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Abstroct

The preclae measurement of procese temperature differences 1s an

lomportant factor in the guantitative Adetarmination of produstivily
in nuclemr reactors. The paper describes the equipment and methods
which msy be used in providing the necesasry precieion of mensure~

mant, matching and calibration of elements, compensation of lesda,

and ather factors.




Intreduztion

\\ Monsurement of power in a nuzlear reactor wyatem is comparable to

‘memsurement of yield in a chemical Plant, or to messuremant of

throughput in & paper mill process. In moat resctor BYRtaMS, pOWer

is deternined by messurement of hest traraferred to the coolant,
In this study, resctor coolant heat-rise wes detersined Ly the

differentisl-tezpersture memsuring oircuitry of & power caloulmtor
which oonputsd snd recsyrdsd rasctor power .

Nensurement teohnijues invelved 1in deteramining the 4iffarentisl
temperaturs are presented in thie paper, azd omy be of pearallel

interest to Ilnstrumant anginssra ip other 'procaesa fields.
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Primary Elemanh

The measuring ayetem employed selscted industrinl four-wire 10-obkm
ooppar resistance thermomatears becmuse of their intripaic accurmay
and consigtency. The linsar responss of copper =lsments takes them
efpacinlly valushls for tempersature Alfferencs measurements, since

they provide diffgrence signala wvhich are independant uf abaolute
tsmparature.

Typloal responsss for perfectly matohad pairs of =lements for vary-
ing differentisl temperatures mare shown in the following table,
Data are taken from atandard calibration teables and curves for the
slemenits showm, Note that only copper reslatance thermometers pro-
vide reaponaea which are the spame for differential teamperstures at
varying eignel levels; la, they provida diffarence signala which

are independent of absolute tenpersture,

BElement Tempuriature, Realstanze Therscaster, Tharoocowple,
* ok T
ATy Flatinum
L L]
Mo, 1 Ne, 2 ¢ CopRar Kiakal 1ren, Cebpes, Plat Snum-
Coratantan |Conmtantan
Rbodiun
20 b 20 0.770 Ta03 1,04 v.H2 7,121
4o an 20 0.1 T3¢ 1,06 0.6 P.130
&0 Bo 20 0. 770 .7 i.07 o 00 0.1%6
Bo Lo b1 d. 770 8,12 1.07 0,92 Polls
29 5 b 1:] 1145 10,66 1,56 l.a% 24 18%
74 lod Fls 1,154 12,03 1,61 17 g, 811
20 70 a4 1,926 18,24 2,53 2,11 0,118
B0 1ao T 1,924 19,61 2,Et8 2.2 0. 5%h
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The desired limit of srror for tempereture differsnce messurements
uning satchad reaistunsce thermomster paira vas 0.05'C. The vendor
provided coppar wlements of excellent linearity through carsfual

- annesling and pracise sontrol of the length and diateter of the

oopper used. Noraml ascurasy for a mingle element was 0.25%C, and
slements vere suppiled with individual correcticne to stapdard
tablea at three calibration pointa. To satisfy the requiremsnt
for d1ffevence messurements of 0.05°C accurmcy, the vendor selected

from standard slaments thoss with C.1°C acouraay.

" Matching of Elements

Matching of alsments of 0.1°C aecuracy to provide responge to dif-
ferentinl temperaturea precise to 0.05°C entalled further aelection,

"An initial study established the requlremente for matching. Since

the Alfferentisl temperaturs of these elements vas to be mersured
autometicallyy a standayrd enl:l.ﬁrutinn for the measuring circultry
was determined. The celibration for s standerd resistance ther-
wonetar was the logisal chelns, and wanm used, Thiz meant that the
oirsultry would measurs & temperature differshice signal as i.f_ it

were the cutput of s resistance thermometer at s temperaturs sgual

4o the temperaturs difference.

The requirepants for matohing, then, were that slemsnts have cali-
braticn alopas identical to the standard, and that corrections were
tha “ at ranpﬁtiﬂ ealibration pointa, For exapple, an element

with ac;r;'uut.tum o +0.1°C &t upper and lower calibratlon peinta
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was matoted with another slement of +0,1'C correciions at those
points. The correctloua of the two canceled in the differentlal
mesguring eireultry, indeperdent of the operating temparsaturs of
elther element. An element with correctione of +0.1%C was not
matched with one of ~0.1%C correctlions, Aespite the fsct that the
slapes Were sgual, becsusse ons elmment oparated at a high tempera-
ture and the other at s low temperature, and tél.l difference signal
would vary from the meafuring clroult calibration by the combinsd

amounts of the corrections, or 0.2°C.

From the slements chosen for indlvidual accuracy, palrs were selasted

which nad correcticns of the same magnitude and diraction at all

ecpitbratlion pointe.

These gpacificationa for precision of meouracy and matehing added
considesrably to the coat of the primery elements. In addition, B
spare matched set wma gupplied at ench differentisl measurenent

locatlon, to be used If esither of the operating elements falled.

Thermal Lag ond Time Constant

The guestion of thermal lag and time constant was ones of necegslty.
Though not oritical from the standpaint u-f eontrol, thersal lag in
this application can mssk gradual trapeient conditlons gncountered
in remotor syatema, sad even cDEcure the wore rapid changes, 30
efforts wers made to insure maximan responae in all rediatance

thermometer lustallatiqna.




| The design of the ¢lements provides good response, The wirs is

\ Wound on coppsy foras scliered o the top of the cos-plece brass
Tibs. The tip of the tube is sssured & good metal-to-metel contack
with the well by the compression bushing of the elemant musambly,
which also effacts n Yapor sasl for the elemwnt in the well, Lesd- )

wire conduits are provided with wluln:l.u:l“lul > prevent breath-
ing ot low tanperatures,

At one time 1t vas considered advisable to {mprove the thermal re-
sponse by bording the element to the thermowell to ingure mataleto-
metal contaat. Techniques sace developed to produce beads with
Wood's matal, & low melting-point eutectic nixtﬁri. Dus to diffe-
cultiss experienced, bonding waw discontinmiad,

Dending f:rnv:l.ud no :I.nprmnnt in time responss unless the elenment
and well wvere tinned In the bonding process. Tinning the steinlass
ateel walla proved very difficult m_ the procedurs for hasting re-
slstance thermmeter Jackets for tinning was potentially hegardous
ta H‘" slement. Untinned bouamé was uuuturictur;r dus to 1) the
.uhrinléa.ga of Wood's nn'hnl,: and 2) the formation of the double oxide
£1ln betveen the alloy and the surfaces of the well and the ther-

mometar.

A real dlssdventage of bonding was the lmmobility of slementa in
the walle, mince it m necsssary to drain process linea prior 4o

remdval of welles for zalibration or replacsmsnt of elemente.




Clroulitry

The meksuring snd indicating eirouitry of the povar omloulmkor

(sos figure 1), vas domigned by L. ¢. Banoreft and J. We Adess,

and 1ip described in the papar, "Reactor Pover Calculator,” pre-
sented at the Mareh 1958 AIChE Huclear Congress in Chicmgo, Illinsia.
(Beprints may be obtained from the Amsrican Insiitute of Chemicel
Enginears, 25 Weat 45th Street, New York, M. Y.)

There are saveral cutstanding festures of tha circuitry as applisd
¢ the precise cessursment of tesperature differsntials.

® Inherent cancelilation of lesd-resistonce effects. The poteantisl
leads of the four-wire thermometers are fod ints precision ratio-
Lraasforsess. The high impedance (150,000 ohme) of the transe
formers minimizes lead-wire =ffects g0 that lead remistances up
to several hundred chms have little significancs in the measurs-

et

@ Exceptional precieion of measuremsnt. fTha ratio transformers
have a ratio accurmcy of 0.01¥, The integrity of ths thersometer

reslptance 1s malntained throughout the messuring clrcultry.

8 Ingangitivity £o supply woltage varistions. The measured Lempera-
ture differsntial iz proporilomal only to the reslstance of the
mtoched resletance thermopeters. This wemne that the supply volt=
age, the lmpedence of the supply transformer, and the current
lends of the thermometars can vary over a wide range of thaeir

valuzp without affecting the measured temperature differentlal.
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& Insensitivity to lesd-in connector contast reslsiances. Thia is
particularly sdvantagesus vhere auxiliary temperatures meanrurs-
mants with portsble ingtruments are mads periodically, and where

pessuring cirouitry im calibrated with precieion reaistora.

Because of the above characteristics the differantial temperaturs

saasuressnt cirsultTy may haye extansive application in other

fi.ld.lt

Caul lorartton

Acouraoles of the myptems are sssured through pariodie salibration

nhnr.riu of resistance tharmcreters.

Laberatory-type precisicn thermometesrs snd Mueller bridges nrs
smployed for temperature snd reciatance Dessuremsnta, ACCUrscy
of wesguresent is 0.02'C and 0.001 ohm. In addltion, the labora-
tory ia equipped with o precision Kelvin resistance ut.a.ndnrd mid
'hr:l.dp. ard geveral ascondary standscd resiatance hhermmtnru.

Measurements with this equipment ere accurate to 0.01% mnd

Gu00001 olm.

e oalibyation procedure id standsrd for the precimion reguired,
and includes all practical compensaticna and mrruc‘himnu.r The
elemants are chacked st five or seven polnts bhatwvesn O and LO0O'C,
Readings are takan afier the elements bave been in the bath at

h tenperaturs for o minimum pericd of 28 minutes, snd when the
laboratory thermameter attached to the element shows a change of

not more than 0,1%°C in 10 minutes. At least two medsuraments are




anle at spch temperature to reduce devigitlones due to reading errors.

Lead error 1a aliminated by measuremant and compensaticn. Ther-
mometer stem correqhion ia applied when required, although use is
generally sede of gartial imerelon thermometera which are gradusted
and etandardized for definlite depthe. Thermemetar callbration cor-

rdactisona are applied where they axist,

Calibration data are plotted and verified. Readloge of questionsble
pelnta are repeated until accuracy 1le assured. The calibration ia
gonpidsred precise whan the deviption af the sxparimental pointa
from the least sgueres etraight Llne through the polnts ie not more
than 0.,2%¢. Date are compared with earller calibratious. If com-
aldpralle differences exiat, the raslstance thermoweter 1p no Longer
uped 1t the differactisl tepperature applicatlon becauge of the

doubt assoclated with an element of changlng celibratlon.

Conclusion

The differentisl temperature Meapuring eystem wes dealgned fon
sopuracy, stability, sensitivity, sgpeed of repponse, apd usabls
11fe. Initisl cost and maintensnce copte werwe naceasa._rily RECONG -
ary conslderationa iu the mrovislon and asavranee of these apeciti-
sationa, However, the equipment has long 11fe and may be sxpested
to amertize the high inltial coate. The maintenance procedures are
pxecting, but do oot repreaent sateasive expepses after peraonnel

haye bean trained.
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