flash-
ing into vapor due to a lack of nucleating sites, as in pool boilin% or capsule
testing where the vapor nucleator has proven to be extremely useful 3).

Large perturbations in the flow, pressure and temperature which were
recorded during certain periods of the start-up were found to be associated with
shifting of the boiling zone. The shift in boiling zone was noted by observing
the change in the sodium temperature profile in the boiler. Although stable
loop operation was recorded with the boiling zone in the plug, the center portion
and exil region of the 240-inch long boiler, the 12-inch long plug section
located in the potassium entrance region appeared to be the most stable boiling
location. The boiling zone could be shifted by adjusting the potassium flow
rate or the power input to the sodium heater circuit. Increasing the boiler
power would drive the boiling zone towards the boiler plug; increasing the
potassium flow shifted the boiling zone away from the plug toward the exit.
Boiling at the center of the boiler, although stable, was difficult to maintain
for long periods of time. Typical changes in the temperature of the sodium
heater fluid in the boiler which indicate the shifting in the potassium boiling
zone referred to above are illustrated in Figure 2. The temperature differences
between the three thermocouples shown indicate the relative amount of boiling
of the potassium between these thermocouple locations. The lower portion of
the graph illustgates the transition from the condition of boiling bgyond the
plug section (40 F drop in plug) to boiling in the plug section (140 F drop in
plug). This transition was triggered by a slight decrease in potassium flow.
The top portion of the graph in Figure 2 illustrates the movement of the boiling
zone partially out of the plug section of the boiler. This movement of the
boiling zone was caused by slight increases in the potassium flow rate. Slight
increases in the sodium boiler inlet temperature or in the sodium flow rate in
all cases caused rapid movement of the boiling region back to the plug section.

As mentioned earlier, each movement of the potassium boiling zone in
the boiler was accompanied by substantial oscillations in the pressures, temper-
atures and flow in the potassium circuit. A typical example of the fluctuations
in boiler outlet pressure which accompany movement of the boiling zone is given
in Figure 3. At approximately 0040 hours, as indicated on the plots, a pressure
fluctuation of approximately 20 psi was accompanied by an increase in the
temperature difference between thermocouples P18 and P17 which signified move-
ment of the boiling zone into the plug region. As may be noted in the pressure
chart, fluctuations continued for approximately 35 minutes after the initial
oscillation until the loop reached a steady state condition. Subsequent operation
was completely stable with no pressure, temperature of flow oscillations. The
design test conditions were reached at 1,500 hours on August 2, 1965. The test
chamber, associated test equipment and an inset photograph of the sodium heater
at temperature are shown in Figure 4.

Operation continued in a satisfactory manner until a vapor lock occurred
in the potassium pump after 43 hours of test operation. This incident is
described below in considerable detail because it indicates the response of the
system to a major and abrupt change in test conditions.
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2. Vapor Lock in the Potassium Pump

Following a series of small potassium pump power increases to boost the
boiling temperature by increasing the boiler inlet pressure, the potassium flow
dropped to zero within 30 seconds followed by severe flow oscillations which
continued for eight minutes. All power to the loop was immediately turned off
and a check of the instrument records showed that the potassium pump had vapor
locked. The loop was restarted after the potassium temperature had dropped a
few hundred degrees and the condenser pressure increased to 20 psia. The loop
was back at the design operating conditions in less than one hour.

It was not apparent at first that the loss of potassium flog was due
to a vapor locked pump since the pump inlet temperature was only 565 ¥, or more
than 800 F be%ow the saturation gemperature. However, the pump outlect tempera-
ture was 1405 F indicating a 840 F temperature rise in the potassium in passing
through the pump. The pump outlet pressure was approximately 160 psia and the
pressure drop across the metering valve was approximately 60 psi at this time.
The inlet and the outlet of the pump are separated, within the pump, by a thin
wall cylinder and due to the relatively low flow in the potassium circuit,
sufficient heat was transferred to the inlet side of the pump to raise the temp-
erature of the inlet potassium above the saturation temperature. (A redesign
of the potassium pump duct will be made to eliminate this potential problem in
future test loops.) Having established the source of the trouble, the problem
was easily eliminated for Prototype Loop operation by opening the metering valve
slightly to reduce the pressure drop across the valve.from the 60 psi previously
employed to approximately 9 psi. This reduced the required pump outlet pressure
which permitted a reduction in power to the pump and a decrease in the potassium
temperature rise across the pump.

A description of the flow adjustments and their effect on the pump
and boiler outlet temperature just prior to vapor locking the pump is given in
Table I. The temperature fluctuations of the secondary loop during this period
are shown in Figure 5. The fluctuations in the boiler outlet pressure in the
potassium circuit when the vapor lock occurred and during the period when the
loop was being restored to the test conditions are shown in Figure 6. Analysis
of the loop performance following the vapor lock is summarized below.

Time,
Seconds

0-60 a) Vapor lock in pump; potassium flow dropped from 0.10 gpm to
0 gpm in 30 seconds.

b) Temperature og vapor rggion thermocouples in condenser dropped
sharply (1410 to 1190 F in 60 seconds).

0 o
¢) Potassium pump outlet temperature dropped from 1410 to 1250 F
in 60 seconds.

d) Some ~f the potassium in the loop was forced into the surge tank.

-12-




TABLE I. LOSS OF POTASSIUM FLOW RESULTING FROM POTASSIUM TEMPERATURE
RISE AND RESULTANT VAPOR LOCKING OF EM PUMP

Temperature, °F
Time K Pump Boiler
8~4-65 Condenser Outlet Outlet Remarks *

0300 1393 1260 1950 K flow 0.100 gpm - K pump power
(8.7 a/255 V) - pump outlet
pressure - 153 psia

0815 1400 1260 1975 K pump power increased-pump outlet

pressure approximately 154 psia

0830 1400 1275 1975 K pump power increased-pump outlet

pressure approximately 156 psia

0845 1405 1310 1980 K pump power increased-pump outlet

pressure approximately 157 psia

0920 1410 1330 1985 K pump power increased-pump outlet

pressure approximately 158 psia

1015 1410 1370 1985 K pump power increased-pump outlet

pressure approximately 160 psia

1030 1408 1376 1983 K flow 0.100 gpm - K pump power
(10 a/303 V)-160 psia

1115 1410 1405 1990 No change, pump outlet pressure-
160 psia

1130 K flow dropped from 0.10 gpm to O in 30 seconds and fluctuated

between 0.05 and O gpm for approximately 8 minutes

* No metering valve adjustments were made during this period.

-13-
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Time,
Seconds

60-120 a) Potassium temperature at boiler inlet rose from 17950, wherg
it had held constant during the 0-60 second period, to 1930 F.

b) Potassium pump outlet temperature rose drom 1260° to 1320°F
after falling rapidly during the 0-60 second period.

c) Potassiug temperature in subcooler reserveoir rose rapidly
o ) .
from 740 to 850 F. Meanwhile, the temperatures in the condenser,
both in the liquid region and vapor region, showed rapid decreases.

d) Potassium surge temperature rose.

The observations described above indicate that the increase in the EM
power resulted in sufficient increases in the potassium temperature to cause a
vapor lock at the pump inlet. This loss of flow caused the following things to
occur:

1) Potassium was forced out of the pump by the increasing vapor pressure
in the pump which caused subcooled liquid to flow back into the con-
denser to near the top of the condenser. This happened within 30
seconds of first indication of loss of potassium flow.

2) Potassium boiler inlet temperature rose rapidly starting 60 seconds
after loss of flow resulting from reverse flow from boiler due both
to the loss of pump head and the rapid rise in potassium temperature
and pressure in the boiler associated with this low pump head condition.

3) Dumping of the potassium loop inventory into the surge tank.
By maintaining the pump outlet pressure below 150 psia, which is more
than adequate forostable loop operation, the pump outlet temperature was easily
maintained at 200 F less than the condenser temperature, thus avoiding the vapor

lock problem.

3. Effect of the Metering Valve on Loop Stability

The effect of the pressure drop across the metering valve on the sta-
bility of the loop is best demonstrated by the potassium flow rate and boiler
exit pressure recording shown in Figure 7. During the start-up and up to the
time of the vapor locking of the pump described above, the metering valve was
set at 20" from the fully closed position with a pressure drop across the valve
of approximately 50 psi*. (Each 3O of rotation of the metering valve stem is
equivalent to 0.001 inch of axial movement of the valve plug.) The loop operation
was extremely stable with the valve in this position. After the pugp vapor lock
incident described above, the metering valve was opened from the 20 position to

* The pressure drop across the valve is determined by subtracting the calculated
pressure drop for the boiler (16 psi) from the total pressure drop across the
metering valve and boiler as measured by slack diaphragm pressure transducers.

-16-




JUBSAON 3IBY) IOPIODOY ——p

*doorf uoysoxxo) od£3030ad oYl Jo aanssaad 30IINO

I9TI0g pu® 938y MOT.J WNESs8B}0d 93 UC 9ATBA SUlISloN JO 300IIX

vyed ‘arnssexd 3e13N0 I8TTOH

wd3 .‘maum MOTJ WNYEEBIOd

801 06 eL LLTO

811°0

*L 2an3dtyg

650°0

_ " T T N R AR IR . [} BREREE IRRNE BB
SRUURANE ARL M_ f_;_m SR RNIEERRNER RN A RENGNE: i _
. e W - it e 1
I R N php oo [ SR i _
AERERARRARE O SR 1:::‘::”;:._m::_ __ E
: I R mv oA d__ “_._V;W s b _
w N f_..,wmuowﬁm_mf__ﬁf_ T m T
R AR ﬂzuﬂmﬂq. daabp iy EEREEEEEN R
TR R i HHE
H | i Ct P . [ T o . . : v : ~—r m%
{1 [e=ey,G9 03 ,0g WOIF pouadQ SATBA mmmr——p-| W wmwlmuw 0£60
e N i fpioe R
R REEN : S L EEEEEE RN
MR SREPEEETE I O e . : ; _._% T
"__ .“Aw ”m. i _V ‘_. N_
RESREERRE ERRRE Ry | sy
! Vol ' . X . Cf . . ot 11
e MSJRSNAS R anusanes Nag Ncnt By Snts Anes RecERSUBES S Shenan T T
, | ,0G 03 ,G9 WOIF POEOTD OATBA ——> . , “M“ EERERERE
ST R R B SAEE RN EEA R
’ ” : T AR R R I
! w, , ) T M,, Pt
| = 3 S I I I
H H ' O h ....... i ‘L i .”N g i
TR gt R gy . v ,,nloﬁno.To ]
_Mg_w U”;j.,vw,; ; "* o ki IR IR ,nwﬁi
f,_" P T A A oom =oﬁoﬁmom o>ﬂu>|lllﬂllllY M_._:,.,.; of i
b L | it " : i . + e e ot T H
| R D R RS RN P _ V
! | SR EEREE O REY NN NN o o |
B N PR .om woxg uamoﬁo o>:_>|..|1 “ L
_ T “
| BN R ar B
: 1RSSR s Sui
_ IR AN LR O AR R R |
. AREEER R R E ol | ]
“.,. Do ,» { - Tt .
[l 1] =00V 03 ,GF WOIF POSOID SATBA ——m] : ,
| ol iR ]
". -t —t i m e i Wﬁ_g_ |
. ,__ [ ! h_ ! .._, _mh i b | ,.m_ :
= REREE V I P _ EENEEEI BRRRRE
[ i [ i [ . i i

=17~




650 open. This decreased the pressure drop across the valve to less than 4 psi.
The flow became extremely unstable with high frequency flow oscillations of *
40% of the 0.11 gpm potassium flow rate. The metering valve was then closed
from 65 open to 50 open which increased the pressure drop across the metering
valve to 7 psi with a decrease in the flow oscillations to less than ¥ 2% of

the steady state flow rate. The test was continued at these conditions for the
next 96 hours. At this time, the valvc was closed from 50° to 40° in two 5°
adjustments which increased the pressure drop across the valve to 9 psi. As
shown in Figure 7, this final adjustment in the metering valve eliminated fluc-
tuations in both the potassium flow and the boiler outlet pressure. The stressed
diaphragm pressure transducer, which is located between the metering valve and
the preheater inlet and is capable of sensing a 100 cps pressure oscillation,
show a pressure fluctuation of less than : 0.3 psi with the 9 psi pressure

drop across the metering valve. The metering valve adjustments* described above
clearly indicate the marked effect of metering valve pressure drop in obtaining
the remarkable stability of operation of the Prototype Loop system.

4, Failure of Fuse in the Potassium Preheater Circuit

Loop operation continued in a stable and uneventful manner until 0500
hours on 8-19-65, when after 398 hours of test operation, a fuse in the preheater
control circuit failed. This resulted in a complete loss of power to the pre-
heater and a rapid drop in the temperature of the potassium at the boiler inlet.
No apparent reason for the fuse failure could be determined and the circuit became
operative with the replacement of the fuse and has functioned properly since the
failure.

The observations of loop performance during the period of unstable oper-
ation following the preheater power failure caused by the defective fuse will
be presented in some detail to again illustrate the response of the loop to a
major change in test conditions. 1In Figure 8, the temperatures of several key
regions in both the sodium and the potassium circuits are shown during the period
following the preheater power failure. The potassium boiler inlet temperature
dropped rapidly following the preheater failure and substantial oscillations of
sodium boiler temperatures and potassium condenser temperatures were observed.
The temperatures of these regions during the period following restoration of
preheater power are given in Figure 9. The most substantial temperature fluctua-
tions were those observed in the potassium circuit at the boiler inlet and in the
lower portion of the condenser due to movement of the liquid-vapor interface in
this component,

The fluctuation in the potassium boiler outlet pressure and potassium
flow associated with the shifting of the nucleate boiling region out of the plug
section are illustrated in Figure 10. Three minutes after the loss of preheater

* The plug of the metering valve will be redesigned for use in the tantalum
alloy loop (Corrosion Loop I, NASA Contract NAS 3-6474) to obtain pressure
drop characteristics which are less sensitive to minor changes in valve stem
rotation than those of the current design.
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power, the nucleate boiling region moved out of the plug and the period of sub-
stantial oscillations of pressure and flow began. As may be noted in Figure 10
during the time period from (a) to (e), there were several brief periods of
improved stability and these are attributed to the temporary pauses in the move-
ment of the nucleate boiling region along the boiler length. At the point
designated (e), the nucleate boiling region had moved to near the potassium
boiler exit and a period of substantially improved stability began as indicated
by both the pressure and flow charts. At point (g), the preheater power was
restored and at point (h) the nucleate boiling region moved rapidly from the boiler
outlet region to the plug region at the boiler inlet. The sodium temperature
drop across the 12~inch plug increased from 200 to 1000F in approximately one
minute when this occurred, indicating that the vapor quality also increased to
approximately 70% at the plug exit, which is the steady state condition.

During normal loop operation essentially no fluctuations of pressure,
flow or temperatures were detected in the loop and the period of unstable opera-
tion associated with the preheater power failure afforded an excellent opportunity
to observe the response of the fast response stressed diaphragm pressure transducer.
This transducer is located between the metering valve and the preheater in the
potassium circuit. The Sanborn chart for the period following the preheater power
failure is shown in Figure 11. Although zero drift of this transducer prevents
its use in measuring absolute pressure, it performs its primary function, the
detection of high frequency pressure fluctuations, in a completely satisfactory
manner, The shifts in the nucleate boiling region and the associated instabilities
indicated in Figures 8, 9 and 10 are very evident in Figure 11. Based on the
loop performance during the start-up period, the stable boiling condition result-
ing from boiling primarily in the plug section could also be achieved by increasing
the sodium heater power input without the use of the preheater. However, this
woulg require the operation of the sodium heater at an outlet temperature in the
2150°-2200°F temperature range, rather than 21250—21500F as required when the pre-
heater is used.

5. Changes in Pressure Drop in the Potassium Circuit

In general, the test conditions have remained quite constant, with no
significant changes in the pressure drop across the turbine simulator stages
which might be indicative of nozzle throat erosion, corrosion, or plugging.
During the first 1,785 hours of the test, small changes have been detected in
the pressure drop between the metering valve inlet and the boiler outlet as
measured by the slack diaphragm pressure transducers at these locations. The
ratio of this pressure drop to the metering valve inlet (pump outlet) pressure
during the 1,785 hours of loop operation is plotted in Figure 12. Several
observations can be made regarding this plot. The relatively large effect ofo
rather small adjustments of the metering valve is apparent, especially the 30
opening adjustment after 90 hours of operation. The effect of several of these
metering valve adjustments on system stability was discussed earlier (see Figure 7)
in this report. It may also be noted that the pressure drop ratio increased
slightly after approximately 400 hours of operation as a result of the brief period
of unstable operation resulting from the failure of the preheater power described
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in the previous section of this report. During the period between 190 hours
and 1,386 hours, no adjustments of the metering valve were made. However,
during this period, the pressure drop ratio showed a continuous increase. It
is tentatively postulated that minute amounts of solid particles, possible mass
transfer particles, reduced the flow area between the Mo-TZM alloy valve plug
and Cb-1Zr alloy valve seat. The flgw area in the restricted region between
the plug and seat, with the valve 40 open, is an annulus with an area of
approximately 0.002 in2 (4) and even quite small solid particles could have an
appreciable effect on the potassium flow and pressure drop. For this reason
the potassium circuit of the Prototype Loop may be particularly responsive to
extremely small amounts of particulate matter in the system. However, as
described in the following paragraph, this trend has not continued during sub-
sequent operation.

o éfter 1,386 hours of test operation, the metering valve was opened from
40 to 42 open and the marked effect on the pressure drop ratio is readily
apparent. It is tentatively assumed that particulate material was flushed out
of the valve at this time since the pressure drop ratio conditions which resulted
were very nearly the conditions that existed when the valve was first put in the
40 open position after 190 hours of operation. In the period between 1,386
hours and 1,785 hours, no significant changes in the pressure drop ratio have
been detected and this would suggest that a temperature gradient mass transfer
process may not have been responsible for the change in conditions noted during
the period when the valve was 40 open. More definite information regarding
the factors responsible for the apparent change in the pressure drop ratio may
be obtained during the evaluation following 5,000 hours of test operation.

It should be pointed out that although the pressure drop is measured
between the metering valve inlet and the boiler outlet, the bulk of the pressure
drop change is occurring in the metering valve. Although the absolute pressure
at the metering valve outlet can not be determined because of the shift of the
zero of the fast response transducer located in this area, the fact that the
pump outlet pressure had to be increased to maintain a constant signal from the
fast response transducer indicates that the pressure drop increase was due
primarily to restriction of flow through the metering valve.

6. Fluctuations in the Electrical Power Supply to the Prototype Loop System

During test operation, minor fluctuations in the power supply to the
test system necessitate minor adjustments in the heater power. The adjustments
which are less than 0.5% of the total power are required approximately ten times
per day to hold the sodium boiler inlet temperature variations to less than *
5 F. Automatic temperature control equipment was incorporated into the power
supply systems to the two circuits of the loop; however, during test start-up
it became quite apparent that manual adjustment of the heater and EM pump power
yielded more satisfactory loop performance. On several occasions during the
past month, the 450 volt supply to the test system'dropped approximately 5%
when a large motor in an adjacent test facility was turned on. Immediate drops
in the flow, pressure and temperature in the potassium circuit and in the temperature
of the sodium circuit occurred when the power drop occurred but returned to the test
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design conditions in less than two minutes. Power drops of this type will be
eliminated in future tests by modifications in the power supply system for the
test area. These changes will be made following completion of the 5,000-hour test.

B. Monitoring of the Test Chamber Environment

The total pressure and the partial pressures of the various gaseous species
in the test chamber during the period of loop operation up to 350 hours are
shown in Figure 1. The total pressure was 3.0 x 10~7 torr when the 1oo§ reached
the operating conditions and ccntinued to drop until it reached the 10~ ° torr
range after 120 hours of testing. A slow, but steady drop in total pressure has
continued until after 1,785 hours of test operation, a value of 2.7 x 10~8 torr
has been reached.

Argon (m/e~40) and nitrogen/carbon monoxide (m/e-28) have been the principal
species present since the test reached the operating conditions and after 1,785
hours of operation, these gases comprise approximately 83% (45% AR, 39% Ny/Co)
of the total indicated pressure. The high concentration of argon is quite similar
to the approximately 31% concentration observed in the Loop II test chamber after
2,500 hours of operation (5).

Since the start of the loop test, argon instabilities, which are often
observed in diode-type getter-ion pumped systems (6,7), have occurred at time
intervals varying from 38 to 98 hours. A typical pressure surge of this type
is shown in Figure 13. The pressure surges in the test chamber associated with
this rapid release of argon from the pump elements are listed in Table II.
Although these pressure surges are of no significance insofar as loop contamina-
tion is concerned, they did prevent the activation of the emergency argon flooding
system which was designed to provide protection for the hot refractory alloy loop
components in the event of a serious leak in the vacuum system.

An overpressure relay in the getter-ion pump circuit was originally designed
to fire an explosive valve when the vacuum tank pressure rose to 4 x 10"6 torr.
The argon tank connected to the explosive valve would then flood the vacuum chamber
with argon gas. However, this safety circuit was not activated because of the
pressure excursions of large magnitude but short duration cited above. The
Component Evaluation Test Loop II experiment was shutdown on two occasions (8)
by the surges in the chamber pressure resulting from argon instabilities.

Initially, it was hoped that the argon instabilities would cease or diminish
in amplitude so that the argon flooding system could be connected without fear
of it being actuated by an argon instability in the getter—ion pump. When it
became obvious that the instabilities were not diminishing in amplitude or frequency,
this safety circuit was redesigned. The relay built into the ionization gauge
controller was put in series with the pressure sensitive relay in the getter-ion
pump system. This second relay will close when the chamber pressure exceeds
4 x 10:4 torr. Increasing the circuit activating pressure from 4 x 1076 to
4 x 10 torr permits operation of the argon flooding system with low probability
of it being inadvertently triggered by an argon instability.

-28-
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TABLE II. PRESSURE SURGES IN THE PROTOTYPE LOOP TEST CHAMBER
RESULTING FROM ARGON INSTABILITIES IN THE GETTER-ION PUMP

Hours of Pressure, Torr*

Loop Base Peak
Operation Date Time Pressure Pressure
Start of Test 8-2 1500 3.0 x 10-7 -

305 8-15 0800 5.4 x 10-8 3.0 x 10-6
361 8-17 1615 5.7 x 10-8 1.2 x 10-6
445 8-21 0415 4.8 x 10-8 1.5 x 1076
521 8-24 0730 4.8 x 1078 1.5 x 10-6
567 8-26 0615 4.0 x 108 4.0 x 10-7
617 8-28 0745 4,0 x 10-8 7.0 x 10-7
666 8-30 0925 4,0 x 10°8 1.5 x 106
721 9-1 1555 3.5 x 10~8 1.5 x 10-6
783 9-4 0630 3.5 x 10-8 1.5 x 10-6
834 9-6 0925 3.4 x 108 1.5 x 10-6
892 9-8 1840 3.5 x 10~8 1.0 x 106
959 9-11 1400 3.0 x 10-8 3.0 x 107

1053 9-15 1200 3.1 x 10-8 1.6 x 106

1104 9-18 1045 3.0 x 1078 8.5 x 1077

1192 9-21 0645 2.9 x 1078 8.5 x 1077

1248 9-23 1445 2.9 x 10-8 8.0 x 1077

1346 9-27 1712 2.8 x 10-8 9.0 x 10-7

1403 9-30 0155 2.8 x 1078 7.5 x 1077

1458 10-2 0920 2.7 x 1078 3.0 x 1079

1504 10-4 0650 2.8 x 10-8 8.0 x 1077

1583 10-7 1415 2.9 x 1078 1.5 x 10-6

1654 10-10 1315 2.7 x 1078 9.0 x 10-7

1734 10-13 2100 3.1 x 1078 1.8 x 10~6

1772 10-15 1055 2.8 x 108 9.0 x 1077

* Pressure change indicated by getter-ion pump pressure re-
corder. Base pressure corrected to value indicated by the
calibrated nude ion gauge on the chamber,
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C. Boiler Performance During Start-up of the Prototype Loop

Two off-design test cases obtained on the Prototype Corrosion Loop boiler
during the initial start-up are summarized in Table III. The sodium tempera-
ture distribution in the boiler for both cases are compared in Figure 14, 1In
the run on 7-31-65, the large temperature gradient which indicates a high heat
transfer and boiling rate is located near the potassium exit; in the run on
8-2-65, the large temperature gradient has moved to the potassium entrance region
of the boiler., In each case, for approximately the same potassium flow rate, the
potassium was completely vaporized and superheated 115° above the saturation
temperature as determined by the measured vapor pressure at the exit of the boiler,
The ability of the boiler to produce superheated vapor with the boiling occuring
at the plug or in the last 50 inches of the 240-inch long boiler indicates the
degree of over design in the boiler length and assures that the vapor entering the
first stage of the turbine simulator is superheated.

Another significant difference in the two test runs is the ratio of the
sodium flow rate to the potassium flow rate. Although the potassium flow rate
was essentially constant for the two runs, the sodium flow rate was increased
from 451 to 818 1lbs/hour for the run on 8-2-65, The sodium flow rate was in-
creased to limit the maximum heater exit temperature to 2150°F at the design
test conditions.

D. Analysis of Prototype Loop Performance

Test data obtained on the loop after 259 hours of operation which is repre-
sentative of the test conditions during the first 1,785 hours of loop operation
are shown in Figure 15. The pressures at several locations in the potassium
circuit and the corresponding saturation temperatures in the vapor and two-
phase regions are listed. (The method used to measure the temperatures of loop
components is discussed in detail in Section III.E. of this report.). The
sodium temperature profile in the boiler and the calculated potassium quality and
temperature as a function of boiler length are given in Figure 16. The calcu-
lated qualities indicated are based on the thermal calculations involving potas-
sium flow, potassium boiler inlet temperature, sodium flow and the drop in the
measured sodium temperatures as a function of boiler length. (The calibration of
the sodium and potassium flowmeters is discussed in Section III.F., of this re-
port.). The calculated boiling temperature indicated varied from 1810°F at the
boiler inlet to 1880°F at approximately 122 inches from the inlet where 100%
quality vapor is reached. The remaining 118 inches of boiler is used to super-
heat the vapor to 1995°F. The 133°F of superheat reported is the difference
between the measured temperature of the potassium vapor at the boiler exit,
1995°F, and the saturation temperature, 1862°F, as determined by the measured
boiler exit pressure, 100 psia. The local heat flux in the boiler calculated
from the slope of the sodium temperature gradient varies from over 400,000 BTU/
hr/ft2 in the 12-inch long plug to less than 2000 BTU/hr/ft2 in the superheat
region near the exit of the boiler.
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TABLE III. SUMMARY OF THE PROTOTYPE CORROSION LOOP BOILER

PERFORMANCE FOR TWO RUNS DURING LOOP START-UP

Time

Sodium Flow Rate

Sodium Temperature, In
Sodium Temperature, Out
Sodium AT

Boiler Heat Input Including Losses

Potassium Flow Rate
Saturation Temperature at Boiler Exit
Superheat Temperature

Degrees Superheat

Heat Input
Heat of Vaporization
Superheat

Preheat

Total Heat Input to Potassium

Boiler Heat Loss

Total Heat Transfer

7-31-65, 1215
451 1b/hr
2092°F
1872°F

220°F

32,200 BTU/hr

36.1 1b/hr
(o]

1754°F

1869°F

115°F

28,100 BTU/hr
800 BTU/hr

1,370 BTU/hr

30,270 BTU/hr

2,600 BTU/hr

32,870 BTU/hr

8-2-65, 1015
818 1b/hr
2040°F
1916°F
124°F

33,200 BTU/hr

37.8 1b/hr
1788°F
1903°F

115°F

29,200 BTU/hr
860 BTU/hr

1,460 BTU/hr

31,420 BTU/hr

3,330 BTU/hr

34,700 BTU/hr




Sodium Temperature, °F

2200 °F

o
F
2100 /Q 7/31/65
3 A} ——A|8/2/65
2000°F
Y. .
1900°F " o
cv__(
1800°F
1700°F
Boiler
Exit
o
1600 F i1
0 50 100 150 200 250 300
Boiler Length, Inches
Figure 14. Sodium Temperature Distribution in the Prototype Loop Boiler

for Two Off-Design Conditions During Test Start-up as Presented

in Table III.
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8-~13-65 10:00 Hours Test Time:
Heater: 46.4A/378V

Preheater: 32A/92V/2.02KW
Nucleatet: 3A/60V

Primary Flow: 2.43 GPM/3.72 MV
Secondary Flow: 0.110 GPM/0.185 MV
Boiling Temperature*: 1910°F
Superheat: 133°F (1995°-1862°F)

* Saturation Temperature at Boiler
Entrance Pressure, 116 psia
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°F

Temperature,

2150

2100

—tE-

@ Measured Sodium and
Potassium Temperatures

2050 %
|
1

Liquid Potassium Inlet Temperature = 1729°F
Potassium Flow Rate = 38 lbs/hr

Sodium Flow Rate = 905 lbs/hr

Net Heat Transfer = 9.7 KW

2000 F OD of Na Tube = 0.8 Inch
ID of K Tube = 0.25 Inch
OD of K Tube = 0.375 Inch

Estimated Vapor Temperature

1950

End of Plug

Section Superheat

1900

f......"t'i-..

72%
N

Calculated Quality

1850 ~—-

/

Calculated Saturation Teﬁperature<
] :
*12-Inch Long Plug With Q,125-Inch Diameter 61365
Center Rod Spaced With a 0.06-Inch Diameter ! 1;00 br
Wire Wound in a 1-Inch Pitch Helix :

1800
0 50 100 150 200 250

Boiler Length, inches

Figure 16. Temperature Distribution and Quality of Potassium in the
Prototype Corrosion Loop Boiler After 259 Hours Operation.
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The calculated vapor velocity at the throat of the turbine simulator nozzles
varied from 1125 ft/sec in the first nozzle to 830 ft/sec in the tenth nozzle,
The variance from the desigh throat velocity of 1000 ft/sec is due in part to
differences in the actual operating conditions and the reference design. 1In the
reference design 112,7 psia, which is equivalent to the saturation pressure at
1900°F, was assumed as the turbine simulator inlet pressure. In actual oper-
ation, the 1900°F boiling region was concentrated in the plug, rather than being
uniformally distributed along the length of the boiler, resulting in a larger
pressure drop between the boiler inlet and the entrance of the turbine simulator.
The actual measured pressure at the inlet to the turbine simulator was 100 psia
or 13 psi less than the design pressure. The lower pressure resulted in a de-
crease in the vapor density from 0.230 1b/ft3 to 0,183 1b/£t3 or approximately
10%. Since the throat velocity of a nozzle for a given flow rate is inversely
proportional to the density, a higher than design velocity was reached in nozzles
No. 1 to 7. On the other hand, the thorat velocities in nozzles No., 7 to 10
were less than the design velocity because the condenser was operating at 1413°
or 63°F above the reference design condensing temperature of 1350°F The higher
vapor density, therefore, resulted in a lower throat velocity since the density
of vapor at 1413°F (16.2 psia) is 40% higher than at the design pressure of 11.6
psia. The condenser was operated at the higher than design pressure to increase
the inlet pump pressure as added safety to prevent the pump from vapor locking.

An added complication in the determination of the performance of the tur-
bine simulator was that the nozzles were originally designed using the potassium
vapor properties reported by Walling and Lemmon (9) and the performance data were
computed using the data of Stone, et al., (10) which became available after the
Prototype Loop was partially fabricated. The variations between the actual test
conditions and the reference design test conditions are considered minor and will
not significantly compromise the compatibility evaluation which will be performed
on test components following completion of the experiment.

E. Measurement of Prototype Loop Temperatures

All loop thermocouples were made from W-3%Re/W-25%Re wire which had been
calibrated in vacuum in the 32°-2350°F temperature range. The calibration pro-
cedure and test results are given in Table IV,

A schematic drawing of the thermocouple circuit is shown in Figure 17, A
typical thermocouple circuit starts at the hot junction of the thermocouple and
terminates at a reference junction block (12) attached to the inside of the
wall of the spool section of the test chamber, At the reference junction block,
a transition from the thermocouple wire to copper wire is made mechanically and
the copper wires are routed through a thermocouple vacuum feedthrough to a re-
cording potentiometer. The temperature of each of the eight reference blocks is
measured by a copper/constantan thermocouple located on each block. The pro-
cedure used in determining the temperature of the loop is described below,

The temperature of the reference junction is determined by first measuring

the millivolt output of a copper/constantan thermocouple with a 32°F reference
Junction, The indicated emf is converted to °F from a standard copper/constantan
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temperature conversion table. The reference junction temperature is converted
back to a millivolt equivalent using the W-3%Re/W-25%Re conversion table. The
reference junction voltage is then added to the measured loop thermocouple emf
and the corrected millivolt output is converted to the true loop temperature
using the W-3%Re/W-25%Re conversion table.
An example of a typical temperature determination is given below:

Reference junction T/C (copper/constantan), emf - 6,33 mv

Reference junction temperature - 284°F

Loop T/C (W-3%Re/W-25%Re) - 18.04 mv

Reference junction correction emf for 284°F - 1.75 mv

Corrected loop T/C emf - 19.79 mv

True loop temperature - 1985°F

F, Calibration of Sodium and Potassium Flowmeters

The output voltage as a function of flow rate for the Prototype Corrosion
Loop primary and secondary flowmeters are shown in Figures 18 and 19, The
curves shown are for fluid temperatures near the operating conditions of the
loop. Flow sensitivities as a function of temperature are also included for
off-design operation during the test start-up. The output voltage and sensi-
tivities shown are based on the theoretical equation used by Affel (13), et al.,
with a correction factor obtained from calibration runs made prior to the
test start-up and previously reported (14).

The indicated flow rate as a function of output voltage shown in Figures
18 and 19 are based on a magnetic flux density of 3000 gauss. Since the magnetic
flux of a permanent magnet is a function of the magnet temperature, the indicated
flow rate must be corrected by the ratio of the actual magnetic flux at the mag-
net temperature to 3000 gauss. The relationship of the magnetic flux as a func-
tion of magnet temperature for the Prototype Loop magnets were previously re-
ported (15).

G. Topical Reports

Two topical reports have been issued during this reporting period and
these reports are listed below:

1. Potassium Corrosion Test Loop Development Topical Report No. 1,
PURIFICATION AND ANALYSIS HELIUM FOR THE WELDING CHAMBER, NASA-
CR-64168, T. F. Lyon, July 1, 1965,

2, Potassium Corrosion Test Loop Development Topical Report No. 3,

MATERIAL SPECIFICATIONS FOR ADVANCED REFRACTORY ALLOYS, NASA-CR-
54761, D, N, Miketta and R. G. Frank, October 1, 1965,
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Gallons Per Minute

Sodium Flow Rate,

Material: Cb-1Zr Alloy
Fluid: Sodium (2000°F)

Duct: 0.375 Inch OD x 0,065 Inch Wall

1.0
Magnet: 3000 Gauss

Sodium Temperature Sensitivity

600°F 0.558 gpm/mv

1000°F 0.588 gpm/mv

1600°F 0.640 gpm/mv

2300°F 0.713 gpm/mv
0.5
0

0 1 2 3 4 5 7

Output Voltage, Millivolts

Figure 18. Output Voltage Vs Flow Rate for the Prototype Corrosion Loop
Primary (Sodium) Circuit Flowmeter. Sensitivity Corrected by

Thermal Energy Balance Calibration. -
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Gallons Per Minute

Flow Rate,

0.10
Duct: 0.375 Inch OD x 0.065
Inch Wall
Material: Cb-1Zr Alloy
Fluid: Potassium (800°F)
Magnet: 3000 Gauss
0.05 Potassium Temperature Sensitivity
600°F 0.582 gpm/mv
700°F 0.592 gpm/mv
800°F 0.602 gpm/mv
900°F 0.613 gpm/mv
0.00
0.1 0.2 0.3 0.4 0.5

Output Voltage, Millivolts

Figure 19. Output Voltage Vs Flow Rate for the Prototype Corrosion Loop
Secondary (Potassium) Flowmeter. Sensitivity Corrected by
Thermal Energy Balance Calibration.
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! IV FUTURE WORK

A. Operation of the Prototype Loop will continue during the next quarter, with
a total of 4,200 hours of loop operation being completed by January 15, 1966.

I B. Preparation of topical reports covering the various portions of the program
| which have been completed will continue,

e ————————— ———— " ~—— . —
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Attn: R. S. Carey

Aerojet-General Corporation
P.0. Box 296

Azusa California 91703
Attn: Librarian

Aerojet General Nucleonics
P.O. Box 77

San Ramon, California
Attn- Librarian

AiResearch Manufacturing Company
Sky Harbor Airport

402 South 35th Street

Phoenix, Arizona

Attn: Librarian

AiResearch Manufacturing Company
Sky Harbor Airport

402 South 35th Street

Phoenix, Arizona

Attn: E. A, Kovacevich

AiResearch Manufacturing Company
9851-9951 Sepulveda Boulevard
Los Angeles 45, California

Attn: Librarian

Allis Chalmers

Atomic Energy Division
Milwaukee, Wisconsin
Attn: Librarian

Allison-General Motors
Energy Conversion Division
Indianapolis, Indiana
Attn: Librarian

American Machine and Foundry Company
Alexandria Division

1025 North Royal Street

Alexandria, Virginia

Attn: Librarian

AMF Atomics

140 Greenwich Avenue
Greenwich, Connecticut
Attn: Librarian

Argonne National Laboratory
9700 South Cross Avenue
Argonne, Illinois

Attn: Librarian

Armour Research Foundation
10 W, 35th Street

Chicago 16, Illinois

Attn: Librarian

Army Ordnance Frankford Arsenal
Bridesburg Station
Philadelphia 37, Pennsylvania
Attn: Librarian

U.S. Atomic Energy Commission
Technical Reports Library
Washington 25, D.C.

Attn: J. M., O'Leary

U.S. Atomic Energy Commission
Germantown, Maryland
Attn: Col. E. L. Douthett

U.S. Atomic Energy Commission
Germantown, Maryland
Attn: H. Rochen
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U.S. Atomic Energy Commission
Germantown, Maryland
Attn: Major Gordon Dicker

SNAP 50/SPUR Project Office

U.S. Atomic Enefgy Commission

Technical Information Service Extensioﬁ

P.0. Box 62 ‘
Oak Ridge, Tennessee (3)

U.S., Atomic Energy Commission
Washington 25, D.C.
Attn: M. J. Whitman

Atomics International
8900 DeSoto Avenue
Canoga Park, California
Attn: Librarian

AVCO

Research and Advanced Development

Department :
201 Lowell Street
Wilmington, Massachusetts
Attn: Librarian

Babcock and Wilcox Company
Research Center

Alliance, Ohio

Attn: Librarian

Battelle Memorial Institute
505 King Avenue

Columbus, Ohnio

Attn: Librarian

The Boeing Company
Seattle, Washington
Attn: Librarian

Brookhaven National Laboratory
Upton, Long Island, New York
Attn: Librarian

Brush Beryllium Company
Cleveland, Ohio
Attn: Librarian

Bureau of Mines
Albany, Oregon
Attn: Librarian

Bureau of Ships
Department of Navy
Washington 25, D.C.
Attn: Librarian

Bureau of Weapons
Research and Engineering
Material Division
Washington 25, D.C.
Attn: Librarian

Carborundum Company
Niagara Falls, New York
Attn: Librarian

Chance Vought Aircraft, Incorporated
P.0. Box 5907

Dallas 22, Texas

Attn: Librarian

Climax Molybdenum Company of Michigan
Detroit, Michigan
Attn: Librarian

Convair Astronautics
5001 Kerrny Villa Road
San Diego 11, California
Attn: Librarian

Crucible Steel Company of America
Pittsburgh, Pennsylvania
Attn: Librarian

Curtiss-Wright Corporation
Wright Aeronautical Division
Wood-Ridge, New Jersey 07075
Attn: S. Lombardo

Douglas Aircraft Company, Inc,
Missile and Space Systems Division
300 Ocean Park Boulevard

Santa Monica, California

Attn: Librarian
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Douglas Aircraft Company
Santa Monica, California
Attn: Librarian

E. I. duPont de Nemours and Company,
Wilmington 98, Delaware
Attn: Librarian

E. I. duPont de Nemours and Company,
Wilmington 98, Delaware
Attn: E. M., Mahla

Electro-Optical Systems, Incorporated
Advanced Power Systems Division
Pasadena, California

Attn: Librarian

Ertel-McCullough, Inc.
301 Industrial Way

San Carlos, California
Attn: Dr. Leonard Reed

Fansteel Metallurgical Corporation
North Chicago, Illinois
Attn: Librarian

Firth Sterling, Incorporated
McKeesport, Pennsylvania
Attn: Librarian

Flight Vehicle Power Branch

Air Force Aeropropulsion Laboratory
Wright Patterson Air Force Base, Ohio
Attn: Charles Armbruster ASRPP-10

Flight Vehicle Power Branch

Air Force Aeropropulsion Laboratory
Wright Patterson Air Force Base, Ohio
Attn: T, Cooper

Flight Vehicle Power Branch

Air Force Aeropropulsion Laboratory
Wright Patterson Air Force Base, Ohio
Attn: Librarian

Flight Vehicle Power Branch

Air Force Aeropropulsion Laboratory
Wright Patterson Air Force Base, Ohio
Attn: George M. Glenn

Inc.

Inc.

Ford Motor Company

Aeronutronics
Newport Beach, California
Attn: Librarian

General Atomic
John Jay Hopkins Laboratory

P.0. Box 608
San Diego 12, California
Attn: Librarian

General Atomic

John Jay Hopkins Laboratory
P.0. Box 608

San Diego 12, California
Attn: Dr. Ling Yang

General Dynamics/Fort Worth
P.0O, Box 748

Fort Worth, Texas

Attn: Librarian

General Electric Company
Atomic Power Equipment Division
P.0. Box 1131

San Jose, California

General Electric Company

Missile and Space Vehicle Department
3198 Chestnut Street

Philadelphia 4, Pennsylvania

Attn: Librarian

General Electric Company
P.0. Box 100

Richland, Washington, 99352
Attn: Dr. T. T. Claudson

General Electric Company

P.0. Box 100

Richland, Washington 99352

Attn: Technical Information Operation

General Electric Company
Vallecitos Atomic Laboratory
Pleasanton, California

Attn: Librarian
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General Motors Corporation
Allison Division
Indianapolis 6, Indiana
Attn: Librarian

Grumman Aircraft
Bethpage, New York
Attn: Librarian

Hamilton Standard

Division of United Aircraft Corporation
Windsor Locks, Connecticut

Attn: Librarian

Hughes Aircraft Company
Engineering Division
Culver City, California
Attn: Librarian

Jet Propulsion Laboratory

4800 Oak Grove Drive

Pasadena, California 91102

Attn: Mr. Rudolph Rust - MS 138-214

Lockheed Georgia Company

Division, Lockheed Aircraft Company
Marietta, Georgia

Attn: Librarian

Lockheed Missiles and Space Division
Lockheed Aircraft Corporation
Sunnyvale, California

Attn: Librarian

Los Alamos Scientific Laboratory
University of California

Los Alamos, New Mexico

Attn: Librarian

Marquardt Aircraft Company
P.0. Box 2013

Van Nuys, California
Attn: Librarian

The Martin Company
Baltimore 3, Maryland
Attn: Librarian

The Martin Company
Nuclear Division

P.O. Box 5042
Baltimore 20, Maryland
Attn: Librarian

Martin Marietta Corporation
Metals Technology Laboratory
Wheeling, Illinois

Massachusetts Institute of Technology
Cambridge 39, Massachusetts
Attn: Librarian

Materials Research Corporation
Orangeburg, New York
Attn: Librarian

McDonnell Aircraft
St. Louis, Missouri
Attn: Librarian

MSA Research Corporation
Callery, Pennsylvania
Attn: Librarian

National Bureau of Standards
Washington 25, D.C.
Attn: Librarian

National Research Corporation
405 Industrial Place

Newton, Massachusetts

Attn: Librarian

Office of Naval Research
Power Division
Washington 25, D.C.
Attn: Librarian

U.S. Naval Research Laboratory
Washington 25, D.C.
Attn: Librarian

North American Aviation
los Angeles Division

Los Angeles 9, California
Attn: Librarian
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Oak Ridge National Laboratory
Oak Ridge, Tennessee
Attn: J. H. DeVan

Oak Ridge National Laboratory
Oak Ridge, Tennessee
Attn: G. Goldberg

Oak Ridge National Laboratory
Oak Ridge, Tennessee
Attn: Librarian

Oak Ridge National Laboratory
Oak Ridge, Tennessee
Attn: Dr. A, J. Miller

Oak Ridge National Laboratory
Oak Ridge, Tennessee
Attn: W, C. Thurber

Pratt and Whitney Aircraft
400 Main Street

East Hartford 8, Connecticut
Attn: Librarian

Republic Aviation Corporation
Farmingdale, Long Island, New York
"Attn: Librarian

Rocketdyne
Canoga Park, California
Attn: Librarian

Solar

2200 Pacific Highway

San Diego 12, California
Attn: Librarian

Southwest Research Institute
8500 Culebra Road
San Antonio 6, Texas
Attn: Librarian

e
Superior Tube Company
Morristown, Pennsylvania
Attn: Mr. A. Bounds

Sylvania Electrics Products, Inc.
Chem. and Metallurgical

Towanda, Pennsylvania

Attn: Librarian

Thompson Ramo Wooldridge, Inc.
Caldwell Research Center
23555 Euclid Avenue

Cleveland, Ohio 44117

Attn: G. J. Guarnieri

Thompson Ramo Wooldridge, Inc.
Caldwell Research Center
23555 Euclid Avenue

- Cleveland, Ohio 44117

Attn: Librarian

Thompson Ramo Wooldridge, Inc.
New Devices Laboratories

7209 Platt Avenue

Cleveland, Ohio 44104

Attn: Librarian

Union Carbide Corporation
Parma Research Center
Technical Information Service
P.0. Box 6116

Cleveland, Ohio 44101

Union Carbide Nuclear Company

P.0O. Box X

Oak Ridge, Tennessee

Attn: X-10 Laboratory Records
Department (2)

Union Carbide Stellite Corporation

Kokomo, Indiana
Attn: Librarian

United Aircraft Corporation
Pratt & Whitney Division
400 W. Main Street
Hartford 8, Connecticut
Attn: Mr. W. H. Podolny

United Nuclear Corporation
Five New Street

White Plains, New York
Attn: Librarian
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Universal Cyclops Steel Corporation
Refractomet Division

Bridgeville, Pennsylvania

Attn: C. P. Mueller

University of Michigan

Department of Chemical and
Metallurgical Engineering

Ann Arbor, Michigan

Attn: Librarian

Varian Associates
Vacuum Products Division
611 Hansen Way

Palo Alto, California
Attention: J. Shields

Vought Astronautics
P.O0. Box 5907
Dallas 22, Texas
Attn: Librarian

Wah Chang Corporation
Albany, Oregon
Attn: Librarian

Westinghouse Electric Corporation
Aerospace Electrical Division
Wapak Road

Lima, Ohio

Attn: Paul Kueser

Westinghouse Electric Corporation
Aerospace Electrical Division
Lima, Ohio

Attn: Librarian

Westinghouse Electric Corporation
Astronuclear Laboratory

P.0, Box 10864

Pittsburgh 36, Pennsylvania

Attn: R. T. Begley

Westinghouse Electric Corporation
Astronuclear Laboratory

P.O. Box 10864

Pittsburgh 36, Pennsylvania

Attn: Librarian

Westinghouse Electric Corporation
Materials Manufacturing Division
RD #2 Box 25

Blairsville, Pennsylvania

Attn: Librarian

Westinghouse Electric Corporation
Materials Manufacturing Division
RD #2 Box 25

Blairsville, Pennsylvania

Attn: F. L. Orell

Westinghouse Electric Corporation
Research and Development Laboratory
Pittsburgh 35, Pennsylvania

Sandia Corporation

Aerospace Nuclear Safety Division
Sandia Base

Albuquerque, New Mexico 87115
Attention: Mr. A. J. Clark (3)
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