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FOREWORD 

The Fort Worth Division of General Dynamics Corporation 

(GDFWD), under contract NAS8-1802A with the National Aero

nautics and Space Administration, undertook a study that is 

part of the overall effort necessary to develop the technology 

required for the design of a Nuclear Rocket Vehicle. The 

study consists of two different but related programs, each 

involving reactor radiation and cryogenic fluids. The first 

program was to evaluate the effects of a combined environment 

of reactor radiation and cryogens on selected materials for 

use as cryogenic insulation, valve seats, and transducer 

sensors. The second program was to perform an analytical 

evaluation of the effects of reactor radiation on the fluid 

thermodynamic state of liquid hydrogen in a large tank. The 

initial work on these programs has been completed and re

ported. 

This report is the first quarterly progress report to 

be issued under the new modification to the contract. Modifi

cation 5. The work consists of expansions and continuations 

of the initial two programs. The previous work on the 

Materials Program has provided valuable data on the performance 

of various materials in combined environments of nuclear 

radiation, cryogenic temperature, and acoustic excitation. 
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However, analyses of this data revealed areas where further 

information is needed. It is the purpose of this task to 

continue the previous investigations in order to advance the 

technology related to radiation effects on materials composing 

cryogenic insulations, valve seats, and transducer sensing 

elements. 

Previous work on the Propellant Heating Test resulted 

in the conceptual design of the experiment and the preliminary 

design of the test tank and LH- piping system. The current 

program will consist of compiling the necessary detail 

information for procurement of the test hardware. 
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I. INTRODUCTION 

In the program to develop a flight-qualified Nuclear Rocket 

Vehicle, technology experiments have been performed to investi

gate the physical properties of materials considered as 

potential candidates for design application. The severe environ

ments, including nuclear radiation, liquid hydrogen temperature, 

and acoustic excitation, to which a nuclear rocket will be 

subjected place stringent requirements on the equipment asso

ciated with the engine propellent system. A thorough under

standing of the effects of radiation in combination with other 

application environments on system components and propellent 

characteristics is necessary before the reliability and system 

operating characteristics can be quantitatively «sessed. 

Components and systems utilizing organic materials are parti

cularly vulnerable to nuclear radiation and deserve special 

attention. 

The Fort Worth Division of General Dynamics Corporation 

(GDFWD), under Contract NAS8-18024 with the National Aeronautics 

and Space Administration, undertook in June 1966 a study that is 

part of the overall effort necessary to develop the technology 

required for the design of a Nuclear Rocket Vehicle (NRV). The 

program was expanded in April 1967 (Modification I) and again 

in June 1967 (Modification II). The results of the work on the 
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Basic and Modification I of the program (Refs. 1 through 4) have 

provided valuable data on the performance of various materials 

in combined environment of nuclear radiation, cryogenic 

temperatures, and acoustic excitation; however, analysis of 

these data has revealed areas where further information is needed. 

The results of Modification II program (Refs. 5 and 6), an 

analytical evaluation of the effects of reactor radiation on 

the fluid thermodynamic state of liquid hydrogen in a large 

tank, provided the facility design requirements used in this 

program. 

This quarterly progress report is the first to be issued 

on the continuation of the basic contract under Modification 5. 

The program is divided into two major tasks: the Materials 

Evaluation Program, presented in Section II; and the Propellent 

Heating Test Program, presented in Section III. 
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II. MATERIALS TEST 

Previous experiments conducted under Contract NAS8-18024 

have consisted of evaluating various materials in the simulated 

environmental conditions of a nuclear vehicle. These conditions 

included nuclear radiation, cryotemperature (LH«), acoustic 

excitation, and thermal cycling. 

Initially, the program was limited to evaluating insulation 

materials and composites, candidate materials being selected 

jointly by NASA-MSEC and GDFWD. These materials were exposed 

to nuclear radiation in both air and LH2 and then subjected to 

mechanical property tests. As a result of these tests, certain 

materials were selected for further evaluation in application 

tests which included acoustic noise and thermal cycling as added 

test conditions. These tests produced vital information in

cluding the discovery that exposure of cork-type insulation to 

nuclear radiation and LH2 temperatures can result in detonations 

in the insulation system. The acoustic noise and thermal cycling 

revealed a possible problem area in the application of foam-type 

insulation. 

While the experimental efforts to date have provided valua

ble experimental data, the results indicate the need for continuing 

the program on an expanded basis to include materials used in 
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components such as liquid-level sensors, nuclear radiation 

measuring devices, and LH control valves. 

2.1 Test Items 

The materials to be tested in this program include those 

used for (1) thermal insulation, (2) liquid-level sensing, (3) 

radiation measuring (active type), and (4) valve seals. The 

test items and materials are listed in Table 2-1. 

2.2 Test Cycles 

The test will consist of five irradiation cycles performed 

with the tank filled with LH^ to a level of approximately 

140 in. Predicted gamma doses for the 17-in. prevalve (the 

item nearest the reactor) are shown in Table 2-2. 

Table 2-2 

IRRADIATION SCHEDULE AND PREDICTED GAMMA DOSE 
TO THE PREVALVE 

Gamma Dose^ Time Power L e v e l Down Time 
Cyc le e r g s / g ( C ) (h ) (MW) A f t e r Cycle 

ih} 

1 1 4 
1.8 5 6 
2 . 5 10 30 
3 . 5 10 30 

3 10 

Doses shown are the total accumulated in all cycles. 

b 
First irradiation cycle may include mapping run. 

1^ 2 X 10^ 
2 2 X 10^ 
3 7 X 10^ 
4 1.4 X 10^ 
5 2 X lOlO 
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Table 2-1 

TEST ITEMS 

Items Remarks 

Insulation 

Prevalve, 
17-in. 

Fill Valve, 
lO-in. 

Liquid-Level 
Sensors 

Fissioncouples 

Pressure 
Transducers* 

Applied to RIFT tank by NASA-MSFC per NASA 
Drawing SK30-4174A 

Whittaker Corp. Part 138025, modified. Prior 
to shipment to GDFWD, valve to be tested by 
Whittaker per Whittaker Specification TS-4003 
"Acceptance Test Procedure for 138025A LH2 
Valve" 

North American Aviation, Inc. Part V7480450. 
Valve to be tested in standard configuration 

Six Acoustica Model STS 505 sensors plus 
controllers to be supplied by NASA-MSFC 

One Trans-Sonics continuous capacitance probe 
plus controller to be supplied by NASA-MSFC 

Three United Control Model 2641-1 sensors 
purchased by GDFWD 

Three Powertron Model UP10045-5 sensors pur
chased by GDFWD 

Three Trans-Sonics Model L4447 sensors pur
chased by GDFWD 

Three Scientific Instruments Inc. Model 140 
sensors purchased by GDFWD 

Three Phillips Petroleum Co. units furnished 
by NASA-MSFC 

Three E.G.&G. developmental units to be 
furnished by NASA-MSFC, if available 

Two potentiometer-type, 20-psia units fur
nished by NASA-MSFC 

^The pressure transducers will not be tested in the RTT, but 
will be included in a GTR test (GTR 20) in order to obtain 
higher radiation levels 
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After each of the irradiation cycles, the reactor will be 

lowered, the RIFT tank will be pressurized to 30 psig, and leak 

rates of the two test valves will be measured. At the end of 

the third cycle, these additional steps will be accomplished: 

1. Drain LH2 back into supply tank 

2. Purge RIFT tank 

3. Raise tank and inspect insulation for damage 

4. Make activation measurements 

After the final irradiation cycle, a small area of the tank 

will be exposed for one hour to acoustic noise at an overall 

sound pressure level of 141 dB while the tank is filled with 

LH and pressurized to 30 psig. 

2.2.1 Acoustic Noise Test 

The current plan for the acoustic test calls for use of 

existing equipment to make a 1-h exposure following the last 

irradiation cycle. The test will be performed with the equip

ment that was used in the acoustic vibration phase of the 

Cube B experiment (Ref. 4). A block diagram of the Cube B 

test setup is shown in Figure 2-1. 

In the materials test, the catenoidal horn will be posi

tioned so that the center of the l5.4-in.-diam horn is on 

Position I, Station 72. Two microphones will be placed near 

the horn outlet to monitor the noise level. The number of 
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Generator, GR 
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i in i i Figure 2-1 Acoustic Noise Test Setup, Cube "B 



strain gages and accelerometers to be monitored and recorded 

will be those listed in Tables 2-3 and 2 4. 

The outputs from 48 thermocouples in and on the tank insula

tion will be recorded continuously on Brown multipoint recorders. 

2.2.2 Valve Leakage Measurements 

Leakage measurements to be made on the test valves are 

based on and will duplicate as closely as possible the methods 

called out in the following manufacturer's acceptance test 

specifications: 

Prevalve, 17 in.: Whittaker Corp. Specification 
No. TS-5003 

Fill valve, 10 in.: North American Aviation, Inc. 
Specification No. MA0201-1955, 
Rev. B 

After installation on the tank, both valves will be 

functionally tested at ambient temperature with the tanks 

pressurized with GN2. Leakage measurements will be made at 

ambient, LN^, and LH« temperatures at tank pressures up to 

30 psig. 

Figure 2-2 shows a schematic of the panel that will be used 

in making the valve leakage tests. Leakages to be measured for 

the 17-in. prevalve will include: 

1. Pneumatic actuator 
2. Flow control gate main seal (valve closed) 
3. Flow control gate shaft seal (valve open) 
4. Flange static seal (valve open) 
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Table 2-3 

LOCATION OF STRAIN GAGES ON RIFT TANK 

Position 

III 

I 

I 
II, IV 

Station 

56 

90 

56 
56,90 

Remarks 

Gages inside and outside will be 
monitored continuously throughout 
entire test; outputs will be recorded 
on a Sanborn recorder. 

Gages inside and outside will be 
monitored continuously during acoustic 
vibration; outputs will be recorded 
on magnetic tape. 

Outside gages will be monitored on a 
time-sharing basis; outputs will be 
recorded on magnetic tape. 

1 

Table 2-4 

LOCATION OF ACCELEROMETERS ON RIFT TANK 

1 Position 

I 

I 

Station 

123 

83,163 

Remarks 1 

One CEC 4-202 and one Endevco 2242C 
will be mounted side by side; outputs 
will be recorded continuously on 
magnetic tape during acoustic exposure] 

One CEC-402 will be mounted at each 
location; outputs will be recorded on 
a time-sharing basis on magnetic tape 
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Gaseous 
Helium 

To 
Burn 
Stack 

(Close) 

Figure 2-2 Schematic of Leakage Test Panel for 10" and 17" Valves 
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For the 10-in. fill valve, the following leakage measure

ments will be made: 

1. Actuator (pressure decay) 
2. Gate seal (forward leakage only) 
3. Idler shaft seal 
4. Drive shaft seal 
5. Actuator piston seal (valve closed) 
6. Actuator piston seal (valve open) 
7. Actuator piston rod seal 

8. Latch cover plate 

Operation of the position indicator components of both 

valves will be monitored on Sanborn recorders. 

2.3 Liquid-Level Sensor Test 

The liquid-level sensors will be supported from the 

structure shown in Figure 2-3 and will be tested at three 

levels in the tank. At the top level. Station 150, the 

sensors will be above the LH2; those at Stations 24 and 56 

will be submerged in LH2 except during drain cycles. The Trans-

Sonics continuous capacitance sensor (not shown in Figure 2-3) 

will extend between Stations 16 and 63. 

All of the sensors except the Scientific Instruments devices 

have associated control units. The control units will be 

located outside the ASTR silo and will not be subjected to 

irradiation. Part of the wiring connected to all of the sensors 

will be irradiated; therefore, pre- and postirradiation insula

tion resistance measurements will be made on the sensors and 

sensor leads. 

11 



Sensor 

Acoustics STS-505 
United Control 2641-1 
Powertron UP 100455 
Trans-Sonic L4447 
Scientific Instr. Inc. 140 
Fission Couples; 3 at Station 12 

SENSORS STA. PER j 

30 

2 
1 
1 
1 
1 

62 

2 
1 
1 
1 
1 

150 

2 
1 
1 
I 
1 

Station 12 Station 30 Station 62 Station 150 

Figure 2-3 Instrument Support Structure 



Preirradiation calibration and operational checks will be 

made on each sensor to determine proper operation. Data cycles 

during the test will be coordinated with other operations and 

will consist, essentially, of monitoring the sensor operation 

while lowering or raising the LH2 level past the sensors. In 

order to determine postirradiation recovery of the sensors, three 

fill-empty cycles will be performed approximately two hours apart 

after the last irradiation cycle is completed. The postirradia

tion cycles will be deleted if none of the sensors shows radia

tion damage. 

If a sensor fails, it will be thoroughly examined after the 

test to determine the nature and cause of the failure. 

2 .4 Pressure Transducer Test 

The pressure transducers will not be tested in the RIFT 

tank, but will be included in a GTR test (GTR 20) in order to ob

tain higher radiation levels. The transducers, a Bourns Model 

441, are potentiometer type with a total element resistance of 

5000 ohms for the pressure range of 0-20 psia. One pressure 

transducer will be irradiated in LN2 at the north irradiation 

-10 n 

position to a neutron fluence of 5 x 10 n/cm (E >1 MeV). 

Due to the high radiation exposure, MgO insulated, stainless 

steel sheathed cable will be used to minimize the ionization 

effect on insulation resistance. 
The pressurization system will employ a 0.1% Wallace and 
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Tiernan gauge to record the pressure that is applied to the 

transducers. A pressure cycle will consist of varying the 

pressure in 5-psia increments from 0 psia to 20 psia and then 

back to 0 psia. The pressure lines will be back-filled with 

helium before being vented to atmospheric pressure. The 

following data will be recorded during each data cycle: 

1. Transducer resistance will be measured with a 
Wheatstone bridge. 

2. Transducer insulation resistance and cable insula
tion resistance will be measured with a micromicro-
ammeter and a 40-Vdc power supply. 

3. Transducer outputs will be recorded on a Dymec 
Model 2401B digital voltmeter during the pressuri
zation cycle. The transducers will be excited with 
5 Vdc (10 Vdc max); excitation voltage will be 
measured and recorded during each data cycle. 

4. The temperature of the two transducers will be 
recorded on a Brown multipoint temperature recorder. 

After the transducers are installed in the irradiation 

position, three complete data cycles will be recorded to pro

vide preirradiation base-line data. Upon reactor startup, one 

complete data cycle will be recorded every two hours for the 

first twelve hours; thereafter, one complete data cycle will 

be recorded every eight hours for the duration of the test. 

After the shutdown of the reactor at the completion of irradia

tion, four complete data cycles will be recorded at one-hour 

intervals. 

I 
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The following test data will be used in analyzing the perfor

mance of the transducers: 

1. The output of the transducers and the percent change 

in output will be plotted versus neutron fluence. 

2. Transducer and cable insulation resistance and the 

percent change of insulation resistance will be plotted 

versus neutron fluence. 

3. Hysteresis curves will be plotted for both transducers 

at discrete neutron fluences. The transducer to be 

tested at cryotemperature will have both ambient and 

cryotemperature hysteresis curves. 
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III. PROPELLANT HEATING TEST 

Under Modification II of Contract NAS8-18024, the Fort 

Worth Division of General Dynamics studied the requirements 

relating to the design of a test program to validate the 

analytical prediction models of nuclear heating of liquid 

hydrogen propellant and the resultant behavior of the propellant 

in the tank of a nuclear flight module. An investigation was 

made of the nuclear and thermodynamic factors influencing the 

behavior of LH2 in a propellant tank in order to determine those 

factors most pertinent to an experimental invesgitation. Addi

tional criteria for the design of the experiment were to scale 

the geometry and simulate the nuclear environment of a NFM to 

provide preliminary information with which to predict vehicle 

systems response. The results of the analytical study are 

reported in Reference 5. 

The current effort under the Modification 5 program is to 

prepare a test plan and obtain the necessary test equipment for 

the experiment. After completion of the final design of the 

hardware with the various vendors, a reanalysis of the test 

parameters will be made and the general test plan will be 

compiled. The test plan analysis should be completed by March 

1969 and the experiment performed about eight months later. 
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During the reporting period, the major efforts were in the 

following areas: (1) development of dewar tank specifications, 

(2) development of destratification pump specifications, (3) 

specification of plumbing system requirements, (4) development 

of the TV system and lighting requirements, (5) development 

of digital data acquisition specifications, and (6) instrumenta

tion development. The work accomplished in these areas is 

summarized below. 

3.1 Dewar Tank Specifications 

The dewar tank specifications have been finalized in 

preparation for authorization to purchase the test tank. A 

cross-sectional view of the tank is shown in Figure 3-1. The 

major changes in the tank design as presented in the final 

analytical report (Ref. 6) which affect the thermodynamic con

siderations are: (1) the location of the heaters and their 

power density, (2) the size and mounting technique of the anti-

vortex baffles, and (3) the location and size of the destratifi

cation pump. 

The basic requirement for the electric heaters is to provide 

simulation of local heat shorts and penetrations. The heaters 

are to be mounted such that there is a uniform heat flux over 

the heated area with no hot spots. The heaters will be mounted 

on the interior wall of the inner tank. The internally mounted 

heaters should provide better heating of the LH2, and, since 
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7000 Gal Insulated Vacuum 
Jacketed Dewar 

8 in. Exhaust 
LINE 

00 

Lifting Eyes 

/ u 

Ullage Heater 

Man-Way 

Camera Port 

Instrumentation 
^ Bracket (3) 

Supports (4) 

Aluminum 
Shroud 

Pump 
Assembly 

Heater (3) 
J \ 

Vacuum Jacketed 
Fill Line 

Fin (4) 

E-E (see Figure 3-2) 

Figure 3-1 PHT Tank, Cross-Sectional View 



in most tests the heat input will be below that required to 

produce incipient boiling, no vapor generation problems should 

occur. As can be seen in Figures 3-1 and 3-2, there will be 

three heaters located on the cylindrical section of the tank, 

eight quadrant heaters, and four spot heaters. The latter 

twelve heaters are to be located on the bottom of the tank. 

The exact locations for the heaters and the energy requirements 

are: 

Heaters 
Per Location 

(No, 

1 
1 
1 
1 
4 
4 
4 

.) 

Location 
z (ft) 

ullage 
14.00 
5.66 
2.08 
1.375 
1.0 
0.15 

Y (ft) 

area 
4.00 
4.00 
4.00 
3.8 
2.5 
1.5 

Required 
Power (wat 

3000 
1500 
1500 
1500 
300 

320 (tota 
300 (tota 

ts) 

1) 
1) 

8 

7, 
1, 
2, 

Area 
(ft2) 

(minimum) 
8.35 
8.35 
8.35 

.9 (total) 

.04 (total) 

.25 (total) 

The sets of quadrant heaters will be wired such that they 

may be operated by quadrant with any one or all quadrants being 

controlled simultaneously. 

The antivortex baffles have been reduced in height approxi

mately one foot; they will be attached to the bottom of the tank 

by skip welding. The smaller mass (shorter baffle) and skip-

welding mounting will reduce the nuclear heating of the baffle 

and will, therefore, reduce the LHo heating in the bottom of the 

tank. 
1 
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Fin (4) 

Quadrant 
Heaters 

View E-E 
(see Figure 3-

Spot Heaters 

mp Support 

Figure 3-2 PHT Tank, Quadrant and Spot Heaters 
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The destratification pvimp now envisioned (see Subsection 3.2) 

will be approximately 3.4 in. in diameter and 4.25 in. long. 

Because of the reduction in size and weight from the pvimp shown 

in Reference 5, the mount has been reduced in size and mass 

while retaining the separate sump and screen originally provided. 

3.2 Destratification Pump Specifications 

The following destratification pump requirements were 

determined using data and criteria developed under Contract 

NAS8-20330: 

Service: Liquid hydrogen, submerged while operating 
in a nuclear radiation environment 

External Pressure at Operating Conditions: 16 to 60 psia 

External Temperature at Operating Conditions: 35° to 45°R 

Type: Axial Flow 

Flow: Variable from 70 gpm minimum to 200 gpm maximum 
when operating in liquid hydrogen at a density 
of 4.36 Ib/ft^. Flow will be upward along vertical 
axis of tank. 

Static Head Rise: 15-ft liquid hydrogen maximum 

Drive: Electric motor 

Control: Variable speed control on motor to achieve 
flow control over entire flow range 

This list of requirements was sent to Pesco Products, 

Bedford, Ohio who has built and tested a fan/motor combination 

which is very close to our requirements. They can furnish a 

pump which will be satisfactory. The pump will be driven from 
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a variable frequency, 115 V, single-phase power supply. The 

pump will supply an LHo flow rate of 200 gpm at approximately 

2300-rpm shaft speed. The fan has a 3.2-in. tip diameter. The 

maximum flow rate is limited by the available torque output of 

the largest motor compatible with the 3.2-in. frame size. A 

flow rate of 300 gpm could be obtained by using a 4.7-in. fan, 

but the cost would increase about 10%. This cost increase is 

due in part to the fact that no casting is currently available 

for the 4.7-in. fan housing. 

3.3 Liquid Hydrogen Piping System 

The Aerojet-General Corporation is to provide the LHo 

piping system and turbopump under a separate contract with the 

Space Nuclear Project Office in Cleveland (SNPO-C). Several 

meetings were held with representatives of AGC to establish the 

required interfaces. AGC has also evaluated the data in 

Reference 6 for pressure drop and temperature rise in the LH 

piping system and concluded that no change in our test and 

facility plans are necessary to meet the pump requirements. 

Figure 3-3 presents a schematic of the liquid and gas flow 

system. 

3.3.1 LH? Drain Line 

Liquid hydrogen will be transferred from the test tank to 

the supply tank by an interconnecting line as shown in Figure 
I 
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3-4. The line will be a combination of 6-in. and 4-in. line 

segments as shown in Figure 3-5. 

The LHo turbopump will be located approximately midway 

between the supply tank and the test tank, which are 77 ft 

apart. The turbopump will be used to pump the LH„ between the 

two tanks in some instances, while in others pressurized flow 

will be used. For the pressurized flow, the turbopvimp will be 

physically disconnected from the system and replaced with a 

line assembly. 

The drain line consists of three major sections: (1) the 

line from the test tank outlet to the edge of the silo, (2) 

the line from the silo to the turbopump, and (3) the line from 

the turbopump to the storage tank. 

The first segment of the drain line will mate with the 4-in. 

rigid vacuum-insulated line on the test tank. The 4-in.-diam 

line extends to the outside edge of the silo wall and will 

couple with a 4-in. flow-start valve and 6-in. diam vacuum-

insulated rigid line. 

Approximately 9 ft downstream from start of the second 

section at the flow-start valve will be the 6-in. LH2 flowmeter. 

Discharge from the flowmeter to the LH2 pump inlet will use 

6-in. vacuum-insulated line which will terminate at the pump 

transition spool, some 16 ft downstream. 
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The pump discharge line will be a 4-in. rigid line with 

foam insulation. The line will terminate at a 4-in. flow-

control valve some 40 ft downstream from the pump. The valve 

will be mounted on the supply tank manifold and will be used 

to control the pump discharge pressure head. 

For test conditions not utilizing the turbopump, the pump 

inlet and outlet lines will be disconnected and a bypass line 

installed. The bypass line will contain the necessary transition 

spool and will connect the 6-in. and 4-in. liquid lines; it 

will be fabricated from foam-insulated 4-in. lines. 

All lines will be of stainless steel and will employ clamp-

type connecting flanges to minimize possibilities of leaking. 

Some items will be flange mounted using ASA bolt-type flanges 

due to availability of commercial components. 

Exit through the silo wall will be 6 ft above ground level; 

the supply tank manifold is located approximately 5^ ft above 

ground level. Adequate line support, allowing for line move

ments, and pvimp support will be provided. 

3.3.2 LH Fill Line 

The test tank fill line will be a 2-in. vacuum-insulated 

line which bypasses the turbopump and flowmeter. 

In the filling process, the liquid will enter the 4-in. test-

loop line through a 2-in. remotely operated valve. The valve 

will be installed on a 2-in. vacuxma-insulated stub immediately 

27 



upstream from the LH2 flow-start valve. All LH2 entering the 

fill loop will pass through a filter. 

The cryogenic manifold assembly, to be located near the 

2-in. fill-control valve, will be an integral component of the 

fill loop. The manifold assembly has three remotely operated 

valves tee-mounted to the main flow line. 

One of these valves will be utilized in connecting the cool-

down supply line to the test loop. The remaining two valves 

shall be adapted to purge supply and control. 

3.3.3 Purge System 

Although GN2 will be used initially to purge the tanks, 

components, and connecting lines, the final purge will utilize 

a combination of system evacuation and GHe purge. A chemical 

analysis of the resultant exhaust gas will determine when a 

safe oxygen content has been reached. 

Compressed-gds trailers will supply the GN2 and GHe used 

for purge, tank pressurization, and valve actuation. Control 

of the gas flow rates and pressures will be accomplished by use 

of the Gas Distribution System (GDS). The GDS provides for 

selection of a gas and its flow conditions; thus a pad or 

trickle flow of purge gas can be maintained once complete 

purge has been accomplished. 
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The test tank purge system is shown in Figure 3-6. The 

purge flow control will enter the system through the cryogen 

manifold. Sequencial operation of the test system valves will 

allow complete purging of the test components. 

3.3.4 Pressurization System 

Tank pressurization will be accomplished by the use of 

either GHe or GH^ supplied from pressure tube trailers and 

controlled by the GDS. Pressurant gas may be directed to either 

tank; however, the supply tank will contain a heat exchanger 

with which tank pressure can be increased by vaporizing LH2. 

The tank pressurization system will maintain a given pressure 

within the tank ullage by a remotely controlled pressure regula

tor. A Bristol controller will slave the regulator and will 

receive its signal from a transducer sensing tank pressures of 

15 to 65 psia. 

Inlet and outlet Venturi systems will be used to determine 

the net mass used for pressurization. 

3.3.5 LHQ Piping System Operation 

It will be necessary to precool the LH2 drain line prior 

to initiating LH2 flow. This will be accomplished by introducing 

LH„ into the drum line from the fill line and cryogenic manifold. 

LH2 entering the manifold will be directed out one of the three 

side valves. A 2-in. vacuum-insulated stub, located adjacent 

to and downstream from the flow-start valve, will be connected 
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to the manifold side valve with a 2-in. vacuum-insulated 

line. 

Flow of LH^ will thus be directed into the 6-in. flowmeter 

toward the LH pump inlet. Passing through the pump, the hydro

gen will travel toward the flow-control valve. Adjacent to the 

pump side of the flow control valve will be a vacuum-insulated 

2-in. stub having a 2-in. valve. Opening this valve will vent 

the cool-down gas and, eventually, the liquid/gas phase to the 

facility vent system for disposal. 

The time of readiness will be determined by monitoring the 

LHo pump cavity with a resistance-type temperature probe. 

Because the unjacketed pump assembly contains the greatest heat 

mass, indication of LH^ within the cavity will indicate system 

readiness. 

Having the flow-start valve closed during the line cool-down 

period will allow test tank pressure to maintain liquid within 

the tank drain line. However, nuclear heating predictions 

indicate sufficient energy deposition to cause boiling within 

the drain line. To vent this entrapped gas, a valve will be 

stubbed in immediately upstream from the flow-start valve. The 

exit from this line will be plumbed back into the tank, thus 

allowing the return of the boiloff gas to the tank. 
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3.3.6 GHQ Vent and Measuring System 

The venting system requires sufficient capacity to handle 

the boiloff during the cool-down cycle prior to filling the LH_ 

test tank. A gas-measuring system integrated into the venting 

system will have a range sufficient to handle the boiloff with 

ambient heat leakage and with ambient heat leakage plus nuclear 

heating. It is planned that these neasurements will be made 

with two venturies having overlapping capabilities; the upper 

and lower capabilities will cover the boiloff range anticipated 

during the test. The piping and valve arrangement will permit 

the use of either venturi or both venturies in parallel. 

A pressure-control valve downstream from the venturies will 

be actuated by a Bristol controller which will receive a 

signal from a pressure transducer measuring the test tank 

pressure. This system will permit a constant pressure to be 

maintained in the test tank during the boiloff measurements. 

Figure 3-7 shows a schematic of the GH2 vent and measuring 

system. This system is the same as the one presented in 

Reference 6 with the addition of a pressure relief valve in 

parallel with the burst disc. 

3.3.7 LH9 Pump 

The LH« pump is a nonjacketed, close-coupled turbopump 

specifically designed to handle LH_. It is turbine operated 

utilizing GHe, GH2> or both. Although the design speed is in 
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the 20,000-rpm range, the pump will be used at approximately 

10,000 rpm to obtain the required flow rate of 22.4 lb/sec. 

This speed is within the operational envelope of the pxjmp. 

3 
The turbine driving gas will be supplied from a 117-ft 

compressed-gas trailer. The gas will be flow controlled with a 

remotely operated regulator. Pump speed will be measured and 

used as the speed control signal. Calibration for individual 

flow rates will determine the operational parameters. The 

system will be instrumented such that the approach of overspeed 

will terminate the gas flow and dump the pressure. 

The turbine exhaust will be vented through an 8-in. pipe 

to the facility vent system. 

3.4 TV System and Lighting 

The television system selected for monitoring the Iil2 

inside the tank is a COHU Electronics, Inc.,Model 2500 camera 

with a nonbrowning videcon enclosed in a stainless steel sleeve. 

The camera will be continuously purged with GN^. A zoom lens 

attachment will be used to provide close-up coverage of 

specific areas within the tank. 

The primary thermodynamic consideration is the heat input 

to the tank due to the light level required for TV coverage . 

This problem has been reduced by selecting a special sealed-

beam lamp (made by General Electric) which rejects approximately 

707o of the thermal radiation through the back side (reflecting 
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surface) of the lamp. Two 300-watt, 7-in. diameter lamps will 

be mounted external to the tank. 

Another problem that has been resolved is that of "black 

out" due to specular reflections within the tank. The tank 

interior will be "sand blasted" with glass beads to produce a 

uniform diffuse surface. This will eliminate the use of 

Scotchlite within the tank and aid in producing a more uniform 

light level. 

3.5 Digital Data Acquisition System 

Preliminary specifications are complete and preliminary 

feasibility studies have been reviewed from several system 

vendors. Only one vendor, Trans-Sonics, Inc., Burlington, 

Massachusetts, has been able to meet the 0.5-yt/v sensitivity 

specification. Other vendors have expressed an interest in the 

problems involved and will probably bid on the system when an 

RFQ is issued. 

3.6 Differential Temperature System 

The ability of the differential temperature system to resolve 

thermocouple outputs to the tenths of microvolt at LN„ tempera

tures has been experimentally verified. Using Cr-Cn thermo

couples , no difficulty was encountered with only about 1 ft 

of tempering in the LNo; this was predicted by calculations. 

The only problem which has been encountered so far in the tests 

occurs when the voltage output between the reference 
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thermocouple and another crosses over zero. That is, one 

temperature might be lower than the reference, while the third 

temperature might be higher. This zero cross-over creates the 

need for very accurately balanced amplifiers to maintain accuracy 

and resolution. These tests will continue with an immediate 

objective to keep the reference thermocouples inside the tank 

instead of in the shroud as was originally considered. 
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