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TEMPERATURE MEASUREMENTS AT THE LMFBR CORE OUTLET 

JP. ARGOUS - R. BERGER - R. CASEJUANE 
C. FOURNIER - JP. GIRARD 

Over the last few years the temperature sensors used to 
measure the subassembly outlet temperature in French desi
gned LMFBRs have been modified, basically in an effort to 
reduce the dispersion of the chromel-alumel thermocouple 
time constant, and to extend the frequency spectrum of the 
measurement signals by adding a steel electrode to from a 
stainless steel-sodium thermocouple. The result of this 
evolution is the temperature probe immersed in sodium which 
will be used in the SUPER PHENIX reactor. This paper des
cribes the tests already completed or in progress on this 
probe It also presents measurement data on the two basic 
probe parameters : the thermoelectric power of the stainless 
steel-sodium thermocouple and the time constant of the 
chromel-alumel thermocouple. 
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Over the last few years the temperature 
sensors used to measure t>t> $i assembly out
let temperature in French designed LMFSRs ha
ve been modified, basically in an effort to 
reduce the dispersion of the chromel-al unci 
thermocouple time constant, and to extend the 
frequency spectrum of the measurement signals 
by adding a steel electrode to from a stain
less steel-sodium thermocouple. The result 
fo this evolution is the temperature probe 
immersed in sodium which will be used in the 
SUPER PHENIX reactor. This paper describes 
the tests already completed or in progress 
on this probe. I t also presents measurement 
data on the two basic probe parameters : the 
thermoelectric power of the stainless steel-
sodium thermocouple and the time constant 
of the chromel-a'.umel thermocouple. 

1 . TECHNOLOGIE UPGRADING OF THE TEMPERATURE 
pRoees.-

Since the sodium cooled fast breeder 
reactor (LMF3R) "PHENIX" was commissioned in 
1974, the subassembly outlet temperature pro
bes f itted with two chromel-alumel thermocou
ples have received a number of technological 
modifications. Tfi1$ development results from 
the decision to include two additional func
tions in the LKF3R core safety monitoring 
system. 

The f i rs t of these functions 1s to de
tect as early as possible any local abnormal 
cooling phenomena by analyzing the tempera
ture fluctuations in the measurement aera 

over the widest possible frequency spectrum 
(upt to ISO Hz). This analysis is made pos
sible by the virtually instantaneour respon
se time of the stainless steel-sodium thermo
couple. 

The second function is to prevent any 
untimely actuation of the safety system as 
a result of excessive time constant disper
sion of the chromel-alumel thermocouples du
ring normal SUPER PHENIX reactor transients, 
and during automatic power-down operation in 
pîrticular. 

The corresponding technica' require
ments ( i . e . installing a stainless steel-so
dium thermocouple and reducing the time cons
tant dispersion of the conventional chromel 
alumel thermocouples) implied significant de
sign modifications for the temperature sen
sor. The thimble-mounted probe ( i .e insula
ted from the sodium) used in the PKENIX 
LMF3R was replaced by a probe immersed in the 
sodium. 

2. REVIEW OF CHROMEL-ALUMEL AND STEEL SODIUM 
THERMOCOUPLE CHARACTERISTICS 

Two types of thermocouples are used in 
French-designed LMFSRs to measure the subas
sembly outlet temperatures : 1 / the conven
tional chromel-alumel thermocouple, 2/ the 
stainless steel-sodium or "intrinsic" thermo
couple in which the hot junction is formed 
by the stainless steel electrode and the sur
rounding sodium medium. 



The thermoelectric power of the chromel 
alumel thermocouple in the subassembly out
l e t temperature range i s approximately 
40 yV/*C. The response time varies according 
to the heat flux path to the hot junction. 

In the intr ins ic thermocouple, however, 
the response time i s v irtual ly instantaneous 
since only the sodium-tteel interface Is in-
volvt.l in the heat transfer. The electrical 
c ircui t i s closed by a second electrode im
mersed in thé sodium so that the differen
t ia l voltage across the terminals depends 
on the temperature difference between the 
two sodium-steel junctions and on the ther
moelectric power of the thermocouple. Howe
ver, these two electrodes are immersed in 
liquid sodium in which industrial e lec tr ic 1 ' 
currents are circulating.Spurious differential 
voltages are thus added to the thermocouple 
e.m.f. and a common node voltage i s present. 
These considerations led to the design of 
the specific electronic Instrumentation 
shown in f i g . 1. The bandwidth of the signal 
processing system extends form 0.2 Hz to 
100 Hz within 3dB, and includes a band re 
jection f i l t e r to eliminate the 50 Hz s1g- ' 
nais and their harmonics. In reactor opera
tion the mean and ras values of the sensor 
outpjt signal are continuously monitored. 
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Measurement findings in the t e s t loop and 
in the reactor c i rcu i t confirm the va l id i ty 
of the sta inless steel-sodium thermocouple 
temperature s ignals . The power spectra of 
any given event are comparable for both a 
chromel-alumel thermocoup', t and a sodium 
steel thermocouple, with allo*..nce for the ir 
different bartwidth character is t ics , as show» 
in f ig . 2 . Moreover, the rms value of the 
temperature fluctuations recorded from the 
sodium steel thermocouple correspond to the 
reactor power values. 
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3. SUPER PHENIX TYPE IMMERSED TEMPERATURE 
PROBE 

3 . 1 . Irwtersed probe design 
The two chrome! and alumel wires arc 

insulated from the external caMe sheath 
which forms the steel electrode of the so
dium-steel thermocouple. The sheath Is wel
ded to the metal en-fHt1ng at the t ip of 
the probe and immersed 1n the sodium to en
sure electrical continuity between the so - ' 
dium and stainless s t e e l . The resulting 
three-wire thermocouple 14 encased 1n a 



coaxial outer sheath. The subassembly outlet 
temperature probes are each f i t ted with two 
of these thermocouple assemblies. 

3.2. Comparison with a thimble-mounted pr»b« 
In this type of temperature probe, f i t 

ted with chromel-alumel thermocouples and 
the stainless steel electrode, a spring col
let is required to maintain physical contact 
with the inside sodit-a face of the thimble 
to ensure the electrical connection for the 
sodium-steel thermocouple, and the heat 
transmission path for the chromeWlumel 
thermocouple. These "combined" probes have 
been tested in the PHENIX fast breeder reac
tor. 

The immersed probe presents no such 
problems regarding the quality of this con
tact , and allows the hot junction of the 
chromel alumel thermocouple to be precisely 
located in order to minimize the dispersion 
of the time constants. However, this type 
fo probe complicates the replacement proce
dure for a defective probe : • special hand
ling machine must be used in order to main
tain the leaktightness of the reactor block. 

3.3. Installation df temperature probes 
equipped with chromel-alumel thermo
couple and steel-electrode 
Six thimble-mounted combined probes ha

ve been in service 1n the PHENIX reactor 
since August 1975. Eight liDMrsed probes 
were installed in the RAPSOOIE 40 MVth ex
perimental reactor in may 1977.Each of the 
SUPER PHENIX subassemblies wi l l be equipped 
with an Immersed probe. 

4. SUPER PHENIX IMMERSED PROBE TEST PROGRW 
The test program includes endurance tes

ting under reactor ooerating conditions ( i . e . 
aging, thermal shocks and cycling) and hand
ling tests. The tests are conducted either 
in a test loop or in the RAPSODIE or PHENIX 
reactors. 

4 . 1 . Completed tests results 
a. Endurance tests 
These probes have been used in a sodiua 

test loop since April, 1976 ; 14 probes have 
totalized approximately 20 000 operating 
hours without failure. Six additional probes 
have been operating in RAPSOOIE since June 
1976. 

b. Handling tests 
The use of probes immersed in sodium 

requires the implementation of a handling 
machine capable of maintaining a leak-tight 
seal for the realtor block cover gas. Feasi
bi l i ty tests were therefore conducted in 
1976 and 1978 to check the Insertion and ex
traction of a probe in a dummy tube. The gui
de tube, mounted vertically at ful l scale, 
was designed with the maximum curvature used 
in SUPER PHENIX. The tests were run at ZS0*C 
and at 400*C using probes with various st i f 
fness values. The probe was extracted by win
ding i t on to drum as shown in photo 1 . The 
handling tests revealed no problems, and we
re used to define the technical specification 
of the reactor handling machine. 



EXKWMCNTAU. HANDLING MACHINE 

Pholo 1 

4.2. Scheduled endurance test program 
endurance t»sts trt planned on probes 

complying with the SUPER PHENIX specifica
tions for material procurement, manufactu
ring procedures, quality control etc.Six 
of those probes, as long as the longest 
SUPER PHENIX models. Mil! be testod in a 
sodium loop. Eight others will be fitt«d in 
a test package which will be Installed in a 
PHENIX experimental channel in mid-1930. 

These endurance tests will involve rou
tine measurements to monitor probe perfor
mance variations, e.g. electric»: characte
r ist ics, thermoelectric power of the sodium-
steel ther.«couple,time constants, etc.Hand
ling tests will be conducted on the probes 
after several years in the reactor core. " 
The test findings will constitute the basis 
for defining maintenance and routine monito
ring procedures for these probes in SUPER-
PHENIX. 

4.3. Other experiments using SUPSR-PHENIX 
probes and thermocouples 
In addition to endurance testing, the 

probes in the PHENIX reactor will be used 
'or theraohydraul ic measurement: at the sub
assembly outlet. For this purpose, six im
mersed probes and one thimbl e-nounted probe 
will be used for temperature measurements 
above the subassembly outlet, at the posi
tions identified in figure 3. The remaining 
two probes will be used as reference elec
trodes. 

nmmiooounxi PLANTATION 

In 1980 a second device will be placed 
in the core for thermohydraulic measurements 
between the subassemblies. I t will include 

thermocouples of SUPER PHENIX design. 
With the temperature probes already present 
in the care, the chromel-alumel and sodium-
steel thermocouple instrumentation will be 
capable of providing 36 coupled temperature 
measurcaments in PHENIX. 



A computer-control ed electronic data 
acquisition system w i l i be used for the f o l -
wing purposes : 1 / comparison of the thimble-
mounted aid immersed probes.2/ analysis of 
the stainless steel-sodium reference e lectro
de selection, 3/asscsment o f the influence 
o f spurious industr ial currents on reactor 
measurements. 4/comparison of chroml-alumel 
and steel -sod ium tnermocouple performance 
characterist ics (thermoelectric power . t rans
f e r function, time constant). 

Moreover, these chromel-tlumel thermo
couples with steel electrodes are routinely 
used in experiments outside the reactor core 
t o simulate possible subassembly cooling f a i 
lures or to analyze the themohydraul ic be
havior of mixing flows. 

5. STAIKLESS STEEL-SOOIUM THERMOCOUPLES : 
THERMOELECTRIC POWER HEASUREMETfTS 

W.e thermoelectric power of a steel-so-
diun thermocouple is given (In uV/*C) by the 
ra t io of the voltage across the 2 electrodes 
to the temperature difference (AT) between 
them. Thermoelectric power measurements may 
be made either in tests loops or in the reac
t o r core. In both cases the temperature d i f 
ference between the reference electrode and 
the test electrode is evaluated by means of 
the chrome!-alumel thermocouples with each 
el ectrpe'f 

Figure 4 shows typical results obtained 
in a test loop ; the thermoelectric power va
r ies within - O.S uV/*C around a mean value 
on the order of 8.S uV/*C as a function of : 
1 / the standard temperature, regulated at 
503'C - 2 'C , 2 / the reference electrode tem
perature, ranging from 546*C to 551'C. 

The temperature difference (<JT) between 
•-:>e 2 electrodes varies between l i m i t values 
of 42.2*C and SO.S*C.These measurements were 
obtained with 6 probes a t d i f ferent standard 
temperatures and with AT values ranging from 
10*C to 60"C. Photo 2 shows the temperature 
probe holder used for immers'on test in the 
loop. 

•» i» a* <• m 

Photo 2. Thermometric probes tested 1n 
i sodium loop 



6. CHBOWa-ALUHE'. THERMOCOUPLES : OISPER-
3IOW OF TIHE CONSTANTS 

As mentionned in t'-a introduction,one 
of the essential parameters of the chroael-
aluae' thenaocouple used in reactor Monito
ring systems is their time constant disper
sion. In a effort to l i a i t this dispersion, 
the probe t ip was redesigned, and new Manu
facturing and quality control procedures 
were developed to ensure proper positioning 
of the hot junction and uniform compaction 
of the nagnesiuM oxide used for electrical 
insulation. 

Thermal shocks tests were conducted in 
sodium, t in and water on temperature probes 
or complete tip assemblies of different de
signs. Hot sodium testing was conducted in 
a test loop in which the probes were imer-
sed by raising the sodium level at the .at 
of 3 mm/sec. Thermal shocks with mr'ttn tin 
and water were produced by dipping the pro
be quickly into a constant-level t in bath 
by means of a spring-loaded mechanim . The 
test results are presented in table I . 

Table 1. Test data 
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between instant of intersection of the 
tangent with the quasi-linear portion of the 
cuve with the axial time and the instant at 
which the signal reaches 63 X of the final 
value. Typical values obtained with 4 ther
mocouples are shown in table 2 . 

Table Z- t rx i i v * 1 u , $ obtained under experi
mental conditions. 

TTtERQCCUPLE sxrjM WTO | TIR 

i 

PI 
TCI 2.72 s«c. 4 . . i sec 2.74 sec i 

PI 
T« 3.53 5.2S 3.SI 

n 
TCI 3.42 S.1S 3.42 

n 
TC2 3.97 6.OS 3.95 

tana ortKT 4 5 to • £ 

In order to compare the 3 types of 
tests, the time constant f T A N Is measured 

I t is interesting to note that the 
values measured in molten tin closely ap
proximate those obtained in sodium. The 
water time constants are larger, but their 
dispersion is comparable. 

I t was thus possible to undertake a 
systematic study on improving the response 
time dispersion of these probes using molten 
t i n , and thereby acMeve substantial time 
savings over sodium testing. This procedure 
was considered adequate since 1t provides 
reproducible measurement conditions and g i 
ves results of the correct order of magni
tude for the parameter in question. This 
allows valid comparison of various manufac
turing processes since the study involves 
the dispersion of the time constants . 

After testing different types of end pieces, 
a "thick end" design was adopted :'with a 



series of 14 thermocouples, this model 
gavs * man time constant of 2 seconds with 
a dispersion of * 0.7 sec. and a standard 
oeviation of 0.32 sec. Moreover, with the 
sane hot junction position relative to the 
probe end, the tine constant decreased 
khen the probe t ip thickness was increased. 

7. conclusion 
On the basis of the tests and experi

ments completed to date, the SUPER PHENIX 
immersed probe f i t ted with chroael-alumel 
and stainless steel-sodium thermocouples 
has been shown to provide ful ly satisfac
tory results with excellent rel iabi l i ty 
under industrial operating conditions. 

The tert loop research and experimen-
t»tton program now in progress should pro
vide an accurate assessment of the possi
b i l i ty of detecting reactor abnormalities 
by analyzing outlet temperature fluctua
tions. 

Reactor monitoring with these probes 
constitutes a test of sensor endurance 
and also provides data on the reference 
level of thermal fluctuations under normal 
reactor operating conditions. 


