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I. SUMMARY

This report reviews our work on the WS 107A-2 Propellant-Loading
System for 1 January through 31 March 1963.

Field technical activities were completed at Beale Air Force Base
on 31 March 1963. Final work there included technical assistance during
the accelerated rebuild program and during I & C at launcher 4C-1.

“Solutions to problems with the noise sensitivity of liquid sensors
and the differential-pressure gauges for the LOY filters were proposed.
A procedure for leak-testing the helium system was adopted,

At-Vandenberg AFB, we -were mainly-c
the Category 11 program-and our -participstion ta the Operationa

vent-valve cycling exercise in order to evaluate rapid recycling possi- Lo @ LTk
bilities and compiled temperature data for the helium recovery systemiwad 4 ‘

The liquid sensor program is approaching completion and the final
report is expected to be published in June. Analysis of the helium
recovery system has been completed and the basic problem, brittle fracture
of inlet connections through excessive cooldown, has been found unlikely
to occur. We have analyzed the limitations to rapid recycle of the PLS
and suggested an approach. Other studies conducted during the reporting
period included bolt-torquing tests for flange bolts in the PLS LO% piping
system, an approach for analyzing flow rates by reducing the flow circuits
to equivalent valve flow coefficients, and the verification of the follow-
ing: minimum values for the contents of PLS vessels during load - reload
operations, depletion within tolerance during standby, and sufficient
helium in titanfum spheres aboard the missile.

Arthur B AittleInc.
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II. FIELD TECHNICAL OBSERVATION AND START-UP ACTIVITIES

A, BEALE AIR FORCE BASE

1. Completion of Launcher 4C-1 Rebuild

Launcher 4C-1 at Beale Air Force Base was turned over to SAC on 8 March
1963, culminating an accelerated rebuild program begun in August 1962,

2, ADL Operation

Throughout the rebuild, ADL functioned on the staff of Lt. Col. T. D, Ryan,
SATAF Deputy for Engineering, as PLS Engineer, lending assistance also as
required on the RP-1 system. During the construction phase, we were located
with the Construction Branch of the Corps of Engineers and were directly in-
volved in all decisions regarding the PLS,

During the I & C operations, ADL provided technical assistance to American
Machine and Foundry Co,, while they had custody and maintenance of the PLS, and
worked closely with The Martin Company in their testing operatioms.

3. Review of Contract Drawings and Specifications

ADL conducted an informal review of the contract drawings and specifications
for the rebuild of launcher 4C-1. Several changes to pipe supports which had
been incorporated during the original construction effort were found to have
been omitted from the rebuilt launcher. In addition, several FCR's which had
been incorporated in the other Beale launchers by Martin Company during the
I & C phase were not included.

In response to our recommendations, all such changes were added to the
rebuild contract, and therefore no work other than normal checkout was required
on the PLS during the I & C phase.

4. Extent of PLS Rebuild

All PLS transfer panel instruments were replaced. This work was performed
in the field, with the panels themselves being cleaned and refinished locally.

All Kieley & Mueller valves were removed and rebuilt locally with parts
being replaced as required. The welded Powell manual valves were not removed
but were leak-tested in place; packing and stems were replaced.

Pitting on the external surfaces of the PT piping, which was due to the
action of moisture with the residue from the fire between the time of the fire
and the start of the rebuild, was extensive. All schedule 5S 10 piping in the
PT and the expansion joints was, therefore, replaced. All flexible hoses were
replaced. The vent piping, the heavy wall piping in the PT, and the piping in
the missile silo were replaced only when close inspection of individual sections
showed it to be damaged. All piping in the vent shaft and interconnecting tunnel
was replaced. All missile silo PLS piping was removed and recleaned.

Arthur D Uittle, Inc,
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Prior to the start of any replacement operations, and after all visibly
damaged piping was remcved, blowdown tests were made from the gas bottles in
the PT through all rem ining valves and piping to determine the cleanliness
of the unremoved compcnents, All were found to be satisfactorily clean ex-
cept the remaining portion of line 301. Contamination was found in that
line and was thought to have come from the improper handling during removal
and replacement of the externally dirty S-302 strainer plug just prior to
the testing. Line 301 was then removed in sections, cleaned and replaced.

In accordance with a revised design, when the vent shaft and inter-
connecting tunnel were replaced, the portion of the vent tunnel between the
radiation plate and the blast wall was built of aluminum. The air line
through that section, formerly of black iron, is now stainless steel.

5. Inspection of T-201 1O, Tank

T-201 was entered to determine whether any contamination from the accident
was in the tank, Many loose pieces of what appeared to be shattered 1/16-inch
sheet teflon were found on the bottom and lower walls of the tank. There were
also what appeared to be lint particles on the walls and inside the forward
end of the pressurization header. A brown horizontal ring was evident near
the 7,000-gallon level (about the height of the bottom of the gooseneck in
the load line) on the back portions of the side walls and the rear end of
the tank, ’

After removal of the various particles and an unsuccessful effort to
remove the ring with various solvents, it was agreed that the tank appeared
to meet the cleanliness requirements of BSD Exhibit 61-3C which had been made
a part of the rebuild contract.

ADL felt, however, that further investigation of the nature of the dis-
coloration should be made. At the request of BSSFR, Mr. Reynales of Space
Technology Laboratories then visited launcher 4C-1 and entered the tank.
After receipt of his report, it was the decision of BSSFR that no further
action be taken toward cleaning the tank, The tank was then closed and sat-
isfactory blowdown test pads were obtained from the tank nozzles,

6. AFBSD Exhibit 61-3C.

As mentioned above, the AFBSD cleanliness standard Exhibit 61-3C was
incorporated into the Chico rebuild contract. It was noted, however, that
this document included no criteria for water content (dew point) or acetylene
content in gas samples taken from liquid oxygen, gaseous nitrogen, or helium
systems, These criteria were therefore developed locally in accordance with
the fluid use limits given in the same document.

7. Removal of LN, from T-201

Because there would be no further need for liquid nitrogen in the 10;
tank following Corps of Engineers' acceptance testing, and because it was
necessary to preclude any future problem of liquid nitrogen contamination of
the liquid oxygen which would later be loaded into the L0 tank, the acceptance

Arthur D Little Inc.
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cold test was modified to include pumping all of the LN; from the tank during
test N. The tank was then kept under a gasecus nitrogen blamket until it was
filled with liquid oxygen.

8. High-Pressure Kieley & Mueller Valve Seat

During the I & C phase, a slow continuous pressure build-up was noted
on PI-509, the 750 psi pneumatic loop. Investigation disclosed a broken seat
on FCV-508. The seat and plug were immediately replaced.

Later research determined that, during the check of Kieley & Mueller
valves conducted early in 1962, this same valve was found to have a seat
leak because of a scored seat. At that time, both sezt and plug were
replaced.

In view of these two seat failures in this valve, ADL then recommended
that, at socme convenient time, the entire valve be replaced. This recommenda-
tion was rescinded later, however, when it was found that the replacement
valve which had been obtained had also previously had a broken seat.

It should be noted here that all except a small portion of the broken
seat of the first mentioned FCV-508 was recovered on the filter element,
F9521-512, on the launcher mast. Because of the small size of the missing
portion, the nature and use of the affected line, and the evidence that the
filter was performing its limited function, it was decided with ADL con-~
currence that any further search for the missing piece of valve seat was
unwarranted.

9. Liquid-Oxygen Loadings

During all liquid-oxygen loading demonstrations, the propellant-loading
system performed satisfactorily.

The first attempt of AEP 12, run 5.2, ended at T-1 with a flight control
problem, The first attempt of AEP 15 ended at T-190 due to failure of the
Stage I missile fill-and-drain valve to close. All other wet runz were
successful,

It was noted during the first attempt at AEP 12 that, after some twenty
to thirty minutes of the one-hour hold, Stage 1 topped down for the balance
of the hold period, leading to suspicion that the topping down position of
valve FCV-202 was too far open. Calibration of I/P 202 and the valve posi-
tioner on FCV-202 was checked. The positioner was adjusted and the system
gave nommal topping action in later demonstrations.

10. Incorrect Impedance in Spare I/P Transducers

During Martin Company electrical checkouts, it was discovered that the
internal impedance of the I/P 201 was not 400 ohms as specified, but 180 ohms,
which is not compatible with Martin Company equipment. A check of two other
similar units from Air Force spares showed them also to have only 180-ohm
impedances.

Arthur D Little, Inc.
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The I/P 202 transducer (by specification the same as I/P 201) that had
been installed was checked and found to conform to the 400-ohm specification,
It was then noted that a 220-ohm resistor had been installed in series with
the coil of the unit. Conversations with Fisher Governor Company, the manu-
facturer, indicated that the addition of this resistor to their stamdard 180-
ohm unit was all that was required to meet the contract specifications.

This resistor was then added to the installed I/P 201 and, through SATAF,
SBAMA was alerted that all spare I/P transducers should be checked for the
same deficiency.

11. Liquid Sensors

At the request of STL, and in connection with the Flight Controls ground-
ing problem, ADL looked at the Mirneapolis-Honeywell 1O, sensors in the missile
silo at launcher 4A3 at Lincoln, California. It was found that wiring was
in accordance with the MH schematic, except that LS-203, LS-204, LS-205,
and LS-206 had filters installed. It is believed that these are the only
filters installed in liquid sensors at T-5 or, in fact, at any Titan I
facility (see Section III.A, paragraph 2).

12, Field Office Termination

Arthur D, Littlé, Inc., completed its contractual obligation at Beale
Air Force Base during the quarter and on 31 March 1963 concluded residency
and the field office functionm,.

Arthur ﬂl.little.llnt.



II1. PROPELLANT-LOADING SYSTEM FOR WS 107A-2

A. SYSTEM STATUS

1. Change Requests

We initiated no change requests during.this reporting period.

2. Liquid Sensors

A noise-sensitivity problem with the Minneapolis-Honeywell facility
l1iquid sensors has recently been uncovered. A number of sensors triggered,
i.e., indicated ''wet" when the hydraulic power supply was energized, Addi-
tional units triggered when 400 cps missile power was applied. The Martin
Company proposed correcting the deficiency by using a sensor filter system
designed by Minneapolis-Honeywell. This system has been successfully proved
under simulated noise environments.

On reviewing the sensor circuit diagram, ADL found that adequate isola-
tion between the detector and the amplifier had not been provided. Since
the detector, through the probe, is connected to facility ground, and the
amplifier to GOE ground, a ground loop situation exists. Furthermore, the
liquid sensors violate the single-point grounding requirement. In 1958
this discrepancy was brought to the manufacturer's attention on an earlier
sensor design. He subsequently provided a transformer coupling for those
units. This modification is presently installed at Vandenberg Air Force
Base, It is ADL's opinion that, because of their previous exposure to the
noise problem, the manufacturer should have provided for it in the subse-
quent design.

In the performance of tests designed to provide a measurement of noise
amplitude and frequency (0.3 volts peak to peak at 7 kc), it was observed
that the noise level diminished and normal sensor operation was restored
when GOE ground was connected to missile ground. Although this approach is
not a perfect solution, it certainly would be economical and therefore
warrants further consideration; at least the effect on the over-all system
such a change would have should be determined.

Should the solution to the noise susceptibility problem rest on the
choice between control unit modification (i.e., transformer coupling and
elimination of some chassis grounds) and purchase of a filter module, ADL
would recommend the latter, since it would not involve shipment of the
control units to the vendor's plant.

ADL participated in the solution of this liquid sensor problem at
the request of STL. Our opinions were passed on to STL at a meeting
attended by AFBSD, Martin, STL, and ADL on 1 February 1963, and via a
series of phone conversations subsequent to the meeting.

Arthur D Little, Inc.
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3. Helium-System Leaks

We attended a meeting at Norton Air Force Base on 26 February to discuss
helium-system leaks. As discussed in the previous progress report, a procedure
using cold helium at 3200 psig was developed at Vandenberg Air Force Base to
leak-test the helium system. The procedure had proved highly successful.

At the meeting at Norton, it was decided that the VAFB-generated procedure
be used to leak-test the helium system. Basically the procedure is:

1. The facility is to be leak-checked with warm helium and then
cold helium upon the receipt of a missile. The cold-helium
tests are to be accomplished with a test tool at the QD so
that the entire facility piping would get the 3200 psig cold-
helium leak-test.

2, The facility and missile then is leak-tested together with
warm helium.

3. The final check would be an LOp load with a depletion that is
no greater than 1800 psi in the helium storage bottle.

Subsequent facility leak-testing would then be accomplished as a result
of an unacceptable LO; load; that is, when helium usage is greater than
1800 psi.

If step 2, above, reveals that leakage is greater than allowable and
the leak cannot be found upstream of the missile, an additional leak-check
of the missile would be required. This check, known as the 4140 test, con-
sists of monitoring the pressure in the empty missile with the vents and
fill-and-drain valves closed and the spheres pressurized.

4. Differential-Pressure Gauges for LO, Filters

The specifications for the LO; system filters requires that each filter
unit contain a differential-pressure gauge. The gauge would give an indica-
tion of when the filter was contaminated and required replacement.

Some of the pressure gauges were affected by the pressure surge during
line cooldown and required frequent recalibration. When STL asked our
opinion on this problem, we concurred with STL's recommendation that the
gauges be removed and the filter unit be replaced at time intervals deter-
mined by operational experience.

B.  VANDENBERG AIR FORCE BASE TITAN I ACTIVITIES

1. Summary

Our activity at Vandenberg AFB for this period was mainly concerned with
the completion of the Category II program and participation in the Operational
Verification Program (OVP) and the Penetration Aids (PA) Program. We wrote

Arthur D.XLittle Inc,
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a summary report on the objectives and results of the Category II Program, and
participated at Martin-Denver on the coordination of a final report to be
issued by the Martin Company.

2. Category 11 Program

On 13, 21, 23, and 24 January we participated in Attempts 1, 2, 3 and &
respectively of the LO,-only CSE and on 29 January, in the successful launch
of the SM-8 missile from launcher 1. There were no PLS anomalies present.
The launch of SM-8, and the previous launches of SM-35 and SM-11, concluded
the Category II Program.

At Denver, during the weeks of 11 and 25 March, we assisted Martin-Denver
in the preparation of the final Category II report. Final review and sign-
off is scheduled for the week of 15 April.

3, Operational Verification Program (OVP)

The LO,-only CSE of the SM-3 was completed on the first attempt on 19
March and was followed by a successful launch from launcher 2 on 30 March.
We participated as usual in these operations and found the PLS to be in a
satisfactory operating condition. Exercises for SM-1 are scheduled for com-
pletion in April.

4, Penetration Aids (PA) Program

We participated in the four LOz-only CSE attempts for the V-1 missile;
two on 15 March and another two on 16 March. A launch attempt was conducted
on 23 March and again on 25 March, the latter being successful. The PLS
was satisfactory in all respects. Exercises for the V-4 missile are scheduled
in April and May.

5. Working Group Activities

We participated regularly in the daily scheduling meeting (TMC), weekly
management meeting (BSD), OVP and PA working groups and readiness meetings,
and other unscheduled meetings. Flight Test Directives, Detailed Flight
Test Plans, and related documents were reviewed by this office and signed
off with our concurrence,.

6. Vent-Valve Cycling Exercises

During the post-unload period of two LO, CSE's of the V-1 missile in
launcher 1, we conducted & vent-valve cycling exercise to determine what
reduction of catch-pot boiloff time could be expected if valve FCV-306 was
manually held open until its full-open position was attained coincident
with the full-open position of valve FCV-305. Preliminary results seem to
indicate that the catch-pot liquid level would be such as to allow recycle of
umbilical drain after approximately 2-1/2 hours rather than the presently
required 4-1/2 hours. However, results obtained from the two runs are non-
conclusive since we had two different conditions during our exercise; the

Avthur D ULittle Inc.
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first with the silo air purge and suction head recorder in operation, the
second without either of these in operation. Physical inspection showed a
definite slow-down of boiloff without silo purge. A further discussion of
this item can be found in Section C, Special Studies.

Further exercises are expected to be performed during launcher 1 tests
where they do not interfere with main test objectives. In order to fully
evaluate the rapid recycle situation, we suggested a delay of 45-60 seconds
after LS-203 drops out before initiating stop unload.

7. Helium Recovery

During the Category II SM-8 CSE exercises, we installed a thermocouple
(TC-1) in the recovery line adjacent to the recovery valve CV-604 and
recorded flow temperatures during the recovery phase., We found the lowest
temperature to be -86 F with an initial pressure of 100 psig in the tube-
bank trailer, and we recovered an average of 45 pounds of helium.

We conducted more runs during the V-1 missile exercises and installed

a second thermocouple (TC-2) in the gas stream just ahead of the main block
valve on the trailer, We recorded a low of -150 F (TC-1) and -130 F (TC-2)
with an initial pressure of 250 psi in the trailer. Inclement weather pre-
vented our intended installation of skin thermocouples. However, we did
get a run with one (TC-4S) located on the skin of one of the inlet valves
to the individual trailer tubes, and we recorded -98 F (IC-1), -82 F (TC-2),
and -30 F (TC-4S) with an initial 500 psi trailer pressure.

On a run made during the SM-1 missile exercises we had the following
setup on thermocouples: TC-l1 and TC-2 in gas stream as above, TC-3S and
TC-4S8 on the skin of two inlet valves, and TC-5S and TC-6S on the skin of
the nozzle neck of two individual tubes. We recorded lows of -99 F (TC-1),
-82 F (TC-2) and 0 F (TC-3S). The others (TC-45, 5S, 6S) gave no indication
on the recorder. However, they were calibrated, which means that they were
in the temperature zone above plus 10 F, (Note: We were unable to induce
a bucking voltage into the recorder which would have allowed us to read

ambient temperatures.)

Data on helium recovery have been compiled and are discussed in Sec-
tion C. At present, the trends are so erratic that it is difficult to
predict temperatureson the nozzle necks of tubes for helium recovery at
T-280. All above data were obtained after "lower launcher" (one hour or

more after T-280).

8. Engineering Assistance and Consultation

During all CSE and launch activities, ADL maintained a post in the
Control Center and observed operation of the PLS (SECON) and associated
equipment., We participated in all pre-test and post-test discussions and
furnished a seven-day test report to the Martin Company. We continue fre-
quent monitoring of the PLS facility and participate in all related meetings.

Arthur D Little, Inc.
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At the request of Captain B. P. Foley of AFLC/VAFB, we held a discussion
with Mr. G, Akins of Mobile Ailr Material Command (MOAMA) and Mr, D. E. Wimer
of Stearns-Roger concerning materials used for process pipe and vessels and
the related welding procedures for the several PLS installations at VAFB.

We discussed data from the Atlas D & E (horizontal), Atlas F (silo), Atlas
and Agena at Point Arguello, and Titan I, Messrs. Akins and Wimer have been
assigned a task of investigating these data with the ultimate objective
being to document welding procedures and qualifications for military.per-
sonnel,

ADL participated in the discussions of helium leaks in the airborne
systems for Titan that were conducted at Norton AFB with BSD and STL.

In a letter dated 4 March we advised the Martin Company concerning
gasket leaks on the LO; unloading pump.

In several field discussions we gave advice to SAC and AFLC regarding
the overheating of vacuum pumps used on the PLS cryogenic vessels. They
have been realizing temperatures between 150 and 180 F; we advised them
that these temperatures are within the normal operating range for the Kinney

Pump.
We advised the Martin Company that:

1. The hold time at T-280 could approach six hours under certain
conditions since the pacing item was the LO, subcooler.

2. An inadvertent filling of T-503 with helium would have no harm-
ful affect on PLS operation during the launch of SM-3,

9. Administrative Changes

On 25 January, Mr, L. S, Peak departed this assignment for duties at
Santa Monica.

On 31 December, J. P. Sullivan concluded duties with the office of
Director of Civil Engineering at VAFB and joined the ADL Test Group on
1 January.

Effective 28 January, at the direction of S. S. Waldron, duties of
Base Manager were assumed by J. P. Sullivan,

Arthur D.Little, Inc.
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C. SPECIAL STUDIES

1. Liquid Sensor Test Program

Response and repeatability tests of liquid sensors in liquid hydrogen
have been completed on all but four of the test specimens. The remaining
units to be tested are those manufactured by Instruments, Inc., Compudyne,
Minneapolis-Honeywell, and Automation Products; these will be tested late
in April,

All data which have been recorded to date have been reduced and are now
being analyzed. Barring unforeseen retest requirements, we anticipate pub-
lishing the final report during the month of June.

Arthur D, Little, Inc., has performed some additional testing on liquid
sensors under contract to North American Aviation. Data, results, and con-
clusions from this study will be incorporated in the final report.

2, Helium Recovery

During the last quarter, several tests were run at Vandenberg Air Force
Base on helium recovery. Some of these tests measured temperatures at the '
helium-recovery connection to the trailer as well as metal temperatures on
the tube trailer itself.

The basic problem with helium recovery is to prevent tube trailer cool-
down to such an extent that it could fail by brittle fracture. The mass of
the gas is small enough that there is no possibility of cooling down the
whole tube trailer; however, local cold spots might occur that would be
dangerous. The location most susceptible to cooldown is the inlet connec-
tion on the tube trailers. The purpose of the Vandenberg tests was to
determine temperatures at such critical locations under various recovery
conditions.

In order to gain some ingight into the over-all problem, an analytical
program was conducted while test data were being obtained. The purpose
of the analytical program was to determine whether the one-hour hold period
after shutdown was necessary. All tests at VAFB had a normal elapsed time
of one hour between the time of shutdown and helium recovery so that the
insulated portion of the line would warm up to insure that warmer gas would
be delivered to the tube trailer.

A schematic diagram of the helium-loading and recovery system is shown
in Figure 1, The gas aboard the missile is stored at -297 F in spheres
immersed in the LO, tank. During recovery, the gas flows through an insulated
line which has been cooled down to some extent during helium loading (and
allowed to warm up during hold and shutdown periods) and then proceeds
through an uninsulated warm line to the recovery connection at the surface
(Figure 1). A flexible line about 20 feet long carries the gas to the
helium recovery trailer.

Arthur D, Little, Inc.
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Figure 2 is a sketch of the helium-recovery trailer. The trailer consists
of 38 equal size tubes approximately 9-5/8 inches in diameter and 20 ft 8 inches
long. Each tube has a 1/2-inch brass valve and the manifold tubing is 1 inch.

The results of all the helium-recovery tests are shown in Table 1. The
data obtained for Runs No. 3 and 7 were not used for the reasons noted.
Actual test data obtained are shown in Figure 3.

a. Analysis. The analysis was directed toward determining whether helium
recovery could safely be conducted immediately upon shutdown without a waiting
period for the insulated transfer portion of the recovery line to warm up;

The analysis was divided into two phases: determination of gas temperature
during recovery for a no-hold condition and tube wall temperature response

to the cold flowing gas.

(1) Gas Temperature During Recovery. The gas temperature at the recovery
connection (see Figure 1) is a function of the temperature in the insulated and
uninsulated portions of the line, the helium gas heat-transfer coefficient,
the flow rate and the length of line. The only item above that can not be
satisfactorily analyzed is the condition of the ingulated line. Therefore,
the analysis was performed in the uninsulated portion of the line downstream
of FCV-605. It was assumed that gas was delivered from the insulated portion
of the line at a constant, low temperature.

The calculation, therefore, is one of cold gas entering a warm line,
cooling the line and leaving the line at a much warmer temperature than it
entered. The problem is one of transient heat flow and it can be solved using
a calculation technique which we have used previously and reported in Technical
Report No. 9. The calculation technique is outlined in an article in the
Transactions of the ASME, April 1954 (pp. 421-426) and is entitled "Calcu-
lation of Transient Temperatures in Pipes and Heat Exchangers by Numerical
Methods," by G. M. Businberre, This technique is a numerical one and, in
order to use it, the following assumptions were made.

1. The recovery line has constant cross-section, density, and
specific heat.

2. The thermal conductivity of the line is zero in the axial
direction and infinite in the radial direction.

3. The inside gas film heat-transfer coefficient is constant,
4, The helium gas inlet temperature is constant.

S. There is negligible axial heat conduction within the helium
itself.

6. The outer wall is insulated,
In order to evaluate this technique, the calculated results must be
compared with actual data. The first parameter that required evaluation was

the gas temperature entering the uninsulated portion of the line for the
condition of a one-~hour waiting period and for an immediate recovery.

Arthur D Little Inc.
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During one test (Run No. 5), the temperature at the recovery comnection
stabilized at ~-150 F for more than a half minute before the pressures equalized
in the sphere and the trailer. This meant that the gas which enters the
uninsulated line after an hour hold has an approximate temperature of -150 F.
This temperature was therefore used in the numerical calculations as the gas
inlet temperature for the one-hour hold condition.

The length of the uninsulated portion of the line 1is about 103 feet,
and this number was used in the initial heat-transfer calculations. It
should be noted that the system contains flanges, anchors, and supports
which will add to the cooldown requirements of the system and thus the 103
feet must be corrected. This was done as discussed below.

The helium flow rate during recovery is over 30 lb/min initially and
falls to zero when the pressures equalize, Several calculations were made
at constant flow rates to determine the effect of flow rate on helium
temperature at the recovery connection.

Figure 4 shows the results of the numerical calculation using a constant
inlet temperature of -150 F, 103 feet of line, and flow rates of 5 and 30 lb/
min. This graph reveals two important points: (1) that the effect of flow
rate on gas temperature at the recovery connection is minor and (2) that the
assumed length of line is too short (see gas temperature and weight recovered
in Table I). The fact that the temperature is not flow-rate dependent is
fortunate since, as noted above, the flow rate varies considerably during
recovery. From Figure 4 it can be seen that using an average flow rate
(for example, 15 lb/min) introduces little error.

The actual length of line (103 feet) is not sufficient to account for
the total heat that is transferred to the cold gas, However, the total
heat that is transferred to the cold gas by the warm line components can be
easily determined by integrating under the curve of Figure 3. Converting
this heat input into an equivalent length of line resulted in an equivalent
length of 260 feet. With this equivalent length of line, the calculated
gas temperatures at the recovery connection are shown in Figure 5 for gas
inlet temperatures of -150 F and -300 F. The -300 F curve gives the tempera-
ture which would be expected if the helium was recovered immediately after
shutdown with no waiting period for the insulated portion of the line to
warm up. It can be seen from the graph that good agreement with TF-1 data
is obtained for the tests in which greater amounts of helium (and hence
lower temperatures) were recovered. Since the region of interest is the
low-temperature part of this curve, the numerical technique yields satis-
factory results. The calculated curve for the -300 F condition can, there-
fore, be used with confidence.

It should be noted that the data points obtained for the greater weights
of gas recovered were with missiles containing aluminum spheres. These
spheres have over 107% more volume than the titanium spheres that are now
being used in all Titan missiles. It can be expected therefore that the
amounts that will be usually recovered will be less than sixty pounds.

This in turn means that the minimum temperature obtained will be greater
than -300 F, even for the worst condition.

Arthur D Litele Inc.
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Figure 5. Calculated Temperature at Helium Recovery Connection
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(2) Transient Response of Tube-Neck Wall. In the previous section,
the gas temperature at the recovery connection was determined. The gas
temperature entering the tube trailer is somewhat warmer (see Figure 3)
because of gas warmup in passing through about 20 feet of flexible hose and
the manifold piping on the trailer.

The recovery gas stream is divided into 38 flow parts (i.e., 38 tubes)
when it enters the trailer. Thus, each tube receives less than two pounds
of cold gas. This small amount of gas is insufficient to cool the whole
tube to a low temperature., However, it is sufficient, if perfect heat
exchange existed, to cool the carbon steel inlet pipe on the tube to a
very low temperature. The problem then is to determine the temperature
of the tube inlet pipe when subjected to cold gas flow.

The tube inlet pipe is approximately 3-1/4 inches long, with an inside
diameter of 3/4 inch and a wall thickness of approximately 1/2 inch, If
a constant gas temperature, a constant gas heat-transfer coefficient, and
no heat transfer on the outer wall are assumed, the following partial
differential equation and boundary conditions hold:

2
o o %, 1
or @ (arZ + r Br)

with the following boundary conditions:

1. T = T. at r =0 and T = 0,
dT

2. hg ('l.‘g -Tw) = -l(-d—rat r=r and T>0.
3. -‘Kﬂ-Oatr-r and 720,
dr e

where:
T = temperature
T = time

@ = thermal diffusivity

r - radial distance

h8 = heat-transfer coefficient of gas
K = thermal conductivity

a = ambient

g = gas

w = wall

Arthur D Little, Inc.
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i = internal
e = external

A closed solution for this equation can easily be found; however, determining
the temperature distribution for a specific case requires finding the roots
of an equation which contains Bessel functions. The solution has been
plotted for various values of the controlling parameters by P. J. Schneider
in a book entitled, Temperature Response Charts.

Using these plots we have determined the inlet tube-wall temperature
for a recovery flow rate of 8 lb/min and for constant gas temperatures of
-150 F and -300 F. The flow rate is the average rate obtained during the
last half of recovery when the colder temperatures are obtained.

The results are shown in Figure 6. It can be seen that the wall temp-
erature drops very slowly. Division of the flow stream into 38 parts
accounts for the slow temperature drop. This results in a drastically
reduced heat transfer coefficient in comparison with the main recovery line.

As ‘phiown in Figure 5, a constant-flow temperature of -300 F is never
obtained., From Table I, the maximum flow time to obtain the lowest temperature
is 5,7 minutes. Therefore, immediate recovery with a maximum amount recovered
is equivalent to less than a three-minute flow time at -150 F. From Figure 6,
the minimum inner wall temperature would only drop to 20 F, and the outer
wall temperature would be several degrees higher. It is of interest to
note that during tests at TF-1, the thermocouple on the outer wall was

always greater than the maximum temperature readable on the recording system,
i.e., higher than 10 F.

b. Recommendationg. The above analysis shows that there is little chance
of cooling the carbon-steel inlet tube to the trailer so much that it would
be subject to brittle fracture. Since the analysis used conservative assump-
tions for gas temperature and time of exposure to this temperature, it is
recommended that the hour waiting period be deleted. Also, the analysis
indicates that the initial pressure in the recovery trailer tubes has little
significance in terms of minimum trailer tube-neck temperatures since, even
with maximum helium recovered, tube neck temperatures are still safe.

3. Rapid Recycle

During the last quarter we have been involved in conversations with
various agencies as well as in tests at TF-1 to determine a method to reduce
the time required between a LO; unload and & reload. Briefly, the limita-
tions for rapid recycle, as far as the PLS is concerned, are:

1. Catchpots are too full to contain contents of umbilicals
during second drain.

2, Stage I transfer line is partially filled, creating a
possible slug-loading situation,

Avthur . Little, Inc.
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The second limitation must be evaluated by others with regard to the
Titen's ability (1) to withstand the forces involved in slug loading and
(2) to withstand a possible sub-atmospheric pressure in the tanks.

The umbilicals can be drained sooner by installing catchpot draims.
The drains are now installed at TF-1 and should be installed at all bases.
The catchpot drains will be effective as long as the level in the drain
circuit decreases at a reasonable rate. There are two phenomena which
tend to keep the level in the drain line (suction side of the pump) high.
One is the slow response of PCV-306 during drain line venting and the
other is the backflow through FCV-208 when the pump stops.

The problem associated with the slow opening of FCV-306 was discussed
in Progress Report No. 12. For this situation, we recommended that FCV-306
come fully open before it can close. This can be accomplished by adding a
holding relay to the PS-205 circuit so that the signal transmitted to the
equipment terminal will remain in until the PCV-306 open limit switch
signal is received.

Backflow through FCV-208 occurs because of the following sequence of
events. After Stage I has been unloaded, a signal is sent to stop the Lo,
pump and close the LO2 unloading pump discharge valve, FCV-208. Since
FCV-208 requires a finite time to close, some L0 will flow back into the
drain line after the pump has stopped. No data are available on the time
required for the pump to come to a complete stop and reverse itself, and
no data are available on the impedance of the pump to backflow. With the
impedance of the pump assumed to be negligible, the instantaneous backflow
rates are calculated to be those given in Table 2.

Table 2. Backflow Rates

Liquid Level Flow Rate Rise Rate in Suction
in Suction Line (gal/min) Line (ft/sec)
At Pump 500 5.7
At Stage I Catchpot 450 5.1
At Stage II Catchpot 230 2,6

The pump could probably drain the line down to within a few feet above
the pump center line. According to Wyle tests, the closing time of FCV-208
is 5.2 seconds. Lowry closing times ranged from 7 to 9.5 seconds, These
times were obtained without backflow, which would tend to close the valve
faster., The specification requires that the valve close between 5 and 10
seconds. Since the distance between the Stage I catchpot (T-202) and the
pump is approximately 20 feet, it can be seen from Table 2 and the valve
closure time that the liquid level in the drain line when the valve closes
will probably be above the Stage 1 catchpot level.

Arthur D.Wittle. Inc.
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The procedure that is now followed in stopping the pump at the end of
Stage I unload is to halt the unload immediately after LS-203 is uncovered.
To drain the line as far as possible (that is until the pump cavitates), the
operator should wait at least 10 seconds after LS-203 is uncovered. To also
drain the catchpot (assuming drain lines are installed), we must wait a much
longer time (several minutes).

The elimination of backflow requires that FCV-208 be closed before P-201
stops; i.e., have P-201 stopped by the FCV-208 CLS signal. We also suggest
installing a .pressure switch in the pump discharge line as a cavitation moni-
tor to warn the operator of a pump malfunction during unload and signal NPSH
decay for his "Stop Unload" command.

Some test data obtained at TF-1 indicate that about 4% hours are now
required to lower the level in the catchpot to accommodate a second drain.
During one test, when FCV-306 was manually opened while FCV-305 opened and
the silo purge was operating, the time was reduced to 2% hours. These data
are only preliminary. No tests were conducted in which FCV-208 was closed
before pump shut-off.

The basic approach to rapid recycle depicted above was included in an
ECP by Martin (A05533). However, the Martin Company has decided not to
pursue rapid recycle at this time.

4. Bolt Torquing

We were requested by AFBSD to conduct a series of bolt-torquing tests to
determine required torques for various sizes of flange bolts in the PLS 1O,
piping. The tests were performed in our Santa Monica laboratory and are
summarized in the following paragraphs.

a,. Test Approach. The bolt-torquing tests were performed using ASTM A 320,
grade BS8F bolts in accordance with the Corps of Engineers' specification.
There are two possible bolt selections in the ASTM A 320 code under the B8F
designation: (1) annealed and (2) annealed and strain-hardened. We used

the annealed bolts in our tests., Either type is suitable for the subject
application and the test results are applicable to either type. The bolts
had standard heads, and heavy nuts were used. Before testing, the bolts were
washed in acetone.

The test apparatus is shown in Figure 7. The heat of the bolt was
fastened in & vise and the following placed over the bolt: a plate, the
strain collar, another plate, and finally the nut. Strain-gauge readings
were taken on an SR-4 Portable Strain Indicator. The strain gauges were
temperature compensated. Torque was applied to the nut with a Snap-On Tools
Corporation torque wrench which had been calibrated before the tests were
conducted.

Diameters of bolts tested were 1/2, 5/8, 3/4, and 7/8 inches. Two

bolts of each size were tested, and each of these bolts was tested under
two conditions. The first bolt of each size was first torque-tested with

Arthur D Little. Inc.
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the bolt and nut dry. It was then disassembled, the bolt lubricated with
Fiuorolube light greast, reassembled, and torque-tested., The second bolt
of each size was first lubricated with Fluorolube light grease and torque-
tested, and then the nut was loosened and the assembly was torque-tested
again.

b. Test Results. The results of the tests are shown in Figures 8, 9, 10
and 11, The guaranteed minimum yield stress for the annealed bolts used in
the tests is 30,000 pei. The bolt loads and the corresponding test torque
values to get to the 30,000 psi yield point are given in the table below.
The torque values given are a biased average of the test data obtained.

Bolt Size Yield Load Torque
(in.) (1b) (ft-1b)
1/2 4,250 42
5/8 6,750 86
3/4 10,000 144
7/8 13,000 258

Figure 12 gives the averaged test data for all the bolt sizes showing
percent of the bolt's yield load plotted against bolt torque. This plot
is based on the bolts being lubricated with Fluorolube light grease.

c. Recommendations. We are recommending bolt torque values that, first,
will give a sound joint for the subject cryogenic service and, second, will
not result in undesirable flange distortion when considering slip-on type
flanges. Specifically, the torque values we recommend result in a 70%-of-
yield load in the annealed B8F bolts. A table of bolt sizes and torque
values to obtain the recommended bolt loads is given below. This informa-
tion is also shown in Figure 12,

Bolt Size Recommended Torque
(dn.) - (ft-1b)
1/2 30
5/8 60
3/4 100
7/8 180

The above recommendations are based on the bolts being lubricated with
Fluorolube light grease. These recommendations hold for either the annealed
or the annealed and strain-hardened type bolts. In addition, the assembly
procedure described in our Quarterly Progress Report No. 13 should be used
in the assembly of the joints.

Avthur D Little, Inc.
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5. Valve FPlow Coefficients

In order to quickly analyze flow rates in various parts of the PLS,
Arthur D, Little, Inc., reduced the flow circuits to equivalent valve flow
coefficients (Figures 14 through 18), It was found that these diagrams
greatly facilitated the analysis of abnormal flow situations and yielded
quick answers regarding the effect of varying the flow parameters, Further,
most major valve companies have flow '"slide rules" which can be used in
conjunction with the figures to obtain quick flow information.

The basis for the charts is the usual definition of valve flow coeffi-
cient and the following flow equation:

2
AP-Q-%

c
v

where Ap = Pressure drop, psi

Q = Flow rate, gallons per minute

G = Specific gravity of fluid (water equals 1.0)

C
v

Valve flow coefficient
The relationships of Cv's are as follows:

Valves in parallel Cv - Cv +C

T 1V

2
1

Valves in series C = { 2 2 2
Vo 1/Cv1 + 1/Cv2 + 1/Cv

The equivalent valve coefficient of a line was obtained with the follow-
ing equation (see for an example, Crane Co., Technical Paper 410 entitled,
"Flow of Fluidd'):

where: d = pipe diameter, inches
K = impedance, dimensionless

The equivalent valve coefficient for an orifice is obtained from the
following formula (when the orifice size is less than one-half the pipe
diameter):

2
c, = 18 (do)

where: do = orifice diameter, inches

Arthur D Little, Inc.
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The flow coefficients were calculated from the above equations and
information from the TF-1 PLS configuration as well as actual loading data.
The diagrams can also be used for the OBF configuration. The accuracy of
the diagrams is estimated to be + 10%.

6. VAFB Category II Test Results

During the Category II program at VAFB, five basic items of technical
interest concerning the PLS were obtained, These are helium recovery, rapid
recycle, minimum levels, loss during standby and helium loading. The first
two items are discussed in other sections of this report. The last three
items are reviewed here.

a. Minimum-Level Test. The purpose of the minimum level test was to verify
the calculated minimum values for load, hold, unload and reload of the several
PLS vessels. The results are shown in Table 3.

Table 3
Minimum-Level Test

Test Results*

Recommended Prior to Calculated
Vessel Minimum Pre-Test Unload Post-Test Post-Test

(Calculated)
T-201 22,900 gal. 22,900 5000 19,500 18,400
T-401 925 gal. 930 725 700 740
T-402 740 gal. 740 635 640 670
T-301 1,650 psig. 1,700 1325 1,325 850
T-502 600 psig. 2,300 2300 2,300 2,300
T-503 1,700 psig 1,035 1035 1,035 1,035
T-504 1,900 psig. 1,900 1875 1,325 1,100
T-505 1,100 psig 1,150 -- N/R
T-601A 5,500 psig 5,600 5000 5,000 5,000
T-601B 5,500 psig. 5,600 3775 3,775 4,900

*Data taken from SM-35 Vet CST (LO2 only) Run I, Part I, 15 August 1962.

The calculated post-test values in Table 3 are based on the actual pre-
test commodity levels. They generally agree with the post-test data con-
sidering gauge accuracy and readability; however, some differences can be
seen in Table 3.

Helium usage (T-601 A and B) was greater than expected, which we believe
was due to system leaks. In later tests the helium usage was as predicted.
The test results show that the minimum recommended levels are satisfactory.

b, Logs During Standby. The test for loss during standby was run for a
6%-day period during an alert status. Unfortunately, there was not a tight

Arthur . Little, Inc.
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control over the test during the period and, thus, some of the data obtained
are questionable. The data did indicate that the depletion was within
tolerance. The calculated allowable depletion is shown in the following
table,

Vessel Allowable Daily Depletion
T-201 66 gal
T-301 4 psi
T-401 16 gal
T-402 12 gal
T-502 15.5 psi
T-503 6 psi
T-504 6 psi
T-505 25 psi
T-601A 6 psi
T-601B 6 psi

3. Helium Loading

Because of the change from aluminum to titanium spheres and from a dual
set point for helium loading to a single set point, it was necessary to
verify that the amount of helium loaded aboard the missile was sufficient.
Therefore, several tests were run to determine the amount of helium loaded
aboard the missile, The method used to determine the amount loaded was the
sphere lockup method which had proved very successful previously (see
Technical Report No, 9).

The results are shown in the following table.

Date of Test Missile Amount Loaded (1b)

Stage 1 Stage II1

Test Criteria 40.44 25.6
(from the Martin Co.)

13 February 1962 SM-18 40.2 26.5
15 February 1962 SM-18 42.3 27,1
27 August 1962 SM-35 41.4 27.5

For the run on 15 February 1962, an additional three minutes over the
normal countdown of cold helium loading took place. On the basis of the
above test results, it was decided by others that the helium-load system
was meeting the migssile criteria,

Arthur D Kittle, Inc.
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11 January

14 January

15 January

22-24 January

25 January

28 January

30 January

25 February

26 February

28 February

6 March
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IV. VISITS AND CONFERENCES

G. W. Savary visited Vandenberg AFB in connection with the
construction of complex 4C-1 at Beale AFB, Calffornia.

S. S. Waldron and L. E. Kennedy visited Norton AFB for the
purpose of discussing contractual problems and propellant
loading problems at Larson AFB.

W. W. Vicinus visited the Santa Monica office to discuss
personnel considerations at Vandenberg AFB.

§. S. Waldron, L. E. Kennedy, and D. E. Acker visited Norton
AFB for the purpose of discussing contractual problems.

N, C. Moore visited Lowry AFB for the purpose of acting on
a METTS team investigating gasket failure at complex 5A.

$. 8. Waldron and L. R. McNamee visited Vandenberg AFB to
review personnel requirements and to discuss status of PLS
work at Vandenberg AFB.

S. S. Waldron visited Vandenberg AFB for the purpose of
taking care of personnel requirements and to discuss the
status of PLS work at Vandenberg AFB.

W. G. Pestalozzi visited Norton AFB to serve as an AFBSD
consultant at a liquid-sensor meeting.

W. W. Vicinus visited the Santa Monica office in preparation
for a meeting to be held 26 February 1963 at Norton AFB on
Titan I helium leak problems.

S. S. Waldron and W. W, Vicinus attended a meeting at Norton
AFB for the purpose of discussing Titan I helium leak problems.
The meeting was attended by members of BSD-Norton, BSD-
Vandenberg, STL-Norton, STL-Vandenberg, SACSO-Norton, SBAMA-
Norton, Martin-Denver, Martin-Vandenberg, ADL-Santa Monica,

and ADL-Vandenberg.

S§. S. Waldron attended a meeting at Norton AFB with Major
Smothers, BSD, and Al Manassero, ADL Project Officer, on
Titan I updating, PLS technical problems, and contract manage-
ment aspects.

8. S, Waldron and J. M. Ruder visited Vandenberg AFB for the
purpose of reviewing the rough draft of the Category II:Summary
Report as well as to discuss data being obtained on helium
recovery.

Avthur D.Little Inc.
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11 March

11-15 March

12 March

13 March

25-29 March
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D. E. Acker visited Norton AFB to deliver Supplemental
Agreement 21.

W. W, Vicinus assisted the Martin Company in Denver, Colorado,
in writing up the Vandenberg Category II Summary Report.

S. S. Waldron and N. C. Moore of ADL-Santa Monica, and

J. B. Sullivan of ADL-VAFB visited Norton AFB to attend the
Third BSD - Industry Safety Management Conference, and to
discuss the various technical aspects of our contract with
Captain Iten.

J. P. Sullivan visited the Santa Monica office to discuss
progress on the Vandenberg program.

W. W. Vicinus assisted the Martin Company in Denver, Colorado,
in writing up the Vandenberg Category II Summary Report.

Arthur D.Little, Inc.
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APPENDIX A
ADL CHANGE REQUEST STATUS
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