General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



RU)

. 5
: (=) lg
B
A
<f | ‘[ !
o |
."‘.C H‘ ,\.‘;|E
r o — <H | wE
\ o = | 2
sdCsSimiie ~: <
= | <
JREENENE
Report = <
Z‘; *“\53
2

709 WY04 ALNIDVA

Repreduced by

UNITED STATES
ATOMICENERGY COMMISSION

Division of Technical Information

P.O.Bex 62 Oak Ridge, Tennessee 37830

e
——

-




o

P-‘.my L ap—
A it
- W Ao et e

y

Lad)
AT T

Lt 12

N S A S

P b

PP R :
(A '

RO, W g
Ve W, .

PLpt ™oy -;;;;j".f‘." o
b e T e ses LJL ,Edkkl"\‘

RN -S-0529

To AEC-NASA Space Rucicar Propuision Office

FINAL RIPORT

EVYALUATION OF TEST RESULTS FOR
THEI-FILM PRESSURE TRAKRSDUCER

NERVE Progm Centract SKP-1

Scptenmbier 19692

i
¥

sycCitan L L L orItAaTiONs

«—

) ‘tv~.‘
(7 L Rc'u':T 3
‘ A S PR e g

\ ol |
3"‘“]
\, re AL

>l " DIs sl \ 'u' s

AEROJET - GENETAL CORPORATION - 0% Lia

WA MAMENTD CALTONINA

TECHNICAL DOCUMENT CENJER
Woic-lenr

Prcset Operztion
ooc. W ) il

%

|
|

Ao OJET

EEERAL

“.“d._—.-- o e
D i e T

FINAL REPORT

EVALUATION CF TEST RESULTS FOR '.'
THIN-FILM PRESSURE TRANSDUCER T

- —————" e eapn— e . o e Gemages cew g ew

=
&=
1

wv
1

o
(¥ ]
[ ]
0

LIGAL NOTICE )
W o ) - — Goveramen sl o Waihe: B

_n‘-—-—--—-

Fea

NERVA Program lb.d‘ Contract SNP-1

NUCLEAS ROCLIYT OPFERATIONS

September 1967

TR T T

AEROJET-GENERAL CORPORATION

A BUBBIDIANY OF THE CENCRAL T INE & AULBER COMPFANY

v IS UNLD
PR TRIBUTION OF T) ‘NR



T
X oy iy

RN-S-0529
Zage
FINAL REPORT
P Summary 1
EVALUATION OF TEST RESULTS FoR T ‘
A. Purpose of Experiment 4
THIN-FILM PRESSURE {RANSDUCER E. Description of Test ltems 5
h 171. Test Setup 12
£ & She A. Test Facility 12
B. Test Arrangement 15
1. Test Fixture 5
2 Cooling Syster ’ 17
C. Datz Acquisition 21
1. Automated Data System 21
2. Manual Data System 21
Iv. Test Procedures 27
A. Pre-lrradiation 27
B. ¥rradiation 28
C. Fustirradiation 30
D. Radiation Levels 3
V. Test Results 37
A. Dosimetry 38
1.  Reutron Flux 38
i 2. Kuclear Peating Rares 40
1 B. Temperatures 40
Sy 1. Boss Temperatures &4
2. Mexagonal Head Temperatures 54
3. Diaphragm Temperatures 61
. 4. Temperature Gradients 68
_C)f‘f‘?:’}.’a’./ﬂ. o S. Cable Temperatures 77
/l' R, V. Evieth, Manager 6. Conclusious 77
NERVA Program Office
Nuclear Rocket Operations C. Simulated Tramsducers 81
1 1. Insulation Resistance 82
Y 2. Bridge Resistance 85

114

& SRR R el e 3



TALLES

No. Page
Page 1 Transdoucer Characteristics 3
3.  Tnduced Voltages 92 : SRS Copenmae ¢
& Spurious Sigeals 99 3 Seraence of ®easvrereonts with Jutomated Data Systex 24
i Bhdciie: Stnetittas 101 4 Sequence of Events for Tramsducer Irrs?ation Dxperirent 25
i Sk 107 5 Average Neutron Fluxes froa Mapping Expe “iment 35
ﬁ A S RO 07 © Heating Rate at the iraasducer Boss Positions 41
- i e e Saetemtve st Bt of S et .
3. Boalinearity 128 8 Polynomial Coanversion of Millivolss to Temperature 43
4.  Sersitivity 133 9 Comparison of Boss & Temperatures 67
3. Zevo Shift 19 10 Measured Temperature Gradients 73
vi. Coaclusicns 151 11 Insulation Resistance of Cables with 300-ft Extensions L3
4. Primary Objectives 152 12 Cooling-System Data 86
1. Cama-Rate Effects 151 13 Input-Output Bridge Resistance Data, Svstem No. 1 87
2. Beutrou-Das.ge Effects 152 i 14 Induced-Voltages for Simulated and Active Transducer
3. Operating Temperature Extrenme 53 Cables 3
B. Secondary Objectives 153 | 15 Comparison of Observed and Determined Voltages at Time
Refrrences 155 - 18.5 Hours 98
16 Iaput-Output Bridge Resistance licat Change - Percent of 124
Pretest
Appendix Heat Transfer Amalyszes 17 Average Zero Deviations 145
'-"“\
vy’
vi
vii

R i S e o R




b FIGURLS (continued)

; FICURES No. : e
¥o. Page 30 Iaterna]l Temperature 38, Instrumented Tramsducer [‘oss 1 62
2 Comparison of Stathaa Model PASI2 Pressure Transducers 8 31 Internsi Temperature 39, Instrumented Transducer Boss &,
2 Simulated Troosducer Configuration 11 sy “
3 In-Pile Tebe Inserted in Reactor Grid Plate 13 f ll)?:e‘?x;::%‘nT;:;l;:ralur‘: A ST . 64
4 In-Pile Tube Extending Througl Fororrd iressurc Plate 14 33 l‘oc;ti(;;\ of Boss & Thermocouples 66
- : :'es: ::":‘“ "L:“:f"m 16 34 Temperature Gracient, 4B and 39 69
nstallation o ressere Transducers and Thermocoupl es 3 J
' ¥ 7 Installation of Simulated Treasducer Cables and i I < e v et -
Thermocouple Cables 19 - SRR " o "
s BRRen T Fhunios Aecsitvie o 37 Temperature Cradieats, Boss to Hex-lead 74
. T (;‘42 e Bt S - 38 Temperature Gradients, Boss to Diaphrags Center 75
e M DRes 06 Gutinsted Byt Bt Suaben 23 » Temperature Gradients, Diaphragm Center to Edge 76
1 Test Chamnel Sclector Sclematic 26 - R RS S -
22 A58 Besttng Sate Pesfile 0 41 ..ternal Temperature, Cable B 79
13 L A » 42 Simulated Transducer Cable Insulation Resistance 84
14 Test Fixture with Foil Packets Attached 36 - YOS SRS " - -
- AR PRI » &4 Resistance Deviation, System 2 Outprt 89
2% B 3 Biesassiione as 45 Resintance Deviatioan, System 3 Input 90
2 I s a8 46 Resistance Deviation, System 3 Output 9l
28 S & 47 Active Transducer Induced Voltages vs Time 95
» b S Bssnasse P 48 lfc.:‘p:::rfum for Nickel Tlad Cupper vs Copper .
20 Boss 5A Temperature 49 4 Bridge Input Resistance, System 3 100
21 Boss 4A Temperaturce, Bristol Recorder 50 50 Output, Simulated System 1 102
i 22 Boss 5B Temperature, Bristol Recorder 51 51 Output, Simulated System 2 103
A » Boss Temperature Distribution - 2 Watt/gm(c) 53 :
O s v s 52 Output, Simulated System 3 104
emperature, Instrumented Transducer 55 53 Bridge Output vs Shunting Resistance 106
25 Bex-Head 2 Temperature, /N 61 Transducer 56 54 Output, Transducer S/N 47 108
26 Bex-Head 3 Temperature, S/N 47 Transducer 57 55 Output, Transducer S/N 50 109
27 Bex-llead 4 Temperature, Instrumented Transducer -8 56 Output, Transducer S/N 6) 10
28 Bex-liead 6 Temperature, S/U 50 Transducer 59 I 57 Output, Transducer S/N 63 m
2 Hex-Head .emperature Distribution - 2 Watt/gm(c) 60 58 Active Transducer Insulation Resistance 112
ix
viil




1. SWTIARY

FILURES (continu~d)

K- - Four, wepor-deposited, thin-film pressure tromsducers were irradiated
» Resistance Peviztion - Bridge laput S/ 47 1S in the ASIR 23/R512 test fixture, that simslated the HERVA engine mounted con-
60 Resistance Deviction - bridge Output S/5 47 1is figuration. The test was cooducted to detcruine the effects of garma-rate and
«Q fsistance Pevistion - Srides Japut S/5 50 117 neutron damase om the perfurmance characteristics of the test transducers,
62 Resistwice ioviation - Bridge Quipur 547 50 11% vith radiation levels in excess of anticipated full-power engine requirezents.
e 63 Resistance Doviation - Bridge Isput 5/ 612 119
64 Resistance boviation - Bridge Ouvrput 573 61 120 The transducers used in the experisent were Stathawm Nodel PASY?
i PRI Ttaten - Jeifige Siper 575 83 121 (P 50390-1). Several secondary experiments were included in the test. These
6o Eesistance Deviation - Bridge Output S/Y 63 122 experiments incledad evaluating the effect of a variable gasma {lux om
i AR o St et w gt S/% 83 122 stainless -stecl-sheathed magnesium-oxide inmsulated cables, of the type used with
- TN, ™ WS S v Suigus,. W8 3 125 the tramsducers, and verification of the amalytical thermal wodel of the
&9 Peviation - Bridge loput ws Output, S/Y¥ 63 126, el ls
” Diaphragm Cradient - Jastrwwnted Transducer 127
n Nomlimearity vs Time, S/ 47 125 Table 1 summarizes the nuclear test conditions and test results. The
i ST o Shen, A0 3D 130 data shown for tr: ssducer changes arc expressed as percent of pretest full-
i TR o T . . ¥3 scale output, except for the bridge input and oulput resistance, vaich are
. TR . 132 expressed as 2 percent of the pretest resistamce valves. Also showm are pre-
- i A 13 test values of the transducer temperature coefficient of resistance fo. cor-
7% Semsitivity vs Time, S/¥ 50 135 oullation PuIpINS.
” Seasitivity wvs Time kK S/X 61 13
» Py s W, 30 63 137 Analysis of the data indicated that zero shifts coused by pamma-
" ?'umw:: L‘::fﬁf:.::‘:::ﬁ:""‘“' o . generated gradieats vere dependent on the TCR value of the traasducer. A
- 20 Zevro-Shift vs Time, S/H 47 200 computer program uscd to correlate the data also i-dicac:.:lnt s :::: ::-
‘~ 81 Zero-Shift vs Time, S/3 50 161 reliation exists between observed zero shift, l—. rate, trans -
g2 Zero-Shift vs Time, S/X 61 2%2 From this, ihe following cxpression was deve loped:
- SRR —— - . z -[6 00738 + 0.23853 (y) + 21879 (ICR) + 22865 (V'ﬂaz.
B4 Zevo-Shift wvs Beating Rate 146 i i
5 Thresbold Level - Neutroz Related Change 150 vhere Z = zero shift im percent of full scale,
y = pasma rate in watts/gm(C)
TCR = Temperature coefficient of resistance in chas par ohm
per degree farembeit.
'
5
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The test data agreed with the calculated expression with a standard deviatior

ef 0,059,

Sim’larly, a correlstion was found to exist between the neutroa thr old
damage level and tae TCX of the cransducer. The following expression agroe
. A 17 2 ¢ .
with the dita vithen the anterval of 1 to 10 = 106 n/ca” (E 1.0 mev).
4
2T T « W
Ot = 1.4 x 10 e TCR,

wvhere:

Pt = ncutron fluence (L > 1.0 mev) rl(m?

TCR = temperature coefficieat of resistance ohns Johm/“F
The damage mechanisa associated with the TCR and threshold level appears to be
caused by a fast-neutron-induced chemical reaction. Changes in other trans-
ducer characteristics such as bridge resistance and resistance sensitivity
appcar to be dependent on the thermal-neutron fluence. However, because of a
manuf 2cturing batch tendency of tramsducer characteristics, and the limited

amount of data available, interpretation of the results arve inconclusive.

Gencrally, radiation induced changes in tr.msducer characteristics are
sinl), Significant changes are the gamna-induced transient zero shift and the
peutron tareshold damage level., Both can be optimized by proper selection of
the transducer TCR va.-e.
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II.  IXTRODUCTION

A. PURPOSE OF EXPERDMERD

Four Statham llodel PASI2 (P/X 50320-1) thuin-film pressure trans-
ducers were frradiated in the in-pile tudbe of the ferovspace Systeos Test
Reacter (ASIR) at Ceneral Dyaamics, Fort Worth, Texes (CO/FY) on 21 August
1967. The 23/R512A test was a developacnt irradiation test of a candidate
pressure transduccer type, to be wsed to vonitor the nozzle chamber pessurc of
the NERVA engine coatrel system. Statham 'odel PAS12 (P/X 50320-1) is a
vedesign of Stathas Model PA 812 (P/X 16647) that was previousiy tested in the
Plusbrook Test Reacior and on the NRX-A5 engine.

The primary purpose of this experinent vas to determine qualita-
tively, the perfornance characteristics of the redesigred candidate HUERVA
flush-zounted pressure transudcer. The test was conducted in 2 simulated
eagine—nowmted configuration, vith radiation and tewperatvre envirommeats in

excess of anticipated full-pover engine requirenents.

Specific experimental objectives of the test were:

1. Evaluate the cffects of a variable gamma-flux environment on
the pevformeace characteristics of the {lush-mounted controls pressure trans-
ducer vith respect to radiation-induccd internal-teaperature gradients in a
swclear-heatiag eavironment of 0 to 3.0 watts per gram carbom.

2. Determine the tesperature environment extremes consistent
with satisfactory operatioe of the preusure transducers,

p Fraluate the effects of the integrated fast-ncutron environ-
®nt on the perfommer characteristics of the pressure transducers,

Several <econdary experimcnts were incorporated into the test fix-

ture. The objectives of these secondary experincents were:

Evaluate the effects of the variable gamma-[{lux environment
on the stainless-steel-sheathed cables vsed vith the transdocers with respect
to:

a. Cable shunting
b. Radiation-induced photo currents

C. Conductor polarity orientation.

Provide data for verification of the thermal amalytical model

of the flush-mounted transducer,
B. DESCRIPTION OF TEST ITRS

To meet the experimental objectives of the test, the items tested
consisted of four active pressure transducers, two instrumented transducers,
and three simulated transducer systems, In addition, twe specially comstructed
thermocouple catles with internal w., . ounded sensor junctions were incorpo-

rated into the test fixture,

The cable conductor temperature data were added to obtain comelst-
ing data for a similar cable test conduct~d in conjunction with the NRX-AS test
and are not important to the pressure-transducer test. The test components are
tabulated in Table 2 togethcr with their respective locations on the fixture,

3. Active Transducers

The Statham Model PABIZ (P/N 0190-1) pressure transducer is
a full active bridge, vopor-deposited, thin-filn, strain-gage type, with a
nominal 1500-cha bridy+ resistance, The mody - Is & generic descendant of the
Statham Model PABIONTC pressure tramsducers tested in the CTR-15 Irradiation



@,

Test Item
X WL

Statham Mclel PAS12?
Stathas liodel PAC!?
Stathaw Hodel PAS.Z
Stathanm Model PASIY
Statham Modlel PASIZ2
Sctathom Molel PASI2

Simulated traasdocor
cable asse=bly

Simmlated transducer
cable assewbly

Sfisalated transducer
cable assesdly

Thermocowplc cable
Thermocouplec cable

TABLE 2

—

TEST COMPONENTS

Test Fixture

_location S/x
boss 1 s
Bass 2 ¢l
Eoss 3 &7
Boss 4 -
Boss 5 63
Boss & 50
Bottom 1
Bottos 2
Boltom 3
Bottom A
Botion B

&

Resistance

—fohas)

1500
1500

1500
1500
1500

1500

1500

Range

Lpsa)
Instrumented
0-750

0-750
Instrumcated
0-750

0-750
Inactive

Inactive

Inactive

Test in Decesber 1964 (Reference 1). From the results of the GTR-15 rest,
Hodel PAB12 (P/X 16647) evolvrd and was tested on the MRX-AS rcactor test and
in the Flusbrook Radiatien Facility, The results of these tests are reported
in Peferences 2 and 3, respectively., The results of both tests indicated that
seviovs gamma-heating problems were experienced with the wse of electrical
Connectors attached o the traasducer housing. In addition, test results and
thermal analysis indicated that tihe intcinal design of the transducer wvas
inadequate for the efficient removal of pama-gencrated heat.

The transducer wvas redesigned, with significant reduction in
the hejght and mass of the wnit, by replacing the electrical conmector with
integral, stainless-steel sheathed, magnesiva-oxide insulated cable and by
reducing the length of the thrraded portion of the transducer body.
heat conduction paths were isproved by machining the internal header into the
one-picce transducer body and relocating the header closer to the threaded
portion of the transduce:r body. A major evelutionary desigr change fm the dia-
phragm and bridge configuration was ma<de concurrently by the sanufacturer that
significantly improved traasducer limearity and performance by providing mech-
anical, electrical and thermal symmetry in the sensing-element design. A com-
parison of the carlier and redesigned tiansducer molels is shown in Figurc 1,

Internal

The transducer sensing clemcat is a four-active-arm Wheatstone
bridge configuration that wtilizes a thin-film, metallic strain gage, vayor
deposited onto a similarly deposited ceramic substrate. Two 2-conductor,
stainless-steel sheathed, magncsivm-oxide imsulated cables are incorporated as
an integral part of the design. Copper and mickel-clad copper conductors were
used in cach cable for polarity idemtification, with the nickel-clad conductor
signifying the positive lead in both the input and output cables.

2, Instrusented Transducers

Tvo Stathas Nodel PABL2 iransduccers were disassesbled and
vhromel aluwel thermocouples were welded to the diaphrages. In one of the



P/N 203901

Figure 1 = Comparison of Statham Model YA¥LZ Pressure Transducers

transducers, & thersocougle wvas fastalled in the center of and at the edge of
the diaphragm. In the other, only the center was instrusented.

The instrwsanted transducers weie incorporated ince the test
fixture to odtais temperaturc-gradicot dota from the center of the diaphragr
to the heat siok and acress the diphragn. The actiwve strain-gage materials
wsed on the diophis e are siable vith temperature wp teo approximately 10607 k.
At temperatures is excess of 1060°R, moterial changes occur in the alloyed
strain material that vesull in catast:ophic rere shifts. Cradicnt data at
various heating rates are needed to define the soximus heat-sink temperatures.
Temperature gradieats across the diaphrage can produce am output error resale-
ing frus a Lesperature-induced resistive wbalance of the bridge. Amalytical
thermal and electrical studies indicate that seall gradients are expected but
that the resultant ervror cam Le significaat. Nowever, temperature gradient
data are vequived Lo werify the analytical results.

3. Siselated Tronsducers

Several mcthods were employed to determine and separzte the
contribution of irradiated Mgd insulaiod setal-sheathed cables on the pressure
seasurement system performance. In additiom to wonitoring the active trans-
ducer and cable parameters, several simulated transducer systems rere imcor-
perated vhere ouly the cables wore exposed to the radiation emvircoment. In
sormail operation, the transducer icput and output leads are coutzined 10

separate cables. The simulated systems wvere designed to investigate radiation

elffects wm:
2. The normal svsitewm,

b, The reversed systes vhere the positive input and ouiget,
and negat ive inpet and output rcads, are in respoctiv cables .



€. Iaput cable only.

d. Output cable only.

A schggatic showing the relationship of the input and cutput
lead configuratico: for each svstem is shom in Figure 2,

The traasducers vere sivalated im cach system vith resistors
of uncqual va'ue coanected in a full Wheatstone bridse configuration to pro-
vide a simulated full-scale output millivolt signal. The siculated bridges
vere located in the control pancl in the control rocn. The cables used in
each sy<tem were the same type used with the active transducers and coatained
copper and nickel-clad copper conductors for polarity identificationm.

The reversed system configuration was cbtained b the use of

reversing switches located within the centrul panel, For claricty, these
switches are not shosn in Figure 2.
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It TEST SETUP

Detailed specificutions for the assemdly .n¢ checkout of the test iter-s
SLT

and associated hardware, 25 well as the test sp=cifications and precedures, ar

set forth in Refcorence 4.
Al TUIST FACTLITY

The ASTR is a heterogeacous, enriched, light-vater-modcrated and
cooled, thermal reactor. The desiga i« roughly a right circular ¢ ‘linder
76—-in. long and 34 in. in diameter. The core is composed of 29 fuel elements,
coataining 155 gn each of CZBS' four ¢lements ccntaining 104 gm each of !'2;5,
and three control-rod asscmblies. The fuel elercats are arranged in a 7 x 7
matrix with the three elements in each corner nissing. Alurminum grid plates

support the corc at each ond.

The ASTR in-pile tube, lucated in core-lattice position 0-3, has
a 4~in. 0D 2nd a nomipal wall thickness of 0.125 in. and is constructed of 324
stainless steel. The bottom is welded closed with a 0.125-in. thick plate and
the top closurc is made with a Marmon '-clamp with an O-ring seal. 7The tudbe
is held in the reactor by an O-ring flange and rwo captive bolts. The in-pile

tube installed in the reactor is shown in Figures 3 and 4.

The tubce extends 1.5 ft Lrough the core into the aft plewum
chamber. The upper, or forwvard, end of the tube extends 10 in. through the
pressure plate. An aluminum extension tube 80-in. lonp was attached at the
upper end by means of a 'Marmon clamp. The extension tube had two l1-in. vent
lines that looped above the waterline and terminated 3 ft under water. A
relief valve on each vent line provided additional protection against entry of

water into the tube,

For these experimencs, the ASTX was in the fully-lowered position

vith the forward end up. The extension tube extended upward and terminated a

12
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4 " H few inches zbove thw 1iter level, The test firxture s installed in the O
., - t 1 1¢ \g ] th Or k O
E Th C
B
o Teen o
i‘ e
« l
= test fixture desigrn for irradiation test 23/RS12A was i
¢ the result f an extq ive th 1l analvsic performed to establish —{
>
— th emperature control requircments f the test. The results of the thermal <
U
e e presented in Ag x fixture, shown in Figure 5, con-
- 3 E f an aluminum manifold with si transducer mounting bosses used on the O
o
g h A hnology e¢ngine. The hfiz codlant inlet line war 2 1.38-in. aluninue m
O
b= tul clded to the hollow core of the manifold. After passing bemeath the
= . . —{
. ‘:’f Ly er bosses, the coolant flow vas reversed in the {ixture ead cap, exit-
e}
H i E ng from the fixture through two l-in. a2aluninus tubes. Penctrations for thermo- I
b " ' the =t : m
' i vere made into five of the six transduvcer bosses. Pressurization for
e
i = the six bosses was provided by a 1/4-in.-dia tude.
i ! F: /
3 § 3 \J
. ' * .
- For case of handling during the assembly, the length of cool- m
& o e
¢ 2 3 ant inlet and outlet tubes were shortened to approxinately 7 ft until all of
- ]
’ ]
- b4 ° the test transducers, simulated cables, and thernocouple instrumentatioca were O
)] -  eesmmee
L o - assembled in the fixture and the functional check was completed. Afler assembly Z
F s - » )
- ¢ iy SHEY / & and checkout, extensions were welded to the inlet andgoutlet tubes so that the
" € (’;, .// / ' firal length of the fixture was approximately 12 ft. This was necessary to >
3 # . - r~
g 1 -l . £ i 4 / ® span the distance from the top of the ASTR water poul to the center of the
P p; i S / @
iy T - ’ 2 core
. “ .. / 00 -
. _ : e 5 "
b i e - )
i i R After fabrication, the fixture was assesbled in the NRO ‘
: . b ' Engineering Lavoratory. The first attempt at installing the transducers was C)
! ¢ unsuccessful, due to incorrect alignment of the transdogr integral leads l ’l
relative to the fixture. Alignment of the integral leass vas quite critical ————
because of the confined space of the in-pile tube, and to ensure that the m
' P e | o
i O
15 .
| ®

.




leads contacted the coolant tubes in the shortest lemgth possible. The fix-

trensducer bosses were remachined to reposition the individual starting

ture
threads. In addition, it was necessary to use selected netallic E-seals to
achieve the proper transduccr alignment at the final asscobly.

Follewing the assembly of tiwe transducers into the bosses,
the remaining boss and surface thermocouples and simulated transducer cables
vere attached to the fixture as showa in Figures 6 and 7. The simalated
cables, 2nd the two special cables with internal jemction theroocouples | werc
attached to the bottom of the test fixture coolant manifold with thia-retal
sabs resistance welded to the fixture. Thermocouples were installed in each
of the bosses except No. 6 and a surface therrocouple vas resistance weldod
to the hex head of each transducer body. The asse.oled tedt fixture with

velded extensions and the secured electrical cables is shown in Figure 8.
2. Colins System

The test fixture was cooled by C:&2 supplied by an evaporator

Figure 3 = Test Fixture Manifold

NOOd S| 39Vd TVNIDINO JHL 40 ALIHEIDNAOY4IY

| fed from a 26,000 gal l::2 storage tank. The evaporator utilized water as a
-, heat source in a single-pass parallel-flow wnit &4-ft loag. Liquid nitiogen
93 can be supplied to the evaporator either by storage tank pressure or, for
gg-‘ / ; ) larger flows, by a centrifugal pusp rated at 100 gpm at 625 psig above storage
§g§ '_/ 295 tank vapor pressure.
iég /’ 2:2:_;
;.gs / .9_98 The discharge of the pump is modulated by two pneumatically
-2 ," é'. 2 positioned 1-in. cryogenic valves that either rouce the flow through the
/’ i zgg evaporator or divert all, or part, of the flow back to the storage tank. The
x ,s" \"" water flow through the evaporator is controlled by a remotcly positioned 3-ia.
F 4 ’ p valve. A normally open precool vent was located at the output of the
/ i evaporator.,
/ ' . ‘
The temperature of the test fixture vas monitored ond com-
P trolled utilizing a Bristel circwlar-chart recorder-controller. The flow of
&d o die : | the "-3(2 coolant through the fixture wax controlled monually.,
i /
i 1
! »”
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" : The cooling system, its coantrels and instrumentation are

shovn schematically in Figure 9. Additienal instrescetation was prowided te

monitor the LN, and vater flow rates o wvell s systew pressures and tespera-

i tures threughout the test.

C. PATA A IT1Y I

' Too data svsiens were ewployed during the test. The bulk of the
— : : data vas oblained by nee of an sutosated systes. Some pre and postiest data
vere obtained with & nnual data system, VYith either data system, insulation
resistance could Be deteinined by rmeasuring the leakage current with a Mewletti-
: : Packard 4)2-% multiseter with &5 vde applied with a battery. The output wolt-
! : . age and bridge resistance of each simulated bridge vere measured manually with
2 Dama digitel voltmeter and 2 Vheatstone bridge, respectively. The insulation

resistance measurerments vere made with a Weston 50 vde megohueter.

8. _A_N_!_?! a1t v'_"__'-( a S‘ t_!."

SI 39Vd TYNIDINO FHL 40 ALITISIDNAOYd I

An AGC fabricated test-channel selector was used to perform
all of the switching functious, through relays, on command from the Dymec Data
System. The Dymec then scanned the measurements and recorded the outputs om
printed and punched papcr tape. Operating on a ) sec sample period, the data
v ‘ i system completed 2 data cycle of 40 channels in approximately 45 sec. Pres-

: 3 sure vas applied to the test tramsducers in successive steps of 0, 250, 500,

i ! : and 750 psig by a Wiancko Digital Pressure Goierator, Model Q-2738. A complete
i » ) data cycle vas obtained for each pressure step and also for the special test

H ‘ g ; vith zero applied voltage. The channel identification for a data cycle is

# listed im Table 3. A block diagram of the automated Dymec Data System is
showm in Figure 10. The test channel sclector is detailed in Figure 11.

[—
ot

i 2. Manual Data System

The manual data system, used during the preliminary checkout

rements and for some of the postirradiation measurements, employed
Pigure 8 - Completed Test Fixture Assewbly o a - » PP B Sy ‘

20
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— iiiﬁr[@i manually operated test-channel selector and Jid not require the use of ihe
; L ‘, " Dyecc. A stepping svitch was used to select the function and chammel, and the
* : 3 " 3. seasuremcat was made with the appropriate instrusent. Transducer outputs were
' ‘ - : erasured vith a Daaa digital volincter, llodel 5100-Cl; Wiencle frequency with
sLis ks an Anadex cownter-tirs | Nodel CF-200%; and bridge resistance vith a Rubicon
= R Fheatstone bridge. Dutos obtained vere mmually recorded.

|
2

|
|
L.
Rerarder
ot horne
Figure 9 = Schematic of c!z Temperature Control System
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' Wiancko
TASBLE 3 & Digital Controlled Pressure Test
YT Pressure o X
SEQUEYCE OF "EASUREIENTS WITH AUTOLATED DATA SYSTEM Generator Finture
Q-3728
Channel Function It
000 Nde Excitition voltage ni Transducer Cables ——a]
0ol Frequeacy Curp:it, Yiancko pressere generator EFUT T/cC
002 uY Qutpu' | transdwer SSX 6) ter — .
003 =V Output, transducer SIX 47 hké 524 Dummy-Sridge Cables Cables
(L myv Cutput, traasducer S/ 63
f’-\ 005 a¥ Output , transducer S/¥ 50
000 = Output , dumny Sridge No, 2
007 wY Output, dunny Lridge Mo, 3
003 - Switchiag Signal Output AGC
(5% - Switching Dywec =
010 kiloho Bridee output resistance, S/Y 61 Scanner Bridge Resistance Test Channel
©o11 ki lohw Bridge output resistamce, S/3 47 " Selector
02 ki loh= Bridge output resistance, S/ 63 DY-2911 A
o13 kilohm Bridge outpul resistance, S/% 50 ond
014 kiloha Bridge output resistance, dummy No. 2 DY-2911B
015 kilohm Bridge outpul resistance, durmy Ko, 3
016 - Switching
017 kilobm Bridge input re-istance, S/ 61 I 45 Vdc 0-25 Ve wltimeter
013 kiloha Bridge inpul resistance, S/% 47 AC/Chns Battery Power hp 4128
019 kilohm sridge input resistance, S/% 63 Converter Supply
020 kilohm Bridge ioput resistance, S/I 50 DY-24108
o21 kilohm Bridge input resistamce, durny No. 2 T
022 ki lohm Bridge inpui resistaance, dumoy Xo. 3
023 - Switching L—l
02 - Switching y -y
Brown Joseph Kaye
025 - Switching DY-2401B T/C Labs T/C
026 - Temperature, hex-head instrumented transducer (Boss 1) Recorder Ref, Junc.
027 [ Temperature, Boss 1
028 =V Tesperature, hex-head S/ 61 (Boss 2)
S 029 ~ Temperature, Boss 2
O/ BPRE Digital
0% -y Temperature, hex-head S/% 47 (Boss 3) Tape
031 L4 Temperature, Boss 3 Punch Clock
o3 = Temporature, bex-head instrumented transducer (Ross 4)
o33 - Temperature, Boss &R DY-2545 DY-2509 A
03 v Temperature, Boss SA
035 =y Temperatuce, hei-head S/ 5 (Boss 6)
0l - Temperature, internal junction A
037 - Tewperature, internal junction B
038 = Temperaturc, inctrumented transducer (Boss 1) Figure 10 - Block Diagram of Automated Dymec Data System
o» =y Temperature, instrvmented transdocer (Boss 4)
040 - Temperature, instrwmented transducer (Boss 4)
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Following ®..tial visual and electrical checks, the test fixture
et up i t it is 1 atory (IML) with the Wiancke
gital pr re gent r and maanual data system. The various data chaanels
were o i 1 pre ® cre appropriate) to ensurc proper
operation of the syst and t ompare test results with those dbtained by ACC

the KRD laboratory. No significant deviations in the data were observed and
channels were operational with the exception of one thermocouple (hex head

'

S/N 63 transducer), that had failed during tests at AGC.

Final assesbly of the test {ixture was commleted after verification

satic Jactory operation of all test channels and items. This comsisted of
weldiag the gas coolant lines to the spool, att.ching fittings to the limes,

and potting the electrical cables in the spool. The completed firtuwre wvas
installed in the ia-pile tube of the reactor and pressure checked to 50 psig.

»

A small leak was observed around the ~lectrical cable potting and vas sealed
with additional potting. A check of the coolant system revealed that the

plenum fittings of the exhaust lines could not be tightened sufficieatly teo
eliminate a small leak. A 1/4-in.-dia tube was added to the fixture through

the spool to vent off the leakage.

On 10 August 1967, the complete test hardware vas set up in the IML,
using the automated test-chaunel sclector with the Dymec system, including the
300-ft harness necessary to reach from the reactor srea to the contvol raom.

A number of complete data cycles were obtained in the IML prior to transfer of

the hardware to the rractor s.te.

Installation of the Zest hardware at the rescior and in the control

room was made on 18 and 19 “mgust. The test [ixture vas suspended In the

27
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reactor pool and reconnected to the pressure 2ad data systems. A cozplete
systcn checkout carly oa 19 Avpust wes satisfoctory; hovever, a check later
fn the day showe? 2 Jecreace im thewcable insviation resistance values.
Feasurcsonts oa the individual systcm components isolated the proeblem to the
00 fu extemsion horr. R bet wo defianite cause could be determined amd it vas

decided io continue witl. the test.

Prelre-lictica data cycles vere bogun early in the zoming on 21
August and continwed [or several hours prieor to imsertion of the test fixture
in the rcactor core. All messurencots, incluling the insulation resistance
vere normal. After imstallation into the core, data cycles were again taken
and a final checkout and commection of the coolant lines was completed with
initiation of the cold gus coolant at a low flow rate. Measurements obtained
Just prior to reactor startup showed a decreasc im all cable insvlation resis—
tances that wa: attributed to the cifects of background radiation. The test

was coatinued since all cables were in excess of 20 megohms.
B.  IRRADIATION

Reactor startup was at 10:45 on 21 August. Fowever, a scram
occurred at a power level of approximately 30 KW. During preparations to
Fesume operations, data cycles were periodically recorded (at zero psig).

At 11:53 the reactor was again started and the [frst power level of 1.3 My

wvas reached at 12:12. Subsequent operation of the reactor was without incident.
The sequence of operations and the various power levels arc shown in Table 4,
vith reference to real und mormalized time scales. The normalized time scale
is “aowm for correlar fon since all subscquent data in the report are refer-
enced to the normalized test time.

Two of the boss-temperature thermocouples (4A and 5B) vere routed
to Bristol teaperature controll>rs and were used for the test fixture tempera-
tere contrel. The Bristel recorders were masually operated te maintain boss
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17.7

18.3
18.5

04:5¢

07:
00

08

0):

10

11
11
11
12
i2

12

13:
14
149
51

i3
13
13

14
14
15
i5
15

15
16

TABLE &

SEQUENCE OF EVEXTS FOR TRANSDUCER
IRRADIATION EXPER!MENT

e (DY) Event

«

¥

54

45

:03
:03
:53
12
:40

44

10

:32
:35
:15
17
:42

:46
:37

16:42
16:05
17:00

|
18
18

:33
:30
: 36

22:00
22:%

- 07:30 Prelrradiation data wore taken with fixtere

ir pool.

- 08:00 rixture was installed in reactor.

= 10:45 Preirradiation data vere takenm with fixture
in core.

QJI cooling systems vas started.
Reactor vas started.

Reactor scrasmed from 30 KE.
= 11:53 Preirradiation data wvere taken.
- 12:i2 Reactor vas started.
= 12:40 Power lcvel vas held at 1.3 M.
= 12:44 Rzactor power level was increased.

= 13:10 Power level was held at 1.98 M.
= 13:14 Reactor power level was increased.
= 13:49 Power level was held at .62 M.
= 13:51 Reactor power level was increased.
= 14:32 Power level vas held at 5.83 WM.

- 14:35 Reactor power level was increases.
= 15:15 Power level was held at 7.2 Y.
= 15:17 Reactor power level was increased.
= 15:42 Power level was held at 9.4 M.
= 15:46 Reactor power level was increased.

= 16:37 Power level vas held at 9.9 M.

= 16:42 Reactor pover level was decreased.

- 18:30 Power level was held at 7.13 M.
LNy pump was turned om.
Temperature was increased to 200°F.

Temperature was increascd vo 275°F.
Raactor wvas manvally scrammed.

= 22:0C. Postirradiation data were taken with fixtuere
ia core.

= 22:3 Fixture vas removed from core.

= 22:50 Postirradiation data vere taken with sixture
in pool.



position 4E at the desired temporature. Cemerally, control was izprecise anxd
severe tesperatwre fluctuations occorred at each reactor power level.

Upon complction of the heating rate portion of the test, the
reactor power level vas Jeduced from 9.9 N to 7.13 W and the terperature at
boss 4B was fpcreased to 660°%. Wnile attenpting to increase the boss terper-
ature to 7607, am unitable Lemperature situstion developed that was attributed
to the tizec iesponse lizitatior of the manual ly controlled systen. After
atteupiing to All.lbll‘zc at 760°R, the contro! valves .. ce set and the temper-
ature was aliowved to come te equilibrius st approxinately 735°R. Data cycles
wvere obtaired at this temperature aod boviag reached the mominal 4L0-MNi-hr
limit of reactor operatiom, the frradiation test was terminated.

C.  PUSTIREADI ATION

Peia cycles were obtained at approximately hourly intervals until
the test firture vas rcnoved from the Teactor core aout & hr after shu-down.
The coclant lines were discoanccied and the in-pile tube was removed from the
reactor core, lowered back into the wvater, and secured at the edge of the
Teactor pcol. It was not mecessary to disconnect the electrical cables or the
888 pressurizatice line. After completion of the tionsfer operation, one
additional data cycle was taken.

The following morning, 22 August, several data cycles were run with
the sutomated datz acquisition Syrtem. Then, becaure of a requirement for the
Bymec on another experiment, dota acqeisition was switched back to the manual
dats systen. Ome data cycle was token each day with the manual system on 22,
23, and 24 August sod two data cycles vere taken on 25 Avgust.

D.  RADIATION LEVELS

In preparacion for the 23/8512A rate-cffects test, the radiation
field within (he in-pile tude of the ASTR was extensively mapped in experiments
conducted in May and June 1967. An aluminus pedistal-type calorimeter, designed
and fabricated by € )’p..:, vas used te pcasure the auclear heating rates ar
several locations zlone the axis of the fapile tdbe at rea.ror power levels
from 0.273 to 6.78 M. Garma dose-rate Measureronts vere o' tained along the
axis of the tube by a continuous traverse through the core of a &-cc carbon
ion chauber at power levels from zerc to 165 K¥. Cumna dosc measurements were
made with cobait-glass and AGC supplicd therroluminescent dosimeters art low
pover levels (1.65 KN maximum). Sisultaneously the neutron-flux distribution
vas mapped wsing standard irracizted foil techniques. The jaoma-dose and
neutron-flux data wvere obtained vith an iaactive perturbation test fixtwre
installed in the in-pile tube. The calorineter, ion chasber, cobalt-glass,
and ncetrom feil mapping data are reported by GD/FW in Refercace 5 and the
therzolumins cent-dos imeter mapping Jdata are reported by AGC in Reference 6.

1. Muclear Neating Rate

Nuclear heating rates in the alwminum calorimeters were
calculated for various locations aloag the in-pile tube and converted to give
corresponding heating rates in carbon. The profiie of the nuclear heaticg
rates in ccrbon is shown in Figure 12 with the relative positions of the test
transducers.

2. Camma Duse Rates

The gamma dose-rate profile through the ASTR core as & asured
with the carbon jfon chasber is hown by the solid curve of Figure 1. For
comparison, the calorimeter data, comverted to dose rate are alse showw.

n
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Core bachgivund measurcuents obtained duriag the mapping rucs
indicated thai the peak dose rate was 2 x 100 R/hr. The profile of the back- JASLE 5
ground dose rate through the case is esseantially the same as the profile showr AVERACE NFYTRON FLUXES FR MAPPING EXPERINEXIG
in Figere i3.
The cor® bacigrovnd i-llowing a reactor shutdown decreases Di:::“n-* Aowugs Fius Relative Std. Dev. leasurements
Bc e - 2
quite rapidly witk time and data obtained were iasufficicat to permit an —Si-) % sien ~ou¥) - _ An_Average
accurate estimate of the dose rates dering the de cay tirme. 2 23.00 &.8 5
¢’ 6.5 32.8 - 1
3. Neutrom Flux 7 37.7%% 7.6 3
37.1 5.3 8
In the mapping experiment, meutron fluxes of energy greater 12 39.22* 7.1 3
than 2.9 Fev were wecasured with sulfur pellets in four separate low-power- 38.8 5.3 -
level frzadiations. A total of 36 pellets were exposed at seven axial distances 17 30.9%¢ 8.2 3
into the reactor core. These data converted to fluxes above 1.0 Mev are 30.5 5.8 8
rresented in Table 5 with the standard deviations of the average values. Also 19.5 25.4 -— 1
shown in Table 5, for comparison, ave the aver:ge fluxes obtained at three 22 16.5 2.9 5
locations with the tramsducer-fixture simulation device (perturbation fixture).
"% From top of cere.
2% Moasurement vith perturbation fixtuere
Neutron fcil detectors were attached to the test fixture to
measure the tr- <ducer neutron fluence ac shown in Figure 14. Selfer
pellets in aluminun covers were used at seven fixture locations and
it phrosphorus pellets in aluminum covers were placed at aliernate positions
4 starting at the fixtvre end, vith cadvium-shiclded phosphorus pellets

located at the three resaining positioas.




P

Position

Bess

e - be LR 1Y

Figure 14 - Test Fixture with Foil Packets Attached

V.  TEST RESULTS

With the expected test results, the data also contained unexpected
results. These unexpected results require more extensive analysis to deter
mine if they are valid data or malfunctions in the test monitoring instru-
wentation. The space liwitations of the reactor test volume restrict the
nunber of test mcasurements so that only a probable cause of the unexpected

results can be set forth.

The analysis and discussion of the test results in this section are
arranged in an increasing order of de; ndency of the subscquent data on the
preceding data. As a resu’t, the performance of the pressure transducers,
the main objective of the test, are discussed last since their performance

is dependent on all other factors combined.

The data from the test were reduced and reported by GD/FW in Reference 7.
The data are not presented in their entirety and are summarized in the form of
tables and figures thac average the values for sach experimental condition.
Also included in the report are brief summary descriptions of the data with
possible causes of obvious anomalies. Subsequent to the irradiation test, a
re-evaluation of the nuclear heating rates was conducted and the results are

reported in Reference 8.

Because of the bulk of data obtained during the test, all of the auto-
mated data, vhich were stored on punched paper tape, were programmed into amn
IBM 1130 computer for eas= of manipulstion and reduction. For programming
purposes, the test time, recorded digitally in real time in 10-hour intervals,
was normalized to reflect eclapsed time such that 0.0 hours time in the com-
puter data was equivalent to 04:14:00 hours real time. This adjustmert must
be made when comparing these data with real time data.
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A. DOSIMEIRY
- B8 Reutron Flu

Puring rotricval of the sulfur and phosphorus pellets from

the frradiate] fixture, Tne cadaiun shield on the phosphorus pellets was found
to be partial!: welted. These date were disres rded in t}

subsequent neutron

flux deterainizio it vas believed that the

iy LC AUSH

activity levels of the
shielded phosjhorus pelict.

. would bLe too high for useful correlation.

Thhe ncutron flux of encrygy grester than 1 Mev is shown in

Figure 15, and is plotted as a function of axial position with the data

obtained during the mapping exporirent.  The data obtained from the sulfur
14 yping i

pellets (E > 2.9 v

+? Nev) were multiplicd by 2.8 to convert to fluxes above

1.0 Mev. The averages and standard deviations ot all mapping data are also
shoun.

The test data gencrally fili wittin the stancard deviation
of the mapping data, but appear to be displaced slightly toward the bottom
of the core. This displacement may be the result of a true downward shift
of the flux profile during long Ligh-power-level irradiations. This would be

a consequence of control rod withdrawal, which is from the bottom of the core.

Interpolating the average ncutron fluxes for each of the
active transducer locations indicates that the following ncutron fluences
(E > 1.0 Mev) were attained:

S/% 47 5.8 x 10" n/cad
S/% 50 4.9 x 10” n/('r:2
S/K 61 5.1 » 10” n/ur-2
S/M6 5.6 x 10" afen’
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k The nuclear heating rates, based on the pretest mapping ro- {
}
? dat=. for each of the tr:.sducer locations are shoen in Table 6 for cach of e 3 o
48 2=l 8 2 2 8 3 3 & 2 &
the reactor pover-level iold:. Howov r, an uncertainty analysis of the heating 1o < - - - - -
i:: m' o > o - - o~ ~ ~ e
rates conducted by ACC indicated that errors atrributed te fission product t
buildup and the observed Jciward shiit of the flux proiile cezused by coantrol —-\z 3!
. | 1]
rod withdraval were mot considered zad tlhat the assigred flux uncertainty of 81 'r?i
d fe o
’A + 9.6Z was tos low. The uncertainty asalysis indicates that an uncertainty %.1'- BB o w T &N O o
o e LR ~ ™ Ll o 0 o L el L o
of ¥ 14.12 vith a 952 coufidence lcvel would le core realistic. » :;";’E © © © -« I I -
= -~
o ] -
e =
[
Subsequent to the AGC uwacertainty amalysis, GD/iV reexanined « ©
o e ~
their method of specifying heatine rates. Corrected flux dota for the ASTR - e R B e * ©o > = o
w J - = o~ L] Lal o w o ~'. ‘3 q
test that took imto consideration fission product buildup and flux profile 3 2wl 6 © o o e B
F- -] -~
shift was reported in or addendus (Peference ). The corrected heating-rate a: :.:
=
)
data are shown in Table 7 vith estirated uncertzinties. = TS o
ol A kd - — ~ g o ~3 -y & o
‘ v e«zl &8 o = o -~ o =~
wl 2 o} % . . . - . ~ . .
-3 -< o v o o o - — ~ ca .
B.  TEMPERATURES :2; 8
s
" 3
Temperaiure data were obtained during the test from 16 thermo- > |~ = -
© W W =
couples located on the test fixture and trapsducers. Seven copper-constantan = 5 g & = 2 Z T ® o
o - —
thermocouples monitored the tramsducer-boss temperatures, 6 copper-constantan =2 _';-: it 2o A o T
thermocouples monitored the tramsducer hex—head temperatures, and 3 chromel- g
alumc]l thermocouples were used to monitor internal transducer-diaphragn s S
temperatures im boss positions | and 4. In addition, 2 copper-constantan - s
o~ thermocouples monitored the internal-conde~*ar tenperatures in the tuo :1 o 2 g 2 '. " e o :
T - Ll - Lal -~ > o "~ o
‘ specially constructed thoermocouple cables attached to the bottom of the test 3 5
fixture. [ 2
@ e
-
Thermocouple data, recorded in millivolts, were reduced . s G
{ a polynomial i hown 1 B 223228232322
to temperaturcs by means o a polynonial conversion computer program shown in !E ?5 :'3 R N g
Table 8. The polypomial reductfon in within 0.1°K of the KBS standard - 2 4 23 3 XT3 ' - -
L 2 — - - Ll - ;‘1 a : -
thermocouple tables. !2323:_._‘_‘2
i
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la general, all temperaturc data exhibited severe fluctuations
throughout the test. These fluctuations were attributable to the fmprecise
control of the C!z fixture coolant. To facilitate the analysis, the tem-
perature data were thinned to include only data recerded during the zero-
pressure data cycles. The resultant thinned data more clearly illustrate the
temperature treads throu;hout the test and permits better correlation of the

data at sclected times.

Even with the thinned data, however, the teaperature fluctuvations
were still severe. Data obtained during awy one cycle wire representative of
the fixture temperatures at that time, but would disagree with the preccding
and succeeding cycles by many degrees depending on whether the teaperatures
were increasing or decreasing. Correlation temperatures reported in this
section were obtained by averaging data from 10 to 20 successive cycles during
selected heating rate or tempercture hold periods. Alikouzh the averaged
temperatures may not de indicative of the absolute fixturc temperaturcs, they
are relative to one another and represent comparative averages during the
specified hold periods.

1. Boss Temperatures

Trazsducer boss temperature data obtained during the test are
shown in FPigurcs 16 through 20. Temperature data for boss thermocouples &A
aml 58 ere recorded onm a Bristol Recorder (Figures 21 and 22) and were moni-
toed visually throughout the test. These data were used to control the flow
»f coolant to the fixture to maintain the required fixture test temperatures
throughout the test. Mo data are shom for rcsition 6 boss because physical
limitations precluded the installation of a thermocouple in that location.

In gencral, the tempcrature data are in good agreement with
each other and clearly show the control oi the test temperatures during
Part 1, i.e., coustant temperature of 560°R and variable heating rates, and

.
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Figure 21 - Boss %A Temperature, Bristol Recorder Figure 22 - Boss 5B Temperature, Pristol Recorder
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Part 11, f.e., coastant heating rate of 2 wvatts/gn(C) and variable tempera-

tures. The difforcace in icamperature along the fliture is due to the fact

that the fixture temperaiure could only be rontrolled at one locatiom

(Boss 4A) and al) other positicns attained thoeir ova equilibrius values which

corresponded to (he nuc® or heating rates and {ixtuie coolant flow conditioms.

The boss temperaturcs at sclected times during Part 11 of the

test are shown plotted ac 2 function of the distance from the top of the core

in Figrre 23. An apparent auomaly exisis at the Boss 3 position simce the

data differ fro- predictions basad on the hesting rate profile (Figure 12).

The mosi probablc cause of the anomaly is that the thervocouple junction was

mot in pood contact with the fixture. The fixturc, machined cut of aluminua,

is an excellent thermal conductor, and 2 localized higher tesperature in the

center of the fixture dees not appear probable based upon the heating rate
profile. However, this coaclusion impliecs that the validity of the remaining

thersvcouple temperature data is difficult to assess without a reference

steodard.

Since the forcibly cooled aluminum fixture is the heat sink
for the thermocouples, gamma generated heat in the cables will flow tovards
the sensing Junctiom as well as tovard the coolant exhaust tubes. A poor com-
tact between the junction and the fixture will result in a positive unidirec-
tiomal ervor, i.e., the thermocouple will indicate a higher temperature than
the actual [ixture temperature. The possibility exists tha: all boss therso-
couples are mot in good comtact with the [ixture.

Even though the alumfnum is an excellent thermal conductor,
st the hesting rates experienced during the test, gradients, proportiomal to
the gamma-Tlux profiles would be expected along the length of the fixture.
Comparison of the temperature data iw Figure 23 shows correlation of all
temperatures except for Boss 3. This indicates that Boss 1, 2, 4, and 5
thermocouples have essentially the same degree of contact. The dashed linecs

0 - 560°R HOLD

O . 660°R HOLD

A - 760°R HOLD

8OSS POSITION
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- @

- N

- 9
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Figure 23 ~ Boss Temperature Distridution - 2 Watt/gm(C)
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in Figure 23 indicate the extrapolated temperature distribution betwecn
Boss 2 and 4 locat ions assuning that the Boss 1, 2, 4 and S lecperature data
are valid.

2. Eoxazomal Peo? Temperatures
A Copicr-coustantan theroocouple vas welded to the Rexagoral
bead of each test troo-lucer. Temperatu:e data obtained during the test for
each of these therrocouples are shown in Figures 2& through 28. No data arc
shoun for Foss 5 hes-head th. raocouple wliich had failed during the pretest
checkour .

Locaied further from the fixture coolant source, the hex-head
thernocouples clearly show the rise in tewperatuces during the step Increases
ia gamss rates during Part I of the test. The data are in good agreement with
each other and, like the boss theraocouple data, reflect the gama-heating-rate
profile throvgh the reactor core. Bowever, ceoparing the readings of the
respective thersocouples at sclected times throughout the test reveals an
&goarent ancmaly in bex-bead 3 temperature data.

To illustrate this anomaly, hex-head temperature data
obtained during Part 1 of the test are shown plotted in Figure 29. Examina-
tion of the data shows a temperature inflectionm at the Boss 3 position that
is mot cousistent with the boss temperature profile (Figure 23) or the nuclear
beating-rate profile shown in phantom lines. Various possidle causes of the
amemaly were investigated and the most probable cause was determined as the
thermocouple junction having poor thermal contact with the hex-head surface.
The observed temperature reflects the equilibrius temperature between the
semsing junctiom and the exhaust coolant tube for the various heating rates.

Similar to the boss temperature, this conclusion also implies
that an wacertaisty exists in the remaining hex-bead temperature data. Hovever,
hﬂum..mmmt&j-eu-.‘chm-hdmlu in
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wr b 2 negative unidirectional error. Tne dat: showm in Figure 29 appear to be in
= i good agrecaent with the exception of hex-head 3 temperatures, but may repre-
9. 9 9.15 - sent lower thaa actoal temperatures. ¥ dushed lincs in Figure 29 indicate
g (I) 9::?' Ll the approximate te rature of position 3 hex-head based on the extrapolation
¢§ 6{':, c(.;; Eé -+ of other hex-head datay
s T A
é (;Ql ! - T Comparison of the he tenperature distribution and the
| S heating-rate profile shows gaifi L difference in the location o. the
il -+ 9 E profiles with res; to disiance from the +«7 of the core. If the heating
/ / E rate profile is assumed to be correct them it pust be coancluded that the
’ / I +=2 %\ > thermocouple data are grossly in error. MHowever, the converse can also be
| / -§ ‘: assumed implying that the downward shift of the flux profile was greater than
1 I - 2 j & predicted. Correlation of temperature gradient data and transducer zero shife
1 7 ' , o N 6 :._: data, discussed in subsequent cectioas with the corrected heating rate values,
. \ | - ' " i i L‘: ‘3 indicate that the corrected heationg ratc values are valid. It sust be con-
\ \‘ | 8 E.;‘ cluded that the hex-hea! them iple data are in ervor and that the shift in
" \ \ - o 9 2 profile is coimcidental.
5 50\ 3
: g g - = E 3. Diaphragm Tempecratures
E
I "rg g f Iransducer internal temperature data were obtained during the
' 4 Z é test from the two instrumented transducers located in fixturc boss positions 1
‘ g +e 6 é and 4. The instrumented transducers were included in the test to obtaim infor-
N § T mation of the tempcrature gradieuts across the diaphragm as a function of
\ w T 2 nuclear heating rate and to verify the pretest thermal analysis model. The
A § ¢ internal thermocouples 38, 39, and 40 vere installed to monitor the center
\ g i z. diaphragm temperature >f 1 and 4 transducers and the edge of transducer &
3 - diaphragm respectively. The temperature data for the three thermocouples are
\ Pl . shown plotted in Figure 30, 31, and 32 and are similar in profile to the boss
h ] temperature data shown praviocusly in Figures 16 through 20.
<+
N,
] S P . -
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Correlation of the internal temperatures with the corresponding

L o ——

boss temperatures indicates that an anomaly is present in this portion of the
test dats.

:

Ead

. k-

—— e — ""‘“f’f"F

The data indicate a greater tewperature gradient from the edge to

i
=2
l

the center of transducer 4 diaphragm than the gradient from the Loss thermo-
couple te the center of the diaphragm.

Figure 33 shows the respective loca-

tions of boss & therwocouples.

(R L LB LA LA L)

~
- E———
PN - - -— e ---»;-....\.‘{-... B ———— ——

From the theory of heat conduction, it would mot appear pos-
sible for the temperature of ihe boss to be greater than the temperature at
the edge of the diaphragm that is further from the coolant. Selected data
from the boss thermocouples 4A and 4B, and from the tramsducer internal

t r N R e i L/"" thermocouples 39 and 40 are shown tabulated in Table 9. The temperatures
cof- sl _:3."’ i L — noted ir Table 2 show the boss temperature 4E to be consistently higher
e o B e S e I than the diaphragm edge temperatwre, 40. 1In addition, the gradient across
L E il STk Hip! \ ..

the diaphragn, 40 to 39, is greater than the total gradient from the boss

mwn

Figure )2 - Internal Tamperature 40, Instrumenced Transducer Boss 4,

i .—# . tomperature, 4B, te¢ the center of the diaghragm.
.- - T L e —— iRy A -
i il L 9 - = The corclusion that the leads from thermocouple 48 and those
r' pie - — il s from 40 vere inadvertently interchanged or mislabeled is supported by the
cceoef.- " el e ._.. : = following arguments.
ARl i it Sl L e >
5 S i £ a. Since the boss thermocouples 4A and 4B were symmetri-
:::: ::: s onlloseslesue - z:l cdlylmtdvlthmmttohumrnlu.lhﬂ.ttt.ct.tm.*n
=
il el 6 H el kol pi e K expected. Examination of the data in Table 9 shows that there is closer
Ll Gl o Bre o ol e s s sl e s o qrmtbetve-thtqorat-ntmtcne‘bv“-\dwth‘lhnhﬂtb
) . R
y it - — il
o ieiel e e piweinilewse e b. In the pretest thermal analysis, a conservative film
.'_ il iy MRS Gl - m!(ktntm“ktmtktmmdthlr-beﬂﬂthmﬁtl
B e R -'—“'*‘L"“"“ the result that the mcasured gradient in this region wvould be expected to be
: i i . i iy ssaller than the analytical gradient. Comparisom of the data im Table 9
-
s = s : :
P e
[}
65
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TABLE 9.

COMPARISOR OF BOSS & TEMPERATURES

coT Elapsed Heating (a) Thermocouples
2 Time = Time = Moce - &8 2 &0
| Diaphraga center ik i hrimin  Hours ~ W/@UC) i X Tt
l “ i o
- 1440 20.4 2.04 555 573 566
P 1445 10.5 2.04 552 572 562
1450 10.%6 2.04 550 572 562
1500 10.8 2.04 553 572 562
(Analytical) (2) (560) (560) (5%0)
1523 11.2 2.62 560 580 562
1530 11.3 2.62 535 563 543
1540 11.4 2.62 533 566 540
1551 11.6 Z.7% 544 575 554
\

1605(" 11.9% 2.76 - 558 529
1620 12.1 2.76 497 535 503
1629 12.2 2.76 538 569 543
(Analytical) ) (560) (560) (603)
'3 1645 12.5 2.00 529 s64 38
1651 12.6 2.00 526 562 538

(a) Readings from Bristol Controller record.
(b) At 1600 the I.Iz pump was turned oa causing decreases im all

temperatures.
FPigure 33 - Location of Boss 4 Thermocouples
66
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( shovs that the difference between 3A and 40 is negligible while the difference

between 4A and 4 (assuming 4B is the odge of the diaphiragm) is nearer the -»v—«l»— L1 ' !
predicted gralicat. 1

T
gy
H

€. Since transducer 1 was also Instrunenced, it would be

expected that the gradient between the boss theruwocouple and the center of the

diaphrage vo:ld be sizilar for both 1 and 4 except {or possible differences in 4 = -

IR

magaitude resulting froe the diffcrences in heating rates. Figure 34 shows

r

1
A
&
]
;
I

[N

the gradicat between &4 and 39 during the test. Figure 35 shows the gradieat

BRI 4 3 .,;_M,.--.T
L between bocs 1 and 38, the ceater of transducer 1 diaphragm. Comparison of the

. - 4 <r—
! two shows little corvelation. Figure 36 shows the gralient between 40 and 39,

assuming 40 is the boss temperaturc. Comparison of the resultant gradient

vith the gradient showa ia Figure 35 for trausducer 1 shous very close agree-

ment both in profile and magnitude. The gradient for 1 is slightly lower ¥

throughout the test because of the lower heating rates ar the end of the

-~
fixture.

% of m

mnn

Therefore, all further discussica and analysis is predicated

=
on the assumption that thermocouple 4B and 40 vere interchanged. 1

YINE In Wours

.
el

4. Temperature Cradients

Within the temperature range of the test, temperaturs gradients

hetween varfous parts of the transducer and the heat sink are approximately

Figure 34 - Temperacure Gradient, 4B and 39

limear functions of the thermal path lengths and beating rates at each location.

u&mmu-;n.muutohml f"..cho((htl’“ctt

locations, then it should be possible to correlate the observed temperature

"“'\\ gradients and heating-rate data with the analytical thermal model presented in

e Appendix A.

BB ...
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Neasured tenperature gradients deteranined fr the various
combinaticas of thermocouples arc showa tebulated in Table '0 and are plotte
in Figeres 37, 3B, and 3% as a fuaction of the coriected heat rates from b
Tallde 7, with tl. srres ouding prodictod temperature gradicats from ' .
, < « < -
Appeadiz M. With e assunplions stated, correlating the measured gradic
with th: heatinsg rates should preduce singlc straigiit-line curve with al)
data peiuts en < noar it. ) ever, exanination of the d2ta in Figures
and 38 slows o =i Ificant divergence of the data a ith the exceptio £
Boss 2 gradieut, r o correlation vith the prodicted pradiout o "
¥
The 1oct probable cuause of the poor corrvelation is the e I
Y * o 3 - > o
~ - 2 - 5
uncertzinty of the boss and hes-head tonacralure measurements, as noted pr W |
[ 3 e
vicusly. Both zete of measu ~monts inclede eriors of unknown wignitude that, & o ol
vheon added topether, decrease (e wagnitude of the obscrved gradient. The < o ol " - .
4 — ~ -
o g - - e - e
gradiernt for Sos: 3, shown in Figure 37, is known to be grossly in error 4 " e |
- C
as cxpected, shoos the greatest deviatic. from prediction: ol )
o " : . L _ <| &
Tt boss -to-diarhvagm-couter gradientes she in Figure 3B alsc = x
- @ n ® O 9~ °
indicate that the Yoss therwocouples are in error. Since the diar™ra »m thermo : ! - »wn o " © = =
i ! 63 |
couple Junction: isre welded to Lhe diaphizgm saterial, the resultant tempera- o |
g J . Z A
ture is a falrly accurate representation of the true temperature. Errors in = Blel w« © » © © © o
- 2 > o= * O ~ o o o4 ~
the boss mcasurcments will decrease the observed gradient resulting in poor i " = N B =
]
%
correlation vith the predicted gradient, and also betwesn gradients if the g‘
i »© o — O 4 o o«
errors are not cqual. o ~ - e S W & -
=«
3
- - 9 ~ o
The diaphragm center-to-edge grodient shown in Figure 39 __ e 2 az s E 3
— L ~

shows geod correlatfon with the predicted gradient for heating rates up to

1.6 wvatts/grae(C). The good correlation is becavse both thermocouple junc-

— o o~ ~ o v ~
' o~ - 4 o - “w -y o

tlons are wvelded to the Slaphragn, therely winfwizing errors. However, above " - W W
1.6 vatts/;ran(C), the data show a decreasing tread that deviates from the
predicicd liocar refatlonship. Since the other gradicnts do not reflect a o '

oW |
corresponding decrvase, the cause s attributed to a decrease in the diaphragm 4 - | ® % &

L] g! m" & © ® m 2 o

n
2

*Based on Interpolation of hex-head temperature.
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center temperature caused by heat loss through conduction to the pressuriza-
tion gas in rhe fixture. The decrease in temperature gradient corresponds to
the increase in cryogenic gas coclant flon to the fixture during the higher
heating rate portion of the test.

5. Gable Teeperatures

Temgerature data odtained from the tvo intermal junction
thernocoupie cables that are mounted on the bottom of the test fixture are
shown plotted in Figures 40 aud 41. Each cable had an vagrounded therrocouple
junction located approximately ) ft from the c2ble end and was attached to the
fixtere with wveldable thin-metal styips »¢ shoun previously im Figure 7.

The difference in the two moasurewents is attributed to the
dilference in the therwal paths from the seasor Junction to the coolant mani-
fold, relative to the position of the thin-metal Strip. The metal strips were
lecated approximately ? in. apart and with 2 tolerance of + 0.5 in. on the
seaser junction position within the cable, the therzal path length could vary
“p te an inch between cables.

6. Couclusions

Temperature data obtained during the test were not of good
quality except for the data for the three chroocl-alumel thermocouples that
were welded te the two instrusented transducer diaphragms. The poor comtrol
of the fixture temperature during the test introduced severe fluctuvations in
the temperature data, Jimiting comparisom of temperatures during specified
times to relative averaged values.

The possibility was imwistigated that the heating-rate data

showa in Table 7 were in error and that the pover prolile had shifted down-
vard as indicated by the hex-head temperature distributica profile showm in

n
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Figure 29. Heating rate data obtained from this assumption were used to corvre-
late the gradient dato shown in Table IV, However, no better correlation wos
obtained wd it must be concluded that because of ervors of unkmown magnitude
in the boss and hex-head temperature measurencat, corvelation of the cbserved
gradients with heating rate data is incomclesive.

C. SIMULATED TRAXSDUCIRS

Perforpance seasurements of an active transdwcer svstem provide
woral measured valuves that inclede the effects of radiation and temperature
oo both the cadle =4 transdi »r. Simce it is difficelt to assess transducer
characteristics without the use of cables, the transdecer performance can only
be inferved by subtracting the contribution of th cables in the sawe environ-
weal. Kuwever, srasurescnts obtaincd with cables caposcd to the nuclear
environmsent will only provide data describiag the radiation effect on the
electrical properties of the cable but ot mccossarily the effect on a total
instrusent systes. Previous test results have iadicated that observalions
are depend-at on the characteristics of the instrument and of the signal con-
ditioning and monitoring cquipment vsed.

The principal radiation effect on civctrical cables is the decrease
of imsvlation resistance with increasing radiation levels. Experiments coa-
ducted by Gerald C. Buth (Refcremce 9) fadicate that the increase in the
clecirical conductivity of the iosulating saterial is & (ransient gama induced

phenonanon *hat ix preportional to the gasema level.

The interaction of gaswa rays and matter results in the geacration
of frec elictrons attributed to three primary effects; photo-elrctric, Comptom,
and pair produc ioa (Referemce 10). The free clectroa contribution ot cach
effect is highly dependent on the irradiated material and the energy spr-trum
of gamma photons, but all cffects are directly proportional to the gamma rate.
In the ficld of an impressed wvoltage, the excess electrons are carried avay
as they are generated o the combined effects can be observed as an increase
in the conductivity ol .se material. In materials that exhibic high electrical
conductivity, such as wetals, the cxcess electrors pose 02 probles. Ta low
conduct ivity materials, sech as the MO insulat . wied in the setal sheathod
cables, the increase in conduct ivily com cause shuul ing of the tramsdwccer

alfecting ils accuracy, and sakes possible geacvation of spurious sigeals.



In the absence of an impresscd voltage, the free electroas will TAGLE 11

eveaivally recombine until a state of equilibriv - is attained between th. INSULATION RESISTANCE OF CABLES WITH 300-FT EXTENSIONS
gemeration and recombinatic of electrons that is proportional te the gamma

rate. In effect, the cablc and transducer become charged like a capacitor. Time Power =~~~ Imsulation Resistance (Negohm) —
; ' s S/N & {50 S/ X ¢ 15 Duws ; »
The application of a b®h voltage will carry out the excess clectrons and Souss (W) S/8 O 5'/!\.-_0 [% 61 5/% 63 Dumy 1° Duxy 2 Dummy ) Cable 2 Cable 8
may be observed as a surge ‘m the cutput current, resulting in an erromeous -2.6 0 190 99 111 117 7.4k 50 157
-2.3 0 1% 9 114 b} b 8.6K 50 157
P ——.- 0.9 0 158 103 117 V7 7.4K 58 3 300 250
0.3 0o 198 b3 B | 114 120 8.6k 49 169 321 264
1. B T 0.9 ] 217 114 120 123 >10% 60 109 375 300
“ \ 1.5 0 217 114 120 123 7.4K 60 175 346 x4 |
1.8 0 2 111 120 123 8.6k 64 175 346 321
All irsulation resistance weasurewents, with the exception 2.8 0 207 Jus 126 120 ’l:: 66 182 333 32
o 4.1 BEC 207 103 130 126 8 41 198 k¥ 3} 346
of simulated System No. 1, were obtained by applying a 45 wvdc potemtial 4.9 BKC 147 75 91 86 >10% 38 111 225 264
between the cable sheath and the conductors, and monitoring the lecakage cur- 5.3 BKGC 142 73 78 86 >10% &6 106 236 250
rent with 2 Hewlett-Packard 412-5 multimeter. A 50 véc Weston Megohmmeter 6.3 BEGC 64 38 33 33 22 35 195 204
N Yy b U Sl e i Suaud 6.6 Start Vp 53 27 23 25 21 38 92 (2]
lm es o asure nsulation resistance o: simulated 7.1 BKG 53 27 23 27 8.6K 20 4] 8 62
System No. 1. The insulation resistance values, calculated from the currer.- 7.5 BEC 67 28 28 30 23 41 % 68
woltage relationsiip are presented in ' . [ 11 for the active and simulated 8.3 1.% 5.2 5.5 8.C 9.9 >10% 23 38 n 12
o . . 3 . Do 2 80
transducer output cables, with the respective reactor power levels and test : ; ; :: ; : ; ; t : 6 : >10% ): z; l:: 150
times. In additiom, the insulation resistance data for the two ungrounded 10.1 5.83 1.9 2.5 5.1 5.8 ot 52 73 214 250
thermocouple cables, A and B, are also included. ».s 23 .6 2.1 .6 >3 ¥ . . " e
2.3 9.9 1.2 1.6 4.3 4.3 33 38 100 125
12.6 7.13 1.6 2.1 i 6.1 >104 33 46 107 122
Tae data for the simulated system cables and thermocouple 13.2 7.13 1.6 2.0 4.6 &8 10t 38 58 112 132
1.1 7.13 1.2 1.8 3.5 3.5 4 58 132 145
cables A and B are shown plotted in Figure 42. The data show the effects of 4.3  BXC 12 13 38 27 >10% 50 n 187 167
the core residual-gamma radistion from time 3.7 hr, when the fixture was 14.6  BXC 17 . 38 n " 2 100 250 275
inserted int - the core, to 6.5 hr, the aborted start. Also evident is t' : 15.9 BKC 35 3 5 66 >l:‘ 85 128 n 300
16.5 BkC 38 35 85 7 2 | 98 153 37 320
recovery of the insulation resistance after termination of irradiation at 17.5 &G 46 38 70 77 104 % 200 264 320
e 14.0 kc. During the period of irradiation, between 8.0 hr and 14.0G hr, the 18.6 0 90 64 82 87 >104 7 23 320 375
‘v data show the insulation resistance of cables teo be increasing while the 27.7 o 139 96 115 124 62 230 320 e
gammz level is also increasing. This apporent anomaly is contrary to expected ;:'; : :3 :: :: ::: 2 ;:
behavior of the cable irsulation resistance in a high-gamma field. 29.9 0 164 98 153 121 75 262
30.4 o 170 9 135 124 B4 230
31.% [ 167 92 125 125 60 166
The anomaly cam be explained by considcring the location
of the cables on the fixture. All of the simulated systea cables were

'ncasurc‘ with 50 vd- Megger
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b4 attached to the GNp cix lant inlct manifold on the bottom of the test fixture
shown previousl in Figure 7 le 12 is t CXy rcoolant syst data and
L & :
the insulation resistan ale i ite that crease in OGNy coolant
u v T temperatures ceincide l¢ ly with the observe increases in insulation
THEE
:: : .: ] resistance values. Since cable inculation resistance varies inversely with
' N
:: : : \[2 temperaturce, the most probable cause of the observed anomaly is that the
L ]
[ ] ' ® effccts of the cryogenic coolant wmasked the effects of pauma radiat:on -1 the
on. 'S i = v
— cable Mg0 insulation naterial. As 2 result, th masking of the irradiated
-
_ = - cable data by the cryogenic remperatures during the test invalidates the
r— ] I
s |~ 2 original intent of subtrucling the imulated cable effects from the active
O
. s transducer data. However, the results are significant since they show that
— e - .
< - -
§8 s the effects of gamma radiation and temperatures on the MO insulation are
- -4
3 = - independent and additive. By coatrolling the cable temperature through cryo-
G
¢ - - - genic cooling, insulation resistance values are 5 to 10 times Ligher.
1 .
) o é ‘2
™ o The data for simulated Syster No. 1 insulation resistance
z i - s :
o = - 4 (Table 11) appear to be invalid because of the complete lack of radiation
5 - 3
g = g - cffects. The cause is suspected to be a discontinuity between the metal
[~
g it 4 sheath of the test cable and the braided shicld of the flexible extension
i 2
- cable.
- [
.
I «
-4
o 2 2.  Bridge Resistances
ol
L~ -
'
‘—] P Input and output bridge resistince data for simulated
- <
s - System No. 1 are present.d in Table 13. Input and output bridge resistance
s -
= - - 2 data for simulated Systems No. 2 and ¥eo. 3, obtained with the autometed data
el
5 - - L system, cxhibited two anomalous characteristics throughout the test. The
g' first is the occurrence of periodic spikes in the data and the second ,
el
= & ‘; & decreasing trend of the resistance data during the test. The significance
gg E E g of the data spikes is discussed in a subsequent section. To illustrate the
1 ‘ & - - decreasing trend, the data were thinned to include only those values corres-
(- )
& ponding to the zero pressure cycles. These data are shown in Figures 43 to 46
TR - T L] %, AL e ¥ W A L}
! B¢ g 2 8 Re R = 2 o s oD - as deviations in percent of the pretest averages for Systems No. 2 ana No. 3
R ——— input and output bridge resistances, respeetively.
84
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TABLE 12
COOL1IG-SYSTE'! DATA TABLE ) 3
{
{ Pover LE; Flow CNy Temp? Gy Picssure? Doss &-A IRPUT-OUTPUT BEIDGE ReSISTANCE DATA, SYSTE! X0, )
; Tine i) Rote (gpm) e o —(psig) Tew (CF)
bt ®
3 1217 1.30 8.5b 33 20 30 Applied Yeltige = 208 Heating Rate = 0.28 W/g (C)-MW
| 1219 1.30 11.0b 43 16 102
' b REAT ING BRIDCE RESISTANCE
i 1500 1.98 9.5 17 20 -98 TINE RATE IRPUT oUTPUT
ﬂ 1346 3.62 5 -35 44 68 (crr) {w/g(c)) (ohm) (ch=~)
1405 5.83 7.5 -35 41 116 0416 0 - =
‘ 0426 0 - -
0544 [ - -
id3l 5.83 8.5 -76 9 95 0559 0 - =
1847 7.3 9.0 -105 25 92 0903 BKC 1512 1512
! 1512 ) i 10.0 -110 &6 98 0925 =e 1512 1512
' L
1537 9.4 11.5 -160 59 n” 1100 RXS 1514 1514
i i 1220 0.364 1504 1514
! 60> iK2 pump turncd on 1226 0.364 1504 1514
{ 1250 0.554 1514.5 1514.5
PPt o .87 13.2 -135 59 82 * 324 1.01 1514 1524 "
i#32 .87 10.5 -125 59 72 1408 1.62 1514 1514
1446 2.04 1514 1514
1650 7.33 9.5 -90 & 66 1530 2.63 1514 1514
ey 15, swep turned ofi (Boss Temp 200°F) :21 ;-;7 :::: :;;:
’ -
L7 i3 7.5 -55 3 152 1ms 2.0 134 1514
1810 2.0 1512 1512
1845 G 1514 1514
onsors located in the elbow at test fixture inlet. 1925 JXG 1514 1514
‘h wvalve at oxit of heat exchanger partially open.
2005 BKC 1514 1514
2041 BKG 1514 1514
2151 BKG 1514 1514
2245 0 1514 1514
0748 * 0 1514 15'%
0944 * 0 1514 1514
1010 * c 1514 1514
* 22 August 1967
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Comparisvn of pretest and postiest resistance values in
Systems No. 2 and No. 3 indicates aa actual change in biidge rusistor values
vhile the bridge resistance valucs for Systes No. 1 remaincd the same through-
out the test as expected. The differcace between bridge 1 and Sridges 2 and
3 is that Bridge ! wos ®iilt into the channel selector ranel and potted, vhile

Bridges 2 and 3 vere unpotted and wounted on exposcd terminal strips.

The cause of the drift of the bridge resistors cannot be
ascertained from the svailable test deta. JThe expiwnation presented by CB/TV
(Reference 7) is possible, i.e., the measured resistances reflect trut chaepes
in resistance of the bridge resistors due to loverint of the temperature fn the
reactor control room. However, because the test data werce obtained over a
W-hr period, a cyclic change would be expecied in the data il the tesperature
control were the caus.. In addition, the data indicate that the changes are
permanent. Another possibility is that the resistor values drifted with aging
during the repeated data cycling. Examination of the data im Figures 43 to
46 shows that the rate of drift is greater Jduring the irradiation peried from
8.0 to 14.0 hours than during the pretest end posttest period. However, this
could be the result of the larger number of data cycles during the irradiation
test, rather than during thr pre- and posttest period.

3. Induced Voltages

At the conclusion of the data acquisition for ecach heating
rate, the 20 vdc tramsducer power suppiy was disconmected from the input
terminals of the active and dummy tramsducers. Voltage measurewents vere
obtained for each output cable with no apjlied wressure or voltage. The data
obtained were manually recorded and are presented in Table 14.

In the absence of an impressed voltage, no induced voltages
would be expected. However, examinition of the data in Table 14 indicates
measured induced voltages of significant magnitudes, especially for the active

Time
{Elapsed)
5.5
2.3
5.3
5.8
s.5

10.1
10.8
11.4
12.3
12.6

13.2
14.1
15.3
15.9
16.5

17.5
18.6

TABLE 14

“IRDUCED™ VOLTACES FOR SIMULATED AXD ACTIVE TRANSDUCER CABLLS

Pover
L)
BRSO
BhL
1.3
1.98
3.62

5.83
7.3
9.4
9.9
7.13

7.13
7.13

7 ST XY

-97

&

44
-94
-121
-164

-168
-1208
-129
-18
-46

-144

[
-5
-4

9
19

59
96
74

67
28

57
78

14

93

_Output (v)
S/K 63

?
8
-12
-25
-34

-89
-102
-107
-114

-126
-195
-12

-10
-22

Dusoy 1

-21

-41
-101

21

&3

32

2%
18

88

3
22

-2
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-ransducer output cables. These voltages are ot proportignal to the respec-

tive reactor power levels.

Figure 4/ shows the induced voltage for the active transducers

plotted against tho elapsed test time. The polarity of transducer S/% 61 data

is vhown inverted for coasistency with the other data. It will be shown laier

that the everse! polarity has significacce. The reseltant plotted data show
to tho transducer boss and he x-head temperature data

presented im Figures °§ through 28. The similarit

a marked similarity

y between the iadeced volta;e
curve and the recorded terperatures indicates that the observed voliages are

appaiently caused by thermal emf in the systea and are not radiation induced.

In the description of the test transducers, it was noted that

nickel cladding was used in each of the two 2-conductor cables for the purpose

of identifying the positive lead. Laboratory temperature tests have shown
that the use of uickel cladding generates a thermal emf that is consistent
among cables from a given lot and proportional to the cladding thickness.
Three manufacture:s' cables vere uscd in the consi uction of the tramsducers.
They were: Scientific Engineering and Manufacturing Co. (SEMCO), Aero Research
Inc. (ARI), and Continental Sensing Inc. (CSI). The thermal respoase curves
determined from laboratory tests for each of the three lots of cables used
shown in Figure 48.

arec

To correlate the data, it is necessary to know the tempera-
ture at the transducer end of the cable and at the opposite end of the cable
(reference junctiom). During the test, terperature gradients existed between
the iniernal beader commections and the respective transducer monitoring
thermocouples on the fixture. However, between test times 15 to 18.5 hr, the
reactor vas shutdown and 211 fixture Lemperatures were in equilibrium to
wvithin +5°R. D.oring this time period, all internal temperatures were also
in equilibrium and were approximately the same as the monitored temperatures.
The opposite er reference junction end of each cable was exposed to the

s Sl

OuTPUT, MICROVOLTYS

- FerhR T 1r " ™ e
=1200— ————— I -

O~ s/wso
-tr00-— v &7 N —— -

m—— — —
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w
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Figure 47 - Active Transducer Induced Voltages vs Time
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Figure 48 - Response Curve for Nickel Clad Copper vs Copper Conductors
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atmospheric ambient temperature which varied throughout the test. At time

18.5 hr, the atmospheric ambien: temperature vas reported to be 70°F (535°R)

hich is approximateiy the reference terperature used during the laboratory

tests. Table 15 shows the correlation betweea the observed voltages and the

VI ll.]g\‘:» ralculated from the recorded transduccr tesperstures at time 18.5 hr
=3

and the thermal-respon.e data.

It is apparceat from the correlation that the induced voltages
are thermal eaf voltages gencrated by the ni 1 ¢cladding on the positive
conductor in the output cable. The results also infer that the thersal emf
voltages were subtracted srom all of the transducer outputs during the test.

However, S/K 61 was manufactured with the output cable termination reversed
in the transducer, i.e., the nickel-clad conductor indicated the negative out-
put lead. This accounts for tke reversed polarity of the observe’ voltages
and also means that the thermal emf voltage w wdded to the transducer output

during the test.

The induced voltage data for the simulated transducer systeas
are not as readily explained by the temperature corrclation of the cables.
As shown previously im Figure 2, the electrical termination for all metal
sheathed cables is located in the external asbient atmospheri: eavironseat.
With both ends of the cable at the same temperature, no thermal emf would be
expected. However, the midsection of each cable passcs through the radiatiou
field and temperature gradients will exist along the conductors which can

produce thermal emfs from the Thosson effect.

Since the voltages were monitored on cach system owut, .

cable, the lack of System 2 voltage data is readily cxplained by referrving

to Figure 2 that shows the output cable totally in the control room. The data
for Systems | and 3 shows no discernable pattern other than increasing and
decreasing in amplitude when the reactor is brought to power and scrammed .
Apparently the observed voltages arc Thomson effect thermal emfs, but because
of the combined ~ffects of the radiation field and the cryogenic cooling of
the fixture, no quantitative analysis is possible.
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TABLE 15

COMPARISON OF OBSERVED ASD pETERMINED
VOLTACES AT TINE 18.5 kR

Calculated
Teoperature Thermal emf Observed Fesponse
Transducer Wb sk Yoltage (:v) Voltage (.v) Lurve
S/x 47 609 -98 -97 ART
S/3 50 601 -225 -229 SEMCO
S/4d 6! 608 -20 -14 cs1
S/ 63 609 -20 -22 (=3
98

4. Spurious Sigmals

The acquisition of the induced voltage data vas performed
by the automated Dymec. This system also measured the active and dusmy trans-
ducer input aad output bridge resistances. The bridge measurements obtained
during the zero-voltage cycle differed cignificantly from those measuresents
obtained Juring & normal pressure-calibr .tion cycle. Figure 49, showing the
input bridge resistance data for simulated Systes No. 3, is typical for all
of the input and cutput bridge resistance measurements obtained. The data
spikes occurring throughout the datz coincide with the zero-voltage data
cycles.

The observed data abnormalities appear to be examples of the
previously described effect of cables accomulating an electron chargs in the
absence of an impressed voltage. The spikes are conspicuously missing during
the preirradiation test period and only occur during the irradiatiom and post-
irradiation period. The magnitudes of the spikes vary comsiderably and appcar
to be dependent uwpon the gamma rate and the elapsed time between removing the
20 védc power and making the measurement. It was also observed that wvhenever
two data cycles were obtained in rapid succession, the magnitude of the second
data spike was significant ly reduced. The charging and discharging of the
transducer system appear to require several seconds to stabilize. The auto-
mated data system samples each channel for | sec and requires approximately
45 sec to sample 41 channels. The same effect was not observed during the
insulation resistance measurements, since the data acquisition vas manually
performed and time was allowed for the instruments to stabilize before
recording the measured value.

Care should be taken when using automated data acquisition
systems. For measurements in a radiation environment the pover-supply
voltage must be maintained while sampling the output data or sufficient data
sampling time allowed to stabilize the excess charge on the instrument
system.
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Pigure 49 - Bridge Input Resistance, System 3

S. Conducter Orienmtatiom

One of the secondary objectives of the test vas to determine

the significance of various conductor polarity oriemtatioms oa the overall
system performance. To accosplish this purpose, three simulated systems with
various combinaticns of cables in the radiation environment were included in
the test fixture as shown in Figure 2. Systex 1, that had both the input and
output cables exposed to the radiation cavironmert, also ifacluded a reversing
circuit that transposed the positive ouwtput conducior inte the cable that

contained the positive imputl comductor.

The expected radiation effect for cables in a radiation field
is a decrease of insulation resistance caesed by *he effects of gamma radiation.
The loss of insulation resistance in a tramsducer circuit will cause shunting
of the bridge with output errors resulting. In the normal system, the shunting
resistance is in parallel with the bridge input and output resistance result-
ing in a decrease in input voltage and am attenuation of the cutput signal.
However, pretest analysis indicates that the cutput error, attributed to shuat-
ing of the input to the bridge, is a megligible {actor because of the relatively
iow resistance values of the power supply internmal impedance and bridge input
resistance; compared to the shunting resistance. Shunting of the bridge out-
put will cause a significant error vhem shunt resistance is below 301 obas

pecause of the increase in bridge output current and corresponding decrcase
in output wvoltage.

In the reversed system, the shunting resistances are parallel

across opposite arms of the bridge creating an unbalance that appears as an

owtput signal. The pretest amalysis indicates that sigaificant output errors

occurred with shuat ing resistances below IO. ohms .

The simulated output data for the three systems are showm in

Figmes 50, 51 and 52. The output data for System 1, normal and reversed
conditions, show a variation during the test that resesbles the profile of
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( the simulated insolation resistance dota shown previously im Figure 42. By

comparison, it is apparesnt that the inswlation rhunting resistance does affect
_ l ] NG SO . the ocutput of the normal s sten and “nii the reverscd systen is more seasitive
; TR to the variations in the fmsulation sesistance.
: -
_. : j . '. Pretest predictions, and the data obtained from the simulated
J' .o . system output and cable insulation resistance values Zuring the test, are shown
i _:’-T_" e in Figure 53. The data for the reversed system agree vith the pretest analysis.
-4 g abvs Hovever, the data for the normal system decvase nore rapidly than predicted.
’ Y R x The difference may be attributed to a simplification assumed in the amalysis.
Bk . In the analysis it vas assused that the cffects of leakage curremts to ground
. " I, “ ; and unsymmetrical shunting of the bridge through the ground were negligible.
i : S The data indicate that this assusption vas not valid.
B2 N e @
e 98 ,‘y- RIS ..f. E § The output data for simulated Sysiems 2 and 3 show decreasing
“one ..‘ T ey i e = and increasing trends respectively throughout the tost. These trends appear
A M 3 ey -f‘ to be the result of uabalance caused by the individual bridge resistors changing
- 5 by different aaounts. Becausc of the drift of the br dge resistors, amy radi-
5 é- astion effects present in the data would be difficult to assess. As a resulr,
gttt fibbt | el 5 8 no useful information regarding the radiation effects on the input and ocutput
PR sBosee 5 ,: cables independently can be extracted from the test data.
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D. ACTAVE TRAXSDUCERS

The overall performance o. .we active transducer systems vas

deternined by calibrating the tramsducers throughout the test with a known
pressure nuference anguoanitering the ocutput. The data obtained are presented
in Figures 54 to 58 for S/X &7, 59, 61, and 63. Each figere shows the trams-
ducer output for the pressure calibration stzps of 0, 250, 500, and 750 psig.
Each tramsducer exhibited moderate to severe changes in oevtput during the

test and all erhibit 2 permanent decrease im output at the end of the test.

In terss of total error band, the output deviatioms for the transducers are:
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S/x 63 full-scale output

¥hile the total error band is indicative of the tramsducer

wncertainty in the radiatiom tesperature enviromment, it does little teo

define the effect cf radiation cn the transducer semsing element. A better
understanding of tramsducer performamce cam bLe obtained by determining the
effects of the radiation enviromment of the individual tramsducer characteristics
such as bridge resistance, imsulation resistamce, lisearity, sensitivity, and

SHUNTING RESISTANCE (chms)
Pigure 53 = BriZge Output ve Shunting Resistante

zero-point stability.

1. Insulat ion Resistance

The active transducer insulation resistance data, tabuiated
previously inm Table 11, sre shown plotted in Figure S8. These data exhibit
the swme characteristics during the pre and posttest periods as the <imulated
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Figure 55 - Output, Transducer S/N 50
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to include omly those data corr .ponding to the zero-pressure cycles and B and
sormalized to show chenges during the test as a percentage of the pretest -
! ol
resistance values. The resultant data are shown in Figures 59 through 66 fer -
the input and output resistance deviations of transducer S/Xs 47, 50, 61, and
63. =
s
=
The data show that the bridge input and output resistanccs
increased permmmently as a result of the irradiation. All resistance t °
-
measuremcals exhibit iluctuations duc to temperature effects during the test
— except for S/X 61 input resistance, which appears to be invalid because : . - r«[ L :
| } 3
of the presence of spikes throughout the data. The spikes are similar to T IEEEEEER ]1[: &
those observed du ing the zero-voltage calibration cycles and it is suspected $E AI +14 +HH L.'ﬂr :
o
that an intermittent contact in the chanrel selector stepping switch is the {/ ] H- =2
cause of the ancmaly. No other data obtained from S/% 61 exhibits similar < - =
'
oeccurre s. r\i — u»w—{ <+ 4 g
+ \ 3
SRR § = 3
The net observed changes for the input and output resistances 1 e ‘-!—HJ - -
. - - b .
are tabulated in Table 16. 131 HH.«HH} ] g §
| -
10 S
TABLE 16 1 S HHHHH H
s 4 2
! m—mmnmmm:smm-rmorm Hd4 = !
'
+ - R o
! s/x Isput  Output -
- @
&7 0.3 0.39 b *}’* TT | e H
50 0.38 0.37 T =
3 - 0.14 1 1L
63 0.21 0.19 LIRS
b—n—w 1'—¢ —J 4 -
1k
1 .
'
—4 - J
1T 1
4 e
11s
3 2 -
-
o "=




w.ut

0f N/s Induy o¥pjag - UOTINTARQ SOUNISTERY - T9 J2anlyy

feftn 0 g

“;-.. -—.-— ‘ . ..-. -. ;. - . ..
o rTIvOT b A et L“r M & W L1 o
980 o = + -
3 i iy 8 t=—1 -+ -+ +—
L e e B 'T'?O.?:P B - 1 + 4 -+ - .
- —- -+ e | | |
ﬁlq.v.i.'il Tllell-"J. ’rw “ —— - !
R e . —
.. HMJ 04 MLY - s m
BNETS TN s . .- 4 bt - - l
L i s - ! Ll M =
SO SRS DTSN WS S - doet .ilﬁ e .L.I.H' vt.T - — N S ——— S "
b v § i 4 o maeandme RN W - _ = ) . + ' + ! L.
e b by o @ b s g g - - ‘ Y- )
IT‘.FA ....|>I&|LI"~| - \q\l % - l L< I -
- [ = o - . —— } |
Edndadod : I'HJ\ : . = " = 1
d 5 & ! 2 ! =5 I !
- e ! L = | 4
—t : !

[y /8 ndang e8pTig = UOTIVTARQ eDURINTESY - 0F san¥iy

Sehan o Jid

B it B BB -

L1}
. . .
- e ‘1) : mwa (TN N - J
, _ 1111 $4<] 3= - i I | .~mw .
A = = ! T i 2 %% -
- &£ - - el — T 1 * & g
o ot o o S s o 34 b3
TR B fomdn et 4t - o + =1 ! | " L
. T , =TT | ! - L d I &
oy I - : Lded it ~._ 4
! | € E ! ,
L..« T == 1 = IHI&-¢A
f i B = - = 4 ! xﬁr - ! 1 ¥ - -
= s l JM | - = "'
! et 4 vl g o e g — —
e -
- LL.', |!vo+ Avf.?.lJ. — i
=% I . ,M.O - + - e
- e AR gEasess I
o o ) 1
i ' M1 LI
! [ T 1
| -1 ."‘.-.UI,L B Tw -
L 2 " "
5 »‘ 1
< fa o8 1 2 ¥
(= d
1‘1 1 q e 4 ! 4
1 A» w
: “ X
L = S
A 1
! =i\
| “

nm

T R TR T ———" —_—_— —

———r oy

- —

e —




19 N/% Indup e¥pyag - uotIvgAeg eduwaeyewy - (9 sanfyy

-

0§ N/§ andanQ e8prag ~ LOTIVIASQ SOUNISTERY - 4] sandyy

SUL )

'
rb.thx-::....~_

Sulen N il
" :' -

" ’ ' . . .
! w
A
e
N-
- s
' ey
1
M L4
\Hl*M )
'S A
Mﬂw
1 LK
'
s " &
M L
- 1 1
-
| 1
1 1
1 1
+ A
- L.l | 1
- 1 1
< | 4
L 1 =
-
- i e o
1 H1 RS 4
[ o o
e -
1 i ’
A 1A
~—— <ﬂ L« e S R S i ke H
- e m K eesd SRR ERS
. “+ - e b e R o
L ; 4 b -
! + 5 + " 9
N 4 .». —— - b d R . y
H .o Y v - 1«1 # " . R . M.
' .o Voo [T o g e o ?Y.“lv-...wv« b ] ' u . . e
N X | BEUIE NEY L va.. e N I
' ' ' | P IR O S Y p 4o .....a....m
a@n,

PUSCE ) of ll
o $ <& ob ._,. oo busutiantanehnadunt e B et =t Y Mll; lLlMlE.‘ - o o O
..o......"...-‘.l.. o pum—be - 4 T ¢ =4 &
! i T ! 1
800 0 M ol e e 1 b ISRIRRE
oh o - b [ S " o ‘HI;-IY". PR, ,rl.w - M ' 0 -~ _r -+ + "J. B
T+ S || fuoe ' ag
J o -~ PR .1*. YF.I&IL cea —re L‘in.»n M . H«Hﬂh ! ‘ e .- -I&
R B e 20 Y GOV S D S O 4.. ‘ol'.|‘..!_ oy - ' - o S . et 4 nﬁ? —— e S
O o T e O ut.t.l,.ul!l e pmtmn de o basfousie : LTW - LH bnbe-daupan 4 dde e
= B -4 = M.M. toteetesy hecnhe o...vlwl.".. ‘ | 4 N A bednd ) 4
0 - 0 s - = = o 0 z e
41. | . d qoedee ge H (I - L&&-{\w . -
! | 1 | !
e e o e pned -1:! . 1A - + .
O O O 5 S N o W . r L:X' fébl i -+
! _-l'.LL... o iy de o e f<r ——— -
ks - 4 ﬁ.?ollv IlKrv. dd N!_-n = g
w R S B - oy
- - - . l S £
T =3 o i R &
1 ) = = " .
! nerrwlL.o.p ! = i ] W 8
B - *Al.J.u T.,...!._l.vlw bl T M T
- o o ey <nd . e . vlJ -
- .L.... Lle.T —_ rl.?rl .
T !
B e e -y —-———r— .
I..Lrl_v =
1 _‘ s 53
1 i » =

e B Pl T - -

118

e — g —

o - voww




£9 N/§ Induy #8pjig - UOTIVIASQ PIUSLETEIY ~ ¢ Pandyy

]
!
LTS T 1Y)
- . : A AL nh " "t n " ' . . v w
L 9 S == | | | T R =T 4 .
ot O e R - ] m- .
- - e 1 +
1 ol aan aamen o o .vl&.ﬁ t ﬁ et ¥
0.0 A B A . 4
Tt — . o
— e N D e e et e e -+ T e s u
Pt ¢ Lt.ll«.ll‘lnr..Tl H. 4.
g L B q I = s aband !
— -+ lﬂlﬁ!%.lﬁl“» 1 I.HH’T
s - t——t = "
i = 3 —— e
T'flllilv!L ,L\ 4
— v.l.l,_ » L f—r— - [ + s —t—
- fandendoadued Y- — 1
] W = " 1 d
o - i
-+t |- _u?.Fl v '
| AN R W G5 . " i
u'.ool RS : ! H
! 1 - - I 1 H |
" ”
8
i
]
]
m
)
19 N/§ In3dng #8pTig - UOTIVTASQ ADUBISTSIY - 99 danfyy
3
ITRE T 1Y w
' (1N _.Efl...: oibdlo R uwe " " " 1.; |
GBR S5 B g o A o ‘.‘...._On.*lulwl.ro - l.lo_lHL# ~L< - W rJHﬁlllﬁ.* e e — vy MV e
N EES MESaES L =1 1 E S T
S S R A T I 0 A B B Y R e e s o [t 1 1 12
L R e e e L 12
: ! &l = 1 | i = m - m
i o 1 d <
e b ‘
et r - : 3
. = A o] , :
ey s I e 8 B e " )
i g s Lt 1 - %
v ﬁ 1 d - = | p = < 2 et Rl :
| & | | 1 1 |
e e SRS S A e e s aa s I .
USRS S B S N B . . =g H
p—t— e} - Ia,l.. - 2.:..» | - T S ”
IREREEEmE AR - !
1 0 S W 8 5 e e 1 T uuﬂ—# »
.. “

L Al L




ey -]

&,
5 &

e Lo eong e o pee
.4

e :

T s

"M L D L L

) -

T

AL

Pigure 66 - Resistance Deviation = DBridge Output S/N 62

A

O e st W .u'.- - e

Tewperature variations in the Sridse resistamces are expectes

and, as noted, 2ll .esistances reflect this effect. Povcrer, cosparison of

the input and output re:sistances of respective tramsdecers indicates & clvergonce

between the two during the irradiastion period. In esch cace the input resist-
ance deviations vesemble the boss-trapersiure profiles showing the two phases
of temperature contrel!, i.e., constant tesporature and increasing tesperature.
The output resistance deviatioas more clesely resesble the hex-head temsperature
profiles. The similarity to the fesperature profiles indicates 3 possible

dependency uwpon the intcraal-tesperaterr gradients.

Investigating this possibility, the difference between Uhe
inpu. »od output deviations were determined. The resultant data are showm in
Figures 67, 68, and 69 for S/Ks 47, 50, amd 6. Comparing the <difference
profiles and the diaphrage tespcrature gradicn:s shown in Figure 70, shows a
marked similarity thi. substantiates this pousibilivy.

fhe mcchaniss causing the .ivergemce is difficult te deternine.
The magnitude of divergence appcars to be related to the temperature coefficient
of resistance (TCR) of the bridge material, since it is minimal Ia S/N €3 that
bas a very low TCR (0.0006 F.S./°R), and greater for S/%s &7 and 50 that
bave TCRs of 0.0024 and 0.0016I F.>./"R respectively. Attempts to synthesize
the bridge-resistance divergence by correlating the observed texperature
gradients, and the known transducer TCRs were unproductive. In the seasing
element configuration uscd, the two tension ares of the bridge are located
near the center of the diaphrags that, from the data, was approximately 20%k
varser than the two arms located om the diaphrags periphery. Bovever, since
the tvo tension arms are located ir opposite arms of the bridge, changes in
resistance are balanced in the bridge and, theoretically, the bridge input and
output resistances would imcrease by equal amounts. The overall transducer
TCR is the susmotion of the TCR's of the individual legs of the bridge. It is
possible that the TCR's of the individual legs are significantly difcerent from
cach other so that in he presemce of gradients, the chasges in resistance are
uncqual, resulting i* the divergence of the seasurced input «nd output resistance

values.
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3. [Koalimearity

o a transducer, nonlinearity is defined as the differcnce

betveen the actual instruwcat cutput and the expc cted output as defined 1

a strajshe=line rcfcerence Letween the zere and sull-scale walues and

presented im teias of a zi -crcentage of the instrusent full-scale outpur,

The cuiput data fo: the acd!
for the 250- and 500-psip czlibration cvcles, and are plotted in Figures

transdus .« {5 were tecuced to nonlinearity cat

63 sespectively.

throu;h /4 tor transducers §/%e 47, 50, 61, oud

Comparison of curves for the four trunsducers iaclude: a

weiforvity im characteristics throughout the test. All transducers exhibit

erratic values during the irradiation period with relztively stable values

during the pre and posttest periods. Teaperature effecis arc evident during

the posttest dato cycles limediately following the rest when all
The period of erratic data is attributed
Although

fixturc

texperatures were im »quilibrius.
to the fluctuations of the f[ixture temperature during the test.
the datz are erratic, ap overall downvard tread can be seen.

Comparison of the pre aud postiest ronlinearity wvalues for
the four tramsducers imdicates that a significant improvement im transducer
limearity resolted from the irradiatiom of the scnsing element. The perceat

change from pretest values for:

S/n &7 -38.3%
s/u 50 -22.52
s/x 61 -21.72
s$/% 63 -21.62

An interesting feature in the data is the apparunt continuing improviment in

linearity during the posttest calibratiom cycles after 23.0 hr. The decreasing
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trend exhibited by all transducers appears to be a function of the pressure
cycling but may also be related to the r=sidual activity in the strain material,
and possible transmutation of elements since the improvement during the test
is apparently the result oi material changes in the bridge elements.

°

&. Sensitivity

The effect of nuclear radiation on the seasitivity of each
transduce. was investigated by calculating the semsitivity valuwes of each
transducer for each full-range pressurization cycle. The resultant reduced
data are shown plotted in Figures 75, 76, 77, and 78 for tramsducers S/Ns
47, 50, 61, and 63. The sensitivity data curves are charact=-ized by a
decrease in transducer semsitivities, at the start of the irradiation period,
to a relatively constant value of -2.0% of full scale. An apparent recovery
occurs for all tramsducers, to near pretest values, between time 10.6 and
11.2 br. During the posttest period, from time 27.5 to 27.3 hr, the sensitivity
values are constant and except for S/N 50, are all slightly greater tham the

pretest values. The chaige between pre and posttest sensitivities for the
four transducers is:

s/ &7 + 0.282 Fs

s/x 50 0

S/u 61 4+ 0.36X Fs

S/x 63 + 0.60 Fs

The observed sensitivity changes at the start of the irradiatios

period sppear to be radiatiom-induced tramsient effects. However, the suboequest
apparent recovery of the sensitivities during the test, instead of at the end
of the test as expected, raises the question of whethe: the cbserved change is
radiation induced or caused by extersal factors. From availabla test data,
known factors that could affect sensitivity were investigated and found to be
insignificant or shown to be umcorrelatable. Figure 79 presents the average
devistion of the four tramsducers alomg with a typical mounting-boss tesperature

133
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Pigure 79 - Correlaticn of Average Semsitivity Deviation, Boss Temperature
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and the reactor-power profile that corresponds to the relative gasma rates
of the test. The effccts of the temperature perturbations on the semsitivity
can be readily observed. Hovever, mo correlation appcars to exist that would
cause the decrease in sensitivity. Correlation of the reactor power level

and the semsitivity also shows a lack of gamma-rate dependency of the observed

change.

With regard to the radiation environzent, the recovery of
all sensitivities coincidentally occurs at gamma and neutron fluences of
1 x 10" ergs/gn(C) and 1 x 10" nvt (F>1.0 Mev) respectively.

5. Zere Shift

The effects of nuclear radiation on the zero-point stability
of each tramsducer vere investigated by comparing the zero-pressure output
value of successive calibration cycles vith the pretest average and expressing
the difference as a percent deviation of the pretest full-scale output of each
transducer. The resultant reduced data are shown in Figures 80, 81, 82, and 83
for S/Ns 47, S0, 61, and 63 respectively.

The zero-shift curves for the four tramsducers are uniquely
different from each other, indicating varying degrees of response to the test
eavironment. The observed zero-shifts reflact the susmation of individual
contributing factors, the major omes being:

a. Cable-generated emfs

b. GCasma-gradient generated voltages
c. Strain gage thermal semsitivity
d. Neutron {smage
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a. C(able-CGenerated Fuf's

The output error voltage generated by the mickel-cladding
on the copper comductors wvas discussed previously. The error voltage was
sublracted from the catgut voltage of S/Ns 47, 50, and 63, and added to the
ootput of S/N¥ 61. In effect, for three of the rraasducers, the generated
en! acted 3s & form of reaperature compensation, reducing the total zerc-shift
value. HRowever, for S/% 61 the eaf 23ded to the cutput increased the zero-
shift value. Zero-shiit data from part 1 of *he test was corrected for the
cable exf error in the subsequent smalysis by adding or subtracting the ewfl
values from Table 14 froo the averaged zero-shift crror values determined
for each of the gasma-rate hold periods.

b. Cazza-Cradient Cenerated Errors

In the pretest electiical analysis of the transducer,
the presence of tesperature gradients from the center to the edge of the
disphraga will geserate au output voltage that is proporticral to the
temperature gradiest aad the temperature coefficient of resistance (ICR) of
the strain material. 7Yee higher temperature at the cemter of the diaphraga
will cause a larger imcrease in resistance in the temsfon arms of the bridge
than ia the compression arms that are located near the edge of tie diaphragu.
By desigs, a positive increase [ the tensfiom arm resistances will produce a
pesitive owtpe. _ignal. The magnitude of the error signal will be propertivnal
to the TCK of the bridge and the temperature gradient.

Representaiive zero-shift values doving the respective
hesting-rate bolds in part cue of the tests were determined by averaging the
data for 5 to 15 swccessive data cycles for each of the transducers. The
resultsnt valves are .sbulated im Teble 17 and ar: showm in FPigure 84 as »
function of thr corrected gamema heating rates from Table 7. Casma correlazion
is wsed because the tesperature gradient across the diaphrogs could mot be

143

mcasured for the active trarsducers but would be proportional to the different
gamma-rate levels for each transducer location. Also shown is the pretest

prediction for S/N A7.

1ABLE 17
. e 3
AVERAC™ ZERO DEVIATIONS
(PERCI..T FULL-SCALL oUTPin )
Feactor
Power
Level Transducer
o) S/K &7 S/x 50 S/n 61 S/x 63
1.3 —_ 0.35 -— 0.12
1.98 0.87 0.80 0.08 0.1%
3.62 1.79 1.08 0.15 0.28
5.83 §£.19 1.717 0.26 1.21
7.3 5.39 2.85 -1.04 1.7
9.4 8. 21 3.89 -1.62 1.73
9.9 7.45 3.” -1.47 0.74

The S/K 47 predicted output error assumed a simplified
lin~ar relationship between the incrcase in tension-arm resistance and tespera-
ture gradient. Comparing the S/ 47 zero-shift curve with the prediction shows
that the output error is much less than predicted and obviously not a limear
function of the heating rate (temperature gradiemt). The distribution of the
output curves is as expected and corresponds to prefest TCR values of 0.000024,
000016, 0.000006, and 0.000002 ohms per ohm per degrve Rankine for S/Ns 47,

S0, 63, and 61, rospectively. All curves also show an abrupt change in

profile between the last two data poiots that correspond to the 9.4 and 9.9 W
reactor power levels. A similar change can be seen between the last tvo data
points in Figure 39 that represent the tesperature gradieat scross the diaphrage
in the Boss 4 instruveented transducer. It s believed that the ocbserved

chonges are attribat:d to » decroase in the diaphrage gradient ceused by hest
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loss te the pressurizing gas. S/Ns 61 and 63 curves both show chanpes betwveen
1.5 and 2.5 watts/pm that are apparcarly nevtron darage related. The ocdserved
changes in the curves indicate that the zero balance point of the transducers

changed.

Since the Jdistribution of the data for the four trams-
ducers appears wniforn and correlates well with the TCR distribution of the
transducers, the data vere input into 2 multiplc regrescion and correlztios
analysis computer progiuam to determine if 2 mathesatical relaticnship existed
between the observed »ero shift, “he heating rate and the iransducsr TCR. The
results of the progras indicat. that a correlation coefficient of 99.42 exists
between the variables and that the observed zero-shift cas be expiessed mathe-
matically by the following expression:

Z = [0.00738 + 0.3353 (y) + 21379 (ICR) + 22865 (y . TC¥)) . )

vhere: 2 = Zero-shift in percent of full-scale cutput
TCR = Tesperature coefficient of resistance
Y = Beating rate in vatts/g= (C)

€. Thermal Sensitivity

Although the thermal semsitivity of the bridge is a
function of the TCR of the bridge material, it is wore indicative of the
initial bridge balance. ldeally, if all four arms of the bridge are equal
in resistance, the increase in resistance, duve to temperature, would be balanced
with no resuliant change im output. Since the arms of any bridge are sot
exactly equal, small uncqual increases in resistance result is a change ‘n cutpwt
with temperature, that may be either positive or negative dopending wpon the
relationship of the changes in the ares of the bridge to cach other.
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An ancmaly in the data involves the apparent thermal
secsitivity of the tran:ducors during the test. S/Ns 47, &Y, and 63 elitis
positive thermal sensitivities Jurin; the vai.able tenperature portiom of tl
test. Bovever, oaly S/h 61 exhibits a positive seasitivity during the post
test period. FPretest calibration data show a negative sensitiwvity fer S/x 37
and positive semsitivities for S/ks 61 and 63. Duving the posttest peciod,
&/B 63 seositivity appears to bave changed te pegative. Only S/X 50, that
exhibited a pretest rogative thetial scacitivity, ind‘cates a negative valume

throvghout the tes!.

From the test vesults it is concluded that pretest
thermal sensitivity data is of littie value for the purpese of corrzcting
test data for observed temperature shifts. The thersal seasitivities af the
transducers are iafluenced by the presenc: of intcrnal tesperature gradient.
and changes in the transducer TCR cavsed by ncutroa-related bridge-saterial
changes .

d. Reutron DPawmcge

The data in Figures B0 to 83 shew that all feur trams
ducers exLibit a change in the z¢ro balance 2fter the test. The zero-lalance
change, called the zero-set, is a2 permanent chonge im the tramsdeccrs character-
istics and differs from the previously Aiscussced zero—shift mechanisms that
were transient im naturce. The time vhen an obvious zero-set chenge occurs is
mot comsistent for the four tramsducers but docs appear to have a relationship
to the TCR valwe for cach tramsducer. lIa Figore 80, S/ 47 shows that the
change occurred very ncar the end of the test and continued throuph the first
posttest period. Whercas im Figure E1, S/¥ 50 exhibits 2 mojor change
occurring at the beginning of the variable tesperature portionm of the test
with equilibrium attained before the first posttest piricd. Jim Figure 84,
S/E 63 >~4 61 show the change occurring during the variable heating rate
portion of the test, after the 7.3 and 5.83 Md reactor power level holds,

respectively. The comsistency exhibited is that the smaller the TCR of the
transducer, the sovacr the zevo-balance change occuwrs. laterpolated mevirom
flucnces and TCR volwes Tor the four transducers at the time the change occwrs

are noted as follwws:

B3
Kewut ron
Traasducer o Dluesce (110 XEV)
sm &2 ©.00002¢ 5.2 = 10' ¥
s/ 50 0.000016 23 x 10"
s/ 63 0000006 1.7 % 0" MW
sm & 0.000002 1.3 x 0 2

Resed on the limited data fron the four irassdwcers, the
threshold damage leve! appears to be 2 function of the fast mewtrom fleecce
instead of the thernu]l newtron [luence. Figure 85 shows the threshold Jewvels
plotted as a function of the transducer TC® values. The correlatiom between
TCR and threshold davuge level is given by the folloving expression for the
interval of 1 te 10 x 30" w/em’ (£ > 1.0 Nev):

.
weldzi TN g @)

vhere: ¢t = meutron fluence (£ - 1.0 Mev) -Ic-’
TCR ~ temperature coefficient of resistance chms/chas/*F

The damage mechanism associated with the TCE and threshold
level appears to be caused by a fast-mevirea induced chewical reaction. Ohange
in other transducer characteristics such as dridge resistance and semsicivity
appear to be dependant on the thermal mcutron flex.

The final posttest zero-set valves for the four
traasducers arve:

shh @ ~6.852 of full-scale output

s/% 50 16,50 of full-scale cutput

s/n s ~2.61 of full-scale output

s/x 63 ~1.91 of full-scale outpu®
149
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¥l. CORCLUS JONT

Pata obtained Juriag the ASTR 23/K51. test were good. and enabled good
resolution and correlaticn of radiation effects for varices tran-ducer and
cysten performance chogacteristics. Arcaded heating-rate data provided by
CD/iN siguificantly fleproved the correlation of muclear heating-rate effec*s
oa transducer parfowmance. All pricary and sccondary test objectives wvere met
vith tie exceprion of the determination of operating tewperature extrexes at
2 vatts/gn(C) awd the verification of .he transducer snalytical therma! wodel.

A.  TRIMARY ORJECTIVES

L. Camma-Rate Effects

The mct signilicant garma-heacing effect was the rrescace of
excescive zero-shift errors in 2ll (rensducer outputs during the test. The
cause of the zero-shift ervor is knowe to be a function of the tenperature
gradient betwecn adjacest arr of the bridge and the TCR of the strain saterial.
However, the chserved zero shifts were nonlincar and less than pretest predic-
tions, that assomed 2 simplified relationship between the wuclear heating rate
and the transducer TCR characieristic. The developed expression (equation (1))
Pe- 156 correlating the parameters of zero shift, suclear heating ryte and
transducer pretest TCR is a significant result of the test. The expression
provides a means for predictisg zero-shift error for an engine mounted trans-
ducer based om the pretest TCR value and the anticipated nuclear heating rate.
Secondly, the correlation can be used to generste limits on tramsducer speci-
fications to minimize muclear heat:ng errors.

Comas-raie effects were also observed in the input and outpet
bridge resistance measurcments of cach tramsducer. The divergence betwee: ae
two parametess during the test vas am umexpected phenomenon that appears to be
a function of the ruclear heating rates and the transducer TCR valyes. The

"
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data obtained are inconclusive as to the direct effects of the divergence of
the bridg -1esistance vaives but because oi the dependency on the TCR value

it may be a contributing factor to the moalinearity of the zero-shifi error.

Transducer insulatior .esistance values, that are alsc saama-
rate dependent, decreastd duriog the test as exjected but were greater than
1 megoha a2t the = xims hcatiang rate of 2.8 vatts/pa{C). 1he effect of the
decreased resistances could not be distinguished in the ouvtput data. £Ychoug!:
the insulation resistarce values ure dependent on the irradiation temperzture
and gamma rate, 2 third factor aprears to be present that accouats for the
threefold iacrease in resistance values of the S/X 61, 63 gToup compared to
the S/R 47, S0 grouwp ar the maxinus garsa rate.

- Xeuiron-Damage Effects

Eeutron-damuge cffects were observed in all postiest transducer
characteristics. Since the measured transduv. er characteristics are indicative
of the vapor-deposited strain-materizl compusition it can be concluded that the
material romposition of the strain bridges were altereé through transsutation
and fast-neutzon damage. The net changes “a the transducer characteristics
vere less than 11 and did mot produce significant output eirors with the excep—
tion of the tramsducer zero-sets. The zero point is indicative of the bridge
balance and small inequalities in the arms are readily observable. The mevtron-
d==sge effe-ts were bencficial, as evidenced by che improvement in linearity,
as well as degrading to *he tramsducer performance.

The threshold damage level of the transducers appears to te
dependent on the TCR value of the transducer within the fast neutron fluence
range of 10]7 to lﬁlt -lcuz. Based on the lisited data from four tramsducers,
the threshold damage level appeais to be a function of the fast meutron fluence
instead of the thermal ncurron flucnce. The deve loped expression (equation (2))

correlating the threshold damage flucnce with the transducer TCR value impiies
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that the radiation tolerance level of the transducers can be significantly
improved by increasing the TCR value. WHowever, it would be hazardous to

>
extrapolate the data beyond the 10"‘../::‘ limit based on the data foom four

transducers.

The gasna and ncuiron effect on thin-film trarsducers can be
controlled by manufacturing the transducer with a TCR that permits the level
of threshold “amage to be above )O) ,n/rmz yet not He too large to cause a large
zero shift dov to gamwa heating. Transdece s can be tailored made with low
TCR's for high gamma flux and low-ncutron fluences or with a hige TCF for high
necutron fluences and lov gamma-flux rates. A TCR value can be selecied to

optimize the transducer to best fit the operating requirements.

3. Operativg Tewperature Extreme

The transducers werc evaluated at 100°F, 200°F and 300°F at
2 wvatts/gr(C). The ASTR test facility had a linitation of 40 regwatt-hr and
time did not permit test &t higher temperatures. Temperature limitations of
the transdecers could not be determined from the limited data cbtained.

B. SECONDARY OBJECTIVES

1. Cab ¢ shunting effects on transducer performance were minimal
duz to cryogemic cooling of the cable during the test. HNowever, at high tempera-
ture (600°F) the shunting effect can introduce a2 significant error im the trams-
ducer. The shunting .o~ be minimized by incorporating a shunt resistance in the
signal conditiomer, lower than any cxpected cable shunting value. Precalibrating
the transducer with the built-in shunt vill permit a vider temperature varia-
tion on the sheath cable withoul introducing appreciable crror in the transducer

dat a.
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APPEXDIX
HEAT TRANSFER ANALYSES

I. IXTRODLCTION

Thermal saalyses were perforsed to predict the temperature distributicns
and associaied co ling requircacats for flush-mounted, Stathau, pressure trans-
ducers. These avasiyses were perfcrmed ja tvo iterations nsing two dirferent
computer codes.  Initially, Job "785(” vas used to deterrine flow rates and
temperature distributions in the 23/R512 test fixture. Concerrently, FDI(:’),
an alteraate heat tramsfer analytical code, was beinz nade operational.
Subsequest to the Job 2788 vork, a fina) analytical iteration was performed
wsing FOM.

Vith these methods, cooliag Tequirenents o hold transducer boss
temperatures to 100°F for gamma heating rates of wp to 4 vaits/gn vere deter-
mined (JOO°F iz the estinatcd pressere transducer-boss temper.ture on the YE
Eagines). When flow rates and pressure drops ~ompatible with existing or
ocbtainable on-site test equipmert were determined, temperatove distributions
ia the tramsducer vere calculated and found to be acceptzdble. Based om this
amalytical information, the test-fixture design was finalized and the test
fixtere wvas fabricated. The frradiation test was performed in Au, t, 1967.
Using a variety of thermocouples located on the transducers and test fixture,
temperature data vere obtained during the test. The remperature data obtained
vill be compared to the analytical data in the text. Because of the bulk and
exten?. of the data, comparisons will be made at selected heating rates with
asomalics moted and expianations attempted.

—— —

D) Netvork Gemerator and Thermal Analyses. The steady state heat transfer
analysis by finite difference method.

(2) Pinite Element inalysis. The steady state heat tramsfer analysis by
finite element mcthod.

- — - —

APPEDD ix
1. DISQussToR
In the fellowing section, discussions concerning test fixture therms!

design requirements, roolant systixa design reyuirements, and predicte 4

reasured temperature d'.’»:l ibutions ave prescuted.

A. ARALYTICAL TiMPFRATURT DATA
Based on analyses, thc following the rail-system requi remcats were
specified.

The coolant used for the test ws. cold sz. A source of I.l2
was available at the test facility. However, pretest amalysis indicated that
if l)(2 were used as the coolant, it would be in the file-boiling region in the
test fixture. This situation was undesirable since heat trausfer in this regica
is difficult to predict and to control. It was necessary to install a heat
exchanger, or evaporator, upstream of the test fixture in order to vaporize -
the le to produce cold (2!2 prior to entering the test fixture.

The evaporator utilized water as the heat source in a single-
pass parallel-flow unit 44-ft long. The nitrogen flowed through a 2.75%-in. dia
alminum tube located concentrically within the 4-1/2 in. dia aluninum vater
tube. The nitrogen was forced through the inner pipe by Storage tank pressure
and, when required, by a 100 gpm, 265 psig centrifugal pump.

2. Pressure-Drop Analysis

A detailed pressure-drop and heat-balance aralysis vas performed
on . - cooling fluid for the 2 and & watt/gn(C) gomma heating- rate conditions.
In this analysis, the nuclear heating vas assumed comsiant for all of the test

C m———— ———



APPEXDIX

( fixture, and the inlet and outlet plumbing within the reactor at 2 and
& vatt/gn(C), respectively. For the inlet and outlet plumbing outside of,
and vithir one foot of the reactor, a value of 1/2 of the nominal heating rate
was used, i.e., 1 and 2 wvatt/gn(C). For all other plumbing, no nuclear heating
was comsidered. It was further assumed that all nuclear heating of the test
fixture, transducers, and associated plumbing was removed by the coclaat rluid.
e equivalent length of 23 ft was asswned for the portior of the exhaust piping
outside the reactor (included fittings and bends, of tﬁ{jﬂx"‘lel, 1-ia. 2 x

0.035 fn.-thick vall, 696! aluminu= tubes). Sevcral computer runs were nade
~ holding flwe rate and Leating rate coastant, and v;-ryingA inlet pressure and

temperature to the test fixture (inlet temperature cqual to saturation tempera-

ture for the corresponding pressure), to determine the minioum inlet pressure.

3. Temperature Distributions

The taveratul:e distributions predicted initially at 2 and
& vatts/ga(C) of gammoe heating wsing computer Jcb 2788 are shown in Figures 1
and 2. Pertinent locations are the transducer boss, centcr, and edge of the
transducer diaphragm, and the ceanter of the outside surface of the hexagonal
beat of the tramsducer. These locations correspond to ('~ caermocouple loca-
tions on the test fixture.

Figures 3 and 4 list the temperatures obrained at 2 and
3 vatts/gn{(C) using P1. A miximm of 3 watts/gm(C) was used to be consistent
vith the gammy mapping run, subsequent to the 278% analysis but prior to the
P asalysis, that showed 2 maximum capability of approximately 3 watts/gn(C)
at ASTR,

In Figure 1, the 2 watt-gc_-gram heating rate, of the 2788
values correspond wecll (#20°R) with the 71 values (Figure 3) at the boss,
and the center and edge of the diaphragm. However, the hex-head temperatures
show a discrepancy of approximately 180°R,
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1006 ¢
( This discrepancy is attributed to th inadequacy of the 2783

cosputer code. A shortcoming of 278E is that it is a finfte Qifference

i iterative type code, and does not work well with small mesh points and szall
55 e47

delta’s in ¢t rature from one resh point to the mext. As the distance from
empe P

25 64 N the coolaat increases, the treatment of cooduction in the molel is paramount .
-

FEM is 2)so an iterative code, but uses an cutircly different 2nd much sore

619 o757 L .
623 accurate spproach. Since FEH reswlts are belicved to be more accurate than

%3 2788, analytical and measurcd comparisens will be made using FEM tesporature

€50 i 31 values.
B ' 600 ¢ 0‘.01 '
" [ A Required Coolant Flow Rates

1§

to1
s | _l ; . -
S84 3 A series of tvo-dimensional coanductive analyses wvere performed
596

l”’ | using 15M Corputer Job 278B for heat deposition rates of 2 and & vatts/gm(C) to
determine the corrective film coefficient required to produce a temperature of

100°F (560°R) at a thermocouple imbedded in the transducer wounting boss. AL
3 least tvo computer runs were made at each of twe hear deposition rates (2 and

g
£
£eo

& wates/pn(C)) with varying comvecrive film coefficiests to bracket the required
value). A final verification run was them made for the two cases. In the

amzlyses the following assumptions were made:

° L3 ® a. Tvo-dimensional conduction using cylindrical coordinates.

b. Asbient surface of transducer and fixture cooled by themal
®

525 523 radiation with a view factor of 1, an emissivity of 0.3, and a sink-tesperature
of 125°F (the temperature of the ASTR In-Pile Tube).

&
50
Ke

}
5o
g

" L i c. Uniform heat 4 ition rates in alumivum and steel, i.e.,
- - epos
509 508 So8 no self attenuation.

L)
§4

BOTES:
oo 1. TEMPERATURES, “»

2. STEADY STATE

3. COOLANT FLOW RATE = 2.7 LB/SEC

Figure 4 - Temperature Distribution Flush-Mounted Pressure
k Traasducer Irradiation Test Conditions, 3 Watts/ga(C)
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The required coclant fiow rate to produce the required

convective film coefficient for each heating rate was then calculated, based
on test fixture inlet conditions of 100-psia static pressure and 176°R. The
folloving correlation vas used for computin: the convective film coefficient:#®

0.8

i 2 0.4 -0.5
h=-02s 570, Gy ) (Tvll'b)

.\Pr

= convective film heat-trensfer coefflicient
= fluid therzal conductivity

= hydrauvlic diameter of cocolant chamel

= Reynolds number

= Prandtl pumber

re"r

Swbscript b = bulk tesperature conditions

Subscript w = wall temperature

Subsequent to the shove znalyses and after 2 determination by an in-core napping
ron that the In-Pile Tube maximum gomma heating rate was approximately

2.7 watis/gn(C), furtier analyses using FEM vere made at 2 and 3 watts/gm(C).
These coclant requirements and the temperature distributions are shown in
Figures 3 and 4.

* Simoncau, K. J., and Hendricks. R. J., “A Simple Equation for Correlating
T  Jeat Heat Transfer to a Cas™, NASA ™ X-52011, August 1964
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