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NUCLEAR ROCKET SIMULATOR TESTS
FACILITY AND RESEARCH APPARATUS DESCRIPTION

Lewis Research Center

3\—"
ABSTRACT go '
A detailed description of the facility, the research apparsatus, the
instrumentation, the date acquisition system, and the data processing
system used to conduct full-scale cold flow nuclear rocket simulator tests

is presented. The facility utilizes steam to provide a minimum pressure
(no flow) of 0.5 pound per square inch absoclute at the exhaust nozzle exlt

during test runs. The use of liquid hydrogen requires that the tests be
conducted remotely. There are about 875 data sensing parasmeters of temper-

ature, pressure, flow, and ascceleration that can be recorded on digital
and /or analog data acquisition equipment.
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NUCLEAR ROCKET SIMULATOR TESTS:

FACILITY AND RESEARCH APPARATUS DESCRIPTION

INTRODUCTION

The successful development of the nuclear rocket depends in part
on the ability to specify control system parameters and heat transfer
phenomena which will insure safe programmed startup. The selection of
a possible programmed startup is usually developed with the aid of an
analog computer. Current analog studies of nuclear rocket systems
under way at Lewis, however, begin with about 10 percent of rated
propellant flow and 1 percent of rated reactor power; furthermore,
difficulties are encountered in adequately simulating the start of
transient conditions and detailed component characteristics,

In order to obtain necessary information at and immediately
following initigtion of flow for use in both present and future analog
and design studies, a full-scale cold flow nuclear rocket simulation
test program was dinitiated at the Plum Brook Station of the Lewis
Research Center. A detailed description of the facility, the research
apparatus, the instrumentation, the data acquisition system and the
data processing system is contained herein. The initial operation of

the apparatus with liquid hydrogen as the fluid yielded some preliminary

experimental data which are presented in reference 1.




PART I - DESCRIPTION OF B-1 FACILITY
STRUCTURE

The B-1 facility (see figure 1) consists of a vertical tower with
a height of 135 feet and a base 34 feet by 42 feet. The test stand is
enclosed above the 68 foot level with roll-up doors on the north, south
and west sides. The doors are required to provide adequate ventilation
in the event of a hydrogen leak. Two open floor areas below the 68 foot
level are used for some of the auxiliary systems; at the base of the test
stand.is a concrete shelter for liquid hydrogen dewar parking. Adjacent
to this is the instrumentation terminal room, terminal and. relay'cablnets,
and a limited worklng area for the facility personnel. : -

The research apparatus is located within, the enclosed -area of the
test stand and consists of a tank, turbopump, reactor and exhaust nozzle
in a system configuration as shown schematically in figure 2. In order
to have working access to the various system components, four floors are
provided, one each at the top and bottom of the tank, one at the pump
level, and the main floor at the exhaust nozzle exit. The reactor is
mounted in a carriage on tracks beneath the turbopump and is capable of ",
being rolled out 1nto the bay area where it can be handled by a 20 ton
building crane.

An existing 500 pound elevator is being replaced with one having a
3000 pound cagpacity. A spur of the Plum Brook railroad system will be
extended to the facility for expanding the gaseous and cryogenic supply
capabilities and for the installation of a new 20,000 gallon liquid
hydrogen run tank. Both will be completed in fiscal year 1965.

ALTITUDE EXHAUST SYSTEM
Capability

An altitude exhaust system is provided which is composed of boilers,
accumulators, valves and ejectors capable of providing a minimum pressure
(zero flow) of 0.5 pounds per square inch for four minutes at the exhaust
nozzle exit.

Boiler House

) The boiler house contains four Babcock and Wilcox boilers, each with
a capacity of 28,000 pounds per hour of 500 pounds per square inch gage
saturated steam. About 25,000 pounds per -hour per boiler are available
-—for charging the accumulators; the remaining 3000 pounds per hour per
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boiler are used for preheating feedwater and fuel oil and driving the
turbines used in conjunction with the water pumps. The boilers maximum
operating time is limited only by the amount of fuel oil and feedwater
available. Currently, two boilers are operational.

Accunmulators

Located next to the facility are three accumulators (see figure 1)
used for the storage of steam. and hot water. Each has a 12 foot outside
digmeter, 53.5 foot long cylindrical section, 2:1 elliptical heads,

2-3/16 inch plate thickness, 3 inch foam glass insulation, and a usable
storage of 42,000 gallons of charged water at 500 pounds per square inch
gage. The two boilers presently in use can charge the accumulators in five
hours.

Primary and Secondary Ejectors

Two Elliot steam jet ejectors are driven by steam supplied as the
accumulators are blown down through a pressure regulating system located
in the valve house. The ejectors pump down the exhaust duct to simulate
altitude conditions st the nozzle exit.

The first stage ejector has.a throat area of 34.45 square inches;
the second stage ejector, 134.46 square inches. The total steam weight
flow at a 150 pounds per square inch regulated inlet pressure is 363
pounds per second; the second stage alone accounts for 290 pounds per
second. The pumping capacity of these ejectors are 10, 20, 30 and 48
pounds of gaseous hydrogen with exhaust nozzle exit pressures of 1.5, L,
8 and 14.7 pounds per sguare inch respectively. The system can evacuate
© the 30,000 cubic feet of duct to 0.5 pounds per square inch in approximately
45 seconds. '

Zero Flow Ejector

A zero flow ejector shown in figure 3 was used to maintaln low engine
exhaust nozzle back pressure. This ejector, utilizing the kinetic energy
of the hydrogen propellant, in combination with the two stage steam driven
ejectors, keeps the engine nozzle flowing full throughout most of the test
duration. The contraction area ratio of the zero flow ejector is 1.6,
with diffuser inlet diameter of 32.5 inches; and the contraction angle is
6 degrees. The length of the second throat is 6 times the diameter and
the subsonic diffuser expansion angle is 15 degrees.



" Flares |

~ In order to have a controlled source of ignition for the disposal
of the hydrogen in the exhaust system, 12 equally spaced, continuously
burning natural gas flares are mounted at the exit of the second stage
ejector. These flares are ignited by the propagation of a flame
initiated from the valve house and passing up a tube. A schematic of
the altitude exhaust system is shown in figure 4.

GASEOUS AND CRYOGENIC SUPPLY

All of the gaseous and cryogenic supplies are stored at the ground
level either in compressed gas cylinder semi-trailers, fixed compressed
gas storage bottles or mobile liquid dewars. - A present, two liquid devars,
four gas trailers and 100,000 standard cubic feet of permanent storage
can be used to conduct g test run.

The moblle dewars are of the standard type with vacuum jacketed
tanks and reflector sh1e1ds. Through the use of a liquid boiloff heat
}exchanger, "the ‘devars are ‘self-pressurized for transfer of the liquids.
They have multiple size outlets and capacities ranging from 3600 to
6000 gallons. Due to the height of the test stand, 11qu1d nitrogen is
'transferred by an external facility pump.,

The compressed gas trailers have & capac1ty of 70,000 standard cubic .
feet each at 2koo pounds per square inch. ‘The permanent storage of
100 ,000 standard cubic feet consists of four cylindrical, hemispherical
end shape bottles. The dewars, trailers and bottles are shown in figure
.5 as they are connected to the facility. -

MAJOR SUBSYSTEMS

There are a number of support systems needed to conduct a research
test run and they are located at several locations within the test stand.
The largest of these systems is that for gaseous nitrogen.

Nitfogen System

. In general, ‘the permanent storage is used to purge thé large exhaust
'duct and the trailér is used for pneumatic valve control, vent stack and
pump, reactor and terminal cabinet purging.: The system is shown in figures
4 and 6.




Helium System

One helium gas trailer is sufficient to carry out a test run.
In addition to purging the research hardware, it is used to keep frost

from collecting on viewing windows in the reactor and nozzle during

the test run. Other uses include transfer line, critical electrical
cabinets and tank insulation purging. The helium system is shown in
figure 7.

Hydrogen System

The hydrogen systems, both gaseous and liquid, are shown in
figure 8. The liquid hydrogen is transferred to the top of the tank

‘through a vacuum Jjacketed line. During the test run, gaseous hydrogen

is used to pressurize the tank. The thermal insulated propellant feed
lines connecting the tank, pump, nozzle and reactor are also shown in
figure 8.

Hydraulic and Lube Systems

To maintain the proper pressure in the tank and weight flow through
the research hardware, hydraulic servo valves are used., The hydraulic
system used to operate these valves consists of two independent units,
each pumping 20 gallons per minute through a 10 micron nomingl filter
at 3000 pounds per square inch., Should one unit fail, the load can be
switchéd to the other.

A separate oil system provides lubrication for the Mark IX turbine
and torque meter bearings: A flow rate of 5 gallons per minute of
MIT25336 type oil is maintained at 350 pounds per square inch pressure.
The schematics of the hydraulic and lubrication systems are shown in
figure 9.

Eductor

An eductor system is used to expedite the cleaning and inerting of
the tank, hydrogen fill line and pressurization lines. The eductor is
a nitrogen gas driven aspirator pump which reduces the pressure in the
tank and. lines from atmospheric to 80 millimeters of mercury absolute in
about 15 minutes. Additional evacuation from 80 to 10 millimeters is
provided by an 0il diffusion pump. The vacuum is broken with helium and
the process repeated several times after which the system is safe for
use with hydrogen.
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Safety System

Standard gas analyzers are used to detect hydrogen leaks at
stratigic. locations throughout the test stand. Upon the detection of
any. minute gquantity, the amount of hydrogen and location is immediately
displayed on the safety panel and annunciator panel in the control room.
Large amounts of hydrogen in the top of the test stand will initiate
a shutdown and a carbon dioxide fire extinguishing system can be triggered
from the control room.

Electrical Systems

Cables.- The test stand, including the altitude exhaust system,
and research apparatus are connected to the control bulldlng by under-
ground conduit-and overhead transmission lines. Cables also tie into
the pump, valve house and boiler house.

There are six 125 conductor externally shielded, number 16 AWG
wire cables running from the test stand to the control room for operating
the many systems previously described. In addition, three more cables,
each. containing ten four conductor shielded, number 18 AWG wire, run
from the cabinets on the 85 foot level in the test stand to the servo control-
cabinets in the control room in one continuous,runbroken line.

The pump house, valve house gnd boiler house have two 50 conductor gnd
one 25 conductor externally shielded, Number 16 AWG wire, cable respectively
running to the test stand primarily for control and monitoring of the
steam system.

The cabinets at the base of the test stand contain relays and terminal
strips. . The transmission cables terminate. at this point and facility
cables extend from here into all areas of the test stand. Power is applied
t0 the normally-open contacts of the relays and sent to the various valves,
solenoids and switches on command from the control room. This.enables
large amounts of power to be controlled remotely and not carried over the
long transmission cables.

Television, Videorecorder,-Motion Pictures.- To aid the control room
operators in conducting a test run, television coverage of the trailer,
secondary steam ejector and research apparatus is required. The television
cameras have pan, tilt and zoom features which are controlled at the control-
room. Motion picture photography from a safe distance provides documentary
coverage of the area during the run when desired. Informgation on the
various TV monitors in the control room can be recorded by selective
switching onto a videorecorder.




CONTROL BUILDING

The coantrol room is located approximately 2300 feet from the test
stand in a reinforced concrete structure. Through the transmission
cables and appropriate circuitry, all of the test runs are conducted from
this building. Much like in the test stand, cabinets are used to termin-
ate the transmission cables and.connect the various cables that are
routed to the control panels.

There are 20 facility control cabinets with space to house equipment
for future experiments, and 7 servo control cabinets positioned in an
"L" shape. The controls of the carbon dioxide system and hydrogen
detection system are shown in figure 10.. To the right of this are the
steam system and nitrogen altitude exhaust purge system control panels.
With the aid of the graphic panel and closed circuit television, two
people are able to operate these systems.

The cabinets extend to the right in figure 10 and are shown in
figure 11. This constitutes the main facility control panel from which
the run is conducted. Event recorders are used to set up the automatic
timers and record the open and.closed position of all the valves during
a test run. Each valve 1s sequenced in a proper order and the test run
proceeds automatically upon starting the main timer.

The annunciator system monitors key safety limit parameters and will
initiate a shutdown or warning. The graphic panel indicates the condition
of the test run at all times. Area warning, television and motion picture
camera controls are also shown. Again, two people operate the facility
control panels.

The servo control panels are located to the right of the facility
control panels and are shown in figure 12. They contain equipment for
_programing a test run. Pump performance monitoring panel, servo controllers,
amplifiers, servo control programer.and over-speed indicators are some of
the items needed to support a test run. Three people monitor and control
the test run from this .vantage point.

TEST PROCEDURE

In preparing the facility for a test run, some 25 engineers, mechanics
and technicians are required for a two day countdown. During this time
all instrumentation is checked and calibrated, all supporting system
operations verified, high pressure gas trailers and liquid dewars brought
into position and run programer and timers set up for the particular test
sequence. »



: .

Prior to loading liguid hydrogen in the propellant tank, the
transfer lines and. tank are evacuated and inerted with.helium, the
exhaust duct inerted with nitrogen, and a final electrical callbration
signal (EC) for the data system is taken.

With all systems in a ready condition and precooling of pump
and feedline accomplished, the steam driven ejector system is initiated.
When the '‘exhaust duct reaches about 2 pounds per square inch absolute,
* the program timers start the test run. After the test is completed,
any remgining hydrogen in the tank is back transfetrred and necessary
procedures for securing the facility are carried out.



PART II - DESCRIPTION OF RESEARCH APPARATUS
RUN TANK

The run tank haes a maximum capacity of 2000 gallons of hydrogen.
It has a length of 15 feet, a diameter of 5 feet and is constructed
of type 30L stainless steel. The ends of the tank are elliptical with
a 2:1 ratio. It was hydrostatically tested at a pressure of 150 pounds
per square inch gage and has an operating pressure of 100 pounds per
square inch. The tank is insulated with 4 inches of polyurethane type
insulgtion. .

The top of the tank has two 4-inch, one 3-inch, one 2.5 inch and
four 2-inch ports extended through the insulation. They are used for
the liquid level probe, hydrogen fill and pressurization, return line,
purge and burst disc connections., A7 )

At the bottom outlet of the tank 1&/& liquid anti-swirl vane
“assembly followed by a wire mesh f1lter/below the converging transition
spool, After the filter the liquid hydrogen flows through straightening
' 'vanes before entering the W-inch flowmeter.

MARK IX TURBOPUMP ASSEMBLY

The Mark IX turbopump assembly consists of three separate components.
(1) the pump, (2) the torque meter and (3) the turbine. The three compon-
ents are mounted in line in a vertical configuration by using a tripod type
mounting frame which has the capability of individuslly positioning each
component in order to obtain an accurate alignment. Power from the turbine
is transmitted through the torque meter to the pump by use of spline gear-
couplings. A photograph of the assembly is shown as figure 13.

Pump

The pump is composed of an axial entrance mixed-flow axial-discharge
inducer stage, six ldentical high-pressure axial flow stages and a single
outlet collecting volute. The pump is designed for pumping liquid hydrogen
and is capable of producing the flow rate and pressure requirements of a
NERVA type engine. The unit is self lubricating, using liquid hydrogen as
the lubricating and cooling fluid for the bearings, and has a rotating
balance piston to compensate for internal axial thrust loads.



10

Torque- Meter

‘The .torque-meter assembly is composed of a calibrated torque shaft
w1th a 60 tooth rotor and spline at each end, two. magnetic pickups and
a housing containing two oil lubricated bearlngs, The. angle of twist in
the shaft during operation is determined by measuring the phase difference
between two signals generated by the toothed rotors and magnetic pickups.
The current configuration is capable of measuring torque values up to
28,000 inch-pounds. .A thinner walled calibrated torque shaft has been
fabricafed for measuring torque values for low speed and power. levels and
will be used for megsuring torque values.up‘to,1800,inch-pounds},v

. Turbine

) The turbine is a six-stage pressure-compounded axial flow unit

‘which is designed for operation using the products of combustion from

Op-Hp, hot Hp or ambient tempersture Hp., The unit was designed to

deliver 15,000 horsepower using the combustion products of Hp~0s and

is capable of deliverying NERVA power requlrements using ambient - temperature
Hg.' The flrst three stages use impulse type blading and the last three

use free-vortex type blading. The working fluid enters the turbine

through a 51ng1e -entrance collecting scroll and is discharged through an
axial core type diffuser. . 011 is used as the lubriceting fluid for the
bearings. . ) '

- REACTOR
Desdripfidn

The reactor (figure 1b4) used in the. experlmental program is ba51cally
the same as the Kiwi B-1B as used in the ROVER program. However, certain
modifications and compromises to the hardware design were made to effect
economy in fabricating while still satisfying the particular cold flow
test requirements. The various diameter coolant passages in the graphite
fuel elements were averaged to a single diameter providing the same total
flow area as in the Kiwi B-1B reactor. Additionally the extruded .graphite
. fuel element coolant passages are not coated with niobium carbide nor are
the elements loaded with uranium.. The material of the reflector is
aluminum rather. than ‘beryllium. The simulated.control rods and poison
plates are alumlnum and no provision is made for their external movement
by actuators-as in the Kiwi hardware. The. aluminum pressure vessel is
provided with twelve 1-7/8 inch diameter viewing ports, 6 each at the
plane of the reflector inlet and at the reflector outlet. These ports
allow .visual recording, by hi-speed motion picture photography and/or a
television camera, of the qualitative cendition of the propellant passing
through the reflector system.

CONRIRENT T,
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. The reactor components were supplied to the Center by ACF
Industries, Albuquergue, New Mexico for the U. S. Atomic Energy
. Commission. Upon receipt. and inspection of the various components,
extensive pressure and temperature instrumentation were installed
prior to final assembly.

Assembly

Figures 15 through 19 are provided to illustrate the components
contained within the reactor as well as some of the steps required
in the assembly. Figure 15 is typical of the graphite fuel modules
and fuel elements and indicates some of the installed instrumentation.
Figure 16 shows the assembled core. Figure 17 shows the cylindrical
graphite reflector installed on the core. TFigure 18 is a view of the
assembled outer aluminum reflector assembly. Figure 19 shows the
final closure of the pressure vessel-reflector assembly with the core,
inner reflector system and pressure vessel dome end.

Ingsmuch as the reactor was assembled at Lewis and the test stand
located at Plum Brook Station some 50 miles away, the transportation of
the reactor to the test site was cause for some concern. A history of
the possible 'g'" loads to which the hardware might be subjected in
transit was felt necessary to assure core structural integrity.
Accordingly the three axes of vibratory motion were monitored during
transport using accelerometers mounted externally on the pressure vessel.
Figure 20 is a view of the reactor mounted on a. trailer equipped with an
engine generator and an instrumentation housing.

Additional precautions taken to minimize the transportation shock
loads were the addition of teflon shims between adjacent modules, the
reduction of trailer tire pressure to 4O pounds per square inch from
75 pounds per square inch, the use of a commercial waffle-like rubber
shock padding under the reactor assembly stand, and driving the vehicle
at speeds of 10 to 30 miles per hour depending on highway conditions.

The analysis of the accelerometer data indicated maximum acceleration
of 5.50, 1.65 and 0.80 "g" peak to peak in the vertical, horizontal (in
the direction of travel) and horizontal (normal to direction of travel)
directions respectively. The normal running condition indicated an average
acceleration of 0.50 g.

Installation

After delivery of the reactor to Plum Brook, the teflon shims were
removed from between the modules and the RN-2 nozzle was installed (see
figure 21). The assembly was thus mounted in a special turnover fixture
(figure 22) provided to orient the nozzle in a down-firing attitude and
then lifted into the test stand. 5

SsewerrrNTIAL
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After inItlal helium gas checkout tests, the reactor was removed
from its mount, placed in the turnover stand (figure 22) and “the nozzle
removed for inspection. and permanent shimming-of the core modules.  The
center hole in each fuel element was inspected along- the entire length
with a Lewis developed helium crack detector probe-to determlne whether
any structural damage to the core resulting from delivery and subsequence
checkout tests had occurred. The inspection indicated no broken modules
or fuel elements.

The structural integrity of the core was of concern because of
the number of tests to be conducted in the experimental program. There-
fore, steps were taken to minimize core.demage due to vibration$ durlng
-test by bonding aluminum shims (fagure 23) between the. modules with an
epoxy adhésive. Shim thicknes§Ses of 0.030 inches and O. 125 inches was
sufficient to fill in the- void and leave the module in its orlglnal
position. After all. the shims were 1nstalled -the modules could not
move laterally. The bottom of the core was painted wh1te for better
light distribution and photographlc resolution.

Figure 24 shows the hydrogen feed 11ne, nozzle and reactor as they
are mounted within the test stand. . .

" PROPELLANT DUCTING

The propellant feed line, shown in figure 2, may be separated into
two sections: the tank discharge to pump 1nlet sectlon and the pump dis-
charge to nozzle 1nlet manifold section. . .

' Tank Discharge to P&mp»Inlet

“The tank discharge to pump inlet section is nominally an eight-inch
diameter vertical duct. One foot below the tank discharge opening the
line reduces to a four-inch diameter to accommodate a four-inch diameter
flowmeter. .The flowmeter is a turbine type meter capable of measuring
liquid flows in the range 6f zero to 20 pounds per second. Directly up-
stream of the flowmeter, and extending into the tank discharge nozzle,
is'a filter and straightening vane section. The conical filter screen
is made of perforated sheets of stainless steel: " The straightening vanes
are in accordance with ASME specifications.. From the flowmeter discharge
to the pump inlet, the duct diameter is eight inches. Within this section
there are two 8-inch butterfly type valves in series. The upstream valve
is a pneumatically operated open and close facility tank shut-off valve.
The downstream valve is a servo-hydraulically operated flow control valve.
Below the flow control valve is an instrumentation section where pump
inlet conditions are- measured. :
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The total length of the tank discharge to pump inlet section is
8-1/2‘feet. Four inches of foam-in-place insulation covers the entire
length of the duct.

B Pump Discharge to Nozzle Inlet

The pump discharge to nozzle inlet manifold section is nominally
a U inch diameter duct. One and one-half feet downstream of the pump
discharge is a venturi type flow meter with a 1.9 inch diameter throat.
Two. feet .below the venturi meter the line branches into two sections.
One section is a two-inch diameter tank return line with a servo
controlled butterfly valve used for flow control, if needed; and the
other section is the main propellant line.. A four-inch servo operated
butterfly control valve is located two feet downstream of the tank -
return.tee. Immediately shead of this main flow control valve are two
bleed lines. One bleed line is vented- to atmosphere to allow a small
flow during pump chilldown, and.the other bleed line is connected to
the ejector system to allow disposal of chilldown fluid immediately
before the main flow valve .1s opened. Both bleed lines contain two-inch
on-off plug type valves. ' '

Approximately 18 feet downstream from the main flow control valve,
the propellant line is divided equally into three 2-3/8 inch diameter
ducts which feed the nozzle inlet manifold. Immediately upstream of the
three.equally spaced ducts is a quality meter for determineing the state
of the fluid at the nozzle inlet.. This section of the propellant feed
line. from the pump discharge to the spider is covered with four inches of
foam-in-place insulation. '

NOZZLE

Description

]

A regeneratively cooled (liguid hydrogen) tubular-wall nozzle, :
figure 25, is currently being used for this series of tests. This _
nozzle, designated RN-2, has a contraction ratic of 17.3:1, an expansion
.ratio of 12:1, an. overall length of 58.02 inches and a maximum diameter'
of 40,72 inches at the nozzle flange. The inside diameter at the reactorl
end is 36.25 inches, the throat diameter is 8.72 inches and the exit i
inside dligmeter is 30.21 inches.

The nozzle consists of tubular wall construction, fabricated from
180 tubes and utilizes single pass cooling. The liquid hydrogen enters
the nozzle tubes through three equally spaced inlet connections on the
manifold located at the exit end of the bell-contoured expansion nozzle,

CGGNSEDarTTT,
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and flows toward the reactor end. The formed and tapered tubes are
made of Inconel-X material having a constant wall:thickness.of 0.009
inches. For the majority of their length, the tubes have an octagon
cross section. The cross section changes to round ends where the
tubes Join with the fuel inlet manifold and to square ends where the
tubes join the reactor end ring. '

A continuous Inconel-X shell (extending from the reactor end
of the nozzle to the throat and providing thé necessary external
structural support) surrounds the tube bundle and .as a result of
furnace brazing forms an integral assembly. Bands made from Inconel-X
surround the tubes in the divergent region of the nozzle. The main
flange, which ©tolts to the reactor pressure vessel, as well gs the fastening
bolts, are cooled by liquid hydrogen. Normally the hydrogen coolant
passes into the flange manifold and through the holes drilled throught
the center of the bolig info the reactor pressure vessel. However for
these tests there were no holes in the bolts that were used.

Previous proof tests with chemical propellants (heat-flux simulation
tests) had resulted in transverse thermal buckling of the hot-gas side
tubular wall structure and in progressive transversle cracking;n These
failures were repaired by means of "saddle" patching. Subsequent to
discovery of the existence of the tube buckling condition, cracks and
repairs, the nozzle was tested to determine means of eliminating the
tube buckles. Methods evaluated included braze fillets between tubes, shot
peening of gas=side tube surface, effect of coatings, etc. As a result
of these tests, additional cracks were produced. It was in this condition
that the nozzle was recelved. Inasmuch as the proposed use of the nozzle
in the B=~l facility consisted of "cold flow" startup tests, soft solder
was used for the necessary repairs. These repairs to the hot gas side
of the tubes were difficult to accomplish because of the contamination of
the tube surface as a result of previous firing and modifications. The
‘repairs were subjected to 15 pounds per square inch pressure for leak
checking. Leaks between the tubes and the pressure shell were also discovered
but these could not be repaired. A manifold was welded to the pressure
shell and the leakage was collected to be vented into the altitude exhaust
system. During initial test runs, the tubes have been subjected to 50
pounds per square inch without apparent damage.

The warped main flange of the nozzle was re-machined to accomplish
good sealing between nozzle and reactor pressure vessel. To .perform
this machining operation; a compllcated fixture had to be designed and
fabricated.

Modifications

The experlmental program required-two modlflcatlons to the nozzle.
A cagmera and llght port were added so that films could be taken of the
reactor core exit face during the test and a port from which turbine

®



gas is taken in the hot gas bleed cycle simulation.

Figures 26 and

27 illustrate the nozzle alterations.. In both of these alterations

the coolant flow is redistributed around the ports.

15
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Description of Transducers, Thermocouples, Camera, etc.- Several
types of transducers are used to measure temperature, pressure, speed
and flow. The resistance thermometer transducer utilizes a variable
resistance sensor for measuring temperatures. Signal conditioning equlp-
ment prov1des proper signal voltage for analog and digital recording systems.
Fast response and accurate cryogenic temperatures are des1red character-
istics u51ng this type of temperature measurement.

The pressure transducers in use are of the bonded and unbonded strain
gage type of sensing element. Again, signal condltloning equlpment pro-
vides zero set and span control and appropriate recording voltages. The
transducers can be used either in absolute or differentiel applications.

Copper-constantan thermocouples are used in many temperature measure-
ments. For metal temperatures, number 30 AWG copper-constantan wires are
embedded in a round copper bead- and instdlled as shown in figure hha On
the nozzle tubes, the thermocouple junction is welded (figure 44b). "For
installation of thermocouples in graphite, the point junction was instaglled
in a drilled hole and a graphite mixture packed around the wires (figure bhc).
Iron-constantan thermocouples are also used to measure temperatures.

. Piezoelectirc type transducers and the associated equipment provide
acceleration data on the research apparatus items. _ ‘

Turbine and venturi type flow meters are used for'liqhid hydregen
flow measurements. The capacitive type liquid level gage in the porpellant
tank is also used to indicate flow.

.Electrofmagnetic type pickups are mounted close to a tooth rotor on
the turbine for speed indication.

A torque meter, between the pump and turbine, indicates torque by
measuring the electrical phase displacement of signals from two electro-
.magnetic pickups mounted close to two tooth rotors on a callbrated torque
shaft (flgure 32)

A capacitance grid type quality meter located in the propeliant duct
is used to measure the quality of the liquid hydrogen flowing into the
nozzle (figure 2)-.L).

Both high and low speed motion picture cameras are used for data purposes.
Variable speeds of 1000 to 18000 pictures per second on a 400 foot capacity
reel and 1000 to 3000 frames per second on a 1200 foot reel are available for
obtalning the desired data.
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DATA ACQUISITION

The data acquisition equipment is located in the H building,
approximately 5500 feet from the test stand. The central automatic
data recording system is selectively available to all test facilities
at the Plum Brook station. The recording is done by types of equipment
which are classified as analog and digital. These two recording systems
are independent and complement each other. The analog system has the
advantage of high-fregquency response, while the digital system gives
greater accuracy but with lower frequency response characteristics.

Digital System

For the digital system, the low-level signals from the transducers
are transmitted over the previously described cables. Any voltage
.amplification reguired is provided internally to the equipment. The prob-
lems encountered in transmitting such low-level signals are the effect on
the signal of the electrical characteristics of the cable itself and the
addition of extraneous electrical noise to the signeal. The. combination of
these effects contribute from 30 to 80 microvolts of noise on all input
channels to the recording equipment.

The 10 KC (figure 46) unit is a self-contained, 100-channel, low-
level input, digital data acquisition system. The system consists of two
50-channel low-level, solid state multiplexers, an eleven-bit binary analog-
to-digital converter, a format control unit, a digital tape recorder and
five digital-to-analog converters with incandescent displays. Each low-level
multiplexer accepts up to 50 channels of bipolar inputs (0 to 10 millivolts)
and commutates the analog voltages at a rate of 10,000 samples per second.
The system has an overall accuracy better than three tenths of one percent.

The 4 KC (figure 47) unit is a 192-channel, low-level input digital
data acquisition system. The system uses a mechanical type multiplexer
sampling each 20.8 times per second for B-1 data. The premultiplexer
switches the 192 input, two-wire circuits to 8 two-wire circuits sequentially.
The 8 signals are amplified and multiplexed again according to the master
programming and control panel within the system. The signal is then con-
verted to an 11-bit binary signal and recorded similarly to the 10 KC system.
The system has an overall accuracy of four tenths of one percent.

Analog System

The anglog system includes FM tape recorders, pen type oscillographs,
light sensitive oscillographs, and voltage balance strip charts. The low
level transducer signals, which are to be recorded, are amplifﬁfd (0 to
1 volt) in the .terminal room at the test.,stand and transmitted.fon cables
similar to the low level digital recorder.
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The FM system is capable of recording 24 chdnnels of high frequency
analog signals. The method of recording is frequency modulation. of g
20 KC carrier. The accuracy to which a signal can be recorded and
played back is 1 percent of full-scale voltage. The frequency response
of the system is 1,1/2 decibel from zero to 10,000 -cycles per second
exclusive of the input cable characteristics.

Four light sensitive oscillographs, each capablé of recording
36 channelé of information are available.. Using high frequency galvan-
ometers, information containing oscillations as-high as 3000 cycles per
second can be ¢onveniently recorded and analyzed. '

' There are several other types of analog recorders in use, each
having its own merits. The most common one in use is the 8 channel,
direct writing, pen type oscillograph. The maximum full-scale frequency
response is 58 cycles with one half percent full-scale linearity.

The voltage balance strip charts in use have a fixed 0-10 millivolt
input. Although they have good accuracy, they lack the versatility of
signal input and frequency response. The, accuracy is one half of one
percent and a response time from zero to full scale of one second.” In
general, these strip charts are used to record facility parameters.

-

DATA PROCESSING

Computer Equipment .

The Lewis digital data processing system which is used to retrieve
data from the B-1 facility digital data records consists of a modified
Univac 1103 computer with auxiliary equipment and the IBM 1401 input-
output system. (See figures 47-49). The 1103 computer has been modified
in several ways. A magnetic tape system hass been added with 8 tape handlers
to handle input and output information along with internal storage. A
20 K magnetic core storage has replaced the original 1 K core and 16 K
drum storage. The number of internal commands has also be doubled.

Auxiliary to the 1103 is a data playback and display system through
which the raw data may be displayed on a storage type oscilloscope. A
paper tape punch, and a paper tape reader and punch directly coupled to the
1103 complete the system.

The ihOl input-output system utilized for B-1 data processing consists
of the 1401 computer, a card reader and punch, a printer, an additional
core for the 1401 and an inquiry station for initializing the 1401 system.
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Computer Program

Computer processing is done in four main steps. The first stage of
the program consists of instrument calibration. The purpose of calibration
is to adjust the measurements for systematic errors, such as instrumentation
drift and line losses in the transmittal of the signal to the recording
system. This is accomplished by use of the electircal calibrations recorded
just prior to the test. The average values of the high and low voltages re-
corded during the electrical calibration are determined for each channel
and used as calibration points. These averages can be taken over any number
of data points, and in such a way as to eliminate the transient response of
the instrumentation during the electrical cslibration.

Calibration.- For all measurements, such as pressure transducers,
where the measured value in engineering units is & linear function of the
measured voltage, a two point "Hi Lo" calibration is used. During electrical
calibration, conditions of zero and 95 percent full scale are simulated for
the transducer. The average values of the voltage recorded at these points
are used to determine the slope and intercept of the calibrated straight line,
which is then used for any future conversion of recorded voltage to engineering
units.

For measurements in which the value in engineering units is nonlinear
‘with respect to voltage, a one point zero adjust calibration is used. In
this case, a voltage is placed in the circuit of the transducer to simulate
a known measurement. The difference between the average value of the
recorded voltage and the voltage expected is assumed to be the error in .
every measured voltage. Each voltage measured during the run is then adjusted
by adding this error before converting to engineering units.

Averaging.- The second step in the processing of data consists of
averaging the measured voltages over a specified number of data points for
each measurement. The averaging routine is useful in minimizing the effects
of noise on the recorded signal. . The number of points over which the average
is taken can be easily varied. Output from the averaging routine consists
of the number of points over which the average is taken, the average voltage,
and the standard deviation for each measurement; these can all be printed on
paper.for any part of the run. Faulty information is automatically
eliminated from the averaging. )

Conversion.- The third step in the reduction of data is conversion from
voltage to engineering units. Curve fits of engineering units versus voltage
are made from calibration data for each measurement which is nonlinear with
respect to voltage, and stored in the program. The measured voltage, corrected
if possible by a zero adjust calibration, is then substituted into the curve
fit equations to obtain the value in engineering units. For the measurements

which are linear with respect to voltage, the value in engineering unit is
determined using the slope and intercept calculated from the "Hi Lo" calibration.

SHNBPPENTTRL
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Output data in engineering units are printed-dut for each channel
in column form versus time. Time t = O corresponds to the point in time
where the governing valve was opened to initiate flow through the system,

Terminal Calculations.- The fourth step in the processing of data con-
sists of calculations (terminal calculations) based upon the output data
in engineering units. These, for example, consist of the calculation of
fluid flow and heat transfer parameters. The thermodynamic and transport
properties required for these calculations are available in a parahydrogen
properties subroutine ('"B.W.R.") based upon the modified Benedict-Webb
Rubin equation of state and related equations from references 2 and 3.

Data which is faulty for any combination of four ressons is printed
out with an alphabetical tag. An "A" tag is received if the input informa-
tion to a curve fit lies outside the area in which the curve fit is
accurate. A "B" tag is used if an illegal operation (such as taking the
square root of a negative number or dividing by zero) was performed some-
where during the calculation. A "D" tag is used if a number occurs which
is too large or too small for the computer to handle. An _"H" tag is used
if part of the input has been coded out of the calculations. Combinations
of the above faults are identified by additional letter tags. Any number
so tagged is not included in an average of several variables,

The Outpﬁt from the calculations is also printed in a column form
versus time. The experimental output data and results of the calculations
can also-be printed in plot form versus time.

. The. computer program for proce551ng B- 1 data is prepared as far in
advence of the run as possible. The engineer gives the programmer calibra-
tion data, terminal equations and material properties, (see figure 50,
step. 9). The program is then submitted in typewritten form to be punched out
on cards on the 1401, (step 10). The cards are then used as input for the
tape assembly (step 11) process on the 1401, in which the program is put on
magnetic tepe. This tape is then used as direct input to the 1103 for data
processing.

Data Processing Procedure

The data tapes from the 4 KC and 10 XKC digital recording systems at
Plum Brook are brought to Lewis for processing on the Univac 1103 computer
(figure 50, step 1). The engineer initiates the procedure by observing the
recorded signal on a display unit auxiliary to the 1103 consisting of
‘magnetic tape reading equipment and a storage type oscilloscope (step 2).
In this manner both calibrations and run data are checked for electrical
noise, shorts, and other flaws in the recorded signals. All measuréments found
to be defective are then eliminated (coded out) from all further processing.
In addition, the engineer determines the blocks of data which are of interest
and to be processed further.
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The identification numbers of the blocks of data which are to be
processed are then punched on paper tape (step 3). This tape, along with
the magnetic data tape is then used as input to the 1103 for the retrieval
process (step 4). Retrieval consists of changing the format of information
on the data tape into a format more convenient for calculating on the
1103.. In addition, all recorded data are examined during retrieval for
parity errors, and other errors due to flaws in the recording systems.

Any faulty data is automatically tagged out of subsequent cglculations.
The magnetic output tape from retrieval is then used for any further
processing, and the data tape itself is placed in storage (step 5).

The engineer also submits data processing instructions to the programmer
(step 6). This information consists of input particular to each run.
Included in this information are the areas of information to be processed,
megsurements to be coded out, calibration instructions, and minor changes in
the terminal calculations due to changes or flaws in the recorded instrumenta-
tion.

The programmer submits this information along with program controls on
a typewritten data plan. This data plan is then punched on a paper tape
(step 7). In the plan assembly process (step 8) this paper tape is read into
the 1103 through the paper tape reader, and processed to change the formst
of information on the tape into g format compatible with the magnetic pro-
gram tape. Output from the plan assembly is then punched on & final plan tape,
which is used, along with the magnetic program tape and the magnetic retrieval
tape, as input for data processing on the 1103.. The advantage of this system
lies in the ability to modify calculations in .the main program quickly and
efficiently to suit the particular needs of each run.

The 1103 output is recorded on magnetic tape. The information is then
changed into s format compatible with the 1401 system during the transcription
process (step 13) and transferred to another magnetic tape. This tape is
then read into the 1401 system (step 14) and the data lists and plots are
printed.

A system is also in operation to automatically process output data from
the 1103 for input to 7094 computer prediction codes written for the various
components of the nuclear rocket system. The information on the transcrilbed
output tape is changed to 7094 format on the 1401 (step 15) and recorded on
another magnetic tape. This tape is then processed on the T7O94. All data that
are to be used as input to the 7094 prediction codes are fit to a quadratic
curve. Data points are then calculated from the curve fit equations at speci-
fied times. The output tape from the 7094 curve fitting routine is then
‘punched out on cards (step 17) in a format acceptable to the 7094 prediction
codes (steps 18-21). This system allows the ggpability of eliminating
obviously wild data points from calculations in the prediction codes, and
produces a quasis-steady state input to the codes, which are based essentially
upon steady state approximations.
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APPENDIX A

SYMBOLS

Instrumentation item.number prefix letters:

First"letter

T

E
Second
R

P

letter

Tank

Pump and piping
Nozzle

Reagctor

Exhsust system

Resistance thermometer probe
Pressure

Thermocouple (copper-constantan except where
noted otherwise) '

Flow meter

Speed

Accelerometer

Résistance thermometer, surfgce mount
Liquid level

Quality

.Reflector inlet window

Reflector outlet window

Nozzle window

ol



APPENDIX A, (Cont'd)

Measurement description symbols:

Fluid temperature
Wall temperature (surface thermocouple)
Material temperature (embedded thermocouple)

Static pressure

"Total (or velocity) pressure

Flow rate

25



l.

26
REFERENCES

Livingood, John N, B. et. al.: . Nuclear Rocket Simulator Tests:
Flov Initiation with No Turbine Gas; Tank Pressure, 35 PSIA;
Run 1. NASA-Lewis Research Center, July 196Mk.

Roder, Hans M., and éoodwin, Robert D.,: Provisienal Thermodynamic
Functions for Parghydregen. N.B.S..T.N, 130, N.B.S. Cryogenic

-Lab., December 1961.

Goodwin, R. D., Diller, D. E., and Roder, H. M.: Provisional
Thermodynamic Functions for Parahydrogen in Liquid, Fluid and
Gaseous States at Temperatures up to 100°K and at Pressures up
to 340 Atmospheres, N.B.S. Report No. 6791, N.B.S. Cryogenic
Lab., August 1961.



LIST OF FIGURES

Facility

l' B-1 Facility

2 Nuclear Rocket Cold Flow Experiment in B-1 Facility
3 ,Altitude Exhaust Duct System and Instrumentation

L Bottled Nitrogen and Steem Systems

5 B-1 Facility Gaseous and Cryogenic Supply

6 Nitrogen System

T Helium System

8 Hydrogen System

9 Hydraulic and Lube Systems

10 B-1 Control Room Panels

11 B-l>Main Control Panels f

12 ; B-1 Servo Control Panels f
13 Mark IX Liquid Hydrogen Turbopump Installation

14 Reactor Sketch

15 Instrumented Fuel Elements and Module’

16 Assembled Core on Support Plate

17 Installation of Plunger,lSpring, and Plug Assembly
18 . Reflectgr‘Sector Assembly in Assembly Stand

19 Lowering of Reflector Assembly over Dome and Core Assembly
20 Assembled Reactor and Motor-Generator on Transporting Vehicle
21 Nozzle Installation on Reactor
22 “Reactor-Nozzle Assembly in Turnover Stand



28

LIST OF FIGURES, Cont'd

Facility

23 View of Reactor Core Exit

2L Hydrogen Feed Line, Nozzle, and Reactor

25 RN-2 Nozzle

26 Camera and Light Port on RN-2 Nozzle

27 Bleed Port on RN-2 Nozzle

28 B-1 Test Stand Instrumentation Terminal Room

29 Block Diagram of Facility Instrumentation

30 Tank Instrumentation

31 Turbo-Pump Instrumentation

32 Piping Instrumentation

33 Nozzle Instrumentation

3k Nozzle Inlet Manifold and Spider Instrumentation

35 Nozzle Coolant Tube Instrumentation

36 Nozzle Chamber Instrumentation

37 Reflector Inlet Plenum Instrumentation i

38 Reflector Pressure Instrumentation

39 Reflector Temperature Instrumentation

4o Pressure Shell, Control Réd, and Graphlite Cylinder Temperature
and Acceleration Instrumentation. (Z Reference Plane Given in
Figure 43). '

Iy Reflector Outlet Plenum Instrumentation

Lo Dome and Core Support.Pléte Instrumentation

L3 Core Instrumentation



S Facilify
Ll
L5
L6
bt
L3
kg

50

29

LIST OF FIGURES, Cont'd

Detaiis of Typical Pressdré and Thermocouple Installations
10 KC Data System

I KC Data System

1103 Tape Handlers, Paper Tape Punch, and Dats Display Unit
1103 Conéole and Paper Tape Reader

1401 System Showing 1401 Computer, 1402 Card Reader and
Punch, and 1%03 Printer

Block Diagram of Automated Data Reduction Procedure



E-2673-1IT

) M N

TABLE I.- RESEARCH INSTRUMERTATION LIST, B-1 FACILITY

Measure- Measure- Measure -
m:xl:;hzsem Description ment Item Description ment Item Description
[yaoer Number Number
Figure 30, Run Tank Figure 31, Turbopump, (Cont'd) Figure 32, Piping, (Cont'd)
TR-1 T Gas Temp.-Top of Tank PT-9 T
Teys . -Top w» Turbine Outlet SurfaceI/C PP-40 P_, Feed Line Station B
g-g " 'lll:iql.‘ Tg:p.-Bottom of Tank PT-10 " C " Boss, 1/C PP-W1 " Main Valve Inlet
m-3 ank Adapter PT-11 Tp), Lube Oil Inboard, 1/c  Pp-k2 " " " "
g . . Pr-12 " " Outboard, I/ PP-43 " Feed Line Station E
b PT-13 T,, Torquemeter Inboard PP-L4 " " * " "
TP:Z Ps» Run Tank-Top Bearing No. 1, I/C PP-k5 " " " " "
™3 I . PT-14 " Torquemeter Outboard FP-b6 Py, " " " "
T e e w g , Dearing No. 2, 1/C Pp-h7 v " "
e " Tank Ade ttom PT-15 Turbice Inboard Besring, FPT-23 T,, Turbine Flov Station, 1/c
w2 an epter ) 1/c PT-2l By-pass Flow Station, I/C
'1‘1‘-1 . PT-16 " Turbine Outboard Bearing, PT-29 Ty, Dump Line
g L1, Tank Rake . 1/c PT-30 Ty, Gimbal
e i " PT-26 On Transducer at PP-12 PT-31 Mair. Valve Inlet Station
o PT-28 " Pump Volute PI-32 " Main Valve
'I'I‘-S . " i PT-k1 Tpy» Turbine Inlet PT-33 '5,,, Main Valve Flange Neck
'm:-s . . . PT-k2 " " " PT-34 Gimbal Inlet Hinge Ring
'IT- N . . PT-43 " fPurbine Outlet Pr-35 " Gimbal Exit Hinge Ring
-g i . " PT-4lk " n " PT-36 " Flange Near Station B (neck)
TT- . . . PS-1  Pump Speed Pr-31 " " " " "
s . on PS-2  Pump Speed PT-38 " Gimbal Inlet Hinge Ring
TT-10 Torque Torquemeter PT-39 " Gimbal Exit Hinge Ring
TI-11 Ty, Tank Adapter Flange PA-1  Pump Inlet-Radial PT-B5 Tp), Turbine Flow Station
TI-12 " Tank Shut-off Valve, upper PA-2  Pump Inlet-Radial PT-k6 " " " "
.. n
TT-13 " " lower . PA-3 Pump Torguemeter-Radial PT-Sk T,, Elbov-Inside Radius
TT-15 " On Transducer at TP-4 PA-L " " PP-55 " Elbow-Outside Radius
TL-1 H'l Tank Liquid Level i PA-5 Pump Torquemeter-Axial Pr-56 " Pipe Hall-l/z in. from Gimbal
TF-1 Tank Exit Flowmeter PA-6  Turbine Inlet-Radial PT-57 " Gimbal Hirge Ring-Outside Edge
TSOV  Tank Shut-off Valve Position PA-T 0 " " Pr-58 " Pipe Wall-Station A
PA-8 Turbine Exit, Radial PT-59 “ Boss Station A
Figure 31, Turbopu PA-9 Turbine Exit, Axial PT-60 " Pipe Wall
2gare 20y lurbopump Pr 6L " " ow
2-; Tl, Pump Inlet Duct Figure 32, Pipin g-g . gipeigﬂlil: 1/2 in. from flange
- - utside Edge of Flange
PR-3 v PR-10 T,,, Turbine Plow Station PT-64 "  Inside Wall-OPP. PT-62
- " Pl:mp Ouglet n'x'ct. PR-11 " By-pass Flow Station PT-65 " PT-61
PR-5 " " PR-12 " 4" Feed Line-Station A PT-66 » Pipe Wall-Station B
PR-6 " n FR.13 " ° o om o » W  PT-67 ooom
m-g " Turbine Inlet PR-1E " * m w w = P68 * " "
PR-B " Turbine Outlet PR-15 " % m n PT69 " " "
- B
PR-9 " Balance Piston Bleed (carbon) PR-16 " " " " " ] PT-70 " " " " c
PR-23 "  AFT Bearing Bleed (carbon) PR.1T " n oo n m p PT-71 " Pipe Wall 1/2 in. from gimbal
FP-1 Pg, Pump Inlet Duct PR-18 " n oo " " D PT-72 " Outside Edge of Gimbal Hinge Ring
PP-2 W " " " PR-19 " n oow n " D PTr-73 " Elbow-Inside Radius
pP-3 " " " " PR-20 " n o n " n E PT-74 " Elbow-Outside Radius
PP-h Py, " " " PR-21 " » " n E PL-75 " Pipe Wall-Station D
PP-S » " L] n PR-22 L] n n n " E PI"76 " " "
" w m o oom
PP " " »w PR-24 "  Inlet Line Upstream of  Ei-11 . .
PP-7 " " " (Downstream) Main Valve Pr-78 w - " E
FP-8 P, Inducer PR-25 "  Main Valve Inlet PT-T9 Pipe Wall-1/2 1in. from Flange
P9 " " PR-26 " " n n Pr-go "  Outside Edge of Flange near E
FP-10 " " FP-19 "  Turbine Flow Station PT-81 © Flage st Statlon E
" "
;;-g " Pump Outlet Line PP-20 "  By-pass Flov Station g:gg , Quality Meter (‘(';de S:c;m’:i )
-12 " Venturi Inmlet PP-21 Pg, L" Peed Line-Station A . arrow Section
PP-13 Veoturi Throat PP.22 " " n ” n B PF-1 v, Pump By-pass Line Flowmeter
PP-14 " Turbine Inlet FP-23 P,, " » " " " PF-2 Turbine Plowmeter
PP-15 : " " v Upstream PQ-1 Quality Meter
PP-16 Turbine Outlet PP-24 " bh" Feed Line-Station B
PP-17 * " " Downstream Figure 33, Nozzle
;5-;2 : ~ :1 w‘; o1 w-zg Pss 4" Peed Line-Station C NP-38 P., Nozzle Throat
- T ne e PP-2 L " " n - 3]
PP-32 " Interseal Bleed Pressure PP- wonmoo» " " 2 NP-39 - . .
" a1 E NP-KO " " Exit Bell
PP-33 Balance Piston Bleed PP-28 P, " " » " " " " " xit Be
PP-3h " Pump Discharge Pressure t Upstrean NP-41 "
) M P
PT-1 T,, Inducer Surface Inlet Flange, PP-29 * L" Feed Line-Station E :}1;_1':23 M « " "
. 1/c Dovnstrean N’P-lalt " M n n
PT-2 "  Pump Discharge Flange, 1/c PP-31 Pg, Hydraulic Pressure Ths m - " om
PT-3 "  Pump Outlet Pipe Wall, 1/c PP-35 " 1Inlet Line Upstream of g‘ 5 . n
Pr-b " Pump Outlet Pipe Boss, }/c Main Valve n'g‘: " ,  Chember
PT-5 Venturi Inlet Flange, 1/C PP.36 P, Feed Line Station C B
Pr6 " Venturi Throat Flange, I/C ppyy % m o mow NT-35 Tw» SupRort Skire
PI-7 " ‘Turbine Inlet Wall, 1/C pP.38 % M v Rt A
PT-8 " fTurbine Inlet Boss, I/C FP-39 Py, " " " " 7-35 Ty, Throat Ring



TABLE I.. RESEARCH INSTRUMENTATION LIST, B-1 FACILITY, Cont'd

Measure-

ment Item Description
Number
Figure 33, Nozzle, (Cont'd)
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T, Support Skirt
o o "

Ty, Throat Ring
Ty, Support Skirt
" "

Tm, Throat Ring
Ty, Support Skirt
W "

T, Sup.por t Skirt
W )
M n "

Tp, Throat Ring
Support Skirt
W "

T, " "
" " "
Tm, Throat Ring
Ty, Support Skirt

Ty, Throat Ring
w2 “ Band

Tw, Nozzle Flange
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Camera Fort

Light Window
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Py, Manifold Port 82°
" w " 2090
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35, Nozzle Tubeg

35533
200N

Pg, Nozzle Tube Ro. 93
i " " w A

Measure-
ment Item
Number

Description

Figure 35, Nozzle Tubes,(Cont’d)

Meagure-~

gent Item Description

Number

Pigure 37, Reflector Inlet Plenum, {Cont’d)

Tg1, Reflector Inlet Plenum
w " " "

" n n "
n " L] n
n " " "

n n n "

38, Reflector Pressure

NP-12 Pp, Nozzle Tube No. 93 RR-608
“P-13 n L] ” n n RR-609
NP-14 " " n " 103 RR-610
NP-15 " " ” » 113 RR-611
"P_ls " 1" " " 123 RR—612
NP-17 " " "ot 133 RP-115
NP-18 n " " » 83 RP-116
NP-19 " n " n 13 RP-138
NP-28 Pg, " "ot RP-139
Np_zg n ” " : 103 g-lﬁ
NP-30 " " " 13 -1
w-31 " " L VX | RP-1k2
HP-32 " " no" o133 RI-165
NP-33 " " n o n g3 RI-175
NP-34 " " T T3 RI-285
M7 7, " "o" 93 RI-295
"1\_8 w " " " " RI-3h5
m_g L " " ” " RI-355
m-lo n " " ” n

" o n w n Fi
s n m momom gure
RI\_13 n " " " n RP_%
NT-14 » n " 13 " RP-47
NP-15 Tf1, n " n g_::g
RT-16 n " w n " -
NT-17 Ty, o L] " 23 g_;g
m-la L] " ”n " n -
NT-19 " u n o oonooom RP-52
- " n woonooon RP-53
m_gg n " n " L] Rp_sh

. " " " " n RP-55
me vl Re-55
NT-2h 0 " " " n RP-57
NT-25 a " " " 178 RP-58
NT-26 n " L} " RP-59
wr-27 " " n n om RP-60

o " n " 1" " RP-61
g_gg n " L L " RP-62
NT-30 L3 [ " " " RP-63
NT-31 n " L " n RP-654
NT-32 L] n L] " a RP-65

RP-66
Figure 36, Rozzle Chamber g-gg

- RP-69
g_i l:s, Nozzle Chazber Rb-70
NP-22 " ” n RP-T1
NP-23 Pp, Instrumentation Rake g-:f{g
NP_2h " n 1®

_ w " " RP-7h4
we-2s : X i
NP-27 3 n n RP-T7
NP-49 Py, Bleed Port RP-TT
NR-7 T¢1, Bleed Fort RP-78
m'-go T¢1, Instrumentation Rake g-gg
Nr-61 " " -

- n n " RP-81
g_gg " " " RP-103
NT-64 " " n RP-104
NT-65 "  Nozzle Chamber RP-105
NT-66 " n n RP-106
M-67 n n n Rp_lgg
NT-68 » o " RP-1
NT378 T, Bleed Port 33(1)3
Figure 37, Reflector Inlet Plenum g:ig

. RP-113
g-gg;. Tr1, Reflector Inlet Plenuu RP110
RR-603 " " n " RP-117
RR-60h4 “ n " RP-118
RR-605 " " " w RP-119

n " " u RP-120
RR-606 ' ey
RR-&T " [ " 3- -

Py, Graphite Cylinder,0.25" Hole
i n " B "

" " n “ n
n n " " "
L] n " n "
a " " n "
n ”» " " L]
n " n " »
n n " n "
" L] " w L]

" L3 n " "
" n n " n
" " u " "
n " n n n
" n n " L3
n » n " "

" " " " n
" " " " "
n " " n »
n ] n »n a
” " u " "
n » " " "
" ” n M »
" n n ” "
" " w " "
n " o " "
n n n “«

. " n  0.188" Hole
" " " " "
[ " n " 1
n n u " n
" n " n n
" " n " "

n " n " "

n " ” " n
" " " " o

" " " " "

" o n " o

" " L] L]
" " ” "

Pg, Reflector, 0.06™ Aanulus
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Measure-
ment Item

Description

Number

Figure

38, Reflector Pressure {Cont'd)

RP-126
RP-127
RP-128
RP-129
RP-130
RP-132
RP-133
RP-13k
RP-135

Figure

Pg, Reflector, 0.06" Annulus
o " n n

39, Reflector Temperature

RT-98

RT-99

RT-100
RT-101
RT-102
RT-103
RT-104
RT-105
RT-106
RT-107
RT-108
RT-109
RT-110
RT-111
RT-112
RT-113
RT-11k
RT-115
RT-116
RT-117
RT-118
RT-119
RT-120
RT-121
RT-122
RT-123
RT-124
RT-125
RP-126
RT-127
RT-128
RT-129
RT-130
RT-131
RT-132
RT-133
RT-13k
RT-135
RT-136
RT-137
RT-138
RT-139
RT-1%0
RT-1L41
RT-1h2
RT-143
RT-144
RT-145
RT-146
RT-147
RT-148
RT-1h9
RT-150
RT-151
RT-152
RT-153
RT-15L
RT-155
RT-156
RT-157
RT-158
RT-159

T,m' Reflector Segment at
" " n "

apii—_—

Measure-

MHE IEC‘E

Description

Number

Figure 39, Reflector Temperature,

fCont 'd)

RT-160 Tp, Refle

RT-161
RT-162
RT-163
RT-164
RT-165
RT-166
RT-167
RT-168
RT-169
RT-170
RT-171
RT-172
RT-173
RT-174
RT-175
RT-176
RT-177
RT-178
RT-179
RT-180
RT-181
RT-182
RT-183
RT-184
RT-185
RT-186
RT-187
RT-188
RT-189
RT-190
RT-191
RT-192
RT-193
RT-194
RT-195
RT-196
RT-197
RT-198
RT-199
RT-200
RT-201
R1-202
RT-203
RT-204
RT-205
RT-206
RT-207
RT-208
RT-209
RT-210
RT-211
RT-212
RT-213
RT-21h4
RT-215
RT-216
RT-217
RT-218
RT-219
RT-220
RT-221
RT-222
RT-223
RT-22L
RT-225
RT-226
RT-227
RP-228
RT-229
RT-230
RT-231
RT-232

n

u
"
"
w
"
"
"
"
"
n
"
"
"
"

"
"

"

»
"
n

n
"

"

ctor Segment at
" n

TABLE I.- RESEARCH INSTRUMENTATION LIST, B-1 FACILITY, Cont'd

Measure-
men tem
Number

Figure 39, Reflector Temperature
h

RT-233 Ty, Reflector Segment at =300°
RT_23h n " " u n

Description

RT-235 " n n ” n
RT-236 " n n n "
RT-237 " n " n n
RT-238 " " n o "
RT-239 " " B n "
RP-2k0 " n " n "
RT-241 " » n n n
RM-317 Tg1, Control Drum 0.06" Annulus
RM_SI& L n L] " L
RM-319 " " n "
RM-320 " " n " "
RM-321 " " " " "
RM-322 " w " " "

Figure 4O, Pressure Shell, Control Rod,
and Graphite Cylinder

RT-62 Ty, Graphite Cylinder, =50°

m_63 * L] " "

m_su L n " “

RT-65 n n " "

RT—66 " n "w "

m_67 n " " n

R,r_ga " " " <1109

RT-69 n " " "

RT-70 " M .. "

RT-7L N " "

m_72 " n " "

RT-73 " “ " .

[ A
" " M "

RT-78 ° " " n

RT.79 " " " "

er-m " " "w éaoo

RT-BI " L] " ”

RT.80 " " " "

RT.83 " " n "

RT.Bh M " " "

m_as 1* " " L

RP-86 " " " 2900

R’T-BT n n " "

RT-% n n L1} "

RT.89 " " " "

RT.90  ° n " "

RT-91 n n n L]

RT-92 " " " 2350°

RT_gE " " " "

RT-gk " " "

mes oL uc o

v .

m-g T, Control Rod, «0°

RT- : " a5

RT-265 L] " " n

R.r_zﬁ " " " n

m-zgg L L3 f: ”

RT.268 " " ] "

RT-269 n . w n n

RT-270 " " v w

RT-271 " " m "

RT-272 u " " =600

RT-273 " " n

er_z?h ” ” ” "

RT.275 " » v on

Rr_me ” " " "

RT.277 " - W o

m\_z‘(& w L n 1]

m_z‘(g ” L] n L]

Rr_zw " " ” L
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TABLE I.- RESEARCH INSTRUMENTATION LIST, B-1 FACILITY, Cont'd

Measure- Measure- Messure-
ment Item Description ment Item Description men e Description
Number Number Number
Figure 40, Pressure Shell, Control Rod, Figure U1, Reflector Outlet Plenum Figure 42, Dome and Core Supvort Plate
and Graphite Cylinder, (Cont'd) {ContTd]
RR-613 Tg1, Reflector Outlet Plenum
RT-281 T, Control Rod,  =120° RR-614 n " n RT-4O5 Twm, Reactor Dome
RT-282 " " " " RR-615 w L n » RT-LOE6 " " "
RT-283 n n " " RR-616 " u n " R'I‘-kO'( " " "
RT-?B" " " L " RR-G].’{ " n n " m_hoe n n n
RT--285 n " " " RR-GIB " " " n RT-hOQ " " ”
RT-286 n " " " RR-619 u " " " RT.410 " " w
RT-EBT “ " n n RR-620 " " " " RT-411 " " "
RT-288 " " " RR-621 " " " " RT-h12 "« "
RT-289 n " " " RR-&E n u L n RT-‘&].3 L n Ls
i - e S
» v " " " " . 1 !
ML L. e I e
- - Pp, Reflector Segment, 0.188" Hole -335 Support Plate
RT-293 " " ”n " RP-83 " n ] n n RT-336 " " "
RT-294 " " “ " RP-B4 " " " n n RT-337 " " n
RT-295 " " " " RP-85 " " 0.06" Aoaulus RI.338 ° " "
m_aﬁ n n u " RP-86 " " n " RT-339 " ] "
RT-297 " n " " RP-87 w n n " RT-330 " " "
RT-298 = " » n RP-88 " " Segment, 0,188" Hole RT-341 " " "
RT-299 " " n 2400 Re-89 " " n n n RT.342 Ty, Core Support Plate Flow
L L n " " " n n i
RT-300 " n " " RP-”‘i n n " RT-3h% o P:.ssage “ n n
RT-301 RP.9 Control Prum, 0.188" Hole -3+3
RT-302 " n u n RP-95 " " " n n RT-34h " n " " "
RT-303 " n " " RP-96 " " " n " RT-345 " L " " n
RT-304 ™ " » " RP-97 " " " 0.06" Annulus
RT-305 " " " " RP-98 " n " " n Figure 43, Core
RT-% " ” " " RP-99 L] " " n
RT-307 : " " n g-]_oo : Impe('i'ance R?ng Pe-ﬂ?a.ge RP-1 P, HFu:l Flement No. 11, 0.153"
_ n n jwo =10, i i ole
;Tr_% n " ” -II Rp_ioé " " " " RP.2 " n " " "
RT-310 " oo " RP-125 Py, Reflector Outlet Plenuw e B . . .
RT-31 n » " ” RP-131 » » " " ) I n
R'l'-gl; n n " " RP-143 " " n " RP-5 " " " n "
RT-313 " " " " RP-144 " [ n n RP-6 L] " n No. 16 "
RT-31'* " n n n . RP-I'}S L " " " R_p_—{ " L n n
RT-315 " " " n RP-146 . L " ” RP-8 " " " " "
RT- 316 n n " n RP-147 " » " n RP.9 : " " n "
RT-355 Tp, Pressure Shell, m=50° RT-242 Ty, Reflector Segment, 0.188" Hole XE-10 " " " u
RT-35%6 " n n 3 RT-243 ¥ " " W " g-ll P:T, Fuel Elemﬁnt Hole Exit
RT-357 " " n " RT-244 0 n " " n -12 : . " L
RT-358 " " " ar10° g-gﬁg " Reflector, 006" Aunulus g—%ﬁ . . oo
n n n n - d " -
RT-361 " u " a170° RT-248 " " Segment, 0.188" Hole RE-16° " " oo
RT-362 " » " " RT-249 " " " n " RP-28 Pg, Fuel Element Inlet Plenum
RT:363 " ® n n RT-250 " L " n L] RP-29 » " " Exit Plenum
RT-36h " n " L0300 grl’-25h " Control Drum, 0.188" Hole g'gg oo »  Inlet Plemm
n n " ) = . ’ n “n - " t
g:ggg ': " n » RT-S?Z " " " " " RP-32 " " " " "
- . " " RT-2 n " " 0.06" RP-33 " " " " L}
g-g "' n n é"” M-egg " " " " An?'ulus RP-3" . . . ! "
RE-365 " " " n RT-259 " n " " " RP-35 ° " " Exit Plenum
"
Fp-370 " : : -'3500 g-g : Inpedance Ring Pase'use :i_gg "o . . :'
1 9 = " - ,
I‘g:g; ; . . " ,, RT-2€2 " n " " RP-38 " " " "
RT-373 " " 500 gg-isg Window, Reflector Outlet Plenun g‘ag s . N " .
RT-374 ™ w n " - u " n - ‘T, '
iy L . N Ro-285 " - . . By o . no
RT-376 " n * 00 Ro-295 " . . . RP.A3 " " .
RT-377 " " 1 n RO-3h45 ;' n " n RP-M% . . , ‘.: n
N noom o R3S " " RP4s " v w ww
RT-379 " " 170
RT_%O n " T Figure 42, Dome and Core Support Plate g:g.? Tso Core Side Pressure
m\_ 1 n ”» " "
M._ggz u n " 2300 EP-121 Pg, Core Inlet Plemum :-11:'; Tas Fuel Element Ko, 1
- n n " " RP-122 " " - "
g-gga . N . " RP.123 " " " " :;‘-E .o " "
RT-385 " " n w290° l;l‘r-gt6 ’5,1, ggre Support Plate Flow Passage R‘T‘:5 " " n n
" " " " -
gg.:%g—s] " n " " RT-3I¥; " "re In}.'et negm 511:_6 : :: :' Yo. 7
RXr386 ° " " 3500 B30 o2 " ATy v . .
" " u T~ " " -
RT-389 :: " " " RT- gga " " L] n RT-9 " " n "
RT-390 BT RT-10 " " " "
RA-0  'g' Pressure Shell, Radial -391 Ty, Core Support Plate - " on "
8 RT-11 No. 1
RA-ZT0 " " n » RP-392 Tr), Core Support Plate Foow Passage RT-12 ® “ " o 1
RA-A " " " Axtal g’Tr:h“gg To, Reactor Dome RI13 * @ " "
n RT-14 » " n u
RT-LobL A " L& R-15 " n " "

I1I-2.92-4
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TABLE I.- RESEARCE INSTRUMENTATION LIST, B-1 FACILITY, Cont’ad

Measure-
ment Item Description
Number

Figure 43, Core, (Cont‘d)

RT-16 T, Fuel Element No. 1b
g1y ™ W . d
RI.18 " ° " "
m._lg n L] ” n
m_m n n " "
RT-21 " " ® No. 16
RI.22 * P " "
m-23 " " n n
RT-24 " " " "
m_zs n " n "
RT-26 " " " Fo. 18
n n " "
. L] n ” n
g-g n "! L] n
RT-31 T, Module R-?'.G"
RT-32 "
RT-33 " " "
RT-3% " " .
RT-35 n n n
RT-36 " " Rw7.2"
RT-37 " "
RT- LJ " n
i
RT-"O L] L] n
RT-41 " " R9.6"
RT-"'Q " n ”»
" n "
M e w .
m_us n " "
RT-b6 " " Rel3.9"
m_h'{ n n 1]
n n ”
it S
RT-% " " n
RT-51 " " R=al6.1"
RT-52 " " n
RT-53 " " "
RT'S" ”w " ”
RT-55 " " "
RT-56 T¢y, Core Exit-Flement No. 3
RT-57 ¥ we S " o 7
RT.58 " noow " Ne. 11
m_sg " n L] L NO. lk
RI-60 " " " " o 16
RT-61 " "o " No. 18

Figure 3, Exhaust System

EP-1 Py, Ejector Inlet
n " n

EP-2

-3 " " "
EP-b  Bp, " "
EP-S w n n
EP-G n n n
EP-7 n n n
EP-8 " " "
EP-g " n "
EP-10 " Ejector Exit
EP-11 Py, " "
EP-12 pr, n L]
EP-13 Pg, " "
EP-14 By, n "
EP-15 P, " "
EP-16 Pl‘ . " n
EP-].? PS ) n n
EP-18 Pp, " "
EP-19 Ps, " "

Meagure-
went Item Description
Number

Figure 3, Exhaust System, {(Cont'd)

EP-20 Pp, Ejector Exit
P21 P, " "
EP-22 Pg, Ejector Mid-point, Ref/S
ET-1 Ty Bx!u‘n‘ust D.l'ct
"

ET-2

ET-3 " " n
ET-4 Tpy» Edector Duct
ET-5 w " "
m_6 " " n
m-'{ " " "
ET-8 " " "
m_g " " L]



E-2673-1IT1

*R4TTIO8E T ‘sandg




E~-2673-II

il FEET

ol FEET

TOR QUE METER:

TURBINE

TURBWNE
OUTLETY

TURBINE
INLET

Turbine power
control valve

i PRESSURE
VENT VAWEDS
( SERVO)

~— 2400 GWH,
SUPPLY

2000 GA\LLON
RUN TANK

TURBWE
FLOWMETER
TANK FACI\LATY VALVE

TANK SHUT-OFF
/ VALVE (SERVO)

85 FEET

TURBINE
FLOW METER,

Noz ZLE

BLEED PoRT" o

Facility turbine

valve \
TURBINE \
GAS BLEED

LINE

MOZZLE. INLET SPIDE

NOZZ\LE
©8 FEET

ABOVE _\

N,

PUMP

PUMP OUTLEY
/\IEN'\’UR\
e PUMP BYPASS To
TANK RETURN LINE
4 PUMP MAIN DISCHARGE.
VALVE.

PIPE STATIONS
—— A

TURBINE M 2
AN\
EXHAVST \ T~ Liquio ¥
_/\\ \ |Q 2

DUCT

REACTOR

3 DUMP VALVE

—b
4~ INCH NLET

PIPE

AR

i

'

\

—— C

m
\-_—_ — e ——— —— — . -

'D FACIALITY  VAQUL™
; EXHAUST

AY

GQROUND LEVE\LU

FIGURE 2 - Nuclear Rocket

Facility.

Cold Flow Experiment in B-1l



2ERO FLOW EJECTOR

Z-60'——

N ] n
y AT —
C
14"
ET-2
ET -1
ET-3

IDENTIF I~

CATION ﬁﬁ'&LE R RADIUS
EP ~ | O A"
EP-~2 240 1'4'%"
EP-3 {20 1'a'n"
EP -4 30 jo.62"
EP~5 30 7.25"
EP-G 30 5.25"
EP -7 210 10.¢.2"
EP-8 210 7.25"
EP-9 21Lo 5.25"
ET-4 30 10.62"
ET-5 30 7.25"
ET-6 30 5.25"
ET-7 210 | 10.62"
ET-8 210 7.25"
ET -9 210

7 =70

FIGURE 3 -

5.25" 7

EP 10,11
EP 12,13
EP 14,15

ALTITUDE EXHAUST DUCT SYSTEM AND INSTRUMENTATION

T1I-¢.92-3



Zero Tlow

To B-3

E-2673-IT

Secondary
ejector

8' Valve

ONp  load From
boller
house

O &)1
Nz N2
2400 2400
paig psig

-
3
f;iy—hq-fﬂ\

Hydraulic
unit

200 psia

lraq—oga——om—l
Steam

BZrR RO O

filter
1iquid level

facility temperature
transducer

preusuré switch
pressure regulator
hand valve

remote control valve
relief valve

check valve

faoility pressure
transduocer

-;-L_x burst aisk

Ox
t | < accumulator
x|
pRa—
T

Water
B
; 1
7 D.
“ | .
@ Stﬁ:eam ®- St‘:\ea.m ®- S}:\eam
CcC. CC. QQ.
No. 1 @ No. 2 No. 3

To retention basin

Pigure 4. - Bottled nitrogen and steam systems.
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%

flexible hose

<

line

B2 4 %@ E p! R

LNp
1111
line

E-2673-I1

Liquid Np dewar

.20 peig

From ONp
bottles

No gas trailer

2400 peig

To trailers

FE4s

*-— ;\
To remote — -
From LHo control valves o | s
tank 1 ‘—_ﬂ)
I To PR >
To vent «—— % % —
To PR« —>
To remote
— L control
— valves
To PR ! —
T To —
Pr @ To PR N
o] —s
To PR .,
— & { i—|
Down
stream
re To PR
He supply
L G He
To PR To PR To PR % line
® riiter "
dewar valve
@ toader actuation
@ pressure switch To PH
@ pressure regulator é
X hand valve
g
OX remote control b
valve
& Telief valve ? ? ? T To PR
Relief ——
- To remote
N check valve control valves ;31;:;:.
[@ faciiity pressure 2 &
transducer ‘—@

Figure 6. - Nitrogen system.




8" Pump inlet
LH2 1line

To

LHy 1line

To ejector

R i acuun

pump

To vent

(0

T &-
/O

O"iiFFggxic
air

To redctor

D%‘ window To LHp
tank o
insulation )
To ejector
box purge
To GH
iz dump 11ne trailes
manifold

Figure 7..- Helium System.

To LHp
5t Fef Pt > trgiles

1line

To GNp Lines

(’\

Helium gas
trailer

2400 peig

LI

filter

pressure switch
pressure regulator
hand valve

remote control valve
servo control valve
relief valve

check valve

flow meter

facility pressure transducer
s flexivle hose
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G He

[ purge

| QN2
purge

L4

["?"Tf%c

J

G He
P“{Be

G He

Hp

G He
purge

Pump

purge

G He
purge

bine

———

i

T

Engine 1

R e
m-:? 1 T ‘ Ev.c\j._. 1ine

Liqud

| .G He vent

purge

r—aa—el—*——

vent

Ejector

G He
purge

E-2673-1IT

r o I S—

Ho gas traller
2400 peig

Hp gas trailer
2400 psig

@ filter

€

o 0! &
purge X
aX

g g %% =

mx

o~

Liquia <]

o,

trailer ?

Pigure 8. - Hydarogen aystem.
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p
i

pressure switch
pressure regulator
hand valve

remote control valve
relief valve

servo control valve
check valve

flowmeter

* flexidle hose

facility pressure transduoer

burst disk



Hydraulic
No. 1

To servo valve

®

{T

T,
=

Hydraullc
No, 2

5 ®
D<t—
% F
To servo
7 valve
9

To servo valve

—

!

| m—-

Lube
oil

To 8servo
valve

,_(_ To turbopump

pump

f

To servo
valve

Figure 9. - Hydraulic and lube systems.
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To servo valve

filter

pressure switch
pressure regulator
hand valve

relief valve

check valve
accumulator

facllity pressure
tranaducer
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Purge Lines N

Figure 13,

Mark IX liquid h&ﬂrogen turbopump installation.
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Done /
Flow separator

Spring retainerw~— "
Support Plate——"""|

Mylar pedl-————

277777
rrr

LT

Asbestos seal

Support Tubs

L

Fuel element ——/"J

¥cdule ~——"""

|

Stand-cff-done
Bearing plate-dome-|

N
NN

Refiector Cylinder——
Impedance ring—"] L1
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\
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Item ¥o. _2
RR=-509 63
RR-810 63
RP=-141 53
RP-138 83
RI-186 B3
RI-175 63
RR=-603 b7
RR-604 57
RR-S11 B3
RR=612 63
RP=116 &3

[

105

Prossure shell

150
155

165
17§
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225

245

Item No.

RR-601

Pigure 37. - Reflector inlet plenunm instrumentation.
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63

63
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57
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45

30

365
356
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295
285
285
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Item No, ] 4

RP-119 150 1.25%
RP-120 150 7.25
RP~64 168°20" 1,25
P65 " 7.28
RP-66 " 13,25
RP-67 " 24,25
RP-68 " 36,25
RP~69 " 51,28
RP-130 170 1.00
RP-132 " 13,25
RP-133 » 24,29
RP+134 " 36,25
RP~135 " 51,28
RP-52 171940" 1,25
RP-53 " 7.28
RP-Sh v 13,25
RP-55 " 24,25
RP-56 " 36,25
RP-57 " 49,38
RP=76 177 1,25
KP-17 " 7.25
Kp-78 " 13,25
RP-79 " 24,28
RP-80 " 36.25
wp=81 " 51.25
KP-109 177 1.25
RP-110 " 7.25
RP-111 " 12.28
RP=112 N 24,25
RP-113 " 36,25
KP«114 " 51,25

Z roference plans given tu figure43.

GONHEOMIL L.

Figure 38, « Refleotor precgure instrumsntation.
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Item No, 9 z
RP-103 357 1,25
RP-104 " 7.25
RP-105 " 12,25
XP-106 ' 24,25
RP-107 v 36,25
RP~108 " 51,25
RP-70 357 1.2%
RP-71 " 7.25
RP-72 " 13.25
RP-73 v 26.25
RP«74 " 36.25
RP-75 " 51.25
RP~46 351940 1.25
RP-47 " 7.25
RP-48 " 13,25
RP-49 " 29,25 .
RP-50 " 36.25
RP-51 “ 49,38
RP-124 350 1.00
RP-126 " 13.25
RP-127 " 24,25
RP-128 " 36.25
RP=129 " 51,25
RP-58 348920° 1.25
RP-59 " 7.25
RP=60 " 13.25 '
RE-61 " 2,25 |
’p-62 " 38,28
wP-63 " 51.2%
RP~117 330 1.25
RP-118 330 1.25




Item No. | Z{in)
RT-164 1.25
RT-165 1e.25
RT-166 |2825
RT-I67 |3925
RT-168 4525
RT-/69 5125
RT-158 25
RT-153 | 16,25
RT-160 | 28,25
RrT-l6! |39,25
RT-162 |45.25%
RT-163 125
RT-I52 1.25
RT-153 16,25
RT-134 | 28.25
RT-I5S | 39.25
ET—I56 45,25
RT-187 |51.25
RT-146 .28
RT-147 1625
RT-148 |28.25
RT-149 |(39.25
RT-IS0 |48.25
R’g’—l‘il 51.25 oYY =73
Jtem No. g(f? em No. in.
RT={76 | 1.2 RT—200| .28
RT=177 | 16.2% R—20}| 16,25
RT-)78 | 2825 RT—20z|28.25
RT=]79 | 39.25 RT—203|39.25
Tro | 3720 Arsessize
T 5].2% fad 2
~[{88] 1.25 =212] 1.2
RT—/89| 6,25 -RT-2)3| 16,25
RT—I|S0\| 28.26 RT—-214 | 2825
RT=-19/ | 39.25 RT-2Ii5| 3925
g;’_—-;gz 45.25 R7T_-216 g.?.es
182 1.25 ‘E’f—%‘% .25
RT—I&3 | 16.25 RT-207| 1625
RT-/84 | 2825 RT—-208| 28.25
RT—/8%5 | 39.25 RT-209|3925
gvr'—-/ge ;525 Eg—glo %5.25
|87 1 51 25 -2/ | I.%%
RT=170 o —19 l.
RT=I71 | 162% RT-195 | 16.25
RT-172| 2825 RT-i96 | 28.25
RT~I173| 3825 RT-I197 | 39.25
RT~174 | 4525 RT—198 14525
RT-I75151.25 RT-I189 | 51 25 |
Figure 39.

iﬂl iimr\ 'il I I

Reflector temperaturs instrumentation,

Note:

TtemNo.l 8 (/n)
RT—122 | .25
RT-i23 | /625
RT-I24 | 28,25 v
RT-125 | 39,25 s0l2R
RT—i26 |as.25
RT-I27 |51.25
RT-128 | 1.25
RT-I29 | (6.25
RT-130 | 28.25 20.56R
RT-13] | 3925 $ 2
RT-I32 |45.25 X
RT-133 | 5..25 .V- R
A RT-140 | [.25 ¥ < j’i
RT-141 | 16.25 B A
RT-142 | 28.25 Tl
RT-143 | 3225 &/ 5o
RT-144 |45.25 VR
RT-145 | 5125
RT-i34] 1.25 | FHemNa] Z (in)
RT-135 | 1625 [RT-08 | 1.25
RT-I36 |2825 |RT-99 | 1625
RT-I37 |39.25 |RT-100 | 2825
RT-138 |45.28 |RT-l01 |39.25
RT-I39 | 5/.25 |RT-102 |4525
ItemNo| Z (/n. RT—/03 | 51.85
—218| /.25 RT=1i0 | 125 |
RT-2I19| 16.25 RT-/I | 1625
RT-220| 28.25 RT-112 |28.25
RT-221| 39.25 RT-113 |39.25
RT-222| 4525 RT—| 14 | 4525
RT-223| 5/.25 RT-1I5 | 51.25%
RT-224] 1.28 | RM=3/7| 1.
RT-225| 16.25 RM-318 | 1625
RT-226| 28.25 RM—39 | 2825
RrRT-227| 39.25 RM-320|37.25
’R?T-228 4?.25 Rbﬂ-—:ﬂal 4."5.32
T-229| 5 RM—322| 5/,
T=230[ i’%. ‘ RT=116 | I.
RT-231| 1625 RT—I17 | 16.25
RT-232| 28.25 RT~118 |28.25
RT-233| 39.25 RT-1/9 | 3925
RT-o35] 5 25 RT-i2; | 5105
~ / —121 | B1.25%
RT-236| /.25 RT—104] 1.
RT-237| 1625 RT-105| 16.25
RT-238|28.25 RT—106 |28.28
RT-239|39,25 RT-107 |39.25
RT-240 4525 RT—108 | 4525
RT-24!| 5| 25 RT-lo9 | 51.25

Z reference plane given in ﬂguro‘w-

II-$.92-%

_Typical
Seoment




Item No. | Z {in.)
RT-368 1.28
RT-369 28.25
RT-380 61.26
RI.378 1.60
RT-377 28.50
Rr-378 51.560
RI-287 2428
RT-288 28.25
Rr-289 80.26
RT-281 2.60
RT-262 28.50
RT-283 60.00
RT-~264 2,25
RT~285 208.28
RT-286 50.25
RT-T1 1.28
RT-72 28.26
RT~73 49,38
RT-68 1.80
RT-89 28.50
RT=-70 40.62

Itom No. | % (in.)
Rr-381 1.25
RTe362 28426
RT-383 61.26
RT-379 1.50
RT-3580 28,50
L 0.1:3 8 61460
RT-206 S. 25
RT-297 28.26
RI-298 60,26
RMe290 2.50
RT-291 28.50
RT=208 | 50,00
RT-293 2.25
RT-294 28,25
RT-208 50,25
RI-17 1.25
RT-T78 28,26
RT=19 49,38
RTe74 1.50
RT-76 28.60
.76 49,62

Flgure 42,

Item ¥o. | 2 {ins)
RE-276 2.28
RT-2T8 28.26
RP=277 6026
RT=85 l.86
RT~86 28426
RT-67 49,38
RT.82 1.50
RT-63 28.80
RI-84 49.82

B
\
. s
poS
<,

80*
VA
Y Ay
NN
™.
a3d
Iten ¥o. | 2 (iad)
RT=364 1,26
RT-365 28.35
RT-366 51026
R-382 1.80
RT-383 28.80
Rr-38¢ 51.60
RT-306 2.25
RT=306 28,26
R1=-307 §0.25
RT=-299 2.50
RT-300 28.50
RT-301 60.00

Pressure shell, control rod, and graphite oylinder temperaturs end acoeleration ilnstrumentation.

E-2873-1I

(Z reference plane given in figure43.)

Itam ¥o, | 2 (in) N o6 ref 0/";”’ 1tem lg, | 2 (im)
o
RT-272 250 ?“ 95 t° 2 RT-266 2.25
N=273 | 28.80 RT-267 | 28.25
Rt-274 | 50,00 Rr-268 | 50.28
RT-278 2.28 ‘g R‘f RT-263 2450
R1-279 | 28.26 RT=264 | 28.50
F1-280 | B0.25 RP-266 | 50,00
RT-378 1.60 ® ° m-269 2.26
R-374 | 26,50 N s RI-270 | 28.28
W-376 | 51.50 S o " RT-271 | 50.25
] -4
RI-356 | 1.26 AN RA-0 15
RT-858 | 28.26 o Il , ) RA=A 1.5
RI-367 | 51.28 P | P . 9
ry - RT-370 1.286
o e |l RT-371 | 28.26
A NN % RE-372 | 61.26
@ o
) 4 RT=588 1.60
o b= RI-380 | 28.50
- 7 o, ° RT-380 | 61.60
. x % RT-95 1.26
& > RT-96 28426
e \ RT-BT7 49.38
/ 3 i RY-§2 1.50
¢ P RT-93 28.60
\\ A Ttexm Eow | Z (1n) |00 | 45-6
, -350°
P e f RT-88 1.50
2 7 . RT.8Y 28.25
. - Rr-88 49.62
. / : 89 1.25
=90 28.26
77 RT=51 49.38
\ a3 | 225
RT-312 | 28.2%
RT-313 B0.26
Itenm No. | 2 (in.) RT=308 2.50
RT-509 28480
RA-270 | 18 RI-310 | 60,00
RT-80 1.50 Fr-314 2.25 .
RT=81 28.50 RT-318 28.26
FT-82 40.82 RT<316 | 60.25
RT=-83 .26 RT=-385 1.50
RT-84 28,25 RT-%66 | 28.50
R85 48,368 RT-387 | 61.60
RT-302 2.28 W RT-367 1.25
R-308 | 28.26 RP-368 | 28.60
| RT-304 | 50.25 %1-369 | 5l.25




Top of modu/es

Z=0

®
Tten No- (deg.) (11-)

HR~621 © 108
RR-622 115
RP-146 150
RP-145 166
RO-185 166
RP-86

rr-zes/ 174
RA-616 176
RO-176 176
AR89

-2 “} 175
RP-98

Reoed 176
RR-616 185
RP-95

- ‘2”} w7
RP-101

m-.zs)} 162
¥R-628 226
RAR-634 238
RP-151 245
RP-147 270
mm-817 275
RP-84

R‘r-zu} 258
RO-266 285
RR-618 285
RP-87

m-z«'} 254
RO-295 296

3.0

~3.0C

«0.28

Section A-A

=0.7¢
4.0

-0 25

=0.76

L —P2a-075

2= -4
2= -2
-E=-025
Iten Ho. & Z
(deg.) (in.)
RP-125 66 -8.0
RR-520 55  «8.0
RR-619 45 8.0
RF-148 30 -3.0
g::gg 549 ~0.25
Lo} 1 R
®-614 5 -3.0
RP-97
waer] 66 ~0.25
Mo} s -0.25
RO-355 356  =0.76
FR-81F 356 4.0
D oas] 354 -0.25
RO-345 545 0,75
oz} ss -0z
BPld4. 336 3.0
g:‘igg 28 -0.25
98
oty 296 -0.25
Bosy 27 -0.28
RP-90 1 206  -0.25

B2

Figure 41— Reflector outlet plenum insfrumentation.
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Teen no.

a4
AP-/22
FP-r23

~ /0.0
-2F5
-775

Teem g

AT — do2
Ar=402

Teem no

Ar-353
rr-2 54

Teem on

A7-3p2

AT-392
R7-343
A7 -34¢
FT-245

20,000 | 20.000
25./28 | 280
20. 94| 23.70
3/, 539 |23. 70/

AT-396 |34, /02 |25./181

K203 257525

A7-235
AT-336
A7-837
A7-337
F7-329
£7r-340
Ar-24/
Ar—39

296 | /£279
I 20080
3375|2578
12/ |343¢3
3506|258 828
30.413 | H.6/8
/687 2920
2. 500 | 20735

2u-~2/2

2v0,70p of modvle

LLLLZL

IpTasassnosvrisins

PrAI O HINERSS

Ll Ll Ll

NN

B

e
OO

Zeam .| @ | R
7~ 397 ase¢ | /7
RT-3¢? | M | 17
R7 =350 %2t | 17
Zeem na (=4
K7~ ot 2
Ar—FoE Ve
AT - 906 /7%
R7 -07 230
A7 =FO08 290
A7 ~F2q 350
AT -2/0 50
V.rke 44 /0
VoLl /&3 /70
P —4/5 230
AT~ Fr# 290
AT-R75 350

tea

N
i
b
Z=-

Flgure 42~ Dome and core Support plate instremencatcon.




Zeem 0. R 2
Ar-2¢ 170 26
ar-27 170 Q¥
AT-28 75 /23
Ar-29 70 3%
A7-30 70 #35
#r-2/ HI  Ze
AF-22  HE A4
A#7-23 ¢ /823
Fr-24 194 3Baie
Pr-28 A+ 485
Pr-#6 /39 3./
A7—97 LY /8592
Ar-78 /39 /LT3
Ar—d9 /3.9 3436
Ar-s0 /39 340
AP-pe /8.2 L5
ARP-AB7 52 515
A7-L6 /2.5 2.6
A7r-y7 25 sed
A7r-s8 /25 /523
A7 -s? /25 3%
ATr-20 /2S5 475
A=/ G 2¢
AT-y2  Z& SO/
ar=r3 J6 /823
Ar-/F & 33.8
Ar-r5 P4 G5
Ar-36 7.2 2/
Ar-37 722
A7r-38 7.2 /3.73
Ar-39 22 3€%
A7-f0 T2 SaX
Ar- 8/ 0é&2 347
Sr-32 veé2 [oRR
Ar-33 062 /873
A7-34 062 34X
Ar—-3%5 cez Svoo
Y rdal4 2,17 100
Ar-2 a/] 8.8
Ar—3  o/T 43
fr-4 047 322%
A7r-5 o] 977
Zery 7. K 124
£P-27 173 15°
Vet &2 /5°
FP-26 g2 /s5°
AP-37 g2 /5°
AP35 JAf /57
AP-39 R0 s5°

Zeem oo R Z
R7—-5/ A/ 3.4
Ar-52 A/ soie
A7-53 47 /873
A7-st L./ 343
A7-55 A/  SO®
AP-é /€3 2.6
mn-7 "2 Jo4/
-8 VAR A &
nr=7 A3 3%
AP /0 HE 4985
Ar—7 78 2.6
AP~2 5 44/
AP-3 25 JR22
AP~ g5 2%
AP -5 g5 IRS
Ar-41  2¢2 Al
A7-42 ¢ rAF7Z
A7 43  pd2 /RT3
A7 -#F R6Z 344
AT -#5 P2 B0
KT - € 5.7 2.60
A7 -7 < SO
Ar -8 £9 /423
-9 57 33¥
A7 -o 57 425
Ltempe K O
J ri-25 J73 15°
AF- 42 rs°
rF-32 g2 /5°
FP-35 /3.0 )5°
RP-34  y40  /5°
fr-20 02 /57
AL~ LT a5t
2025, L% 2 /b5 Ar-s2 43 /35T
= H L-rd 87 /35
AP - B0 8T
FP-05 O s25°
B Z2=/04 APSE g2 35T
A7~ LT 75
£7-57 €3 75
| Z2=/82 A7-5E 5.8 75°
A7-59 /29 75°*
KF7-66 39 75°
Ar=&l J70 75’
V2 A S i
AP-4/ 43 75°
ne-92 2.8 75°
s (29 75°
Al IZT 75
A 120 z°

g = 5025

Figure X — Core

Lonstromes et ion

M Modv/e

Foe/ efervest

O 7—)',” ical Sfoel
element pembers

IT-2L92-&



Bage material,

Copper -plug.

(brazed in plug).

(a) Thermoocouple installation for
Ty measurements in mstal parts.

Graphite base
material.

Graphite epoxy
potting compound.

Copper-congtantan
thermogouple.

(¢) Thermocouple installation in graphite parts.

Thermocouple welded ou for Ty

Filler plug sume meterial as base,

Copper coustantan thermocouple

E-2673-1T

py tap drilled through
and plugged on outside.

Epoxy res Ln-‘/ M

Py Probe.

Fine wire thermocouple
(0.001 in. wire).

(v) Nozzle tube instrumentstion techniques.

1
1611)- dia. tube

tt 1
Potted with aluminum (0,012 in, wall).

epoxy resin,

0,040 in. dia. tube (0.006 in,
wall) bregzed to I}G.in. dia. tube.

0,029 in. drill for p, tep.

(d) Static pressure tap instellation in reactor components.

Flgure 44. - Details of typical pressurs and thermocouple installations.
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L ~  -Pigure 49. = 1401 system showing 1401 computer, 1402 card reader;and puncly '
' ...and 1403 primter. . S C
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loxtoumenie-  Digital Recorder Data Tape Editing (scope Dats Tupe Retrieval Retrieved Date Tape
Y{voltage) 8 magnetic) | 8 (scope) (magnatic) (1103) (magnetic)
! Plum Brook 1 I 2 4
| | Retrieval
i Pipgn
: 4 Tape
- - - - =~ Retyieval Instructions | Tape Punch paper) Data Tape Dats Storage
{(written) (magnetic)
]
Hydrogen Properties
Subroutine and
Library of 1103
Calculation Subroutines s .
Instructions Programmer Tape Punch (plperg Plan Assembly
(1103)
i 8
Desired Information Program Program Program
(calibration date, terminpal Programaer (Type- Card Punch {cards) T"h:;:rbly {magnefic)
equations and material written)
properties) 9 10 11
~B-L Prediction Codes
&" Pipe 1
18 .
— Fleots 1103 Out-
Listing sutput Tape Transcription ut Tape Data Processing
1 z roc
Lists (1801 magnotic) (1103) magnetic) (1103)
Nozzle 10 14 13
Cards 12
Reflector
20
Output Tepe
Card Punch ?LQ“-»'—’!E Curve Pit Routine Change to 709
t ge to 4 Format
magoetic) (7059 {(magnetic) (1401)
Core 17 16 15
21

Figure 5¢.- BLOCK DIAGRAM OF AUTOMATED DATA REDUCTION PROCEDURE









