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ABSTRACT

\\!?
As part of the program for the development of a veliable vapor-

filled thermionic converter for use with a nuclear heat source, a series

of inpile experiments was conducted. "The inpile experimental program

cunsisted of two phases.

The first phase was a series of inpile heat transfer experiments
i which a niclear -fueled emitter was operated at the temperatures and
heat flux required by the thermionic converter. Emitter temperature
distribution data with electrical and nuclear heat sources were similar,
No adverse temperature perturbations were introduced by the nuclear

fuel,

The second phase was the successful inpile operation of the RCA
Converter, Type A-1197A, for 300 hours in the Lynchburg Pool Reactor.
A maximum electrical power output of 155 watts (2. 58 watts/cm?) was

produced at a computed efficiency of 10.3%,
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1 INTRODUCTION AND SUMMARY

11 Introduction

1 1.1 Purpose

As part > the program for the development of a reliable
vapor -tilled therm.onic cor rerter for use with 2 nuclear heat source, a
ser.es of npile exprr.ments has been conducted. The work was performed
m conjunct.on with rhe Radio Courporat.on of Ainerica under Contract
No NObYs 84823 from the U S XNavy Bureau of Ships. The objectives

of the :npile exper:mental program were

i To operate a nuclear-fueled ematter at the temperatures
ard Feat 1lux requ.red by the thermionic converters developed under the

prime contract.

2 To operate a naclear-fueled thermionic counverter in the

Lyrchburg Pool Reactor tLPR: for a period of up to 100 hours,

The period of performance for the inp.le experimental pro-
gram was diune 7, 1262 to Jauuary 30, 1963  After the suc. essful com-
pittian ot the 100-hour thermionic -converter experiment, approval was

rece.r &l tor the continuation of *he 1np le test an additional 200 hours.

1 1 2 Program Desription

The overall test program for the development of a nuclear-

‘ucled thermionic des.ce consists of three major parts

1 Electr.cally heated converter tests.
2  inpile heat transfer experiments.

3 Corvyerter exper:ments,

The general approachk has been to develop the converter and
prove its performance by electr.cal test before inmtiating extensive reactor
tests  Throughout the converter development program the requirements

for ultimate use of the converter as a subcomponent cf a nuclear reactor
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were considered The selection of materials and the geometry of the
convertar were tailored to the requiremests of the nuclear reactor fuel
element  As a resalt a prototype thermiviic converter unit was manu-
factured by RCA for the inpile test cperations. The description of the
development of the converter design has been reported in a series of RCA
Quarterly Technical Reports. This report describes the subsequent inpile
experime..tal prugzram for testing these devices.

The npile experimental program was divided into tw
The first of these was a series of inpile heat transfer experiments 1n .<h

aaclear-faeled emitter was operatud «t the heat flux and temperatures

Y

required for the therm.onic converter operation. The second phase was a
390-hour life test of a nicizar-fucled thermionic cenverter in the Lynchburg
Pool Reactor. The fciliowing paragraphs describe the conduct of the inpile

experimental program.

» 1.5 Inpile Experiment Chronology

To carry out the plasned program of inpile experiments, it
was necessary to upgrade the povier capability of the Lynchburg Pool
Reactor to one megawatt. A forced circulation cooling system for the
reactor and a cooling tuwer were added to the facility to provide for the
increased power vutput These modifications were made by The Babcock
& Wilcox Company without cost to the contract and were carried out in two
d-~11r ot steps.  The first modification permitted operation at 450 KW for

one heur, the secur e rermatied

forced circulation
Before modifications to the pool were begun, a nuclear meas-

uremients program was conducted. One purpose of this program was to

17

verifyv that the upgrading steps were consistent with the power and time

regquirements< of the scheduled experiments. These measurements estab-

lished that a power level of 450 KW was adequate for the heat transfer )
experiments, but a power level of one megawatt would be required to pro- -
vide sufficient margin to meet the pusc: requirements for the thermionic -

cunverter experiment. A sccord purpose of the nuciszar measurements
was to determine neuwtren ilux distribations in the core and in the experi-
ments., Accurate mock-ups wer= made of both the heat transfer and con-
verter inpile configurations  Flux and reactivity measurements were

made with these mock-ups.

1-2
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While the nudleer measurenr=  t. and mod.iications to the
pool were 11 progress, the design and tabrication of the heat transfer
experiments were carried cut  Electrical calibration experiments were
perforrmed with the heat trar=fer device to provide a comparison with the
temperature and power results later obtained inpile The first series of
inp.le heat transfer experiments was conancted from September 12 through
Septcmber 20, 1762, and consisted of three separate power runs.

When the first series of inpile experiments was completed,
the second pool modification was mnitiated  Meanwhile the assembly of
a second heat transfer device proceeded Improvements based upon
results from the first series of experiments were incorporated in the fuel
preparations, the device assembly, and tne experiment overation and pro-
cedure for the second series of inpile tests

In addition, the design of the inpile converter esperiment
proceeded as a cooperative effort by RCA and B&AW  During this period,
RCA made a number of changes 1n the converter configuration, which
made the device more readily adaptable for inpile operation.

After modification of the rezctor to permit continuous opera-
tion at one megawatt, the necessary checkout of cquipment was made and
the second series of heat tran=fer experiments was begun. This series of
expe riments ook place between December 14, 1962, and December 31,
1962, &nd included six power runs Also 11 cluded were a number of dvnamic
experiments to stidy the heat transfer characteristics of the device

The thermionic © nveiter tc be operated .n the Lynchburg Pool
Reactor was fabricated and tested by electrical heatirg of the emitter at the
RCA plant 1n Lancaster, Pennsylvama Suosequent to delivery on Decemober
19, the uranium diowide fuel vellets, which had been previously outgassed,
were loaded 1in the emitter cavity and the closure weld was made  Final
outgassing ard sealing of the fucl cavity were accomphished prior to instal-
Iing the fueled device in the test asscimbly

This assembly was then installed inpile on January 14, 1963,
and final preparations and checks were completed on Janaary 15 Electrical
pover first enceeded 100-watts output at 2006 on January 15. Upon com-
pletion of the scheduled 100-hour test, approval to cortinue the experiment
an additional 200 hours was received The 300-hour mark was successfully

reached without interruptior and the experiment was term:nated at 1553 on

1-3
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January 28, 1963. F.gure 1-1 shows the Key evenrs That ocourred

during the inpile experimental program.

1 2 Sammary

1.2.1 Heatr Transfer Experiment

The aear rransfer experimental program was carried out
in three steps The first step was a ser:€s of electrical calibration
experiments .n which emitter temperat.re and calorimetric measure-

ments were made 1n an electrically hes e Zevice. The sciond and

th rd steps consisted of a series of inp.is heat rransier experiments
For the inpile exper:ments the device consisted of a
nuclear-tueled em:tter within a4 sta_nless =teel outer can. Heat was

mtially transferred by radiation from *he em:tter to -n sluminum split

sleeve and then by (ondu.tion te *he outer - an An alum_num water

«ooled jacker was insralled around the cuter cin znd the eniire assembly

was contained in alum_num to provide dual-centainment for the exper:-
ment inp:le.

Thermocouples were located on the emitter to measure
circumierential and ax:al temperarure distributions. Inlet and outlet
water temperature znd flow measurements w.e-e made for calorimetric

calibrations

of three reactor power runs In the first experiment. emitter tempera-
fure mecasurements were made at ~:1ght* reactor power levels from 20 to
350 KW At the max:mum reactor power of 3502 KW. a maxsmum

er. trer temnperature of 1433 C was 1ec-hed at the m.d-plane. The irput
power 2 the ematter =t this reactor power was 1243 watts. Two adda-

tional power runs were made with this

During these experi-
1ents the emitrer temperatires redued with time at 3 constant reactor

power :ndicating improved heat transzfer Zetwesn the emitter and sur-

rounding split sleeve. Since fission gasses could diffuse .nto this gap,

the change 1n heat rransfer chara.ter:

s was attr:buted to improved

gaseous conduction.

The first seri=s of heat transfer experiments

was important 1n showing the equ.valence of the nuclear and electric

1-4
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nesl s0a1.es  Also, the resalts led 1o a number of improvements in
fuel and device outgass.ng, vacuum capability  and experiment instru-
mentat:on and eperatton, which were in.orpor :ited before the second

series of experiments was carried out

1 2.1 2 Inpile Heat Transfer Experiment Series 2

The secwund series of 'npile heat transfer
~xperiments consisting of six power runs was carried out after the

ng of the fuvl Teactor to 1 one megawatt capability was com-

=]

he device was of the seme design as that of the tirst series.
The *hermooouple patlern was umproved te provide more axial tempera-
ture measurements
Tu insure meeting both the ermitter tempera-
tore .nd heat flux cbrectiives the reactor power was increased in steps
« 2=2 KW, where o maximum em:tter temperature of 1358 C was
d

Temperatures remained constant at a constant reactor power

i1 202 KW tor apnrovimately two hours Thereafter, 1t was necessary

10 increasc the reactor power to hold the desired emitter temperature

o]

t 1350 € A max.mmum reactor power ot 390 KW, corresponding to a

wer mmput to the cmitter of 1699 watts  was required to reach an

[
|

mitter tempersture of 1357 C approximately four hours after reaching
1333 C at the 262 KW reactor power level. The reactor power level

was heid 2t 390 KW o3 4 himiat 01 the maxirnum desired heat flux and

fhe cnmutler tempyer="".T< 3 cont.naed te drop w th time  Emitter tempera-
ccre recorded Continuously threughout the experiment.

Two add:tior.zl power runs were made to

er nvestigate *he Lhange in heat transfer evident 1n the first power

n In sgd.ion three experiments were pertormed to determine the

[
b
-
4

m.¢ behasior of the system with changes in heat input  These

experiments .ntolived bring ng the system fo equalibrium power and
then muaking 2 r=pid ponwer change Usually the change was made by
2. rammung the rea.tor With n the a:ccuracy of the experiments, the
dvnarmi. and static measurements of the heat transfer characteristics

he em:tter to-wolicitor gap were in good agreement.

.

Based upon the results obtained 1n the second
reries oi npile hea? transfer experiments. the follow.ng conclusions

were readhed

e T L TR T TR R T TR
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1 Tre em tter temoerature ond heat tlux objectines
were successivlly met  An ematter = .rtzoe temoerature ot 1350 C
was achier e with a mavr e power aput of approasimately 1700 watts

tu rhe emitter

2  Temperature distr.bution measurements indicdate no
aav.ree temperature perturbations are introduced through the use of

tone niclear fuel pellets

3 Although an anal,tic evaluation was made. a post-
.rraa atior examinaticon 1s required to esteblish an accurate value for

t-e fission-cL=2s release rate

+ The d.r+mic behar 1or of the 5ystem was adeguately
des.ribed with ¢ sinpgle lumped parameter fime constant  Since a single
‘ime consfent decay was used the separate mechamsms of radiative
and conduct:ve heat transfer could not be independently evaluated How-
e+ er ke method did 1indicate how aralivtic studies of the kinetics can be

s mplified -

The heaf transter experinients are reported :

're2ter ofall in Section 3 and Appendix A

P22 Trermiuonic Converter Experiment

The mnpile thermionic «on erter essembly censisted of
trr e osect e TH¢ copsverter suctior cunsisted ot the RCA Converter
Tipe A 1197A wih vcsium-be tter assembly device thermocouples
2 I imstruamettation losds an alumunar cooling 1-ckot wath associated
cedlant tubes znd an outer aluminum <an Tbe converter section was
cooled to a Jo.d section that ¢xtended above the wctive core and con-
te ned the coolart lines and calibrated tubes *haet made up part of the
electrical Io.d A portien ot the total lead was placed inpile to mini-
mroe 1t ~1z¢ ot the conductors brought to the top of the pocl  The out-
ci-pute portaon ot the losa untained a v .riable resistance leg to permat
vartation of the load externally Figure 1 21s a «ross section of the
commverter soation 0f the assembly It e load section 1s shown sche- -
marieally Tre load secr.on was connected to a dry pipe which extended

approximately 13 feet from the reactor to the surfice of the pool  The e

clectrical leads the inlet coolant line which was also part of the load

1-6
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and the thermocouple and cesium heater leads sere conta:ned within
this dry pipe. Helium gas lines were included for purging ™¢ assembly.
On one occasion during the experiment, flow through the hel:um circuit
was used to cool the cesium reservoir.

The thermionic converter cxperiment was conducied in
two steps. The first step consisted of the electrical testing of the
thermionic converter using the inmle converter section components,
The second step was a 300~hour life test of the nuclear-fueled thermicnic
converter in the Lynchburg Pool Reactor.

The inpile operation of the thermionic coaverter et the
experiment objectives. The device started smoothly and produced an
average electrical power output of 132 watts for a major part of the
test. With helium flow to cool the cesium reservoir. the device
produced a maximum electrical output of 155 watts (2. 58 watts/cm?)
at a computed efficiency of 10.3% . The device ran for a tetal of more
than 300 hours, although the last 50 hours were at a somewhat reduced
electrical power output. During the power run, the device produced
approximately 38 kwhr of electrical energy.

A number of experiments were performed during the
300-hour life test to determine the converter characteristics. However,
additional experiments are required to thorougnly investigate the
thermionic converter performance in a :* ‘ear environment

The thermionic converte. ~xperiment 1s reporied with

greater detail in Section 4 and Append:x B.
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Figure 1-1. Inpile Experiment Chronology
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Frogram began June 7, 1962,

Nuclear measurements were corap coed and pool modification to 450 KW began on July 23, 1962,
Modification was completed - Pool operated .t 420 KW on August 24, 1964,

First electrical heat transfer saperiment - August 23, 1962,

klectrically heated expe riment of {irst inpile device - Septembor B, [962,

Firet inpile heat transfer experiment - September 12, 19262,

Heat transfer Experiment Series | condncted September 12, 1962 - September 20, 962,

AEC license for |-MW operation received - November 15, 1962,

Reactor checkout and calibration completed - operated at 1 MW on November 26, 1964,

Heat Transfer Experiment Series & ¢ anducted December 14, 1962 . December 31, 1962,

Electrical operation of converter at RCA by RCA and BAW - October 8, 1962 and November 26, 1962,
Converter delivered to B&W - Deceinber 19, 1962,

Fueling, outgassing, and assembly uf experiment by RCA and B&W - December 19, 1962 - January 14
Installation and checkout of experiment inple - January 14 and January 15, 1963,

Thermionic converter inpile experirnent begun at 1135, January 15, 1963,

Thermuonic converter inpile experiment completed at 1553, January 28, 1963,

. 1963
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2. NUCLEAR MEASUREMENTS

2.1. Introduction

2.1.1, Purpose

A nuclear measurements program was carried out to
establich a reactor core configuration suitable for conducting the inpile
heat transfer ard thermionic converter experiments, to determine the
reactor power level required to supply the necessary input power to the
experimental device, to measvure the reactivity effects of the experi-
ment components, and to determine the flux characteristics of both the

core and the experiment,
2.1.2, Scope

A graphite reflected core with a center experiment hole
was used for all inpile experiments. Vertical and horizontal thermal
neutron flux measurements in the core were made A series of mock-
up experiments was carried out. The mock-ups began as simple
devices and became more exact as the design of the inpile heat transfer
and converter experiments progressed. Two mock-ups that closely
simulated cach experiment were constructed and were used for the
measurement of flux distribution, reactivity effects. and the reactor

power level required to provide sufficient input power to the device.

2.2. Reactor Core Configuration

To carry out the planned experimental program, a reactor core
with a central hole equal in size to a fuel element (3 in. X 3 1n. cross-
section) was loaded. This created a water-moderated flux trap in the
most active region. To further increase the specific flux in the experi-
ment, graphite reflector elements were used outside the active core,
thus keeping the core size to a minimum.

The core uszed for the inpile heat transfer experiments. designated

LPR Core 143. is shown in Figure 2-1. To insure that there would be
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changed to a configurat:ion designated Core
of replacing a part:al fuel element \P-71, 95 grams of U¥% with a full
fuel element (190 grams of U®%). Tkis core had a cold clean. excess
reactivity of 2. 69% ok/k.

A horizontal and vertical thermal neutren flux map was made in

Core 143 by using one-guarter-inch dvsprosiaum-aluminum foils. The

-
-

Lat

results are shown in Flgure 2-2 and Figure

2.3, Mock-Up Exper.ments

2.3.1. Preliminary Measurements

To make a preliminary determ nztion as to whether the
planned upgrading of the pool reactor to a one-megawatt capability was
adequate to carry out the experimental program us:ing fuel enriched to
20% by weight of U®% power sharing measurements were made in a
s.mple mock-up of the em:tter assembly These experiments also
provided a check~-out of the measurement techniques to be used 1n later

mock~ups.

2.3.1 1 * Descr ption of Mock-Up 1

Mock-up 1 was made of stainless steel, six

and one-half inches long and one .ndk in outer d:ameter A 0O 5-Inch

hole was dr.lled through the length of the piece. The ends were *hreaded

to allow them to be sealed by bolts and O-rings The end piugs were
fitted with spacers to center the devi.e 'n the hole Figure 2-4 illus-

trates the construction of Mock-up 1.

2.2 1 2 Experimental Results

Mock-up I without fuel had a react:vity worth
of -~ 40.5 £ 5 0 cents. The addit'on of the fuel stack resclted 1n a
reactivity worth of + 21 & cents or a net increase of about 62 cents for
the fuel. The reactivity measurements were made by comparing
critical rod positions w:th and without the experiment :n place. (The
displacement of water from the test holes increases reactivity.)

Ax:al flux distribution measurements were

made and are summarized in Table 2-1.

2-2
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The power-sharing evaluaticn :ndicated the
227 ~enriched fuel would probably provide suffic.ent input power to the
davice at power levels consistent with the planned upgrad:ng schedule
However, because of the d:fferences between the simple mock-up and
‘he proposed experiments, these results were used primarnly as a quick

imdication of a possible problem area.

2.3.2 Converter Mock-Up Experiments

2 3.2 1 Description of Mock-Up 2

Mock-up 2 consisted of an alum num can of

w0

uificient size to conta.n :n a water tight environment a Type A-1197
he

I
"t

m.onic converter w.th 3 single laver of « nllector cooling fins or

11y the emitter from the devee. The alum.n.m an was 2.4 inches

o

o élametelr with a 200-m1l wall and was des gned "o duplicate the size,
water exclusion and metal volume of the thermion:c converter experi~
ment (The outer diameter of the therm.on ¢ «onverier experiment
=sed in the 300-hcur run was 2 4 inches cver the active fael region }
F:gures 215 and 2-6 are photographs ¢f the assembly and « omponent

garts of Mock-up 2.

2.3.2.2. Experimental Results

Two rea.tivity experiments were conducted
5.z }\‘L}Jx-up 2. In the f215t experiment the rea tivity worth of the
entire device wollector ematrer. fael and aluminuam can, was £ 37 9

cnts In the

o

~ecord experiment the em trer fuel, and can were worth
$1.02 1n reactivity Therefore the net reactivity worth of the col-

lector ard fins was - 66 3 . ents

Power-shsv.ng mea-arements with Mock~up 2
.rdictated a reactor power level of 540 KW zould be reguired fo produce
the desired 1500 watts power :nput to the thermion_c device. This level
:5 1n good agreemnent with the 520- KW reactor power level at which a
mmaor portion of the 300-hour run was .ondu ted

Measurements with Mo. k-up 2 with em.tter,
fuel, and alum.num < an :ind:cated « rea.tur power level of 440 KW would
be required for the heat transfer expe-.ment. Since it was desired to
conduct the heat transfer exper.men® befcre the rea tor was upgraded

to one- megawatt operation and while rhe reactor power was him:ted to a

2-3




maximum of 450 KW, this experiment showed the need for reducing the
experiment diameter to insare sufficient input power would be available
within the specified limitation. Section 2. 3.3 describes power-sharing
measurements in which the experiment diameter was varied.

T+o methods were used to determine the power
distribution axially along the fuel pellet stacks during.the power-sharing
experiments. The first method was a simple gamma counting of the
gross fission products in each pellet on a scintillation counter. The
pellets were counted approximately two days following the irradiation.
The gruss counts of the pellets were divided by the peilet weight,
resulting 1n a specific activity which is proportional to the power
generated 1n each pellet. These data appear in Table 2-1. There are
no data for Pellet 3, since this pellet had been dissolved for Ba-140
measurements.

The second method employed thin U-Al alloy
foils, irradiated between the pellets. The foils were 0.002 inch thick, -
0.484 inch in diameter, and 18%-by-weight fully enriched uranium. -
Each foil was covered with 0.001-inch aluminum foil to protect against .
random fission-product contamination from tr 2 adjacent pellet surfaces.

Figure 2-11 shows the foil position numbers with respect to the fuel
pellet stack. All data have been stmmarized in Table 2-1. These data,
except for that —f Experiments 73-11, and 73-13, are shown in Figures
2-7 and 2-8. The data from these {wc experiments was nct plotted
because 1t was inconsistent with both the pellet data and the data from
the other four e~periments. Since no foils were placed at the ends of
the fuel stack, the pellet data is believed to represent the most accu-

rate axial power distribution.

2.3.3. Diameter Variation Experiments

2.3.3.1. Description of Mock-Up 3

Mock-up 3 consisted of a thick-walled alu-
minum cylinder, sealed at the ends by rubber gaskets and two plexi-
glass spacers. The outer diameter of the can was two inches for the
first experiment. Between successive runs, the aluminum can was
machined to a smaller diameter, thus increasing the amount of the
surrounding water moderator. The inner diameter was kept constant

at 15/16-inch.
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2.3.3,2. Experimental Results

Figure 2-9 summarizes the reactivity meas-
urements as a function of diameter for Mock-up 3 containing the emit-
ter and fuel. Figure 2-10 summarizes the power-sharing measure-
ments. The axial power distribution measurements obtained with

Mock-up 3 were described 1n Section 2.3.2. 2.

2.3.4. Heat Transfer Mock-Up Experiments

2.3.4.1. Description of Mock-Up 4

Mock-up 4 was intended to closely simulate
the heat transfer experiment design. It consisted of the Mock-up 2
aluminum can, the stainless steel outer can to be used is in the heat
transfer experiment, Kovar washers to simulate the end caps, and
water filled aluminum tubes to simulate the heat sink. Figure 2-11

18 a cross section of Mock-up 4.

2 3.4.2. Experimental Results

Power-sharing measurements with Mock-up 4
indicated a reactor power of 450 KW would be required for the heat
transfer experiment. This value is consistent with the 440 KW deter-
mined with Mock-up 2. (Both experiments were at the same outer
diameter.}

A complete flux map was made of Mock-up 4
uasing 0.004-1nch by 0. 25%9-inch-diamerer ¢.pper foils. Figure 2-11

18 a

(g}

ross section showing the results of this measurement One of
the uranium-aluminum foils used in the axial flux distribution meas-
urements (Section 2.3.2.2) was sectioned and the ind:vidual segments

were counted. The results are shown in Figure 2-12.




Table 2-1.

Summary of Axial Flux Measurements

U-Al foil data

2-6

Expertment Foll Relative Normalized
Mock-Up no. poasition no. Fedl no. activity position 1
1 73-3 1 1 1.0165 1. 0000
2 2 0.9932 0.9771
3 3 0.9833 0.9673
4 4 0.9783 0.9624
5 5 0.9882 0.9722
2 73-10 1 1 1.05053 1.0000
wirh converter, Z 2 0.9467 0.9417
fuel, no end caps 3 3 0.9384 0.9334
4 - 4 0.9219 0.9170
5 5 0.9314 0.9264
2 73-11 1 8 0.9958 1. 0000
with emitter, 2 9 1.0133 1.0176
fuel only 3 10 1.u470 1.0514
4 11 1.0603 1. 0648
5 13 1.0380 1.0424
3 73-12 i 1 0.9904 1. 0000
with 2 2 0.9178 0.9267
can diameter 3 3 0.9147 0.9235
= 2.0 inches 4 4 0. 8941 0.9027
5 5 0.9071 0.9159
3 73-13 1 K 0.9686 1.LG00
with 2 8 1. 0092 1.0420
can diameter 3 10 0.9665 0.9978
= 1.75 inches 4 11 1.0175 1.0505
S 13 2.1025 2.1704
3 73-14 1 1 0. 9954 1. 0000
with 2 2 0.9289 0.9332
can diameter 3 3 0.9097 0.9139
= 1.5 inches 4 4 0.9035 00,9077
5 5 0.9180 0.9222
Fuel pellet data
Pellet no.
i 73-2 1 2,283 1. 0000
2 1.955 0. 8563
4 1. 887 0.8265
5 1. 895 0.8300
6 2.176 G.9461

e e
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Figure 2-1. Cross Section of Core 143
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Figure 2-2. Horizontal Neutren Flux Distribution
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Figure 2-3. Vertical Neutron Flux Distribution
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Figure 2-6, Components of the Converter Mock-Up Experiment
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Figure 2~9. Reactivity Vs Mock~-Up Container
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Figure 2-10. LPR Power to Produce 1500 Watts 1n the Experiment
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Figure 2-11. Cross-Section of Mock-Up 4 With Flux Measurements
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Figure 2-12. Radial Power Distribution in the Fuel
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3 HEAT TRANSFER EXPERIMENT

3.1. Introduction
3.1.1. Purpose

The basic requ.rement for the heat transfer experiment was
to operate a nuclear-fueled molybdenum emitter at the temperature and
heat flax needed for the thermionic converter operation These conditions
were an emitter surface temperature of 1350 C and a heat flux at the fuel
surface of 100,000 Btu/hr-ft?. The heat flux condition corresponded to a
power input to the device of 1500 watts. The purpose was to investigate
the performance of the fuel and clad at design conditions A secound pur-
pose, though not a specific requirement, was to measure the emitter cir-
cumierential and longitudinal temperature distributions By comparing
these measurements with those cobtained using the same device heated
electrically, 1t could be determined if the fuel pellets would introduce a
temperature perturbation that would adversely affect the electrical per-

formance of the conmverter in the subsequent inpile test.

3 1.2 Scope

The heat transfer experimental program was carried out 1n
three steps. The first step was a series of electrical cahbration exper:-
ments 1n which temperature and calorimetric measurements were made
in an electrically heated device Experiments were performed with an
internal vacuum and with helium gas at low pressure. The second and
third steps consisted of a series of inpile heat transfer experiments.
Inpile Heat Transfer Experiment Series 1 was made up of three inpile
power runs using the same device that was used previously in the elec-
trical calibration experir vs. This first series of inpile experiments
was carried out befere t e upgrading of the LPR to a one megawatt capa-
bility was begun. Consequently, the time available at power for these

experiments was limited. Inpile Heat Transfer Experiment Series 2 was

BT Rl W



carried out 1n an assembly of nearly identical design to that used in the
first two steps. However, since the upgrading of the reactor had been
completed, the time available fur the performance of these experiments
was limited only by the objectives of the particular experiment. Six
prwer runs were made with this essembly, including three power runs

to test the dynamic characteristics of the device.

3.2. Experiment Design

3.2.1. Design Considerations

The design of the heat transfer experiment was influenced by

the factors discussed in the following paragraphs.

3.2.1.1. Electron Cooling

In a thermionic converter producing electrical
enerygy, a sigrificant fraction of the energy transferred from emitter to
collector is transferred by the electrons. Consequently, to duplicate
both the desired temperature and heat flux in a device producing no elec-
trical energy, an alternate heat transfer mechanism was needed to com-
pensate for the electron cooling. Initial calculations showed that 1t was
possible to transfer the entire 1500 watts input to the heat sink by a com-
bination of the normal end-conduction losses and by radiation, provided
the emissivity of the emitter surface could be increased to more than 0.5
ard the emitter temperature was allowed to reach 1400 C, a temperature
50 C kigher than design conditions., The emissivity of the emitter was
mcreased by sandblasting the surface, and an experiment was performed
at RCA to determine whether sufficient radiant heat transfer could be
achieved. The results showed that a temperature considerably higher

than 1400 C was needed if radiation alone were used. Therefore, it was

decided to augment the radiant heat transfer by gaseous conduction between

the ematter and a simulated collector. Gas pressure could then be used

as a variable to achieve the desired temperature at the design heat flux.

To permit varying the heat transfer rate from the emitter without changing

the heat transfer characteristics of the fuel region, a two-compartment
design was adopted. In this way the emitter temperature could be varied
by changing the gas pressure in the outer compartment while beginning

the experiment with a vacuum in the inner fuel compartment.

3-2
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3.2.1.2. Longitvdwinal Temperature Distribution

To obtain the most meaningful longitudinal tem-
perature information, 1t was necessary to establish the same heat con-
duction losses out of the ends of the heat transfer device as those of the
converter, This goal and the decision to use a two-compartment design
alsc made it desirable to use, with some modifications, the converter

emitter support structure.

3.2.1.3. Thermal Design

A werthwhile simplification in the experiment
thermal design was made by allowing the temperature of the stainless
steel can containing the emitter to be the same as that of the water coolant.
This was accomplished without an adverse effect upon the longitudinal tem-
perature distribution by increasing the thermal resistance of the emitter
support structure. Figure 3-1 is a drawing of the special emitter assem-
bly supplied by RCA for the second series of inpile heat transfer experi-
ments. The support structure was changed from that of the design con-
verter by increasing the outer diameter and reducing the thickness of the
Kovar suppert disc and by reducing the diameter of the molybdenum sup-
port pin. Also, increasing the diameter of the support disc provided suf-
ficient space for the installation of thermocouple lead-throughs around the
oatside of the copper diaphragm. Because the outer can ran cool, low-
temperature, small-s:.¢, dual-lead thermocouple lead-throughs could
be used. With a large number of temperature measurements to be made,
the size and type of lead-throighs were important from the standpoint of

the effect upon the experiment diameter.

3.2.1 4. Experiment Diameter

Prior to upgrading to one megawatt, the reactor
power was limiteg to a maximum of 450 KW. The preliminary nuclear
measurements described in Section 2 showed the importance of minimizing
the experiment diameter to insure producing 1500 watts in the device within

the 450 KW limitation.
3.2.1.5. Safety

To insure the safety of both reactor and experi-

ment, a dual-containment philosophy was followed. That is, it was
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required that the fuel region be separated from the reacter water by twe

separate sealed containers.

3.2.2 Design Description

The component parts that make up the heat transfer assembly
are shown 1n the photographs and drawings of Figures A-11to A-131n
Appendix A. Also included 1s the assembly procedure that was followed.
The description of the experiment 1s divided into two parts corresponding
to the particular function of each part The first part 1s desigrated the
heat transfer device. It was 2 sealed unit containing the nuclear-fueled
emiatter The second part 12 designsted the heat transfer assembly. It
centained the heat transfer device, the heat sinks, ard the exterral can

that was needed to provide dual-containment for the inpile experiment.

3.2.2.1. Heat Transfer Device

The heat transfer device consisted of the com-
ponents shown in Figure 3-2 The ematter zesembly was supported by
clamping the copper diaphragm between a split clamp and a ba

ring that was tack-welded to the lower base plate The Pi-Pt, 13% Rd

se plate

thermocouples were peened into the ematter surface. The thermocouple
leads were fed through double-bore cerama:c insulators, which passed
through holes 1n an aluminum spht sleeve surrounding the emitter The
insulated leads were then run :n grooves in the vuter surface of the split
sleeves through insulated thermocouple lezd-throuzhs in the lower base
plate. The aluminum sphit slecve served two purposes. First, by
reducing the gap thickness between the emitter and a simulated collector,
heat transfer by gaseous conduction was improved while the heat transfer
by convection was limated. Second, the sphit sleeve provided an effective
support for the insulated thermoccuple leads The inrer surface of the

sphit sleeve was painted with a carbon sclution to improve i1its emissivity.

PRVQNESA
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Figure 3-3 shows the insertion of the assembled

1
4

components 1nto the stainless steel outer can. The lower base plate was

welded to the bottom flange of the outer can and the support disc was

welded to an internal flange near the top of the can  This construction 1s

w-d

P wang

1llustrated by Figure 3-4, an assembly drawing of the inpile experiment

»

This figure shows the separate compartments formed :n the heat transfer
device by the fuel chamber and the chamber between the em:tter and split

sleeve.
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3.2.2.2. Heat Transfer Assembly

The heat transfer assembly was made up of the
components shown in Figure 3-5. The heat transfer device was installed
in a split aluminum cooling jacket. The jacket contained drilled channels
that formed a parallel flow circuit when connected to the inlet and outlet
water lines. Heat was transferred from the upper and lower base plates
by conduction to the cooling jacket. The cooling jacket was insulated
from the external can te permit calorimetric measurements, and metal-
sheathed thermocouples were brazed into the inlet and outlet water tubes.
Thermocouple extension wires and coolant tubes were run through the bot-
tom external tube. Because the inpile heat transfer experiments were
planned as comparatively short tests, it was possible to use an epoxy
seal around the wires and tubes extending through the bottom tube. The
hcat transfer assembly was installed in an empty aluminum reflector

element for insertion in the center hole in the LPR.

3.3. Electrical Calibration Experiment

3.3.1. Introduction

A series of five electrically heated experimentg we. e per-
formed using the heat device previously described. Experinjents were
carried out with a dynamic vacuum and with helium gas at a low pressure.

The purposes of these experiments were to determine if the thermal design

adequately established the desired ten;perature at the design'heat flux and
tu provide a basis for comparison of the electrical and nuclear heat
sources. The comparison was needed to show whether the nuclear fuel

would introduce a temperature perturbation that would alter the converter

performance in the subsequent inpile test.

3.3.2. Experiment Description

The heat transfer device was described in Paragraph3.2.2. 1.
The electric heater, supplied by RCA, consisted of four tungsten rods
which were 1nserted into the hollow emitter and which transferred energy
to the emitter by radiation. The heater was attached to the experimental
device by welding the top flange of the outer can to the flange on the heater
as shown in an inverted view in Figure 3-6. Electric power was supplied

to the heater through the water coolant leads.
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Ten operable Pt-Pt, 13% Rd thermocouples were installed
on the emitter and support structure in accoerdance with Thermocouple
Pattera 1, shown in Figure A-14 in Appendix A. Inlet and outlet water
temperatures were measured with precision thermometers for the fol-

lowing three flow paths:

!. Through the main ceooling jacket installed around the

stainless steel outer can.
2. Through the electric heater.

3. Through a series circuit consisting of a heat sink on the
heater flange and a heat sink attached to the copper pinch-off tube on the

lower base plate.

The coolant flow i1n each path was determined by timed
volume measurements. The outer chamber, between the emitter and
split sleeve, and the inner chamber, containing the tungsten rods, were -
not separately sealed because of a leak at the brazed joints between the
tantalum heat dam and the Kovar support disc. Consequently, the device
contained a single vacuum compartment.

Thermocouple voltages were read using a Type K-3 Universal
Potentiometer {Leeds & Northrup Company). The voltages were also moni-
tored using a Beckman/Berkeley Preset Universal E Put and Timer with
a digital recorder. This instrumentation provided a digital print-out of

the thermocouple readings on a paper tape.

3.3.3. Experimental Results

A synopsis of the electrically heated dyramic-vacuum test
of the device that was later used in the first inpile heat transfer experi-
ments 1s 1ncluded in Appendix A. Table A-7 summarizes the tempera-
ture and power measurements. Also included in this table are the tem-
perature measurements for the maximum power point reached in a later -
electrically heated experiment containing 7 microns {cold) cf helium. The
actual pressure 1n the device was not known at the time the temperature
measurements were made. The measurements in helium are included
sclely to show the difference in temperature of the two thermocouples
at the top of the emitter immediately befo~e the first inpile experiment.

Since approximately the same temperature difference was found in the
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inp:le measurements, it is unlikely that a real temperature perturbation
exists. A comparison of these electrically heated and nuclear heated

results is included in Section 3.4.2.1.

3.4. Inpile Heat Transfer Experiment Series 1

3.4.1. Experiment Description

The device used in the first series of inp:lc heat transfer
experiments was the same as that used in the electrically heated test
described in Section 3.3. After the device was removed from the heater,
it was fueled and outgassed according to the schedule listed in Sect.on 4
in Appendix A. The inpile assembly consisted of the components described
in Section 3.2.2.2. Six operable thermocouples were attached to the
emitter as shown in Figure A-14, Thermocouple Pattern 2. Two addi-
tional Pt-Pt, 13% Rd thermocouples were attached to the structure—one
at the base of the molybdenum support pin and the other on the tantalum
heat dam at the inner boundary of the upper Kovar support disc. Two
copper-constantan thermocouples were attached to the upper and lower
base plates and two metal-sheathed chromel-alumel thermocouples were
installed in the inlet and outlet coolant lines. Thermocouple measure-
ments were made using a Type K-3 potentiometer (L&N). The coolant
flow was measured by a flowmeter and by timed volume measurements.

Three power runs were made with the first heat transfer
assembly. A detailed synopsis of each of the three experiments is
included in Appendix A. The following paragraphs describe the way the
experiments were carried cut and the experimental results that were

cbtained.

3.4.z. Experimental Results

3,4.2.1. Experiment 73-19

The first inpile heat transfer experiment was
run on Septamber 12, 1962. Temperature measurements were made at
eight reactor power levels from 20 KW to 350 KW. At the maximum
reactor power of 350 KW, an emitter temperature of 1433 C was reached
at the midplane. A reactor power of 350 KW corresponds to a total power
input to the device of 1383 watts. Part of the total device power is due to

gamma heating of the heat sink and associated structure. Therefore, to
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determine the energy input to the emitter it is necessary to subtract this
gamma heating contribution. Table A-1 in Appencdix A lists the tempera-
tare and flow measurements, the device power, structure gamma heating,
and the net input power to the emitter. The gamma heating value is based
upon a calculated midplane heating rate of 0.5 watts/gm/MW and a meas-
ured structure weight of about 800 grams,

The longitudinal temperature distribution from
the nuclear heat source was similar to that obtainecd in the electrically

heated test as shown in the following comparison of the same thermocouples:

Top of Bottom of Emitter
Heat source emitter, C Midplane, C emitter, C power, watts

Electrical 1314 1450 1265 1285
Nuclear 1301 1433 1268 1243

Circumferential temperature variations were
measured at planes near the top and bottom of the emitter. However, a
circumferential temperature distribution at the midplane was lost due to
the failure of two midplane thermocouples.

During the experiment, approximately 7.9 x 10®

watt-seconds of fission energy were produced within the emitter.

3.4 2.2. Experiment 73-20

A second power run was made with the device on
September 19, 1962, to investigate the effect of red position on the longi-
tudinal temperature distribution and to dete rmine whether the data was
reproducibite after a thermal cycle and after a shutdown interval of one
week. Temperature readings were duplicated at a reactor power level
of 80 KW. However, at 200 KW, temperature readings were lower than
i Experiment 73-19 and continued to drop with time at a constant reactor
power. The reactor power was reduced to 80 KW and temperature readings
were lower than those recorded at the 80 KW power level during the first
part of the experiment. Table A-2 summarizes the temperature measure-

ments.
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3.4.2 2. Experiment 73-21

A third power run was made on September 20 to
investigate the improved heat transfer noted in the previcus experiment.
Temperature ard flow measurements were made at 10 reactor power
levels from 20 KW to 400 KW. The initial emitter temperature readings
at 80 KW were lower than those of Experiment 73-19 but higher than those
at the end of Experiment 73-20. At the 80-KW reactor power level, the
emtter temperatures were stable. When the reactor power was raised
to 130 KW, the emitter temperatures reached a maximum, then dropped
with time at constant reactor power. The reactor power was then raised
in steps to 400 KW. At each power level, the temperatures dropped off
as the reactor power level was held constant. The reactor power was
then reduced in steps corresponding to three power levels reached on the
wiy up to the maximum power point. At each of these power points, the
temperature readings were lower than measured initially. Temperatures
at the lower power levels did not decrease with time but showed a slight
rise.

Table A-3 summarizes the measurements made
during Experiment 73-21. At the maximum power of 400 KW, approxi-
mately 1700 watts were produccd in the device and a maximum mmdplane
emitter temperature of 1200 C was reached. For these conditions the
input power to the emitter was 1593 watts.

The relationship of reactor power to device power
that was determined in the first series of heat transfer experiments is
shown in Figure 3-7. The change in heat transfer characteristics observed
in Experiments 73-20 and 73-21 also occurred in the second series of
experiments. The explanation for the change 15 included 1n the discussion

of Experiment 73-23, Section 3.5.2.1.
3.4.3 Conclusions

The first series of heat transfer experiments was important
in showing the equivalence of the nuclear and electric heat sources. Also,
the results led tc a number of improvernents in fuel and device cutgassing,
vacuum capability, and experiment instrurnentation and operation, which
were incorporated before the second series of experiments was carried
out. Thus, the first experiments proved of value in providing a basis for

conducting a more meaningful second series.
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3.5. Inpile Heat Transfer Experiment Series 2

3.5.1. Experiment Description

The heat transfer device used for the second series of inpile
experiments was of the same design as that used in the first series with

the following exceptions:
1. An improved emitter thermocouple pattern was used.

2. The fuel was outgassed at a higher temperature (about

1970 C) and there was an improved vacuum in the device at pinch off.

3. The center of the fuel was located one inch below the

centerline of the core.

4. A longer pinch-off tube was left on the device requiring

a change in the top external plate.

5. The aluminum cooling jacket was modified by replacing
the drilled coolant channels with aluminum tubing. This modification
required a change in the method of connecting the parallel flow paths
throagh the jacket to the single inlet and outlet lines and resulted in a
small increase in the structure weight. (A structure gamma heating rat
of 0.48 watts/KW was used in determining the emitter input power for

these experiments.) :

In this device, as in the first, the inner chamber containing
the fuel and the cuter chamber between the emitter and split sleeve were
not separately sealed.

Ten Pt-Pt, 13% Rd thermocouples were located on the emitter
to measure the temperature distribution {Thermocouple Pattern 3, Figure
A-14). Seven of these thermocouples were located in a vertical line.

Three additional thermocouples were located at the longitudinal midplane.
thus forming a circumferential pattern of four thermocouples displaced
every 90 degrees. Inlet and outlet water temperatures and flow were
measured for calorimetric calibrations. Temperatures were monitored
throughout the experiment by using a multi-point recorder. More precise
measurements were made at each power level by using a Type K-3 poten-
tiometer (L&N). The coolant flow rate was determined from timed volume

measurements.
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3.5.2. Experimental Results

3.5.2.1. Experiment 73-23

To insure meeting both the emitter temperature
and heat flux objectives, the experiment was carried out in the following
way. The reactor power was increased 1n steps to 262 KW, where a
maximum emitter temperature of 1358 C was reached. This reactor
power corresponds to a power input to the emitter of 1187 watts. At
each power step, temperature and flow measurements were made. Tem-
peratures remained constant at a constant reactor power of 262 KW for
approximately two hours. Thereafter, it was necessary to increase the
reactor power level periodically to hold the desired emitter temperature
of 1350 C. A maximum reactor power of 390 KW corresponding to a
power input to the emitter of 1699 watts was required to reach an emitter
temperature of 1357 C approximately four hours after reaching 1358 C
at the 262-KW reactor power level. The reactor power level was held
at 390 KW as a limit on the maximum desired heat flux and the emitter
temperatures continued to drop with time.

The reactor power was then reduced in steps.
Temperatures at the descending power steps were lower than those of
identical ascending power steps At reactor power levels of less than
130 KW, the emitter temperatures did not decrease with time at constant

reactor -power.
Table A-4 in Appendix A summarizes the measure-

ments made during Experiment 73-23. Figure 3-8 sum narizes the tem-
perature measurements before the reduction of temperatures began. Also
included is a temperature ineasurement for a comparable power point

of Experiment 73-19. Figure 3-9 is a summary of the emitter tempera-
tures (Thermocouple 5) as a function of time as determined from the
recorder traces.

A syncpsis of each experiment in this series is
included in Appendix A, Figure 3-10 shows the relationship of reactor
power to device power as dotermined from all the experiments in this
series,

As shown in Figure ?-9 a change in heat transfer
characteristics took place approximately two hours after reaching a
steady-state power level of 262 KW. At this time the total fission energy

produced within the emitter was approximately 1. 71 X 107 watt-seconds.
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Because of the length of the experiment and the decay tune associzted
with chains which produce the noble gases, Xe and Kr, an equilibrium
gas production rate per fission was not established before the change in
heat transfer characteristics was noted. It was assumed that 0.1 gas
atoms were produced per fission, which corresponds approximately to
the direct yield of Xe!*® and Kr® . With this assumption a total of approxi-
mately 5.58 X 10¥® gas atoms was produced within the emitter at the time
the temperature reduction began. Since the fuel compartment and the
outer compartment were not separately sealed, a total void volume of
about 41 cc was available for the diffusion of the gases. With free inter-
change between chambars and a 100% gas-release rate from the fuel, a
fission gas density of 1.36 X 10 atoms/cc results. Solvirg the following
equation for pressure at an average gas temperature of 199K results in a
calculated pressure of 0.111 mm Hg.

Pmm
n=9656x%x 108% ———

where
n = number of molecules/cc
P = pressure in millimeters of Hg
T = gas temperature, K

A pressure of this magnitude would certainly have led to 2 temperature
reduction much earlier than shown in Figure 3-9. Conseguently, it seems
reasonable to be hieve that the fission gas release rate was much less than
100%. Observations of the change i1n temperature with pressure during
the electrically heated tests show the temperature changes cbserved in
the npile experiment could have occurred at a release rate of less than
1%. Because of the assumptions that were made and because the rate of
gas transfer from inner compartment to outer compartment is unknown,
realistic values of gas release rate cannot be established until a postir-

radiation examination is completed.

3.5.2.2. Experiment 73-24

A second power run was made with the device on
December 17, 1962, to further investigate the change in heat transfer
characteristics, which is evident by the results of the first power run.

The reactor power was increased in identical power steps to those of the
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previous experiment, and the emitter temperatures were shghtly higher
(righer by approximately 2C C at 130 KW) than those recorded during the
descending power steps of the first experiment.

wr
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The maximum power reached was 340 KW cor-
responding to a total input power to the device of 1630 watts and 1467 watts
input to the emitter. At this power level the maximum midplane tempera-
ture was 1204 C. Temperatures continued to decrease with time at constant

reactor power. Table A-5 summarizes the results of this experiment.

3.5.2.3. Experiment 73-25

During the third power run, the reactor power was
raised immediately to 330 KW and the emitter temperatures were momtored

at this power level for approximately 2 hours.
Temperature measurements for this experiment

and the subsequent dynamic experiments are summarized in Table A-6.

3.5.2.4. Experiments 73-26, 73-27, and 73-28

Three dynamic experiments were performed to
investigate the emitter temperature change associated with rapid changes

1in reactor power. These experiments are discussed in Section 3. 6.

3.5.3. Conclusions

Based upon the results obtained in the second series of

inpile heat transfer experiments, the following conclusions were reached:

l. The emitter temperature and heat flux objectives were
successfully met. An emutter surface temperature of 1350 C was achieved
at a power input of 1500 watts to the emitter. The maximum power input

was 1700 watts to the emitter.

2. Temperature distribution measurements indicate no
adverse temperature perturbations are introduced through the use of the

nuclear fuel pellets,

3. Although an analytic evaluation was made, a postirradiation
examination is required to establish an accurate value for the fission-gas

release rate.
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3.6. Dynamic Measurements of Nuclear Heating

3.6.1. Introduction

As pari of the second series of heat transfer experiments,
several power runs were made to determine the dynamic behavior of the
system with changes in heat input. It was anticipated that the parameters
and mechanisms of heat transfer from the emitter to the collector and
other materials would, in this way, be better understood. However, the
analysis of the data has shown that the behavior of the system can be ade-

quately described with a single lumped-parameter time constant.

3.6.2. Experimental Setup

The conditions of the experiment were those described for
the second heat transfer experiment installation with the additional equip-
ment necessary for fast recording of thermocouple cutputs. A Keithley
Model 310 voltage amplifier was used to feed a Sanborn recorder. The -
frequency response of the :) stem was adequate to 100 cycles, although
results indicated that no high frequency components were present and
later work was done with a Model-G L&N multipoint recorder.

The experiments involved bringing the system up to equilib-
rium power and then making a rapid change in power, usually by scram-
ming the reactor so that input power was essentially removed as a step
function Plots were then made of the temperatures as indicated by the

thermocouples on the emitter and other portions of the device.

3.6.3. Theoretical Expectations

The mechanisms of heat insertion and removal from the

system were considered as

1. Fission heat creaied in the fuel itself from thermal neu-

tron fissioning of the U?¥

2. Gamma and neutron heating in the structural materials,
which heating 1s in turn directly related to the operating power of the

driving reactor (the LPR).

3. lLoss of heat by radiation’trom the surface of the emitter

to the collectar.
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4. Loss of heat by conduction through the metal structure.

5. loss of heat by gaseous conduction 1n the space between

the emitter and collector.

In writing a kinetic equation of the temperature of the emitter

as a function of system parameters, the model was simplified by assuming

1. The emitter sheath and the internal fuel were considered
as one body and the specific heat was the sum of the two specific heats

with the system assumed to be at the emitter temperature.

2. The conductive heat losses were simple first order con-
ductions dependent on the material and the temperature differences, and

2 single conductivity parameter was used.

3. The radiative heat transfer obeyed the Stefan-Bcltzmann

law, t
i
Thus the equation is '
_'i‘ ~ Qin Kl A -T geA T‘ T’ _KZ T .1)
"€ "¢t ~°¢T e” ‘c/TT. !
P p P P
where
T =T ~T
e C 3
Te = temperature of the emitter in K
Tc = temperature of the collector in K
Qm = the heat from fuel fission and gamma neutron
heating in watts
C_ = the total specific heat of the emitter structure
P and fuel in watt-seconds/C
K, = the conductivity in the emitter-collector gap
{other conductivities are neglected) in watts/cm-C
K, = conductivity through metals
A = the area of the emitter surface = 60 cm?
t = the hot gap between emitter and collector = 0.24 cm
T = the Stefan-Boltzmann constant = 5.67 X 107
watts /cm? - K*
€ - the total emissivity of the surfaces (—él— +?l - l) !
- e <
T = the time derivative of the temperature difference.




3.6.3.1. Heat Capacity

The heat capacity of the system was determined
from the sum of the individual heat capacities of the molybdenum emitter
and the enclosed fuel (UO,). Each of these materials exhibits an increase
in specific heat with an increase in temperature. Information on the UQ,}
and the molybdenum, ? given in calories/gram-C, was converted to watt-
second/C for the total 132 grams of UO, and the 141 grams of molybdenum.
Near 100 C the total specific heat was 73 watt-seconds/C and near 1000 C

the total specific heat was 90 watt-seconds/C.

3.6.3.2. Radiation Heat Losses

The radiative heat losses were increased by
roughening the surfaces of the emitter and collector so that the emissivity
would be increased. If the emissivity were perfect and the collector tem-
perature were between 27 C (300 K), and 127 C {400 K) varying as a func-
tion of power to account for temperacure drops, a calculation of the total
watts radiated vs temperature of the emitter for the full 60 cm? would be
as shown in Figure 3-11.

Electrical tests, which were performed on the
experiment prior to inpile insertion, provide an indication of the emis-
sivity. Orne such test on September 3, 1962, was operated with a near
vacuum between collector and emutter (1.3 x 10°* mm Hg). In this
experiment the heat transferred by radiation was determined separately
from the solid conduction end-losses by the use of separate heat sinks.

A total of 1183 watts was transferred by radiation from an emitter with

a weighted average temperature of 1420 C. This i1ndicates a value for

the radiative efficiency of 0.41. Thus, to determine the relative amount
of heat transfer by radiation, the temperature of the emitter is determined
by measurement. the perfect radiation loss 1s read from F.gure 3-11, and

the radiated watts arc computed by multiplying by the radiative efficiency,
0.41.

3.6.3.3. Thermal Conductivity

The thermal conductivity of the gap, K,, between

the emitter and the collector is a function of the type and quantity of material

Iwu
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in the gap. This value was subject to continual change during the experi-
ment as gasses from fissicn products and residual gas diffused into the
fuel-emitter gap and through the intercompartinental leak to the emitter-
collector gap. This quantity is the subject of the measurements in Sec-
tion 3.6.4. The conductivity through solids, represented by the K; con-
stant in Equation 1, was evaluated from the material constants and the
measurements of temperatures on the electrically heated experiments.
The measured conduction loss at an average emitter temperature of

1370 C and for 1285 watts power input to the emitter was approximately
102 watts.

35.6.4. Static Measurements

For the static case, the time rate of change of the tempera-
ture is zero and all the numbers on the right side balance. The heat
available for radiation and gap conduction loss (Qnet) 1s the heat meas-
ured from the calcrimetric balance minus the sclid conduction heat loss
minus the gamma and neutron heating of the structure other than the
emitter (0.48 watts/KW of reactor power). Thus the equation is

Q . - K,%T + oAc (T; - 'r;) ()

net

Table 3-1 shows some of the results from static measure-
ments. Note that the last determination was rr;ade by taking data after
a sudden drop in reactor power from 200 to 100 KW. The change in power
took about three minutes. Since the level at 100 KW came to equilibrium
quickly, 1t is considered that the amount of gas in the gap remained con-
stant. There was no calorimetric determination of the output power from
the device, but the power is assumed to have dropped from 2A to A. Thus,
there are two sets of conditions for Equation 2 with the unknowns A and K;.

K, shown in Table 3-1 is the solution for this pair.

3.6.5. Kinetic Measurement of Temperature

Four sets of measurements were taken on the heat transfer
system, which involved coming to an equilibrium temperature and then
scramming the reactor so that the heat input was essentially reduced
to zero instantaneously A plot of the temperature information from one

of the thermocouples was put on semi-logarithmic paper shown typically




in Figure 3-12, and the slope of the temperature decrement was deter-
mined. The associated time constant is the time required for the tem-
perature to drop one e-feld,

The information is not sufficiently precise to ailow curve
f:tting on the following exact equation, which is based on lumping heat
transfer conduction and assaming that the gamma and neutron heating

went to zero when the reactor was scrammed.

——

%:-%%_T-"C‘A (T;—Té) e
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At the low power inputs, the radiation loss can be considered
negliginple. Since the data appears to give a good exponential fit, the
parameters are lumped 1ato one time constant, CP/K3, where K; equals
K,; x Aft.

T ST )
P

Table 3-2 shows the results of the dynamic measurements.
3 6 6 Conclusions

+ values of gap conduction determined from the static
measuremeais show a significant increase occurred between the first
and second experiments histed in Table 3-1 The direction of change
was consistent with the change that was noted in the emitter tempera-
tures With:n the accuracy of the experiment, the dynamic and static
measurements of the heat transfer characteristics of the gap appear to
be in good agreement. For comparison, a typical value of conductivity
for helium at 320 C 1s 0. 0022 watts/cm-C. 3

The appearance of the single t.me constant decay did not
permuat evalaation of the separate mechanisms of radiative and conduc-~
t.ve heat trausfer, Lat it did indicate how studies of the kinctics can be
greatlv sympilified by using first-order Equation 4. The time constant

for emitter cooling as determined by the experimental results shown in

IR

Figare 3-12 was approximately 97 seconds.
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Date

December 14, 1962
December 19, 1962
December 31, 1942
Decambar 31, 1962
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Table 3-1. Static Heat Transfer Determination
R Calorimetric T T Q t a Ky, A/t
eactor power, heat, ‘conduction’ P ¢ m® Watts radiation’ (T_~-T)
e ¢ K.
Time KW watte watts [+ [} 38 6 w/ 100 KW watts watts WIlu/,cm-C
2044 00
o 2 863 81 1121 85 9% . 615 B4 0 0003
- 200 827 b4 905 82 9% 291 176 0 008
. 200 ZA £2 871 82 96 258 2A-416 o onio
1380 100 A LT L Y L1 44 Bl A-tTe
Table 3-2. Dynamic Data on Heat Transfer Experiments
Total C_, K
P C ;r T _ avy K
Reactor power, Time constant, U0, + Mo, P ] K, » t/A
Date Time KW LI TS wutt mec/C  watts/C {before) watta/cm-C
December 19, 1962 1648 no 114 30 a B2 20 .
December 31, 1942 1645% 150 97 90 0 93 1110 -
January 2, 1943 1345 20 149 74 o 50 K9 0 ¢oi9
January 4, 1963 0954 10 195 73 0 37 106 0 0014
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Figure 3-1. Special Emitter Assembly
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Figure 3-2. Heat Transfer Device
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Figure 3-3. Assembled Components of the Heat Transfer Device




Figure 3-4, Heat Transfer Experiment Assembly
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Figure 3-5. Components of Heat Transfer Assembly




Figure 3-6. Installed Electric Heater




oot el SO GRS SR R ey

ﬂwn it »*

r

ey e e

Figure 3-7. Device Input Power Vs Reactor Power for Inpile Heat Transfer
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Figure 3-8. Emitter Temperature Distribution — Experiment 73-23

Thermocouple Locations

/. Experiment 73-19
Ta \ Voo /N L
o\ U/

/|
6X / .]/ ", f/

77X

/
- [
\

.,
.-‘~§-
N

o
-

b
-

i i I i

Reactor Power 8\0 KW \
Emitter Power 45 (o146 4;%(‘2;(;415
199 KW

720 watts
200 Kw
770 watts 262 KW
1187 watts
L 1 1 i 1. | i . | o

700 800 900 1000 1100 1200 1300 1400

Emitter Temperature, C




Figure 3-8
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Figure 3-9. Emitter Temperature and Reactor Power Vs Time
(Experiment 73-23)
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Figure 3-10. Device Input Power Vs Reactor Power {or Inpile Heat
Transfer Experiment Series 2
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Figure 3-11. Plot of Heat Loss by Radiation for the Heat Transfer
Experiment Assuming Perfect Emissivity (e = 1)
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Figure 3-12. Temperature Plot of Thermocouple 5, Run 28,
Scram from 350 KW
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4, THERMIONIC CONVERTER EXPERIMENT

4.1. Introduction
4.1.1. Purpose

The purpose of the thermionic converter experiment was to
operate a nuclear-fueled thermionic device in the Lyrnchburg Pocl Reactor
for a period of up to 100 hours. After successfully completing the required
100 hours operation, approval was received for continuing the inpile experi-
ment an additional 200 hours, The additional 200-hour experimental

period was also completed successfully,
4.1.2, Scope

The thermionic converter experiment was carried out in two
steps. The first step consisted of the electrical testing of the converter
using a heat sink design similar to that specified for use inpile. After
the electrical tests were completed, the same device was fueled, sealed,
outgassed, and installed in the inpile configuration. The device was then
operated continuously for more than 300 hours using nuclear heat in the
Lynchburg Pool Reactor. During this period the converter produced a
maximum electrical output of 155 watts {2, 58 watts/cm?) at a computed
efficiency of 10.3%.

While some of the converter characteristics were evaluated
during the 300-hour life test, additional experiments are required to more
thoroughly 1nvestigate the thermionic converter performance in a nuclear

reactor environmernt,

4.2. Design Dzscription

4.2.1. Converter

The converter used for the inpile experiment, designated the
RCA Developmental Converter Type A-1197A, is shown in Figure 4-1.
A cross-sectional drawing is shown in Figure 4-2. The converter con-

sists of a cylindrical emitter surrounded by a cylindrical collector. The



molybdenum em:tter, containing the nuclear fuel, 1s supported at the bottom
by a pin connected to a copper diaphragm, which in turn is connected to the
zide walls. The pin and diaphragm serve to support the emitter, to allow
corducticn of electrical energy, to minimize end conduction heat losses,
and to allow for thermal expansion of the emitter. Fins on the pin reduce
radiant heat losses. A cylindrical heat dam and support disc are located
at the top of the emitter to perform the same function as that of the pin
and diaphragm except that the support disc is rigid and allows no movement.
The cylindrical nickel collector has ceramic insulators at
each 2-d to insulate the collector from the emitter end structure. This
construction resuits in a device which is electrically double ended. (Note
the upper and lower emitter connectors of Figure 4-1.) Attached exter-
nally to the collector are stainless steel fins, which connect to a collector
cooling sleeve. These fins conduct electrical energy and maintain the
desired collectcr temmperature by conduction to an external heat sink,
The ccpper pinch-off tube at the bottom of the device serves
as the cesium reservoir and is surrounded by a heater and insulation. o
This arrangement allows the cesium vapor pressure to be controlled by
varying the reservoir temperature. The fuel chamber cap at the top has
an exhaust tube, radiative heat dams and a pinch-off cover.
The converter is designed to provide an output of 150 watts
{2.5 watts/cm?) at 0.46 volts and 325 d-c amperes. This output requires

an :input of 1500 watts. Other design paramet- ~s are shown in the following

lists.
Materials
Ematter Molybdenum
Collector Nickel
Nuclear fuel UQ,;, enriched 20% with U2
Dimensions
Emitter ID = 0.500 in.

QD = 0,720 in,
Height = 4,250 in.
Active area = 60 cm?
Fuel OD = 0.492 in,
Height = 4. 100 in,

Temperatures
Emitter 1350 C
Collector 650 C
Cesium reservoir 300C
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The RCA Type A-1197A Converter contains a number of
design changes from that of previous converters to permit proper operation
of the device inpile. Two of the most important changes incorporated by

RCA are the following:

1. Gas-cooled nickel collector fins were replaced by stain-
less steel coliector fins. The increased thermal resistance made it pos-
sible to reduce the outer diameter as well as to maintain the desired col-
lector temperature with a water coolant. A split-cooiing-jacket heat sink
similar to that used 1n the heat transfer experiments was used. The
cooling jacket was machine fitted to the collector sleeve to minimize the
contact resistance. The coolant lines served as the collector electrical

leads.

2. The ematter connector fins were modified to permit the
emitter connector to operate at the temperature of the water coolant and
to pass the coolant lines from the collector cooling jacket. The emitter
connector was bolted to the aluminum container to complete the electrical
circuit and the thermal path to the heat sink for seal-temperature control.
Since the connector fins were of light construction, they were not used to

mechanically support the converter within the container.

4.2.1.1. Electrical Operation

Prior to the inpile operation the converter (RCA
Type A-1197A, Number 36) was operated by RCA using an electrical heat
source. The converter was operated at an electrical output of more than
150 watts. The collector- and emitter-connector-cooling water was on
full and the cesium heater required 48 watts to maintain the proper cesium
temperature In addition to providing an operational checkout of the con-
verter, the electrical tests provided performance data for later comparison
with results obtained inpile. Following the inpile test, an additional con-
verter (RCA Type A-1197A, Number 40) was electrically tested. In this
test both the inpile and out-of-pile performances of converter 36 were

duplicated. A comparison of the results of these tests is listed as follows:




»
Converter temperatures, C

Heat Power oatput, Power input,
Converter source watts w atts i 2 3 4 5 6 7 8 9
36 Electrical 155 1450 560 435 585 370 505 525 315 300 -~
36 Nuclear 155 1503 584 477 611 408 554 474 334 296 292
36 Nuclear 132 1533 593 490 617 418 504 480 354 331 327
40 Elzctrical 135 1269 620 540 620 385 505 520 400 325 --
40 Electrical 155.5 1344 655 570 65C 410 535 550 420 315 --

* Thermocouple locations are shown in Figure 4-4.

4.2.2. Inpile Experiment Design

To simplify the description of the inpile experiment design,

the assembly is divided into three sections:

1. The converter section.
2. The load section.

3. The dry pipe section.

4.2.2.1. Converter Section N

The converter section consisted of the converter
with cesium-heater assembly, an aluminum cooling jacket with coolant
tubes, and an aluminum can. These components are shown in Figure 4-3.
The converter was installed in the aluminum can by bolting the emitter
connectors to two rings brazed to the can. Thus the can itself was at
emitter potential. Figure 4-3 also shows the heater and thermocouple
leads. Two cesium heaters were installed to insure reliable performance:
Ceramic insulators were used on the heater leads; Fiberglas tubing was

used to insulate the thermocouple leads.
4.2.2.2. load Section

The load section consisted of an incore aluminum
tube containiné the irnlet and outlet coolant lines and fittings that formed
part of the electrical load. The incore tube was welded to the top of the -

converter-section aluminum can. Figure 4-4 is an assembly drawing of
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the inpile esperiment and shows the construction of the load section.
Figure 4-5 shows the details of the component parts.

Part of the electrical load was placed inpile to
mimimize the size of the conductors brought to the top of the pool. The
out-of -pile portion of the load contained a var:able resistance leg so that
the total load resistance could be varied externally.

The 1npile load consisted of the two cutlet coolant
lines frum the conling jacket fastened through fattings to one-fourth-inch
nickel tubes, whose length and thickress were adjusted to provide the
proper resistance. The nickel tubes were then attached to two aluminum
through-tubes which were welded to the incore tube. Welding the through-
tubes to the incore tube completed a parallel internal electric circuit
composed of the two outlet coolant Lines. In add.tion, this arrangernaent
provided the means for supporting the device, since 1t could not be
supported by the emitter connector fins. Figure 4-6 1s a photograph of
the inpile load after the Fiberglas insulation was installed k. before the
addition of the incore tube.

The two inlet coolant tubes from the cooling
jacket formed part of the external load. These tubes were attached by
fittings to copper tubes that were brazed into a heavy-wall copper pipe
extending through the dry pipe to the top of the pool. Figure 4-4, the
assembly drawing, shows the out-of-pool portion of the load. The variable
portion of the load (ons sted of a length of one-fourth-inch stainless steel
tubing The effective length could be changed by shorting across the tube
with a copper ¢onductor The dry p.pe formed the return lead of the
external load

Figure B-9 :n Appendix B 1s a dragram of the
load contained within the ‘ncore tube and hists the voltage measurements
used to determine the inp.le load resistance. Figure B-10 in Appendix B
1s a diagram of the out-of-pool portion of the lcad and lists the voltage
measurements for this configuration.

The 1npile load resistance was designed to be
approxirnately 1,5 X 1073 Q shared equally between the parallel inpile
loads formed by the outlet coolant tubes The external load was designed
to be variable between 2 x 107 Q and 1: fimity. This gave a range of

0.86 x 1073 Qto 1.5 x 107? Q plus the contact res:stance between collector




and jacket and between emaitter connector and can. Current and voltage
measurements taken during conver:er operation indicate the load could
be varied between = 0,96 X 1073 Q and 1.66 x 1077 Q.

To measure the current through the inpile load,
voltage taps and thermocouples were placed on the two calibrated nickel

load tubes. The calibration consisted of accurately determining the

variation of resistance with temperature. Load 1 was calibrated for resis-

tance versus thermocouple emf from about 28 to about 62 C. Load 2 was
talibrated for resistance versus thermocouple emf at about 28 C, Figure
B-8 :in Appendix B is a summary of the cahhibration measurements. The
cal:brated portion of the external load was found to have a resistance of

0.0645 X 107? Q at room temperature.

4.2.2.3. Dry-Pipe Section

Since only part of the electrical energy was -
brought out-of -pile, the size of the electrical conductors was minimized
and a dry-pipe des:gn was used. A 15-ioot-9-inch aluminum pipe was
welded to a top plate on the incore tube and extended 2 feet 8 inches above
the pool. The pipe contained the inlet coolant line (a heavy-wall copper
pipe), thermocouple extens:on cable, voltage leads, and two helium gas
lines. A plastic clamp was used to support the coolant Iine at the top of
the pipe and Fiberglas was used to insulate the coolant line from the pipe
along the length. The top of the dry pipe was sealed with epoxy. Figure

4-4 15 an assembly drawing show:ng derails of the dry-pipe design,
4.2.3. Assembly

The following paragraph briefly describes the assembly of
the converter experiment for inpile operation.

Figure 4-7 shows the first step in the assembly of the experi-
ment, the add:i:on of the nuclear fuel to the converter. The fuel-chamber
end-cap assembly was then welded on ard the device was outgassed at
300 C. Details of the fuel and device outgassing are included in Appendix
B. The device was pinched-off from the vacuum system at a pressure of
4 x 107% After the dev:ice instrumentation was added, the converter was
installed in the aluminum can as shown in the sequence of Figure 4-3.

The aluminum coolant tubes were cut to length and the load section was

mated to the converter section. All electrical connections were made
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and the three sections (the converter section, the load section, and the

dry pipe section) were welded together., Figure 4-8 1llustrates the remain-
ing steps in the assembly. A square aluminum box welded to the incore
tube was used to position the assembly in an empty reflector can., After
connecting all coolant and helium gas lines, the assembly was leak tested

and installed inpile.

4.2.4. Instrumentation

The basic on-device instrumentation consisted of nine thermo-
couples and two voltage taps, which were located as shown in Fagure 4-4,
In addition, metal-sheathed thermocouples were installed in the inlet and
outlet coolant lines, and thermocouples and voltage taps were installed on
each of the calibrated load tubes.

The monitoring instrumentation consisted of two L&N 12-point
recorders for continuous monitoring of temperature and emf data and a
Type K-3 potentiometer for precise, periodic measurements, Selector
cwitches were arranged to-allow any single emf to be disconnected from
the recorder and measured on the potentiometer. Meters were also
connected to display the device voltage and current through one of the
inpile loads. Since one voltmeter loaded down the reading, the voltmeters
were switched out of the circuit when the potentiometer was read.

The cesium heater used a 0-18 volt, 10-ampere, filte-ed
d-c power supply. The a-c¢ input also had var:able control. Resistors
were placed in the output circuit to allow the voltage and current to be

continuously monitored by a 0-10 miiliampere recorder.

4.2.5. Coolant Circuit

Figure 4-9 is a schematic diagram of the water coolant
circuit, mncluding flow -monitoring equipment and the loss of flow alarm.
The accurate measurement of cooling-water flow was essential to deter-
mine reliable power input data. Measurements of total flow and fiow from
each outlet line were made A plot of this data is found in Appendix B.
Measurements during calibration and during the 300-hour run at 1000 on
January 17, 1963, result in a ratio of load flow to total flow of 0,455 for
Load ! and 0. 545 for Load 2. Since only total flow was measured during
device operation, it was later necessary to correct for the non-uniform

flow distribution.
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After the power run .* was found that the flow regulator
was jammed 1n a manner win..h prevented gond flow regulation. The
power input data at low flow rates was much more accurate than at the

higher flow rates.

4,2.6. Hel um Circu:t

A system to flow hel.um .nvo the experimental assembly was
used. The basic purpose was to provide an :nert gas to reduce oxid2tion
of « onverter parrs and exclude a:ir from the high-flux region. During
the experiment the helium ci1rcu.t was used on cne o.casion to cool the
cesium reservoir. F:igiire 4-10 .s a schemat.c diagram of the arrange-
ments,

The hel.um flow rate was not used :n any calibration. How-
e ¢ r, a measurement of flow verscs pressure in the experiment2] thimble
was considered mean.ngful. These flow rates and their corresponding

pressures are listed as follows:

Flow rate, Pressure,
cfh psig
1 2.0
2 4.5
3 7.0
4 9 0
6 13.0
8 15.0

4 3. Inpile Experiment Operation

The actual operation of a therm:onic dev.ce using a nuclear heat
source me* the planned exper:menral ob ect:ves. The device produced a
maximum of 155 watts of electrizal output ¢2 38 watts/cm?) at a computed
etfzciency of 10.3% It operated for 250 hours at an average output of
132 watts. It ran for a total of more than 300 hours, although the last
50 hours were at a somewhat reduced ocutput During the power run, the

device produced approximately 38 kwk of electrical energy.

4.3,1, Prestartup Phase

On Fanuary 14, 1963, the inp:le assembly was loaded into the

center hole of the Lynchburg Pool Reacvror, Coure 143. All water and
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helium circuits were connected and checked out. The reactor was then
brought critical and leveied off at 1.3 watts., From the position of the rods,
it was established that the device assembly had no effect on the reactivity
of the reactor. That is, the addition of fuel and the removal of water from
the experimental space added enough reactivity to compensate for the
reactivity loss due to the presence of poisonous materials in the device.

The excess reactivity available in Core 143 was about 1. 00%
8k/k. Since the xenon reactivity effect during the run was expected to be
greater than this value, a partial fuel element (95 grams U?%) was replaced
by a full fuel element (190 grams U®%), This corfiguration was designated
Core 144, The reactor was brought critical again ard found to have an
excess reactivity of 2. 69% &k/k. Figure 2-1 is a cross section of Core
143,

4.3.2. Summary of Operation, Startup and Shutdown

The inpile converter experim;ant began at 1113 on January 15,
19p3, The reactor reached a power level of 1 KW but was scrammed during
anjinstrumentation adjustment. The reactor was then restarted, and the
popver level increased in steps to 1 KW, 10 KW, 80 KW, and 120 KW. Data

wdre taken at each power level. The reactor power was then slowly raised

(i1 1 hour) to 225 KW. As may be seen in Figure 4-11, there was a small
eléectrical output at this reactor power as the cesium temperature was
ra‘ised. The reactor power was raised to 285 KW and a sharp rise in
electrical output power was noted. The reactor power was then increased
in successive steps to 430 KW by 2016. Figure 4-12 contains a plot of
reactor power, device input, and device cutput versus uume for the com-
plete run. The reactor power was eventually increased to 520 KW for most
of the run. The average device output power during the 520-KW operation
was 132 watts.

A special experiment showed that the device cutput could have
been 155 watts or higher for the entire run had the means been available
for continuously cooling the cesium reservoir. After 250 hours the device
power output began falling slowly. The reactor power was lowered to
500 KW after 275 hours and remained there until just before shutdowr,

when the power was adjusted to a maximum of 353 KW, The reactor was




shut dowrn in success:ve steps with the device cutput power going to zero
at a reactor power level of 225 KW.

Figure 4-13 shows the positions of shim rods as 2 function
of time. By January 19 the xenon poisoning level was aboat 1.75% &k/k
for an excess reéctivxty of 0.94% bk/k.

4.3 3. Startup Phase
g&actor Power 0-430 KW)

The most significant aspect of the startup of the thermionic
device with nuclear heat was the extremely smooth starting characteristics.

Figure 4-11 gives the reactor power. output emf, and cesium
reservoir temperature versus time. There was a low level peak in ocuatput
voltage at about 1805 while the reactor power was 225 KW and the cesium
reservoir temperature was 228 C. This peak was probably the result of
residual cesium in the device. As the cesium reservoir temperature was
raised, the device output fell and then rose slightly. At 1821 the reactor
was again put on a positive period. At 1828, with the reactor on pericd
at 280 KW and a cesium temperature of 255 C, the device output rose
smoothly in about 1.5 minutes to about 34 watts. As the reactor power
rose to 285 KW, the electrical output remained at approximately 34 watts
with irregularities. At 1912 the reactor power was raised to 355 KW.
The cesium temperature increased to 295 C and the electrical output rose
to about 69 watts. The reactor power was then increased to 430 KW, The
cesium temperature rose to 335 C and the device electrical powerincreased
to 104 watts. From the curve (Figure 4-11} it may be observed that the
power was actually a little igher before the cesium temperature reached
@ maximum. The fact that the cesium temperature was not optimized is

discussed in Section 4. 3. 6.

4.3.4. Intermediate Phase

By 2015 on January 15 it was apparent that the device was
running well and responding properly to changes. The startup phase was
tnerefore over, and the device was ready for optimizing. The first experi-
ments to optimize the device output were performed at a reactor power level
of 430 KW. This intermediate phase lasted from 2015 on January 15 until
0330 on January 16, when the reactor power was 520 KW. The experi-

ments performed in the intermediate phase involved the changing of cesium

temperature. load resistance, and reactor power. Section 4.3.6 describes
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each experiment along with similar experiments during other phases.

Figures 4-14 through 4-16 illustrate these changes. The reactor power
was then raised to 470 KW and the cesium heater was turned off. Under
these conditions the device was producing about 127 watts with a cesium
temperature of 334 C. The reactor power was then increased to 500 KW
and a cesium temperature change was made. The intermediate phase

ended with the device producing an electrical output of about 134 watts at

a cesium reservoir temperature of 343 C.

4.3.5, Steady-State Phase

The steady-state phase from 0530 on January 16 to 1630 on
January 26 covered most of the 300-hour operation. During this period
the reactor power was raised to 520 KW (Figure 4-17), the cesium tem-
perature was varied, and an experiment was performed (Section 4.3.6.2)
by cooling the cesium reservoir with helium. The 155 watts obtained for
a cesium temperature of 294 C was the maximum electrical power output
from the device. This maximum output required no increase in input

power. The average output power for this phase was 132 watts.

4.3.6. Device Parameters

The proper representation of device performance would
include a family of curves involving the available variables. After the
need for additional helium to cool the cesium reservoir became apparent,
1t was decided to wait until the end of the 300-hour run to develop these
curves. The lowering of output, which defined the end of the steady-
state phase, made the value of such a study much less important than a
post-irradiation examination. It was therefore decided to eliminate
additional tests rather than to compromise the examination.

However, a number of tests were performed during the
power run. They were performed over a long period of time, which
makes the separation of variables more difficult. The results of these

tests are described in the following paragraphs.

4.3.6.1. Device Power Output and Input

The converter electrical output power is the cur-
rent times the output voltage. As discussed in the description of the inpile
load (Section 4.2.2,2) the current values were obtained from voltage meas-
urements of the calibrated nickelload tabes. The emitter-to-collector voltage

was measureddirectly. 4-11




The device 1nput, however, could not be measured B
directly. The power sharing and heat transfer experiments supply some
1nformation about the power 1nput to the device as a function of reactor
power, but the converter assembly was sufficiently different from the
original mock-ups to prevent an accurate power determination from these
measurements. Therefore it was necessary to depend on calorimetric
measurements, calculations, and electrical test data to determine the

nuclear heat input. These calculations provide a power balance of:

Input = Output

it

P +P +P —-P
c e . o Y

where

P = power dissipated in the collector cooling water
by the co'lector and inpile loads, determined
calorimetrically = 3. 15 watts/KW reactor power v

P = power lost out of the ends of the emitter and dis-
¢ sipated through the emitter connectors to the pool .-
water
(T - 18C)
- _Top X 150 watts
462 C

The basis for this correction 1s included
in Appendix B.

P = electrical power dissipated in the out-of -pile
load = vca X I0

P = power added to the collector and cooling cir-
cuit by y heating = 0. 53 watts/KW of reactor
power. This heating rate is based upon the
measured weight of the cotlector and heat
sink components between the points at which
temperature measurements were made. An
effective weight of 1065 grams was used,
which reflects a correction for the gamma heat-
ing distribution. The maximum heating rate
at the midplane 1s 0.5 watts/gm per MW of
reactor power.

The fact that the actual input power 1s the result of

several calculations has led to the use of the term, computed efficiency, for

the ratio of electrical power output over thermal power input {Figure 4-18),
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4.3.6.2, Cesz:um Vapor Pressure Variations

Ore of the most :mportant parameters affecting
device performance was cesium vapor pressure. This was controlled
by keeping the reservoir at the proper temperature to give the desired
vapor pressure, Figure 4-19 shows the variation of vapor pressure with
temperature,

The most important cbservation about cesium
during the experiment was that gamma heating and insulation kept the
cesium temperature almost always too high. There are several notable
examples of this. It is quite apparent in Figure 4-12 at 2000 on January 18
and in Figure 4-11 at 1922 and 2007 on January 15. The first example
shows a very marked improvement in output from a deliberate experimental
cooling of the reservoir. The next examples show declines in cutput as
the cesium temperature increases following reactor-power increases in
the startup phase.

Data takern from the charts and log book at different
times during the startup and intermediate phases show that the optimum
cesium temperature was always less than 320 C. At maximum electrical
power output, the optimum cesium temperature was very close to 294 C
as shown in Figure 4-22.,

Dur:ng the device-power reductior phase described
in Section 4. 32,7, the optimmum ces:um temperature changed with time,
Figure 4-32 reflects this change. At about 1100 on January 27 the optimum
cesium temperature was approximately 326 C. At 0330 on January 28 it
had progressed to 337 C. By 0800 on January 28 it had 1ncreased to about
350C.

4.3.6.3. Variation of Qutput With Load Changes

During the intermediate and steady-state phases
the load was varied from 1. 25 to 1. 45 mullichms. From the information
available {Figures 4-14, 4-15, 4-16, 4-25) the optimum load appears to
be about 1. 41 milliohms. Figure 4-26 represents data taken during the
power -reduction phase., A definite power reduction occurred while the

data was taken. The optimum at that tirne was about 1.45 milliohms,
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4.3.6.4. Device Temperatures

For all phases of the operation from startup to

shutdown, Table B-5 in Appendix B lists the temperatures from the nine

thermocouples located as shown in Figure 4-4,

The steady-state phase produced the following

temperatures {centigrade) at the indicated locations:

No cooling Maximum helium cooling
Upper emitter 480 474
Upper seal 490 477
Collector (maximum} 617 611
Lower seal 418 408
Lower emitter 354 334
Cesium ri‘aservoir 329 294 ==
4.3, 7.|Device-Power Reduction Phase ’

of operation,
irregularity
was down to
reductions u
180 watts (F

reduced to 5

Soon after 1630 on January 26, which represented 250 hours
the ocutput of the device became shightly irregular. This

progressed with time so that by 0213 on the 27th the power

less than 120 watts (Figure 4-27). This continued in small

htil 0915. The electric power then fell from 118 watts to

gure 4-28) in 4. 5 minutes. The reactor power was then

00 KW bringing the device output down to 84 watts.

The follow:ng symptoms were noted.

1. The electric power reductions took place quickly at
apparently random intervals.

Z. All power reductions seemed to be preceded by slight,
slow power gains.

3. Most power reduct:ons were followed by a slow partial
recovery.

4. Early power reductions shuwed no accompanying tem- .
perature changes,

5. During later power reductions the collector temperatures
tended to rise slightly and the emitter end temperatures
tended to fall slightly. :

6. The optimum cesium vapor pressure increased as the
power output of the tube decreased.
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The electric power output continued to respond to
changes in reactor power.

Emitter end temperatures did not rise as the output

fell, implying that the emitter temperature did not
rise.

4.3. 8. 5hutdown Phase

The shutdown and device-power reduction phases were

similar since the power reductions continued through the shutdown phase.

This phase started at about 0720 on January 28, The first action was to

lower the reactor power te match the device-output response (Figure 4-29),
After establishing that the device output followed reactor power, it was

decided to optimize total output prior to the end of the experiment.

It is interesting to note that, when the reactor power was
increased to 528 KW at 0742 con January 28, the output power was 100 watts,

just as it was prior to reducing reactor power from 520 to 500 KW at

0920 on January 27. The difference was that the cesium temperature was

327 C on January 27 cocmpared to 350 C on January 28,

The reactor power was increased to as high as 553 KW
bringing the device-power maximum for that day to 109 watts. Figure
4-30 gives the response as the reactor was shut down, with all electrical
output ceasing when the reactor reached 225 KW at 1307 on January 28.

4.4. Postoperation Analysis

The operation in the nuclear environment was extremely smooth

for more than 250 hours. Although the average steady-state power was

132 watts, the device would have operated as well at an output of over
150 watts with cesium reservoir cooling.

A complete analysis of the power reduction is impossible without
having the results of a hot-cell examination of the converter,

Such an
examination is planned.
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Figure 4-1,
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The RCA Converter, Type A-1197A, With Cesium Heater
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Figure 4-2. Sectional View of the Type A-1197A Converter
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Figure 4-3. Converter Section Assembly
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Figure 4-4. Thermonic Converter
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Figure 4-6. Inpile Load With Fiberglas Insulation




Figure 4-7. Fueling the Converter




Figure 4-8. Converter Inpile Assembly
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Figure 4-9. Cooling-Water Circuit
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Figure 4-10. Helium Flow Circuits
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Figure 4-12. Output Power and Input Power Vs Time
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Figure 4-14. Intermediate Phase
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Figure 4-16. Intermediate and Steady-State Phases
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Figure 4-17. Steady-State Phase
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Figure 4-18. Computed Efficiency Vs Input Power
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Figure 4-20, Cesium Heating Experiment, Steady-State Phase
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Figure 4-21. Helium Flow Experiment, Steady-State Phasc
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Output Voltage, volts

Figure 4-22.

Output Voltage Vs Cesium Reservoir Temperature
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Tigure 4-24. Output Power Vs Load Resistance
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Output Power Versus Load Resistance
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Figure 4-26. Output Power Vs Load Resistance
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Figure 4-28, Power Reduction Phase
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Figure 4-29. Device-Power Reduction Phase
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Figure 4-30. Shutdown Phase
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Figure 4-30. Shutdown Phase
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Figure 4-31. Shutdown Phase
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Figure 4-32. Output Voltage Versus Cesiurn Reservoir Temperature
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APPENDIX A

Heat Transfer Experiment
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APPENDIX A

Heat Transfer Experiment

1 Experiment Components and Assembly

The componer:t parts that make up the heat transfer assembly are
shown 1n the photographs and drawings of Figures A-1 to A-13. The

device was assembled by carrying out the following steps:

1. Dnrill holes in the base plate for Stupakoff dual-lead
insulators. Holes are drilled as shown in Drawing No. 28924 C-2,

Figure A-5.

2. Drill and tap six No. 0-80 holes in the base-plate
ring. Tack-weld the ring to the base plate.

3 Lead-solder Stupakoff insulators to the base plate.
Remove excess solder, particularly near the edge of the base plate.

Clean with aceton= and alcohol.

4 File slots in the copper diaphragm corresponding to

the hole pattern of the base-plate ring

5 Arrach the emitter to the base plate by (lamping the
«opper diaphragm to the base-plate ring with the split clamp and

No 0-80 screws.

6 Measure the resistance and length of the thermocouple

leads. Clean the emitter surface.

7  Run the thermocouple leads through the thermocouple
leadout holes in the split sleeve. Join the halves of the split sleeve
w:th screws and clamp in an inverted position Attach dual-lead ceramic
msulators to the thermocouple wires. Run the wires through the insu-

lator terminals according to the specified pattern. Measure resistance.




8. Apply Sauriezen cement where needed to prevent

shorting of the thermocouple leads.

9. Lead-sclder thermocouple leads through the

terminals. Check resistance.

10. Clean tne split sleeve and slide into the vuter can.

Tack-weld the edge of the base plate to the bottom edge of the outer can.

11. Weld the upper Kovar support ring to the outer can.
Complete the edge weld of the base plate to the outer can. Helium

leak-test the assembly.

12. Attach a temporary thermocouple protective plate to

the bottom pinch-off tube to prevent damage to the thermocouple leads.

13,  Fuel the device and edge-weld the top plate to the

outer can.

14. Connect the device to the vacuum system and bake at
an emitter temperature of 300 C. Limt the base-plate temperature
to 150 C. When cooled and pumped down, pinch-off and remove the

device from the vacuum system.

15. Install the assembled experiment within the split
coolant jacket and attach the top and bottom heat sinks to the jacket.
Wrap several layers of teflon tape in bands around the coolant jacket

to insulate the assembly from the external can.

16. Attach the coolant-tube assemblies containing previ-
ously calibrated metal-sheathed Cr-Al thermocouples to the tubes from
the coolant jacket. These are the inlet and outlet thermocouples. Lecak-
test each successive operaticn using a static-pressure test at 50 psi.

17. Attach the thermocouple support by set screws to the
bottom heat sink Pass the thermocouple extension wirce through the
bottom external tube and plate and splice to the leads from the Stupakoff

terminals. Clamp the extension wire to the support to prevent stressing

the spliced joint.

12, Fi

o
-

he cxternal can and the top external plate to the
assembly. Pariialiy fill the bottom exicrnal tube by adding epoxy

around the thermocouple extension wires and coolant tubes. Allow the

A-2
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epoxy 'c dry and apply a second laver of cpoxy

19. Weld the external an to the top and bottom external
lates. Leak-test the welds and epoxy-seal using a copper tube installed
P poexy £ PP

through “he epoxy Pinch off this test tube

20 Position the completed assembly within an aluminum
reflector can so that the center of the fuel :n the device corresponds to
the centerline of the core Conrnect coolant tubes to the water supply

and thermocouple leads to the instrumentation

The same assembly procedure was 1ollowed for both inpile heat

transfer experiments with the following exceptions:

1 In the first inpile heat transfer assembly, the top
external plate provided a one-quarter inch clicarance space above the
top of the external can (Drawing No 36135 C-0, Figure A-10) In the
second :npile heat transfer assembly, a longer p:nch-off tube was left
on the device to permit making a second pinch-oft atter irradiation.

The purpose of the longer tube was to provide a region for the collection
of fuel chamber gases for later gas analys:s if warranted by the exper.-
mental results Figure A-4 shows the revised top external plate and
the aluminum extension tube that was added to accommodate the longer

pinch-off tube.

2 It was necessary 'o modifv the alum.num coolant
Jacket tur the secona inpile heat trunsfer assembly because a satis-
factorv leak-tight jo.nt could not be made between the jacket and the
coolant tubes  The drilled coolant channels shown in Figure A-9 were
milled out and replaced by thin-walled, alum.num tubing soldered nto
the resulting passages The four aluminum rubes from the jacket
extended through the hottom external tube and terminated .n four 1/16-
inch fittings installed in two stainless-steel mix.ng chambers as shown
.n Figure A-4  The m xung chambers served as a means for connecting
the parallel flow paths through the jacket to a single inlet or outlet
1/4-1nch tube The :nlet and outiet thermocouples were installed in

the requ:red 1/4-inch fittings.
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Inpile Experiment Synopsis

The 1npile heat transfer experimental program was divided 1nto
two separate parts. The first series of three power runs was carried
out prior to upgrading the LPR to a one-megawatt capability. Conse-
quently for each run the experiment time available was limited to one
hour at « recactor power level above 200 KW. Tables A-1, A-2, and
A-3 summarize the results of the first heat transfer experiments.

The second series of heat transfer experiments was carried out
after the LPR upgrading Consequently the length of time available
at power was limited only bv the objective of the particular experiment.
Tables A-4 and A-5 summarize the {irst two power runs in this series.
The remaiming four power runs., in wh.ch the dynamic characteristics

of the system were investigated. are summarized in Table A-6.

2. Thermocouple Pattern

The thermocouple patterns used ir the heat transfer experiments

are shown in Figure A-14.

4. Fuel and Device Outﬁssmg

For the first series of inpile heat transfer experiments, the fuel
was outgassed for nine days at a range of temperatures from 500 to
1100 C. The time at the maxamum temperature of 1100 C was approxi-
mately 8 hours at a pressure of 2 ¥ 10”* mm Hg. The device was then
fueled. sealed and connected to the vacuum system. The device was
outgassed at an outer can temperature of 212 C for about 3-1/2 hours
During th.s per.cd the lower base plate temperature was maintained at
approximately 10C C with a’'r ooling. The dewvice was pinched off from
the vacuum systern at a pressure of 1 5 X 107% mm Hg.

The fuel for the second series of heat transfer experiments was
outgassed according to the schedule listed .n Table A-8. The device
was then fueled, sealed and outgassed. On two occasions difficulties
were experienced in pinching off the device from the vacuum system
due to an umproperly annealed exhaust tube. In addition the device was
deliberztely opened to atmospheric pressure when an inspection of the
base plate showed a cut in a wire solder joint. After each of these
events it was necessary to re-outgas the device. The final outgassing

was carried out at an outer jacket temperature exceeding 400 C for
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approximately 2 hours. The device was pinched oif from the vacuum

system at a pressure of 1 X 1078 mm Hg.
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Date:

DRescriutban. of Auwombly,

Expsehmnntal Regulta;
Heactor
Tima power, KW
L3P M
1440 41
1HAR LH]
191% 140
[KLES 1
2000 2
202) H
2043 40

Huptamber V2, 194

Qperating Summmary:

IR 1H
[LL:F
iRED
[LEr3
1H37
[LLT3
TN
1908
182
1956
1958
201%
2018
2018
2043
2049
10%¢
2140
2048

Table A-~1.

Synopsis, Experiment 73-19

axperirent 0l Hertion §
accordances with Thermooniple Dattorn & shown in Flgure A4

The heat tranntne sanermbly fnr thie sxpurriment in described in Section Axi
Imring tha inpile experiment, six oparable ¥t « 19, 18 Rd thermocouplen ware attached to the nmitter in
Two additionm! 1% « P, 13% Wd thermooouplew ware attanched to the

I marmu device was alon used do the alertrieal calibration

structure, one At the baya of the malybdanam support pin and the other on the tantalum eylindar at the faner boundary of the upper Kovar
Two gapqa r=ronatantan thermneouplas werya sttached to the Lawe and top plates and tww chramal-alumel thermocouples

nuppart siug,
ware initulled in the tnlat wnd outiat coclant linea,
Noethrap {0 ) The coclant How sak maasured by & flowmetar and by thnad voloms measurements

1 2
LN S T
LAL AR PIT
Ttk
b7 M
(LI TN VI R0
L2319 118y

IRA T
[RLLENFLL]

Lritiead, |

LR
LItL
ih?
LXe4
KLy
LE2h
L3
[FE L]

KW rod

Inc reaneil puner
Powear Jovel at 40 KW eogulator rod st 8 1% (n
Increaamd power
Power toval ot BO KW, pagiiator rod at # 81 in
Increanad puwer
Powar leval at 1350 KW, ragulator rod &t 5,01 In
Powsr Lavel at 200 KW, sagulator rod st 4, M in
incrmannd powar
Power loval at 260 XKW, regulator rod #t 9 65 In
Incenannd power
Powar lnvel at 300 KW, regulator rod at 4,77 in,
Incrannad power
Powar 1avel at 150 KW, ragulator rod st 10 12 tn
Decreased power
Pownr Invel st 200 KW
At | KW, power deacransed on « 400 snrond period

Bhutdown

LT
847
ny
LU}
1994
1274
134K
1433

pouiblon, shim reods ar 19
Power Level at 20 KW, regulator vod at B 87 4

il
0N
Fag ]
(R
Iy
AN
kLR
5 7h
w91

LOH tern I EaLLT e, C.

Tharmocaupie mesanreirenin ware rmade uaing 4 Type K= 3 potentiometer {Leeds &

f
14y
[CR}
Lhi
W
LLL)
LR L]
44 B
Adi)

7 R
LR A N
By 817
LU g ]
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e
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1]
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"
Wi
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O WEgT
i nale
LR 1L UEY
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1 LOsT
1oTee
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n
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Table A-2.

o -

Synopsis, Experiment 73-20

Bate: September 19, 1962

Descripticn of Assembly, Same as that for Experiment 73-19

Purposes of the Experiment;

Thermocouple pattern 2 shows the thermocouple locations (Figure A-14)

I To investigate the affect on emitter temperatures of varlations in rod position
2 To determine whether the results were reproducible after & thermal cycle and after a shutdown of one waak

Experimasal Reawise;
Device Structure
Renctor Emitter temperatures, C Inlet H,0,  Outlet H,0, AT Flow  power,  y heating,
Timse power, KW I 3 4 5 [ __T_ 8 MV MV [+] celpor watts watty
1430 I 707 676 688 727 108 - 0 574 -- - . e . .
1811 200 924 869 836 953 3RO .- 920 873  1.0418 | 2489 5.05 37,02 783 80
1533 83 610 575 593 620 256 . 616 576 i .. o

Qperating Symemary:

119
1340
1809
1413
14490
1445
1519
1525

552
1613

Critical, 1-KW rod position, shim rods st 1% 7 in ,

Powar Invel at 20 KW  regulator rod at 8 8 in
increasad power

Power level at 80 KW, reguiator rod at 9 08 in
Increased power

Power level at 200 KW, regulator rod at 9 43 in
Decreased power

Power Inval at BO KW reguistor rod at 9 0 an
Decreased power

Shutdown

reguiator rod st 8 8 in

Ermttar
power,

watty
WAty

700
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Table A=3. Synopsis, Experiment 73-21
Date;  Septambar 20, 1962
Description of Assembly: Sams as that for Experiment 73«19, A single channel recorder with » suitable switching arrangement was added to the instrumentation
. to monitor ternperatures with time Thermocouple Pattern Z shows the thermocouple locations {Figure A-14),
Purpose of the Experiment; To investigate the change in heat transfer characteristics evident in Experiment 73-20,
Experimensal Resulte:
Device Structure FEmitter
Reactor - Davice temperaturas, C w Inlet HyO, Outlet HO, A1,  Flow, power, y heating, pcuer,
Time power, KW VooRL 3 4 5 b LA I () MV MV LG gxfsec watts v atts wattm
1048 20 ma 296 307 N ~e - 317 290 2T 29 - ~e - - - .- o
iz 80 &R3  b4b 670 699 291 X 693 650 46 47 0.9904 1, 0084 19t 30 38 324 32 92
1158 130 Bi% 769 790 BT 342 - 818 170 54 57 1.0114 1.0920 149 40 %0 592 52 40
1225 150 B4R 797 821 8Tz 355 - 850 801 63 60 ),0134 1. 1566 31,97 40 50 673 60 £13
1255 200 920 851 886 949 379 - 318 865 ™ 68 11,0376 1.2002 5, 43 39,23 891 a0 )1
! 1321 260 o 934 958 10} 410 - 997 940 B7 79 1.0938 1,315% T.02 39 23 1153 94 1189
1336 300 - - - - - - .- - - -~ 1, 1887 1.5175 B 02 39,23 1317 K20 1197
13582 400 1156 1069 1098 L1196 467 - 1145 1076 114 97 L1509 1. 4386 o.M 39,07 1753 160 1993
1417 zoo B7E 812 834 8956 360 - 874 AB2) v T4 1, 2557 3. 4935 %, B 39,23 952 80 £72
1430 130 129 683 104 ThE 306 L 736 bE6 b4 64 1 2509 1.3988 3.61 39,23 592 52 40
1445 80 587 556 STl 596 251 e 596 5%4 53 55 1,2582 1. 3464 .23 39 07 364 3z J3z
Opsrating, Susamary:
1000  Critical
1041 Power lavel at 20 KW, shim rode at 19. 7 in., regulator rod at 9.98 in,
1055 Increaned power
18 Power level at 30 KW, regulator rod at 10,24 In,
1133 Increasad powsr
1146 Power luvel at 130 KW, regulator rod at 10,42 in,
1205  Increased powsr
1207 Powar lovel at 150 KW, regulator rod at 0, %% inc.
1248 Increased powss
1241 Power level at 200 KW, regulator rod at 10,85 in.
1366 Increasad power
1310 Power level at 260 KW, rsgulator rod at 11, 24 in.
1331 Increased power
133} Power level at 300 KW, regulator tod &t 11,40 in
1343 Increased power
1348 Power [evel at 400 KW, regquiator rod at 12,17 in,
1357 Decreased power
405 Power level at 200 KW, ragulator vod at 11,79 in.
1421 Decreassed power
1425 Power level at 130 KW
L1136 Decreased power
1440  Power lsvel at RO KW
1451  Decreiced power
L1407  Shutdown
e me——- [ZE T - > ¥ - e " o ooy o Ay [ .y P " -
b e B Mominsopadt L » il " [ W Ny A ]
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Table A-4. Synopsis, Experiment 73-23

Date: Docomber 14-15, 1962
Description o Asuvernbly The heat transfer dovice used tor this experiment wans the same as that used in the first series of inpile tents with the following changes:

I The fuel was outgassed Bt & higher temperature

¢ Trere was an improved vacuum in the device at pinch-ofl

1 The center of the fael was located one inch below the renterline of the core

+ A lenger pinch-off tube was loft on the device requiring a change in the top external plate

» The aluminum coolant jackst was modified by replacing the drilled coolant channels with abwninum tubing  This modification required & change n the
mwthed of connecting the parailel flow pathe through the Jucket to the mingle iniet and vutlet lines  See Flgure A-4

Ten Pt-Pt, 13% R 1 thoermocouples were installed on the emitter 1 Accordance with Thermagouples Paltern 3 shown in Figura A=14  Two copper-constantan tharmacouples
were placed cn the base plate  Two chromei-alumel thermocouples wer: installed in the [/4-inch fittings in the Inlet and autlet water lines Temperstures were moni-
tored throughout {he experiment using a ruiti-point recorder More precise measurements were mads with a Type K-3 potentiometer (Leeds & Northrup Company) at
equilibrium condi ione at each power level  The coolant flow rats was determined from timed volume meapurements

Experimental _l_l_cf_n_ultu:

Base
plate Device  Structure Emitter
:l> Reae tor Emitter temperataras C temp, Inlet H;O, Omtlet I,0, AT, Flow power, 4 heating, power,
) Time powsr KV 2 2 3 A _5, b 7 . LS I MV MY [of ccisec  wattn watte watts
0 Dec 14,
1628 3] 238 242 251 250 253 [ 239 2h) 250 29 0 %269 0 5450 0 34 32 26 46 5 41
171% 20 376 384 99 396 399 E1IL Y 376 400 396 EA 0 5216 0 516 0 98 331 80 134 10 128
1812 BO Thbd 8% §1¢ 793 Hi# TH0 765 B9 B13 6 0.5222 0 5RH 1 56 46 52 303 38 2%
1923 120 10 932 GhA 945 80 911 15 945 998 T O 4HR2 O hisn 39 38 17 %10 58 4%
2044 00 1121 1127 1169 1148 LIgF 3121 1113 1198 1224 k1) 0 5TIA U 7989 5 54 37 32 A6 96 it
2148 62 1215 124%  12R6 1263 L3%4 1242 1248 1327 13%8 113 O 6100 0 9071 T 2% 43 10 11Y 126 VIKT
2304 264 K211 1241 |27 1253 P4LS 1236 1246 1317 1352 i3 0 babd 0.9374 709 42 T4 124K 127 1141
Dec 15,
0035 270 mum 1220 L1258 1234 i300 219 1228 1299 1335 110 0 Had 0 934 T 07 46 T2 IR (14 1453
0043 290 120% 1233 1274 1247 16 1233 12k 1316 1361 115 0 645 097} T 9% 46 T2 155 139 141%
o1z 290 1169 F19S 1235 1210 1279 1200 1202 1277 118 116 071 1110 9 1% 35 46 144b 139 1307
0137 340 1196 1220 1261 1234 13910 1226 1228 1308 13446 124 0 Tn 137 11 0 3% TR 1648 163 1482
0205 340 1161 1183 1224 1197 1279 1191 119l 1268 1308 122 AL 1169 111 35 96 1L70 163 1507
0220 3%0 1209 1231 1270 1244 138 1236 232 1313 13%7 131 0 0 1 234 12 % 3% 94 |RBF 187 1499
9304 00 903 911 938 911 %7 912 Y24 966 994 B4 0 636 0 916 £ B3 3 23 1036 96 940
0384 130 161 Tod 85 %9 HOT k(3] T4 805 826 ht 0,657 0.820 3. 98 36 23 02 62 540
0447 1] 604 604 620 600 bib 600 LIY] 636 651 47 0 619 0. 708 217 36 23 329 38 291
0545 F1 274 410 275 6% 218 261 269 218 B4 24 0 542 0.588 112 35 47 167 10 157

0631 10 173 m 173 167 178 164 169 175 178 17 o 514 0. 35% 1 00 35,47 148 S 143
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Table A~4, (Cont'd)
Qearsting e nmary

1540 Powar Ievel at 1 KW Shim Rods L and 2 a2 18 4% in , Shim Rod 3 at 18 49 In , regulator rod at M % om
1351 Int ransed power
1058 Pownmr Invel at 10 KW, ragulator rod at 34 B em
1n42 Increasnd power
1545 Power level at 20 KW regulator rod at # B4 in
1735 Increamsd power
17%0 Power irvel at 80 KW, all shimes at 18 45 in , regulator rod at 34 2 em
1852 Increaned power
910 Power leval = 123 KW  ragulator rod at 54 B cm
£002 Increased power
Z039 Power level st 200 KW
2112 Incrensed puwer
2130 Puwer level = 262 KW, regilalor rod ot 35 5cm
2314 Puwer level = 264 KW, regulator rod at 37 2 ¢cm

» 23T Increnped power to 268 KW

[] 0023 Increased power to 290 KW

Pt 0100 Power lsvet at 290 KW, regulstor rod ar 40 L cm

o 0122 increased power
0132 Power lavel at 340 KW
0158 Power level! at 340 KW, regulator rod at 42 cm
0214 Increased power
0219 Power level at 390 KW
0240 Power level at 390 KW, regulator vod at 44 cm
0240 Decroased power
0255 Power level at 200 KW
D257 Power tevel at 200 KW, regulator rod at 45 cm
0318 Decreased power
0329 Power level at 130 KW, regulator rod at 47 cm
0410 Decreased power
G421 Power level at 80 KW, regulator rod a. 57 cm
0430 Shirme raised to 1B, 7% in , regulatar rod at 42 cm
0458 Decreared powsr
0320 Fower level at 20 KW, regulator rod at 44 5 cm
0%57 Decreased power to 10 KW, regulator rod at 47 em

- —— Pt ] [«ww..,—. - sy ow oo ] - P awey [
b e PR L L




BB WO h B W YR T e ver " "

L I |

1t-v

L B vy

gy e

Table A-5,

Synopsis, Experiment 73-24

DOoOOOD

L11:3)
630%
663y
09
157

Ratss Dacembar {7 1962
Description of Assembly, Same as that »f Fxperiment 7} 2}
in place of the two device thermucouples that wers inoperable during Experinent 73-23
Experiments) Results,
Device temparstures,
Ronctor
Time power Kw ___)__ __2_ __'.L 4 l_ 6 _j’“ ] -LO._ ik
11 1 - - e - - -- - - - 14
N 19 11y 170 173 167 173 163 Wi 174 178 1]
1304 20 P 271 2Th 266 218 261 L7 278 282 21
1339 B0 &3 632 Fah 626 658 620 A3l 66} hT5 41
1502 I 30 T 794 A1l 192 830 T8 793 825 HA0 [
1451 400 Bl 913 931 211 953 594 a04 945 A0 T8
1634 290 kY 10%8 1078 1049 1100 10M% L03R a8y 1138 109
164% 340 I 11dE YT 112a 1168 1% 1093 1% i34 108
ime 340 1104 1114 LT dLie 11%% 1084 1084 1128 119% 108
Opexating Summary
T1ET Power lavel at 1 KW, whim rods at 14 2%, regulator rod 3 7 em
Vi%4 T reanad power
1206 Power lavel at 10 KW
LédY I reaned power
V46 Power level 2t 20 KW
12%%  Reyulater rod at 38 4 em
L¥lE Increamn power
L3V Powar level at B0 KW
1345 Regulator rod at 18 B em
1410 Int rannwd power
1424 Pownr level at 130 KW
34%%  Ragulator yort as I8 0 om
1508 inereased power
1923 Power level at 200 KW
1537 Regulator rod 39 | em
M58 Ineresnsd power
LG0T PPowsr lavel at 290 KW
IhE0  Negulatnr rod at 39 2 om
M Inereaned power
14637 Regulator rod at 39.9 om
1728 Reduced powar
1749 Rode in

Outlet water temperature (9) and reactor power level (12) were

Inlet 15,0, Outlet HO
MYV MV

1246
HaGN
G832
0k
Oad

LER1]
7T I

(3]
b 93

"

reacorded on the multi-point recorder

-

ltevien Structure Emitter
¥ iow power ¥ heating power
crinec  watts watts watts
43 48 &1% 2 5%4
42 7% 957 a6 finl
42 39 1380 139 1443
%52 10 166% 1h% IR T
S+ 99 1994 143 fay
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Table A-6. Synopsis, Experiments 73-25, 73-26, 73-27, 73-28

Datea: 73-2% Decembar i8, 1962
73-26, 7327, December i9, 1962
73-28, Deceraber 31, 1962

Dascription of Asssinbly: Same as that of Experiment 73-23. Thermocouple Pattern 3 applies. For Experiments 73-26, 73.27, 71+28 a Keithley bigh speed recorder
was used to monitor a mid-plane thermorouple during the rapid shutdown of these experiments

Burpone of the Exper menty, Experiment 73-2% was a continuation of Experiments T3-2) and 7324 1o Investigate the heat transfer charactarintics of the assembly The
remaining three experiments ware 1o investigate the dynamic characterietizs of the assembly

Experimental Regulry;

Device Structure Emitter

Reactor Device 1emperatures, C Inled RO Qutlet 11,0, AT, Flow, power, y heating, power,

Experiment Time asower, KW A 2 3 A :“ 6 7 . i0 11 MV MY € cclsec watts watte watie
73.25 1140 kX 1) - -= - - - - - - - ~- 0, 7750 1560 b.85 45.9 n7 158 1159
73-28 1382 330 1091 1094 1100 1104 1127 10%¢ 1054 1086 1174 102 0, 6647 ., 9503 .97 48,5 1417 158 1269
7326 1229 80 557 550 554 554 %64 528 535 561 581 41 0,6229 0, 6690 1,12 46.7 220 38 182
73-27 1648 200 900 896 904 96 26 867 870 913 955 75 0. 6690 0, 8830 5,22 57§ 827 96 31
73-28 1520 200 854 L1133 BbHS Th) R76 820 888 B76 903 70 0.683 0, 908 5,49 43,2 945 n BRY
73-28 15%3 o0 589 580 585 5RT 594 555 561 593 611 47 0. 607 0,732 3.0%  36.0 415 48 367
73-28 1605 200 85% -2 1] 859 TR 8719 a3 B2b .11.] 908 0 0. 410 0, B0 6.79 33,0 968 L1 B72
73-28 1625 300 1048 1043 1054 1072 1079 1008 1006 1045 1118 93 ¢ 624 D 976 8.99 392 1410 144 1266
73-28 1645 150 tizo 112} 1136 1183 1157 1074 1066 1113 1379 104 0. 656 1 064 990 39,7 1648 168 1480
Operating Summary {73-£5) Operating Summary (73-26) Operating Summaiy (73-27)
1003 Critical (104 Celtical 1609 Critical
10271 Laevel ar & KW L1E}  Level at 1 KW 1632 Level at 200 XW
1024 Increased power 1119 Shims at 18,2 in, regulator rod at 44 H ¢m 1635 Shime at 18 2 in , regulator rod at 3.5 cm
1058 Level at 300 KW 1150 Incrensed power 1659 Reactor shutdown by dropping shims
110} Shims at 18.2 in,, regulator rod at 4% 5 cm 1E€23  Level at 80 KW
1110  Incrrased power 1231 Shimwe at 18,2 in., regulator rod at 44. 7 cm
1113 Level at 33 KW 1246 Decresaed power by running in regulator rod
:;:2 ghimu at 18,2 in., regulator rod at 45.% cm 1248 Decrenssd powar by running in shim rods

cram

Qperating Summary {73:28)

1438 Critical shimas at 18.2 in., regulator rod at 40 ¢m

15k} Level at 200 KW

1517 Shims at 18,2, regulator rod st 36.5 em

1948 Reduced power to 100 KW

1548  Level at 100 KW, shimse at 1B 2 in., regulator rod at 36 5 ¢
1601  Increaser power to 200 KW

1619  Increased power to 300 KW

1621  Level at 300 KW. shims at 18.2 in., regulator rod at 37 cm
1637  Increaned power to 350 KW

1638 Level at 350 KW

1648  Shutdown by manas! scram

B —" i " o e . - Fr o l P
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Synopsis, Electrical Calibration Experiment 4

Date: September i, 19462

Description of Assumbly:

Time

1947
2040
2125
2207
2254

0303

Emitter

input,

watts

307
679
1173
1285
1285

1561

accordance with Thermocaupls Pattern | shown in Figure A-14
thermomaters [or three flow paths, through the main cooling jacket installed around the device outer can, through the eleciric
henter, snd through a series cirouit consisting of & heat sink on the top flange of the cuter can and a heat sink sttached to the copper

pinch=off tube or the lower bsse piste,

mary on Experimental Regults;

Device temperatures, C

The heat transfer device for this experiment in described in Section 3.2.2 |

{The same device was used inpile in Expariments
73-19, 73-20, and 73-21.) Ten operable Pt=-Pt, 13% Rd thermocouples were insialled on the emitter and support atructure in

Inlet and outlet cooling water temperatures ware meanured with

Electric powsr input to the heater was measurerd

TH5
997
1258
1314
1339

1165

.

T44
994
123
1294
1318

1099

-

799
1056
1337
1393
1433

1179

726
97
1013
1049
10”0

-

37
18
1372
1427
1420

1173

6

842
1103
1394
1450
i493

1180

[ ————————

A

773
984
1215
1262
1300

988

A

745
396
L2zé
1268
1306

993

T

676

692

Vacuum,

Helium, 7 microns

fr—



Table A-8. Heating Schedule for Outgassing Pellets

Temperature after 1 hour
Observed, C
Corrected, C,

Time above this
temperature, hours

Maximum temperature
Observed, C
Corrected, C

Time at maximum, hours

Minimum pressure,
microas

Cooling rate, time to
950 C, hours

A-14

Stack No. 6
A B
1600 1570
1930 1820

2 1.5
i700 1600
1970 1930

g.5 0.4
$0.025 0.020
0.5 0.5




o v o

Figure A-1. Base Plate Components

% Base Plate Ring

5

. Split Clamp



Figure A-2. Emitter Assembly and Base Plate Components




Figure A-3, Components of Heat Transfer Device

gt ol Outer Can

Aluminum Split
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Figure A-4. ilsat Transfer Assembly With Extension Tube
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Figure A-5. Lower Base Plate
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Figure A-6. Base Plate Ring and Split Clamp
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Figure A-7. Outer Can
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Figure A-8. S5plit Sleeve
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Figure A-9. Cooling Jacket
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Figure A-10. Top External Plate and Top Heat Sink
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Figure A-11. Bottom External Tube and Bottom Heat Sink
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Figure A-12, Bottom External Plate and Thermocouple Support

B s0me-2 Tema
3 HoLEs ifa®
APART

*
p——e 2 G DIATS

>

€

P

R R
oo {vT L
1T N
: T oo o | Nt L
-——d‘\asomkr———‘i ! aR ~&
! + oo
(SRR PPPS LA L ik
1— +.008 as =z 3" BCTTOM EXTERNAL
——1 340 DIk PLATE

THERMOCOUPLE SUPPORT
NOTES

P T ERba - ALUMIRUM - L8061 - T o

s



o S———

—

rwm

i ey

Figure A-13. External Can
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Figure A-14. Heat Transfer Experiment Thermocouple Patterns
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APPENDIX B

Thermionic Converter Experiment
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APPENDIX B

Thermionic Converter Experiment

Er—

! 1. Converter Materials and Fabrication

To a:d in a postirradiation examination of the converter, details of
materials and fabrication are included in Figure B-1. The following list

identifies the materials in the figure.

r—

16 Kovar 30 Copper, nickel platcd
, 31 7 Kovar 31 Kovar
* /IS Tantalum 32 | Nickel
Y19 Kovar 33 | Molybdenum
: 20 OFHC copper, nickel plated 34 | Nickel
21 Nickel 35 |{ Molybdenum
{ 24 Stainless steel 36 | Nickel
- 25 Molybdenum 38 | Ceramic, metalized and nickel
{ 26 Niobium plated
28 Kovar, nickel plated 45 | Nickel
23 Copper, nickel plated

2. Fuel Preparation

The fuel consisted of six UQO;-fuel pellets enriched to 20% by weight
of U?®_ The total weight of the fuel stack was 133 grams. The pellets
! were sintered in hydrogen at 1790 C for 6 hours.
All fuel was outgassed prior to use. This outgassing was performed
; in a vacuum furnace in two units of three pellets each. An additional pel-
let was ocutgassed to determine the quantity of gas evolved over four tem-

perature intervals and to determine the constituents of the gas collected.

. W~

Table B-1 gives the heating schedule; Table B-2 gives dimensions before
and after outgassing; Table B-3 gives the quantity of gas evolved from a
singie pellet; and Table B-4 gives the analyses of the evolved gas.

At the highest temperature interval, 1730-2000 C, the volume of gas col-

lected was less than that collected with no sample in the apparatus.

B-1
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t is possible that the recorded blank correction was not reliable;
therefore it cannot be stated positively that there was or was not any gas
evolved from the pellet in this temyu-rature interval. However, it is
fairly certain that any amount evolved would be smaller than the amount
evolved in the next lower temperature interval. In the analyses there
were small amounts of nitrogen. It was assumed that the nitrogen rep-
resents atmospheric contamination; therefore the amount of nitrogen and
the atrnospherically proportional amount of oxygen have been subtracted
from the observed amounts. The volume percentages reported are there-
fore adjusted to the air-free basis. The fairly high percentages of carbon-
containing constituents may reflect the possibility of contamination from
the vacuum grease and wax used to seal the furnace compartment. These
joints were cooled with air blowers and all due precautions were taken to
avoid contamination, but the possibility of contamination remains, espe-
cially at the highest operating temperatures.

A shiny substance was cbserved on the fuel surface after outgassing.
This substance was certainly molybdenum from the molybdenum boat,
which supported the pellets during outgassing. Since the pellets were to
be used in a molybdenum emitter structure, no attempt was made to clean

the pellets.

Table B-1. Heating Schedule for Qutgassing Pellets

Stack No. 4

A B

Temperature after 1 hour

Observed, C 1700 1850

Corrected, C 2020 2160
Time above this

temperature, hours 6 1.5
Maximum temperature

Observed, C 1865 1855

Corrected, C 2180 2170
Time at maximum, hours 1 0.5
Minimum pressure,

microns 3 0.8
Cooling rate, time to

950 C, hours 1 0.5

men
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Table B-2. Dimension Changes During Outgassing Treatment

Diameter in mils(a) Length in mils(b)
Before After Change Before After Change

Stack No. 4, Set A

Top 492.5 491.2 -1.3 708.5 708.8 +0.3

Bottom 492.4 490.6 ~1.8 703.9 707.6 +3.7
Stack No. 4, Set B

Top 492.3 490.7 ~1.6 707.0 707.1 +0.1

Middle 492.2 492.7 +0.5 708.0 712.2 +4.2

Bottom 492.3 494.1 +1.8 710.8 714.3 +3.5
Single pellet 492.0 492.7 +0.7 715.0 715.8 +0.8
(@) All diameters £ 0.2 mil.
) All lengths + 0.5 mil.

B-3
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Table B-3. Quantity of Gas Evolved From a Single Pellet

Temperature Yolume Blank Corrected Volume
interval, Time at collected, correction, volume, per gram
cla) temperature ml STP ml STP ml STP of UQ,. mitP)
25-1300 2 hr 30 mn 7.76 0.13 7.63 0.330
1300-1550 1 hr 45 mun 0.63 0.13 0.50 0.0216
1550-1730 1 hr 40 man 0.53 0.33 0.20 0. 0086
1730-2000 I hr 20 mn 0.68 0.77 -- --

(@) Temperatures corrected for window losses and emissivity,

®) Pellet weight = 23. 133 gm,.
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Table B-%. Analyses of Evolved Gas

Temperatur
perature Volume percentage

interval,
C H, O, CH, cO CG,;
25-1300 7.7 0.1 -~ 7.4 14.8
1300-1550 72.1 0.3 -- 18. 0 9.0
1550-1730 65.0 7.2 -- 18.5 9.3
1730-2000 61.4 1.2 1.5 30.7 5.1

3. Device Outgassing

After the device was fueled, the fuel-chamber end-cap assembly was
welded on and the assembly was helium leak tested. The exhaust tube
was connected to the vacuum system, evacuated, and placed in a steel
container in the bake-out oven. The container was fluched with helium
during the bake-out at 300 C. Figures B-2 through B-7 illustrate this
sequence.

After bake-out a faulty pinch-off cccurred because of improper
annealing of the exhaust tube. A tube was torch brazed to the exhaust
tube using B-T solder without flux. The bake-out was repeated and a

pinch-off was made at a pressure of 4 X 10°° mm Hg.

4., Ewvaluation of End Losses

Data received from additional electrical tests after inpile operation
(RCA Type Al197, Device 40) indicated that, at an electrical power out-
put of 135 watts and a cesium reservoir temperature of 325 C, the calo~

rimetric measurements were the following:

Heater input - 1909 watts.
Cs heater input - 70 watts.
Electrical output - 135 watts.
Emitter cooling - 217 watts.

Collector cooling - 990 watts.

O o e e Y e

. Heater cooling - 640 watts
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A heat balance ignoring the cesium heater input yields

M

Input = Qutput

1909 + x = 135w + 217w + 990w + 640 w

n

1909 + x = 1982 watts.

But ¥ equals 73 watts, almost exactly the 70-watt cesium-heater input.
Since the heater is quite well insulated. it is reasonable to assume
that the heat is lost into the lower-ematter cooling water. The end losses
would therefore be 217-70 = 147 watts for both ends, or about 74 watts
for each end. This value is consistent with the design end-loss value.
Since no measurements of end losses were possible during the inpile
tests, it is concluded that the end losses were a total of 150 watts at an
output of 135 watts inpile. This loss should be proportional to ematter
end temperatures. The pool water which was the heat sink was at about
18 C.
It is necessary to derive a relationship of ehd loss versus emitter
temperature. It may be assumed that these losges are proportional to
the temperatur= difference between the upper erpitter end temperature
and the cooling water temperature. However, jne lower end is heated
by the cesium heater as well as the ematter. The pool water temperature

was about 18 C. Assuming that the total loss is{proportional to the upper
g PP

emitter end temperature, the relationship is

/Ttop - 18 C\
Pe :\ 162 C / 150 watts.

5. Resistance and Cooling Water Calibrations

Figure B-8 is the calibration curve of the inpile nickel load tubes as
a function of thermocouple emf. Figure B-9 summarizes ihc resistance
measurements of all segments of the inpile load. The resistance meas-
urements of the out-of-pool load are summarized in Figure B-10. The
cooling-water flow-meter calibration measurements are summarized in

Figure B-11.
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2 6. Converter Experiment Data

The instrumentation fur taking data has been described. In general,
data was read on the Type K-3 potentiometer every two hours during the
entire run. Data was also taken continuously on two multipoint recorders.
This data was always corrected by comparison to the potentiometer before

presentation.

To determine the input power from the calorimetric measurements,

r——

it was necessary to correct for the flow distribution between the loads

as shown in the following formula:

. T, ~ T, T, ~ T,

P, = —5.—04;‘“ X F, X 4. 187+—m‘m X F, X 4.187
g where
T, = outlet water temperature, Load 1, millivolts
Tin = inlet water tempe ratuzie, millivolts
F, = flow in Load 1 =total flow X 0.455
% T, = outlet water temperature, lLoad 2, millivolts
' F, - flow in Load ¢ = total flow X 0. 545
0.041 = mv/C for chromel-alumel.

To determine the electrical output power, 1t was necessary to
establish the resistance of each of the three loads. The ocuter load resist-
ance was that of the room temperature measurement. Load | resistance
was read from the emf vs resistance calibration curve {Figure B-8). The
thermoceuple on Load 2 failed. Therefore the emf (E;) was determined

with the following relationship:

E;, = E, + (Ey ~ Eg,)

: where

‘ E, = loadl emf

: E, = Load 2 emf

* E, = Load 1 outlet water temperature, millivoits

Load 2 outlet water temperature, millivolts

=
L

The voltage drop across each load and the resistances were then used to

determine the current in each load. The three currents were then added

B-7
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and multiplied by the emitter-to-collector voltage to obtain electrical
power,
Table B-5 lists the temperature measurements made throughout the

run; Table B-§ lists the calorimetric and voltage measurements.
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Table B-5, Converter Temperatures During 300-I{our Run
1
I
f
] The rmocouple locations
E Top collector Top seal  Center rollector  Bottom veal  Bottom collector  Top smitter  Bottom emitter Ceo | Cud
Date Time 1 2 3 4 5 6 7 8 9
;\ 1/15/63 berd 13.%¢C 4C 13,5¢C 14C 13C 14C 14C 14 C 14C
' 113% 14.5 % 15,5 ib -- .5 12 15, % 1% 5
1340 i+ %] L5 i5 16 15 12 15 ib
437 i4 L9 33,8 33,5 34.5 LS 49 4% 25
i513 15 43 51 53 72 485 63 37 36
1631 160 1499 128 145 i36 237 164 114 13%
1650 227 249 188 189 196 274 198 169 159
1756 356 338 360 z8n 330 334 257 224 2ib
w 184% 402 390 398 15 425 350 260 2491 264
"a Lo4i 443 403 481 ise 71 391 304 298 295
4040 A43 A5h 599 400 534 448 336 3%5 343
2254 kLY 456 567 407 543 142 136 38 326
1/16/63 020% 468 471 396 415 587 453 344 138 336
0318 876 477 A58 414 55% 4be 47 13 328
§045 608 494 621 422 567 474 448 349 330
1656 597 490 613 422 567 470 358 335 331
1940 594 4R8 &1l 4.0 564 469 356 332 328
2125 589 485 507 418 560 468 354 332 387
l_ﬂ\'?'{g.i 4009 487 444 €06 417 559 469 353 110 326
0216 584 475 603 415 556 466 351 330 326
413 585 484 £03 415 556 464 351 3¢9 iz4
0604 588 47 bud 415 556 467 351 329 324
0830 585 453 603 414 557 466 352 24 124
, 049 587 C 484 C 604 C 415 C 557 C 466 C 355 C 9 c 324 C
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Table B-5,

(Cont'd)

Thermocouple locutions

Tap collector Top weal  Centaxr ¢ ollector Bottom seal Bottom collactor  Top emitter Bottom emitter Cu l Cud
Date Time [} H } 4 5 & 7 8 9
133% %92 C 48% C 0T C 414 C 559 C 47h C s g nac e
1710 593 [11) 508 414 560 477 35} 2t 322
2006 592 485 608 41} 5.8 47 354 174 322
2238 602 493 617 421 566 480 392 127 LF1]
m 0048 402 493 617 431 5367 48 LLT 334 A8
0300 603 %93 817 421 567 491 454 kh1 ] 328
0518 603 A Lib 421 567 48} 54 133 32R
0730 601 493 614 420 867 ATH (X1} (A} 327
0940 (11} +92 618 420 566 4680 LLT 332 »e?
1208 (1]} 491 614 419 6% 478 hL1Y Ml kY44
1827 01 491 61% 420 566 480 35% k331 3
163% 601 491 615 420 LL1) 460 354 331 i
1804 $9% 485 613 419 465 476 347 324 14
i%10 588 482 613 s L1 17 340 306 Yol
2006 584 477 (37] 408 544 474 334 296 492
di0 599 490 617 418 544 480 3ue ERY ] 126
1/19/63% 0040 599 490 617 419 566 480 38 e ny
0248 599 490 617 420 L1 480 385 m Wy
0445 499 490 616 419 56% 479 388 3 127
DE4S 896 148 bl4 4i8 L1} ) 476 354 E3 1] 126
0845 597 490 616 419 65 479 354 1311 b F1Y
1104 At 4% 617 419 L1717 48] 358 ER)] 37
1303 400 490 (31 419 566 482 I i3 1} 327
%01 400 490 416 419 %bb 1) 356 m 327
1130 600 430 6)7 419 56b 480 3156 A2 1} 171}
2016 601 4% 618 419 867 48] 386 LR1} vey
2300 99 C 490 C 616 C 418 C 56% C A4 ¢ 88 C LR TN nre

—— ]
s

gy

P

-




BUIEY  d rommgie 20 8 vz e

m m W‘m bl - P - Wi | W‘i M —— -— ¥ - ey I "
b g 'K} "

Table B-5, (Cont'd)

Tharmocouple locations

- —————

Top collector Top seal  Center collector Bottom seal Bottorn collector  Top smitter Bottom emitter Cn 1 Cw 2
Date Time 3 2 3 4 § 3 1 a 9
Uﬂ.@.’.‘ o030 549 C 40 C 116 C 419 C q65 C 480 C 56 C 31 C 27 ¢C
0215% 99 490 ulé 418 565 440 35 331 327
| 041% 598 459 [[38-] 418 564 480 356 35 27
0600 598 489 (28 418 564 480 354 131 Lra
Q700 599 490 £17 419 566 430 Ine 334 37
o420 597 489 f15 418 564 479 3158 L33 3R
1020 294 487 €1 416 561 477 150 349 326
1240 592 487 €12 416 561 472 346 3130 326
423 4RA 485 &0 416 599 469 346 330 325
1645 490 4R6 62 417 561 470 151 331 327
18490 593 489 615 419 563 472 350 Iin 1
? 2042 595 490 615 419 563 473 352 33 327
: 2222 595 490 616 418 563 474 351 33 s2i
I_/_ﬂl_(_a_! A60 598 491 618 420 514 77 344 {31 M.
‘AL 599 492 621 421 517 445 157 132 328
0406 60% 492 60 420 517 485 a0 532 324
0630 &05 492 61 420 517 485 340 332 3/8
0815 60} 490 619 420 517 485 351 332 LR
1029 608 493 6213 420 517 485 358 33 kY1
1204 03 492 619 420 217 484 354 32 R
1405 4ir) 491 3L 417 G158 452 LLT 132 YR
171% .U 492 619 418 517 484 358 332 328
905 600 491 419 417 516 483 356 332 328
2031 604 490 518 414 516 482 355 332 3e7
2230 602 493 em—trie e 28 &1 485 355 333 329
I_Eﬂg 0015 599 492 6.0 418 517 484 354 332 328
0200 601 488 619 417 %1% 482 301 3 327
0430 598 490 619 a9t S14 483 302 132z 327
0630 598 C 459 C 619 ¢C ic 513C 482 C 448 C I32c v
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Table B-5, (Cont'd)

Thermocouple locations

Top collector Top seal Center collector Bottom seal Bottom collector  Top emitter Bottom emitter Co Ve 2
Date Time 1 ra 4 5 6 7 8 9

0620 598 C 488 C 6i7C 416 C 513 C 483 C 351 C 3l c 25 C
1952 597 490 419 417 515 483 355 330 327
130% 599 490 620 417 515 483 3se 332 327
1450 599 4%1 621 417 516 48% 357 330 37
14630 601 491 620 417 514 48) 356 33 327
181% 600 431 621 416 516 484 354 3 326
2050 600 491 621 416 516 48% 363 31§ a7
2237 600 491 iR 416 515 484 359 332 328
234 600 489 L30s 416 513 483 360 33z 128
2330 601 493 20 417 514 483 356 3 324
. ? 1423/63 0000 598 493 620 418 516 478 354 312 38
- @z 0 601 194 Lyt ] 418 518 485 357 L3 326
~ q430 600 493 LT 418 517 485 3s2 331 326
0630 600 493 b4 419 518 485 3%y 330 327
0818 600 493 (11} 418 517 485 356 331 32!
K026 598 491 621 418 Sl 484 351 b0} 3z7
1255 600 491 619 417 565 4+4) 351 330 126
L1425 601 491 620 416 565 443 3s2 330 326
1640 597 90 619 420 563 481 352 33 325
1825 599 491 620 420 563 481 352 33t 325
2025 500 192 620 421 563 481 350 3 A2»
2215 600 490 620 420 563 482 346 kX Y] 3zn
1728763 0030 00 430 620 418 563 482 343 3 32
0210 598 490 ulg 417 562 481 345 14 325
0415 596 488 619 418 562 480 344 33 32+
0630 600 488 620 419 563 483 346 i 325
0815 598 490 619 419 362 482 344 k33| 325
1425 5% 490 6158 417 562 480 145 331 izs

1400 S C 489 C 617C 417C 62 C 480 C 45 C BlC 325 C

- - - g e ICERLE ] .
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Table B-5, (Cont'd)

Thermocouple locations

e i Jov——

ottt o, ooy

Top collector Top neal  Canter collector Botiom seal Bottom collector  Top emitter Bottom emitter Cal Co ?
Date fimn ] 2 3 4 5 b 7 ] 1
1620 $97 C 488 C 618G e C 563 C 482 C M43 C 331 C 3G
1410 597 4689 619 418 563 A B4 49 33l 324
2015 598 490 639 418 563 404 49 341 LYR]
2¢14 598 489 639 418 563 484 347 31 Yk
1125763 aol10 597 4340 618 418 563 483 47 331 3y
- 0230 596 484 416 417 962 484 Mb ER1 325
040 598 AR T 619 418 563 441 47 329 13
U6 598 484 a7 417 Sbe 441 145 130 124
[ L] 594 ABB bGib 416 L1¥Y 4TH 345 33 125
1106 ELT) L1 14 416 4hl 4714 BIL] Er4 ] LY
[fLTs 496 LT 53T 417 B6e 470 150 L3} ET A
1440 594 487 h17 417 562 4id 349 331 3
630 596 4R7 bi8 (3 562 472 35¢ 333 35
1810 596 487 bi8 A7 562 470 350 331 32~
2010 596 487 614 417 562 474 350 331 325
2208 596 490 618 417 562 474 50 331 3w
1126161 0020 597 490 61a 417 543 473 350 331 32w
G204 602 490 621 418 565 480 L] 333 124
GAD% Gog 491 620 4le Shi 450 354 i 325
b s 604 490 b 418 hh4 484 354 V3 524
Ll 600 491 b2 437 443 482 348 341 3dh
1007 %99 490 619 420 563 480 350 324 125
1300 600 450 619 420 563 480 350 32n 125
1625 601 490 623 418 566 442 343 128 124
1820 598 449 618 418 562 476 346 529 323
2020 601 489 623 456 567 478 346 ¥217 sed
2215 596 C 486 C 621 ¢C 41t C 563 C 473 C 45 C n2rc wIc
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Table B-5, (Cont'd)

Thermocouple locations

Top collector Top seal  Center collector Bottam seal Bottom collector  Top ermutter Bottom emitter Cs | Cs 2
Date Trme 3 2 3 4 5 [} 7 a 9
1/27/6} (L] 600 C 439 C 624 C 416 C 564 C 414 C 350 C nic 1w
0213 599 187 fi® 416 564 471 348 326 el
p407 9% 454 hik 4.6 b4 47 347 1t 2z
0hl2 598 487 b6 416 ; 565 475 360 37 ot
OR44 598 4B7 525 415 565 474 348 127 322
1905 554 AT3 623 408 557 458 342 7 34
1046 585 474 619 408 556 461 343 324 32
1122 585 4711 618 408 585 464 342 27 325
1200 585 475 617 408 553 464 340 39 328
[ELX] 585 4TS 617 407 554 463 338 326 324
1650 585 475 617 407 554 463 337 326 324
[E11 ] 585 471 él5 407 55% 462 337 LY 1
2040 585 474 61% 407 553 462 341 325 3
2218 584 473 614 407 553 461 341 326 123
1/28/63 001 588 474 62) 407 559 460 345 3¢n 322
T ozoe 589 a2 023 407 557 459 331 325 320
0356 585 474 6l2 407 550 464 338 335 |R L]
0487 585 475 615 407 550 463 339 137 137
0620 585 473 615 407 545 457 339 336 336
0703 588 477 618 409 554 465 345 344 4
0730 582 472 613 403 6551 4560 340 3«0 340
0753 621 493 610 422 570 480 350 354 354
0923 628 507 850 433 586 486 357 354 3-4
1038 595 485 630 418 561 467 345 319 350
115 586 474 625 407 554 5% 340 341 340
1120 555 447 407 370 530 425 325 azs 326
1434 »28 474 619 370 15 398 310 292 290
1321 335 130 ER1) 267 320 368 254 224 220
1355 190 224 190 [ ¥4 iac 27% 192 162 154
1435 130 166 7 134 126 222 159 ¥t iz
1518 s0C MC 55 C 63 C $3C 106 C 85C 70C 66 C

e

R —



.

TR

Ly v

L B =T v

si-d

ey o s o . o .. o Eep— [ISEPN
Table B-6. Calorimetric and Voltage Measurements
Outlet H; Q, Cutlat |, v v v v , T
inlet H, O, position 2, position 3, Bar 1" Bar 2° C-A' Renctor power, outer Bar 1* Flow,
Date Time mv mv my v v v KW mv my
1/18/63 [FRLS 0. 5400 0.5429 0. 5497 0,0021 mv 0, 0000 mv 0.0106 mv .- 0. 0001 0, 5340 74
113% - - - - . . . - - e
1340 0 5124 0,544 T ~0,00% mn 0, 0062 mv 0. 0044 mv i - 00Ld 0 9 ™7
1437 0,.81(75 0, 82K 0. RIHIL =0, 064 L mv 0. 0806 mv 0. 0344 mv .. 0,001 0. %4 he 3
1513 0, %203 0. 5494 [T 51 -0, 1064 my 0,142 mv 0,0102 mvy 20 0, 0600 0, %34 [T ]
1611 0, 4140 0. 5438 0, 574k 0, 3240 mv -0,3750 mv 3.5932 mv a0 0. QU4 0 H1G 72 3
1680 0, 8276 0, 60%? &880 2, 9429 my -3,8851 mv 10, 6384 myv 120 0, (48 0, 6154 7y 9
1756 0. 5366 07106 D LBDO 24, + mv 1,223 vy 47 mv 228 0, 0Ny 0,714% ud 4
1845 8341 0. 7414 0,708 0. 12764 0, 14628 0. 2164 v 285 1,414 mv 1. 047 -
1941 0, 5387 O, BOLS 0, 7%1b 0,178 0,202 Ge% v 358 2,270 1 L8210 60,4
4040 0. 453 0, 8916 0, Ko0b a,207)y 0.23699 O, MOH - 2.85 1. % 5
2254 0. 8070 o, Tohd 0.7 0,20745 Coa3? Q. 1096 430 2, 8506 R Mty
1/16/63 0205 ", 8029 0.8 % 0. 7765 0.2292 € 2617 0. fabd 440 2.29486 1 40540 T4 A
0¥i4 0. 4941 0.7760 0. 7280 0 2490 C.28478 D.ALDER 470 L.5014 1400 LT
104 % D. 4960 0. 8651 0, 7994 0.25708 0.292178 0.4300 500 2. 1658 15105 8
1656 D. 548 0. 850 0.831 0.258 0. 298 0,434 5400 2,192 1,541 Bb 5
1940 0,5599 0.9197 0, 8504 0,25736 0.2M26 0,43229 - 2, 1845 1.5707 -
225 0.5391 0. 8495 0, 7928 0.2529%4 0.28917 0.42566 .- 2. 1419 14633 ur 2
1/1¢/63 02316 . 51350 0.8180 0.768% 0.25292 0,28900 0.42509 500 2. 1425 F.4477 87,1
0413 0,509 0.8749 0.8132 0.28377 0.49038 0.42615 500 2. 1482 LS50 72 3
0608 0.497% 0.8532 0.7876 0.25376 0.29080 0.42754 500 2. 1460 L5004 T2 6
0830 0.4931 0.7902 0,73% 0.25186 0.28835 0.42740 400 2.1515 1. 4229 4%, 4
1049 0.4916 0.7913 0.7384 0,25304 0,29038 D.42723 500 2, 1554 1.4%2% &0, 3
1335 . 5154 0.8574 0.7876 0,2589 0.29616 0.440 500 2.1950 1 507 fe, 3
1710 0.5316 0,8752 0. 8096 0.25966 0,29634 0,443 500 2.1938 1 5286 72
2006 Q. 5480 0.8835 0.8249 0.2582 0.29486 0. 440 500 2.1807 1 5424 72
2235 . 5360 0.8885 0.8218 0.26193 0.29975 0, 4460 520 2.2259% 1. 5545 2.5
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i Tabie B-6. (Cont'd)
|
:
% Outlot H; O, Outlet H, O, v v v v T . .
| Inlet H, 0, position 2, position 3, Bar 1* Bar 2’ C - A Reactor power, outer* Bar | Flow,
| Dats Time mv v my v v v KW mv my
h /18163 Q4B 0,5¢18 0.9012 0.8351 0.26138 0,29918 0.4459 520 2.2180 1. 566%
h 0300 0.5365% 0.48833 0.8152 0.262356 0.29980 . 4459% 520 2.2236 1 5380 75.5
0515 0, 5Mb 0, 8960 0.8280 0.26240 0.29984 0. 44602 520 2 zZl94 1 5550 2.3
0734 0. 5446 0. %7 0, B404 0.26150 0,29840 0. t4kdb 520 2.212 I 559 9.9
0950 0. 5331 0. B985 0, 8232 0.2616 0.2989 0. 4450 520 2 2+33 1.5584 7.6
1208 ¢, 5203 4. 8500 0, 7819 0.2616 0,2988 .44827 520 2.2093 t. 5045 L]
1427 0.5319 0, B850 0.8180 0.2612 0.2946 0, 44461 540 2.2188 1. 5447 T34
1635 0, 5450 0.8823 0.8203 0.26101 0, 29816 0. 44490 B0 2. 1986 1.6290 Tho%
tuo4 0,5310 0. 8931 0.8281 0,%4804 0. 306453 0. 45545 820 2..417 1. 5640 2.0
1910 0,5M5 0.8926 0, 8224 0.27637 0.31%72 0.47036 540 z2.3110 1.5918 72.0
o] 2006 0. 5400 0, 9031 0.8338 0.28055 0, 3205 0.47795 520 2.350% 1.6114 7.8
[] 2220 0. 5259 0. 889 0.82150 0,26170 0.29890 0.4453 520 2 1920 1.53h2 73.0
; 1119163 0040 0, 5231 0. 8683 0. 8090 ©.,26087 ©6.2973% . 4439 £20 2,185%% L5237 74.2
0245 0.5138 0.86i10 0. 8000 0.26023 0.29724 0. 44424 520 2. 1RO6 1.5168 73.0
o445 0, 5056 0. 8626 0.7975 0,25964 0.29658 0.44265 520 2. 1766 1.5177 73.0
0645 0.6130 0. 8402 0.7829 0.25769 0,29440 0.44001 520 2,1630 1. 5046 8.7
0B45 0,5182 0.8550 0, 7461 0,25941 0.29609 0.44178 522 2.1741 1.4961 4.7
1104 0,%023 0. 5458 0.7830 D.26022 0.29743 0. 44304 520 2.1830 1. 4902 75. 8
1303 0,5110 0.8472 0. 7824 0 25930 0.29655 0.44230 520 2. 1827 1. 4857 77.4
1501 0.5137 Q. 8660 0, 79717 0.25950 0.29689 0. 44258 520 2.1713 1.5128 731
1730 0. 5264 0, 8784 0, 8056 0.2599 0,291 0 44236 5:0 2, 1800 1.5250 T2.5
2016 0, 5280 D, 9629 0, 8870 0.26181 0,29884 0. 44450 540 2.1900 1,6374 60,5
2200 0,.5354 98642 ¢.8014 0 25900 0, 29664 0.44156 540 2 17b4 1.5051 kL
1/20/63 0030 0, 5205 0.8740 0,813 0, 25920 0.29620 0.44125 620 2,17715 1.5420 72.2
0215 0.5210 0. 886k 0, 8200 0,2588 0. 2957 0. 44130 520 2.172% 1 540 it
0415 Q. 5266 0. 8498 0.8144 0.2585 0,29495 0. 44070 520 2.1640 14951 4.5
0600 0.5190 Q. 8660 0, #082 0,25774 0.29469 0. 44010 520 2. 1564 15019 75.5
0700 0,5325 Q. 9821 0. 8980 0.250% 0.2970 0. 44230 520 2. 1806 1. 6350 58 2
0820 0. 5210 0.875%8 0,813 00,2574 0,294 0.4384 520 2, 164 1.522 73.0
) T omeen e i [
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Table B-6. (Cont'd)
Qutlet H, O, Outlet H,; O, v v v v o .
Inlet K, O, position &, ponition ¥, Bar I' Bar s’ G- A Heas e power, outer’ Bar | Flow,
Dute Time mv mv mv v ¥ v KW mv v %

1/20/64 1020 08,5248 4 B150 0.7620 O, 2548 0,200 D, 43458 [¥1)) 2. 144 1439 B 5
1240 0. 5348 0. %080 9. 8304 0,25%3 0,2%16 0. 43472 50 2. 143 1.56% bH. 7

1423 0. 5769 0.9090 Q. B455 0.25% 0,2900 D.43170 540 2,133 1. 545 73n

1648 0.5671 0. 8728 0. 8141 0.25409 0,29062 0.43292 820 2, 1440 1.4874 87 7

1640 0. 5602 Q. 9180 0. 400 0.25682 0.29300 O.456Th 520 2,1479 1. %640 71.5

2042 0. 5567 0,913 0. 8474 0,25697 0,292397 0.43745 520 2,1529 1. 5490 7.5

2222 0.5383 Q, 30%0 0.8192 0.25706 0.29401 0.413750 520 2. 1582 1 5612 707

bE1led 0030 0.5278 0.8801 0.8166 0.25715 0.29420 0 4385 520 2,165 1, 500% 5.2
0218 0.5263 0,.8932 0.8308 D.261% 0.2986 0 4450 K20 2. 144 1 583 TLH

0406 0. %056 0, 8684 Q. 8024 0.2615% 0 2990 0.4451 520 2,148 1,800 Te 09

0630 p.5012 0.B643 0.7973 0,2611 0,2988 0. 4440 520 2, 142 1. 519 1409

0R15 0.4943 0,8290 0,7678 0.25323 0.29693 0.44194 520 2,1515 L4680 EL

029 0. 4900 0. B505 4. 7825 0.2611 0. 24860 0. 44564 520 2 1690 [T 40

1205 GoAeS 0. R575 0, 1867 0.29660 0.29640 0.44323 520 2. 166 1. 5060 4.2

1405 0. 5010 0.8230 0. 7637 0.29375 ¢ 29315 0, 43816 520 2. 1480 1.4508 Be &

1715 0. 4944 0 HbL1 0.7932 0.29774 0.29774 [ E LY 520 2.1787 L, 5182 T T

1905 G AR 08T 0. 7984 0.29574 0.29%7% 0. 4026 3o 2.1%58 1.5177 1 0

2037 0. 4493 0. 4440 0.7765 0,29420 0.29420 0. 43858 520 2.151% 1, 4940 4.3

2230 0.4792 0. 86230 0. 7890 0 29578 0.29578 0. 44098 520 2.2408 1. 5960 69 0

1/22/53 Q015 0. 467% 0. 8555 0, 7848 0.2962 0.2962 0.4 520 2,165 1] 69 1
0200 0.4663 0,7843 0.7230 0.2931 0.293 0.4370 520 2,113 1,445 g1 9

430 0.4520 0, 8250 0. 7551 0.2915 0.293% 0.4385 520 2. i4% 1.470 72,010

0630 0.4532 0.8316 0. 7600 0.2930 0.2930 0. 4371 520 2.133 1.478 1.5

P4 Q. 4500 0,772t 0, 7068 9,2931% 0.2931% 0.43735 520 2.13%0 1.40%5% k40

1052 0.4542 0.8075 0.7387 0.29385 0.29388 0, 4396 520 2.1545 1 4534 6.7

130§ 0.4920 0.8796 0.8023 0.29%79 0.2957% 0.44078 520 2.1633 1.5213 (0.0

1450 0.5049 0, 8627 0.7493 0. 296%6 0.296%6 0.44200 520 2.1719 1.5099 HOH

1630 0.521% 0. k764 0.8125 0.29%66 0.29560 0.44075 520 2.1681 1.5149 T4, 0

1815 0, 5164 0. 6966 0.B243 0.29782 0.29782 0.44360 520 2.1450 1. 5454 10,4

[
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Table B-6. {Cont'd)
Outlst H; O, Outlet H; O, v v v v T , .
fnlet 1,0, position 2, ponition 3, Bar t' Bar 2' C=A Reactor powsr, outer’ Bar | Flow,
Date Time mv my my v v v Kw my mv

122763 2030 0.5148 0.8636 0,76880 0,26047 0.2981% 0.44412 520 2,133 1.5t18 7.3
2237 0.4870 0.8260 0.7410 0.25849 0.29570 0. 44065 520 2. 1641 1.4784 78. 3

2345 0.4677 0. 8460 0.7398 0.25724 0.29420 0.43819 520 2. 1540 1.4922 7.0

2330 0.4840 1.0054 0.9070 0.26075 0.29732 0. 44186 520 2.1724 I 6850 51,0

1/23/63 0000 0.4850 1. 0791 a.9611 0.26163 0.29814 G, 4k 184 520 2. 1414 v 1790 44.8
0216 0. 5245 1. 0928 0.9700 0.2647 0. 3021 0.44770 520 2.210 1.¢818 48 3

0430 0.5630 1. 1600 1.0435% 0.2637 0. 3009 0.4461 520 2,194 1.£53 45.9

0630 0.5340 1 089 0.9880 0.2639 90,3013 0.4464 20 2,193 1.802 49.3

0833 0.5415 1 112s 1.0035 0.2647 0.30175 0.44701 520 2,197 1. 8060 47.9

1026 0. 5420 1.1091 0.9990 0,26245 0.29885 0. 44345 520 2.1837 1. BOO 47,5

1255 0.5585 1. 0360 0. 9721 0.2625% 0,2991 0.4487 520 2,19%¢ 1.766 5.0

185 0, 5610 1.1158 1.010 0,26302 0.30078 0. 4449% 520 2. 19%0 1, 7944 49,58

1440 0. 5460 1. 0022 0.9202 0,2605 0,2978 0.44 18 520 2,180} 1.67412 59.4

1828 0.5%79) 11130 1, 0082 0.2629 0. 3000 0. 4445 520 2.186% 1. 7865 0.8

2025 0, 8660 1.1084 0.9978 0.2642 0,3018 0.4470 %20 2.1772 1.78%0 4n.¢

2215 0.5627 1. 0677 0.9876 0.2620 0.2990 . 4433 820 2.1520 1. 74%0 53,5

1/24/63 0030 0, 5440 L. DBOS 0, 9785 0.2621 0.2993 0, 4446 n20 2,145 1.7%7 50, &
0210 0.5370 1. 0050 0.9140 0.2597 0.296% 0.4410 520 2,155 1. 650 57.13

o415 0. 5245 1.0570 0.952% 0.2591 0.2958 0.4388 520 2,143 1.425 50.0

0630. 0.4910 1. 0240 0.9370 0.2620 0.2988 0. 4440 520 2.158 1.716 49.4

0815 0.5075 1.0750 0.9630 0.2611 0.2982 0.4425 520 2. 143 1. 759 +8.0

1125 0. 5169 1,078 0.9680 0.2606 0.2980 0.4420 520 2.156 1.771 4.3

1400 0, 5050 1.0476 0.9430 0.2600 0.2960 0. 44015 520 2.159 1.715 49,1

1620 9 5402 1. 0788 0. 9648 0.2618 0. 2987 0, 4435 G20 2,180 1.770 50,1

810 0,.5290 1. 0682 0. 9484 0.2627 0.2996 0. 4440 520 2.1825 1.7385 50.0

2015 Q. 5261 1. 0644 0.9534 0.2629 0. 3000 0. 4446 520 2.16860 1. 7384 50.1

2215 0, 5264 1.0602 0.9430 0.2615 0.2985 0.4430 520 2.1798 1,730 $0.1
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M‘ Table B-6. {Cont'd)
[
Outlet H,; O, QOutlet H, O, v v v v r
Inlet 14,0, position 2, position 3, Bar I’ Bar 2’ [P Reactor power, outer’ Bar 1’ Flow,
Date Time mv my mv v v v mv mv
| 1/25/63 a0i0 0.5070 1. 0450 0. 9325 ¢.2610 0.2979 0. 4425 520 2. 1685 1.720 50.0
0230 0.4878 0. 9947 0. 8866 0.2582 0.2340 0.4382 520 2.1485 1. 660 53 3
0420 0.4802 1.0519 0.9255% 0,2616 0,2985 0.4433 520 Z.1822 1.738 427
' 0615 0.4780 1.0340 0. 9260 0,2609 0.2976 0.4418 520 2.1610 1.7225 48.0
083% 0,4846 1.0306 0.9263 0,25804 0.2342 0.4368 520 2.1393 1.6819 49.0
1106 0, 5042 1. 0980 0.9877 0,25665 0.2323 0.433 518 2.1310 1. 7457 45,5
1242 0.5193 1,0732 0,94803 0,25885 0.2952 0,438% 520 2.159% 1, 8348 47,0
1440 0.5187 1, 0559 0,9581 0,2574% 0.29%424 0.4371) 520 2,154% 1.7243 50.%
1630 0, 5425 1.075¢ 0,946 0.25787 0.29436 0, 4367 520 2.157% 1. 7946 50.7
1810 0. 5294 1.0816 0. 9640 0.2585 0.29536 0.437¢68 520 2.1530 1.7834 47,5
2010 0,5573 1. 1226 1.0153 0.2£946 0.29641 0.43576 520 2.1590 1.80i1% 41,2
m 2208 0. 5646 1. 1059 0.993¢6 0.25923 0,29562 ’ 0.43874 520 2 1606 1.7750 49.0
,:_ 1/26/63 0020 0.5525 1. 1310 1.0127 0,26034 0.2965% 1.43950 520 2.1671 1.81149 45.5
A 0208 0.5292 l. 1100 0.9912 Q,26358 0. 30065 0.44546 520 2.1945 1.79%2 47.1
0405 0.5311 1.108) 0. 9863 0.26197 0.29856 0. 44258 520 2,1785 1.7960 45 1
0615 0.5282 1.1120 Q. 9940 0,26573 0. 30306 0., 44949 520 2,2050 1.8058 45.8
0807 0.5244 1. 0718 0. 9000 0.26086 0.29798 0.44182 520 2.1767 1.7613 43.4
1007 0. 5328 1. 1443 1.0233 0,26170 0,29875 0.44192 520 2.1764 1.6343 45.0
1300 0.5609 1. 1606 1. 0420 0,26250 0.299%68 0.44341 520 2.1829 1. 8491 45.0
1625 0, 5670 (. 1690 | 0488 0.26130 0.29809 0.44160 520 2, 1665 1,8539 45.0
1820 0, 5422 i, 1429 1.0230 0,25680 0.29272 G.43300 520 2.1200 1. 8052 45 0
2020 0.5250 b.1184 0. 9950 0.25648 0.29280 0.43410 520 2.1295 1.7870 44,8
2215 0, 5530 1.0310 0. 9400 0,24790 0.28300 0.41940 520 2, 0566 1.6593 55,4
1727763 0035 0,.5416 1. 1360 1.0140 0.2596 0.28640 0.42824 520 2.1011 1.7982 44,0
0213 0,8017 1.0912 0.9737 0.24606 0.28116 0.41748 520 2, 0466 1.127% 45.5
0407 0.5507 i. 1365 1. 0280 0.24531 0.28020 0.41580 520 2,0%83 1. 7794 45,2
0612 0,523 1. 0084 0. 9207 0,24170 0,27608 0. 419050 520 2.0113 1,6322 4. %
0844 0, 5447 1.1037 ¢.9970 0.24182 0,27492 0,40842 520 2.0133 1, 7265 47.%
1008 0, 5426 1.089¢ 0. 9847 0.2)307 0.24300 0, 36000 500 1723 1.6336 47.5
1046 0. 5600 1.1053 1.0010 0.21884 0.24939 0. 36991 500 1.8172 1. 640 47.0
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Table B-6. {Cont'd)

Qutlet H, O, Outlet H, O,

v \4 . T

lnlet H, 0, position 2, position 3, anr 1 Bar 2’ C = A Reuctor power, vuut-r Bar 1’ Flow,

! Date Timae mv mv mv v v v KW mv mv 9,
1127763 1122 0. 5626 11134 1. 0066 0,22245 0.25347 0. 37561 500 1.8350 1.6836 47 1
1200 0.5431 1.0431 0.9989 0.21614 0.24689 0.3679% 500 L 7838 1.5754 531 %
1447 0.%786 i.1243 1.0190 0.21985 0.251%6 0.37174 500 1.8175 1.6848 47.1
1650 0.5730 1.1233 1.0215 0.22016 0.25112 0.37195 500 1.8]182 1.6900 46.6
1418 0. 5681 1. 2756 0. 9855 0.2184 0,2493 0. 368%6 $00 1.8102 1.6512 50 5
2020 0 5601 1.9817 0.9814 0.21865 0.2501 0. 37054 500 1.8154 1.6410 49 5
2218 0.541% 1.1406 0.9506 0.2165 0.2475 0.3665 500 1.8000 1.5995 51 7
[+:] 1/28/63 0012 0.5123 1.0431 0.9382 0.20638 0.23527 0.34910 500 1.7158 1. 5645 50 4
‘:) 020¢ 0.4950 1. 0035 0,9126 0. 19952 0.22825 0.33817 500 1.6616 1.5821% 50.0
[~} 0356 0.4924 0.9431 Q. 8462 0.20750 0.23682 0.35215 500 .77 1.453 55 8
0417 0.4959 1. 0098 0. 9087 0,20968 0.23928 0. 35414 500 1. 5432 1.5%98 48 H
0620 0,%003 1.0512 O, 9434 0.20161 0.23000 0.4128 500 1. 6882 1, 5650 47.0
aro3 0.4800 1, 0599 0.9430 0.20550 0.23551 0. 34892 500 1.7243 1.5848 46.0
0730 0.4779 1.0376 0.9239 0, 19632 0.22415 0. 33265 490 1. 6446 1 5232 46.2
0753 0,4740 1.279%% 0. 9469 0.22050 0.25250 0.37445 520 1. 8469 1. 6567 46. 3
0923 0.4919 1. 0046 0.8989 0.23220 0.26540 0, 39468 553 1.9503 1.6072 56.5
1038 0.5071 0, 9906 0.8888 0. 1968 0.2245 0, 3338 519 1. 660 1.479 56,0
IT81 ) 0. 5241 1.0881 0. 9750 0.1771 0,2021 0,299 500 1.490% i.535¢ 46.3
11%0 0.5296 1.057% 0. 9460 0.1229 0, 1408 0.2080 440 1.041 1, 3486 46 §
1234 0, 5200 1.0048 0.9i45 0.07769 0.08937 0.13237 430 0.6598 1 1964 46.3
1321 0. 5230 0.7649 0,7285 0.8450 mv 0.9940 mv 5,488 mv 225 0.0090 0.7970 45 8
135% 0.5184 0.6429 0.6176 ~1, 084 mv . =L.2124 mv 2,088 mv 120 -0, 0087 0 6437 50 3
1435 0.5180 0. 5948 0.5800 «1,0739 mv «1,2033 mv 1. 5469 mv B0 -0.0103 0. 5984 56 0
1518 0.6299 0.6t12 0,7320 ~1,2445 mv -1, 3904 mv «}.0153 mv 20 -0.0109 0 B259 1.2
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! Figure B-1, Materials and Fabrication of RCA Type Al1191-A :
Converter, Device 36
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Figure B?Z. Converter, Fuel, and End Cap Assembly
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Figure B-3. View of Vacuum System and Oven

e

e PN PN




Figure B-4. Converter Connected to Vacuum System
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~ Figure B-5. Installation of Converter in Outgassing Can
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Sealed Outgassing Can in Oven
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Figure B




Figure B-7. Outgassing the Device in the Oven




Temperature Monitor Emf, mv
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Figure B-8. Calibration of Inpile Load Bar R

Versus Temperature Emf
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Figure B-9. Summary of Voltage Measurements of the Inpile Load

B

Current Measurement Voltage,
path points malhiveolts

AH AD 25 58

AT 29.23

AH 58. 02

Al 29,07

Lfad . AK 29.24

AE 32.23

- DE 6 4¢

F DI 3.20

EH 25,02

KE 3. 25

- 1E 3.44

IK 0.15

AJ Al 224

AJ 35.63

E Ly 4.44

Dl 4.59

e ) 4.52

JH JK 4.56

KE 4.57

JH 33.82

JI 4.55

Jacket Resistance

Current = 10 amperss




Figure B-10. Voltage Measurements of the Qut-of-Pool Load
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Current Measurement Voltage,
input position millivolts
A-B Cc-D 0. 645
A-B E-F 1.400
A-B I-G 0.935
A-B E-H 5.991
A-B E-I 93.40
A-B E-K 93.55
A-B E-L 93, 62
A-B A'-B* 94,51
A-B F-J 94. 88
M-N o-pP 99.18

Current = 10 amperes
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Figure B-11, Water Flow Meter Calibration Curves
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