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I. PHASE lA - CAPSULE TEST PROGRAM 

The columbium-17o zirconium alloy test capsule was fabricated and 

assembled. The capsule was found to be overfilled; it was opened, re

filled to the proper level, x-rayed to determine the exact height of 

the rubidium, and the test run restarted at 1800 F. The capsule was 

run at a maximimi temperature of 1800 F and a minimum temperature of 

1200 F. After 16 hours the heating element failed and the test was 

prematurely terminated. A replacement heater is being procured. 
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II. PHASE IB - LOOP PROGRAM 

A. SUMMARY 

The major emphasis during the past quarter of the loop pro

gram has been placed on debugging and shaking down the various instru

mentation and control systems and rendering operational the auxiliary 

equipment servicing the loop complex. For the preliminary stainless 

steel loop run, the system was 957o of being fully operational per the 

requirements defined for the more critical columbium loop run. Some 

additional work will be done, including sealing of minor leaks in the 

environmental chamber. A thorough leak check of the system will be 

made. 

The stainless steel loop run started and finished during 

January was considered successful in that all elements of the system 

performed their functions. The stainless steel loop test was run for 

a total of 172 hours. The design temperature of 1550 F at approximately 

15% vapor quality of rubidium in the boiling phase was achieved and the 

test was terminated shortly thereafter. Certain operations of the loop 

environmental system have dictated minor design changes; these changes 

will be made and the system should be ready for operation with the colum

bium loop about the middle of March. 

B, FACILITIES PREPARATION AND LOOP CHECKOUT 

The stainless steel loop was pressure and leak checked by 

helium mass spectrometer methods. Leakage rate was shown to be negli

gible. The associated loop pump and flow meter, argon gas duct assembly, 

and flow controller were installed. The instrumentation and control 

system was installed and checked out. Installation of necessary facili

ties including power, water, and compressed air was completed. 

The loop environmental chamber was found to have a larger 

number of leaks than would be desirable for the columbium system test 

run. The system will be run as is for the stainless steel loop, since 

these leaks will not affect this test. (After the stainless steel loop 
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RUBIDIUM LOOP INSTALLED IN ENVIRONMENTAL CHAMBER 



run has been completed, minor leaks in the environmental chamber will 

be sealed to achieve the desired vacuum for the columbium loop run.) 

The stainless steel loop was installed in the environmental 

chamber and the instrumentation and control systems hooked up and checked 

out. The rubidium loading system was fabricated and checked out. The 

argon system drying train furnace was passed by the AGN Inspection Depart

ment as satisfactory and work proceeded at the end of the last reporting 

period on fabricating the remainder of this system. 

The present argon to water heat exchanger is not vacuum tight; 

a new welded tube heat exchanger was designed and is under construction-

It will be vacuum tight and suitable for the columbium loop run. 

The argon gas ducting system inside the environmental chamber 

was found to be unsatisfactory; it produced a large pressure drop in the 

argon cooling system, and leaked a large amount of hot argon gas into the 

environmental chamber. This gas ducting arrangement is being redesigned 

to provide more satisfactory operation. 

After assembly and checkout of the entire instrumentation and 

control system final checkout procedures were initiated preparatory to 

loop start-up. 

C. LOOP OPERATION 

Loop start-up procedures were initiated on 11 January. The 

316 stainless rubidium loop was evaluated for approximately 24 hours to 

purge it of atmospheric gases and to outgas any water absorbed on the 

walls of the tubing. The vacuum chamber was pumped down and back-flushed 

with argon gas. The loop itself was then back=-filled with argon^ evacu

ated again, back-filled a second time, and evacuated a third time. The 

chamber temperature was brought to 150 F and the valve opened from the 

rubidium fill tank leading to the loop. After the loop was filled with 

rubidium all valves to the loop were closed. 

It was observed by increasing the pressure on the surge tank, 

and noting the resultant fall in the liquid level in the surge tank, that 

there were gas bubbles trapped in the loop. Efforts were made to remove 
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these trapped gas bubbles by alternately applying pressure and turning on 

the liquid metal pump and then releasing the pressure to move the gas 

bubbles out of the loop and back into the surge tank. This procedure was 

continued until the level of rubidium in the surge tank did not fall ap

preciably upon application of pressure to the loop, thus indicating that 

most of tbe compressible gas contained in the loop system had been elimi

nated. The inclusion of gas in the rubidium during the loading process 

was due to a minor design error in the loop. This will be remedied for 

the next loop run. 

During the period when gas was being eliminated from the 

loop, the refilling procedure was repeated to add rubidium to the loop 

system. This made up for the volume of gas eliminated from the loop 

system. The rubidium flow through the preheater remained at less than 

1 foot per second at the end of the day. At this point approximately 

1 kw of heat had been applied to the preheater and the maximum loop temper

ature registered about 350 F. The low maximum flow rate obtainable from 

the loop at this point was due to the fact that the pump cell on the liq

uid metal pump had not wet, since the temperature in the pump cell was 

not above 150 P. The loop had achieved a state of continuous 24 hour 

operation and continued so until shut-down after the boiling test on 

January 20. 

On January 12, certain aspects of the instrumentation and con

trol system were adjusted and the maximum loop temperature attained was 

approximately 500 F at the exit from the preheater. On January 13, the 

last of the gas bubbles was eliminated from the system. The power in the 

loop was then Increased to raise the maximum temperature in the pump cellj 

thus wetting the cell to obtain proper operation of the pump. To wet the 

pump cell, the argon flow through the rubidium cooler was cut off to bring 

the loop Into essentially isothermal operation. The pump cell wet at 

approximately 350 F and flow increased to approximately 4 feet per second, 

with a maximum loop temperature of about 750 and a power input of 3.12 kw. 
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The maximum temperature of the system then fell due to the increased cir

culation of the rubidium; a flow rate of approximately 4 feet per second 

at a maximum loop temperature of approximately 350 F was maintained over

night. 

On January 14 the flow was increased to approximately 10 feet 

per second and power to 3.1 kw, resulting in maximum steady state operat

ing temperature of about 550 F. 

Steady state operating conditions continued over the 15th of 

January. Some difficulty was experienced with the pressure control system 

and an additional control unit was attached to the argon pressure control 

valve. The Interior of the environmental chamber was overheating due to 

hot argon gas leaking out of the argon to water heat exchanger. More 

sealing and insulation was applied to the condenser can, but the resultant 

lowering of the chamber temperature was not as great as desired. The flow 

of rubidium in the loop system was Increased to about 12 feet per second 

and the power to about 3.6 kw; this flow and power level was maintained 

overnight with a maximum temperature of approximately 500 F. The first 

specific heat determination was performed on January 17. The data result

ing from this are reported In Section III, TJh&maximum temperature obtained 

from the loop was about 850 F at a power input of 3 kw and a flow of about 

13 feet per second. This is less power than was previously required to 

hold the loop at a lower maximum temperature. It is not known exactly 

what caused this effect; it may have something to do with wetting condi

tions in the loop heaters. 

On January 18 a final check showed that little or no gas re

mained in the loop system. Specific heat measurements were performed on 

January 19. Essentially the same loop operating conditions were maintain

ed as those of January 17 with regard to maximum temperature and flow rate. 

On January 19 further specific heat measurements were made (reported in 

Section III of this report), The maximum loop temperature obtained was 

approximately 1150 F at a flow of about 6 feet per second in the preheater 
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and a power input of about 9 kw. After these tests the maximum tempera

ture of the loop was lowered to approximately 1000 F; the loop was run 

overnight at that value. Flow rate at this point was approximately 8 

feet per second with a power input to the boiler of approximately 10 kw. 

On January 20 a successful attempt was made to boll the 

rubidium in the loop system. A third specific heat measurement was 

taken prior to the test (data reported in Section III of this report), 

Due to the leaks in the protective can covering the argon to rubidium 

heat exchanger, and the subsequent increase in chamber temperature above 

200 F, the boiling test was limited to a short run to determine whether 

stable boiling could be achieved in this loop to about 15% vapor quality. 

The flow rate was therefore set at approximately 10 feet per second and 

the loop pressure at 33 pounds per square inch absolute. At this point 

the total power to the loop was approximately 13 kw (11.3 kw net to the 

rubidium); the maximum temperature was approximately 1325 F uncorrected, 

and flow rate was approximately 10 feet per second when boiling was initi

ated. A quality of 7.2X was achieved. The power to the boiler was 

increased to approximately 15 kw at which point the vapor quality was 

about 13% (13,3 kw net to the rubidium). It was determined that boiling 

had been achieved since the increase of power input from 11 to 13 kw pro

duced no increase in boiler outlet temperature with flow rate remaining 

constant. The additional power merely increased the vapor quality of the 

rubidium. A second check was made to determine if boiling was actually 

taking place; the pressure on the loop was increased in small increments 

and the resultant increase in boiler outlet temperature was noted. This 

check indicated that the pressure increase was causing the rubidium to 

boil at a higher temperature. This procedure was repeated several times 

to check the validity of the test. The pressure and power were gradually 

increased in increments until the last test of the day was achieved at a 

maximum measured temperature of 1450 F with a flow rate of 10 feet per 

second; a pressure of 60 pounds per square inch; a total power Input of 

approximately 17.0 kilowatts (15.2 kilowatts net to the rubidium), and 
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a resulting vapor quality of 15%, Boiling was stable throughout the en

tire boiling test. This initial boiling test was satisfactory in most 

of the significant respects. No attempts were made to increase the temper

ature beyond the 1450 measured temperature since the stainless steel 

material is in the region of maximum capabilities at this temperature. 

Table I, which lists three of the boiling conditions, shows 

that the measured temperature of the loop varies from 75 to 125 below 

the published boiling point of rubidium at the two pressures investigated. 

This discrepancy is most likely due to the fact that the thermocouples 

attached to the loop were not measuring the actual rubidium temperature, 

but were measuring the temperature at the surface of the tube to which 

they were attached. An analysis of the published data, system operating 

conditions, and thermocouple readout data, indicates that the actual temper

ature of the rubidium inside the loop was approximately 100 F higher than 

that actually measured. Therefore, the maximum temperature of the loop 

system was probably somewhere around 1550 F, In the next loop run steps 

will be taken to obtain more accurate temperature measurement data in the 

system by use of more refined thermocouple readout techniques. It is esti

mated that the error in temperature measurement can be reduced to approxi

mately 25 F by the procedures anticipated. 

After termination of the test, the loop was shut down and the 

rubidium dumped back into the fill tank. The pump and heaters were turned 

off, and the loop was kept at a maximum temperature of 150 F until it was 

disconnected and removed from the environmental chamber at the end of the 

month. 
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TABLE 

System Parameters 

1. Rubidium flow rate, Ib/hr 

2. Measured gross power Input, kw 

3. Measured preheater power, kw 

4. Measured boiler power, kw 

5. Estimated losses from preheater/boiler, kw 

6. Net power to Rb, kw 

7. Rubidium pressure, psia 

8. Published boiling point, °F 

(WADC TR 59-598) 

9. Measured boiling point (outside tubing), F 

10. Measured temperature at preheater inlet, F 

11. Measured temperature at preheater outlet, 
or boiler inlet, °F 

12. Rb quality 

MEG-756 

Condition 
1 

388 

13,0 

7.5 

5.5 

0,9/0.8 

11.3 

33 

1410 

1325 

470 

1090 

7,2+000.7 

Condition 
2 

388 

15.0 

7.0 

8.0 

0.9/0.8 

13,3 

33 

1410 

1325 

510 

1125 

13.2+001.3 

Condition 
3 

388 

17.0 

6,9 

10.1 

0.9/0.9 

15.2 

60 

1570 

1450 

530 

1124 

15,3+001.5 



III. PHASE II - THERMODYNAMIC STUDIES 

A. RUBIDIUM DENSITY MEASUREMENT 

The first four-point density run was made on November 14,1960. 

The results were given in Monthly Progress Report No. 10 (AGN-8025), A 

second four-point density run was made on January 24, 1961, The eight 

density points obtained in these two runs are given in Table II and 

Figure 1. The tolerances given for each temperature and density cover 

the possible errors due to volume calibration, weighing, meniscus, and 

thermocouples. 

For comparison purposes we have included in Figure 1 the 

rubidium density as predicted by Southwest Research (WADG-TR 59-598), 

the rubidium density measured by ORHL (CF 54-8-10), and the density at 

the melting point given in the International Critical Tables (1.473 g/cc 

at 102°F), As shown in Figure 1, the AGN data starts at the melting 

point density given in the International Critical Tables and decreases 

with increase in temperature with a slope greater than that predicted 

by Southwest Research. It is difficult to attach significance to the 

ORNL data since it does not pass through the International Critical Tables 

melting point density. 

A third density run was made on February 7 to obtain points 

from 1400 to 1800 F. In this run all four wires gave a weak electrical 

signal at about 1400 F and no discreet density points were obtained. It 

is postulated that this effect was due to the fact that at this temperature 

a considerable fraction of the vapor is the capsule is rubidium. Possibly 

some condensation occurred at the top of the level wire assembly or the 

vapor itself was enough to complete the electrical circuit. It was con

cluded from this run that the level wire method of measuring rubidium 

density is not applicable above a temperature of about 1350 F. 
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TABLE II 

MEASURED DENSITY OF RUBIDIUM VS TEMPERATURE 

Level 
Run # Wire # Temperature Density g/cc 

2 

made 

1/24/61 

1 

made 

11/14/60 

1 
i 

2 

3 

4 

1 

2 

3 

4 

175 - 185°F 

335 - 345°F 

510 - 520°F 

715 - 725°F 

725"̂ - 735°F 

945 - 955°F 

1245 - 1255°F 

1320 - 1340°F 

1,459 + 0,005 

1.419 + 0,005 

1.377 + 0.005 

1.337 + 0.005 

1.329 ± 0.005 

1.288 + 0,005 1 

1.248 + 0.005 

1.217 + 0,005 
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Bo RUBIDIUM SPECIFIC HEAT MEASUREMENT 

The specific heat of liquid rubidium Is one of the Phase II 

measurements. The measurements were planned to be made on the rubidium 

corrosion test loop. The technique uses the boiling heater section of 

the loop (no boiling is allowed during specific heat measurement). 

The rate of heat loss from the boiling heater section of the 

loop is first determined vs. temperature. This is done by setting the 

inlet temperature to a desired level and then putting enough power into 

the boiling section heater so that the outlet temperature equals the 

inlet temperature. The power required then is equal to the heat loss at 

this temperature. All these measurements are made at a constant flow 

rate. 

Following this heat loss calibration the specific heat is 

determined. This is done by putting enough power in the boiling section 

to create a positive ̂ T across the section. The specific heat at the 

mean temperature in the boiling section can then be calculated by the 

following formula: 

'Boiling section heat loss' 
•integrated over AT 

AT Flow ra te 

During initial operation of the stainless steel corrosion 

test loop specific heat measurements were made between 600 and 1000 F 

using this method. Data obtained were found to be erratic. It is 

believed that poor thennocouple arrangement was the major cause of this 

erratic data. In addition, heater power feedback through the grounded 

thermocouples and poor knowledge of flow rate also contributed. These 

difficulties will be corrected on the columbium corrosion test loop and 

specific heat will be remeasured. 

Boiling heater power 
.required to produce AT. 



G. BOILING THERMODYNAMIC MEASUREMENTS 

All equipment for the boiling thermodynamic work has been 

delivered. This includes the molybdenum radiation shield and radiation 

shield heater which were delayed by the vendor for over a month. The 

electric wiring of the control panel has been completed. Assembly of 

the apparatus and control equipment is about 757o completed. The 2-1/2 

pounds of rubidium required for the boiling run were transferred from 

the 10 pound reservoir tank to a temporary storage flask. Test welds 

were made for the tube and thermocouple joints in the boiling apparatus 

and judged satisfactory by Inspection. Methods have been developed for 

sealing and welding off the fill and vacuum lines following apparatus 

rubidium loading. The level measurement device to be used in the boiling 
60 

capsule was assembled and tested with the Co sources inserted. Carbon 

tetrachloride was used as the test fluid since its density is about the 

same as rubidium and will therefore shield gammas in about the same manner. 

The expected 10-12% drop in count ratio was obtained as the liquid passed 

each source. The various parts of the boiling rubidium capsule are shown 

in Figures 2, 3, 4, and 5. 
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RUBIDIUM FILL PIPE 

HEAD CLOSURE 
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CONDENSER NITROGEN 
OUT 

THERMOCOUPLE WHICK 
EXTENDS INTO THE RUBIDIUIC 
CONDENSATE RESEHViOB 

THERMOCOUPLES WKICK 
EXTEND INTO THE BOILING 
RUBIDIUM 

VACUUM LINE 

BOILING CAPSULE 
HEAD 

FIGURE 2 HEAD OF BOILING RUBIDIUM CAPSULE SHOWING CONDENSER 
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HAYNES-25 
BOLTS 

BOILING 

HEATER 

EXTENSIONS 

PRESSURE TAP LINE 

CAPSULE 
HEAD 

(INCONEL) 

CAPSULE 
BODY 

(INCONEL) 

STRAIN GAGE PRESSURE 
TRANSDUCER 

r FIGURE 5 ASSEMBLED BOILING RUBIDIUM CAPSULE 
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IV, WORK EFFORT PLANNED FOR THE NEXT REPORTING PERIOD 

A. CAPSULE STUDIES 

The columbium-1% zirconium alloy corrosion test capsule run 

has been delayed pending delivery of a replacement heating element. 

B. LOOP PROGRAM 

The stainless steel loop which was run during January will 

be decontaminated, cut up, and inspected to determine the corrosion 

effects on the containment material. Various sections of the loop boiler 

condenser and cold trap will be analyzed for corrosion and mass transfer 

effects. Welded joints will be given special consideration. Selected 

weld joints will be radiographically inspected to ascertain if any 

unusual effects have occurred. Fabrication test studies on the columbium 

loop system will be completed about the middle of February. The columbium 

liquid metal pump cell will be received back from the manufacturer after 

the brazing of the nickel bus bars onto the columbium tube. Minor design 

modifications will be made in the loop prior to fabrication of the co

lumbium loop. Fabrication of the actual columbium loop will be about 

50% completed before the end of February. In addition the entire loop 

complex which "sees" the environmental atmosphere will be rendered com

pletely vacuum tight. The new welded tube argon to water heat exchanger 

will be received before the end of February. The argon gas ducting 

system will be modified and installed before the end of February. It is 

expected that operation of the columbium loop will begin about 15 March 

1961. 

C. PHASE II 

The boiling thermodynamic apparatus will be assembled, checked 

out, debugged, and the first boiling run will be made before the end of 

February, 
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