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Abstract

This presents the design of the Fimergency Core Cooling System (BCCS) for the IFA-
lepo}c,ilpe_[t%e research reactor. This systemwith passive features, uses sprays installed above
the core. The expenimental program perforned to define system paraneters and to demon-
strate to the licensing authorties, that the fuel elenents limiting temperature is not exceeded,
is also ted. Flow distribution expenments using a core mock-up in full-scale were per-
fc to define the spray header geonetry and spray nozzles ions as well as the
system total flow rate. Another set of experiments using electrically heated plates simulating
heat fluxes corresponding to the decay heat curve after full power operation at 5 MW was
conducted to measure the temperature distribution at the most critical position. The observed
Wﬂowpaﬁemﬂmougla&nplaleskasampmﬁarbehaﬁorreswﬁngmataw
distribution which was modelled by a 2D energy equation nunrerical solution. In all tested
conditions the measured tenperatures were shown to be below the limiting valwe. © 1999
Hsevier Science [td. All rights reserved.

1. Infroduction

The IEA-RIm typemrchreactorm;lhgl\/ﬂRﬁJel elenments was designed
by Babook and Wilcox and since its first criticality in 1957 it has been at
2 MW power level, although its nominal design power is 5 MW. The IFA-RIm
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reactor 1s used for several basic researches, training, industrial applications and
nainly for radioisotope production for medical use. In order to increase its
production capahility, a backfitting program was designed and
mplenented during 1996/97 and aftter successtully completing the design, construc-
tions and i the reactor is running nowdays at full 5 MW,

Aghorggg told haams et al. (1969)Gehre etand (19%9), several research tffadom
aro world have undergone backfitting and upgrading prograns with power
irmxgulmseandforthattheirsafetycordﬁomb\;ere elctgllercéh\?éal,semw

atory ts were introduced or by new technologi opents.
Particularly, ﬂ}; loss of coolant accident with the need of removing the residual
decay heat has nerited special attention. Webster (1%7:, based on I
Cprin i poner Incl Qo MVt egare e ool e
operating with power levels up to not ENErgency since
nwdmmmdioacﬁvedeca;fmlﬂmmbedisgpatedbynatmaloamcﬁonaﬂ
cooling without reaching unsafe temperatures. However, for powers above 3 MW,
additional safetynmsmesamrﬁnssarytoassmemm#ﬂéttzﬁgg/wxhrlossofwd-
arﬁaoddentoorxﬁﬁm%t&rgxayoooﬁngsysterm' above the core are

T @mmh Y the following basic desi @
0 such a system, C paraneters are necessary. (a
ﬂpsym{%aalﬂowmmmed%@yrﬁwmemmmw i

ys; (b) spray flow rate distribution in the core in order to assure that every fuel
) e e 0 o o ey et
tme to renove the resl y mitial per
of the loss of coolant accident until the heat fhux is low enough that the core can be
cooled by natural air convection. This last data together with the total system flow
rate are used for dimensioning the storage tanks capacity. The above paraneters
were determined or verified experimentally. . .
This work 1s divided into six sections, Section 1 being the introduction. In Section
2, a description of the (BACS) desi and installed in the IEA-RIm research
reactor is presented with its nain istics and a flow diagram Section 3
presents the basic data base used for the design paraneters definition such as decay
power curves and heat flux distributions. In Section 4, the design validation expen-
nental program to determine spray flow distribution and distributions
gewlopéctied gﬂ&}eﬂ%ﬁe andbeg;t i thelle;tedpl.cal and 1
to ar tenperature behavior on ates and to
calculate the difference between the experimental plates using a N-Gr
alloy nmterial as elements and the actual fuel matenial is included m Section
5. y, in Section 6, the most important conclusions are discussed.

2. Fimergency core cooling system description

The energency core cooling is done by regular tap water spraying, The water is
stored in two independent elevated reservoirs that feed by gravity a spray header in
U shape with spray nozzles located above the core.
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The IEA-RIm BCCS flow diagramis shown in Hg, 1. It has two reservoirs with
75 m? capadity each, feeding two branches (A and B) linked to the
y header. Each reservoir when totally full and without water nmake-up, allows
system to operate at full design flow rate of 3.5 n¥/h for more than 20 h. This
spraying flow rate is to keep the fuel plates temperature at a safe level as it
will be demonstrated by the results with the heated plates experiments. Water level
switches are installed in the reservoirs and alarm when a minimum level is reached.
Below this minimum level the reactor is not allowed to operate at 5 MW. This
ninimmmaierlevelstiﬂguamme&sl4hofﬂqu(CScIypemﬁon
The 1s automatically actuated by low water level nstrunents located in the
pool which signals solenoid valves to open when the level 1s abnommlly low. The
water level in the pool is monitored by independent level instrunents with electrical
power ed by a no-break system These solenoid valves can also be manually
actuated through the control | located in the Room away from
potentially hazardous doses. The B branch can also be ¢ the ors by
actuaction of a manual fast action ball type valve whichis 1 mﬂﬁ%
Roanﬂﬁqmﬂnﬁofanyornofﬂlevalvmissuﬁbierﬁtoassweﬂmﬂﬁ ign
total flow rate is achieved. .
~ The spray header, located 525 mmabove the top of the fuel elenents, is nade of 2
in. dianeter alumnum tubes in U shapped formmt. The header is fitted with seven
spray nozzles which quantity, position, type and mstalation angle were defined
based on the flow distribution experinents described below. connections

s\ /> Elevated Water Reservoirs
1120 - Emergency || Reactor Hall
12" = Room
e
Pool
Experimental Hall . Spray Header
~——++—Feedwater| . ::;;
. Test Spray Header |
. . Core
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between the header and the feedwater line is done using flexible pipes and fast action
connectors.

In order to perform periodical system testing, another header, with sane
characteristics, was constructed and installed in the baserment which mocks-up the
systemand allows for weekly functional tests of the system before each start-up.

3. System design parameters

A5 MWpodl type research reactor with a 5 x5 fuel elenrents core with 21 MIR
%fuel element with 18 plates each and four control elemrents with 12 plates each,
infinite operation tine has the decay heat curve shown in Hg, 2. This
decay power was calculated using ORIGEN code (CGroff, 1980) and includes a 20%
overestimation to account for safety Under this condition, conservative
calculations performed by Maprelian (1%;; indicates that after approxinately 13.5
h from the reactor shutdown, the natural circulation air cooling of the core is
enough to assure that the fuel will not exceed S00°C in any part of the core in the
case of conplete loss of water. During this tine period, energency water st be
s&p;bedtocooltheoorearﬂﬂnshrramswedtocalaﬂate minimum storage
volure.

Burn (1997) calculated that the hi tenmperature in the core is expected to be
around 310°Chbetween 12.8 and 15.6 hafter shutdown, using conservative modelling
hyphothesis and cooling by matural air arculation. Additional tests besides the
experinents described in this paper will be performed under natural air circulation
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Hg. 2. Decay heat curve for SMW IEA-RIm reactor.
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moodmgarﬂlmtﬂtmcon&spomhngw(bwyenergyaﬁer135htooonﬁrmtlns
tion.

For the core configuration considered, the normmlized axial density dis-
tribution was calculated using THOPARD code nodified by et al. (191) to
model plate type fuel elements and ATATION (Howler et al., 1971). Hg 3 shows
the axial core average power demtyarxialsothehotchamelamal density
distribution. AlO%wnertamty factor is added to the above resullts. %ngﬂlat
ﬂmdﬂh&s&%gmd%&n&w&m@s%mﬂglﬂm
curves were to design the systemand to define the experinental paraneters

The tine to initiate the core unco after a full loss of collant accident in the

reactor pool, calculated by hansl oximately 300 s when the
rrwmmnlwlﬂuxmth:hotdlarmhsl 999\’/ values are considered as
the initial conditions for the e

Parkamh(l992)perfmmdt&s$wulgmnfmniykmtedﬂal&smﬁnmswedﬂqe
maximum temperatures for varous heat fluxes and under different cooling condi-
tions resulting in the curves shown in Hg. 4. One can observe from these curves that
for spray flow rates between 30 and 45 cné/min/plate it is etoooolg'nall
m@dﬁnldmmectedto}miﬂlm to 4.5
perature under values around 110°C. Tfmeresults“eremedforthechveogmntof
the BACS in the RP-10 ian reactor which has 10 MWand uses MIR type fuel,
similar to the ones IFA-RIm reactor.

The IEA-RIm reactor spray flow rate was set at 3.5 /b, constant over a
mininum period of 13.5 h even considering that the power level is half of the RP-10
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Hg 3. Reactor normmlized axial power profile.
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Hg 4. Plates maximum temperature as function of the heat fiux.

reactor. However, the accident considered for the IEA-RIm reactor is more severe
since it assunes the total uncovering of the core while the RP-10 reactor considers

ial uncovering at the beam ports level. (obal heat transfer calculations per-
ormed during desi ﬁasearﬂoonﬁnmdaﬂemrdsby&m(l%irﬂicalethal
this flowrate required value to keep temperatures at an acceptable level.
"The nain objective of the expennents will be to confirm the paraneters chosen for
the design of the system in a more detailed configuration since it considers, for
exanple, the spatial distribution with a mock-up in natural scale for both the core as
well as the spray header.

4. The experiments

In order to validate the chosen design paraneters and also to demonstrate the
safety characteristics of the systemto licensing authorities (to obtain the certification
to upgrade the power to 5 MW), hme%mﬂsmreoomhﬂed,mly The
Spray How Distribution Experment and The Heated Plates Experinent.

4.1. The spray flow distribution experinent

This experinent was conducted to define the type, the quantity and the position of
the spray nozzes in the distribution header positioned above reactor core. The
experinent was based prinanly on the neasurenrent of the water volune received
by each of the core components during a tine interval. With this experinent it was
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passible to verify and to reduce the shadowing effect caused by the control fuel ele-
mentsmefdnchalelngherthanthemmal fuel elenents obstructing the flow spraying
to the later ones
ermnmntdseuplscmﬁosed a test section which mocks-up in full scale,
the core region of the reactor. addlltji'y asmayheachranfonnlsassenbled
abovetleoorewhchallmfordlﬂérentlﬂ mnﬂaer%;;e tlomof
§Eﬁaynozl&s Every core cmpormmaterlevellsrmmtored ugha evel board.
The Setupmmsedlsm f72md1:immy ! arranged in a 9 X8 matri
test section 1s o elenents ma 9 xs matnx
oonﬁFuranm simulating in natural scale the fuel elenents, control elenents, reflec-
tor elements and irradiation elements. Besides the core components it also included
ofﬂtcore&qpoﬂstnntmearﬂﬂtmcmemmrmdetectorssupgm
achecormsreprmﬁedmthetestsechonbyZSﬁ;elelenmts ina ><5anay
being 21 normal fuel elenents and four control fuel elenents. The
ﬁblelenfntswerenmfacuned 3x31n. (76.2x76.2 mm) square
%%m}“n e of s N koot s na v The
relative eacl conponent atits ol ue
upper end of the simulated fuel elerrents are open andthelowererxi%lglosedha
aaxmectorforanampalemdashcmbngof6nmdlanﬁerwedtonmtortm
waterlevelThe&mﬂatedoontrolﬁJeleletrentsmveﬂfmt end closed. The water
ﬂs%a y enters through two existing lateral arvsmlowslocatedSmn
below top end. Figs. 6 and 7 show schenmtically the test section, the fuel
elmmﬁldetmﬁamnmt}fcoreamltheggéymﬂlesmeOIB
The spray header is a U shaped 2 in. assermbly equi Wlthseven
spray nozzes with flexible connectors allowing for different angular
severalt%tsmmg%d]fferentsga nozzlesomﬁgmanom“echosethe
cgﬁ)osedbymxmc Jet (FullConel,\bﬁle)wthOSm and 45
ar'}%e am]et at Jet Nozze) with 0.25 in. and 3(° spray-
on the total water flow rate and pressure
}mdavaﬂableas“ellasm&nmﬂhngﬂowdstn%ononﬂleooreforﬂflmder
positioned 525 mmabove the fuel elenents.

TK1 Fresh Water

25m

p - pump (40 ? /h)

f - filter

m - manometer

T - rotameter

o - orifice Plate

TK1 and TK2 - Tanks

DPT - Differential Pressure
Transducer

Hg 5. Experimental setup for spray flow distribution experinent.
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Control Element-.__

Fuel Element-
Reflector Block

* Irradiation Box

Fig, 6. Schemtic drawing of test section.

Ian, SﬂE@;pennﬂﬁalmwforﬂemmhzedﬂowmtedstHMm
at three total flow rate values: 2.0, 2.5 and 3.
aleshown effm dstancalcdaIedastlemnobemeent}E
wdual fuel elenents ﬂow IaIe to the total flow rate 1s around 65% For the
design flow rate all elements had flow rates over 30 cd/min/plate. The control
elermntswhlchhaveonl lateral water passages, represented by numbers 7, 9, 17
and 19, had even larger fiow rates.

4.2. The heated plates experinents

"The main obyective of this experiment 1s to demonstrate the effectiveness of the
spray systemin the fuel elenents after the ocurrence of a total loss of water
in the reactor pool. To perform heated plates e under uncovered core
condition, the test section STAR shown in the Fig 9 was designed. The heated
IeglonlsSJmﬂatedbyfmr ates connected m series and electrically heated to

simulate the fuel plates theooo]mgclnmelsbet\wentlﬂn"[he plates
(625><59><14mn)arenachofa80%Nand20%(} Wltth KOSnm
dianeter ungrounded thermocouples stainless steel cl

position and identification on 2a1ﬂ3mnbeseen1an,9 T}Eplatasme
assermbled in the center of a 3 x3 in. aluminum frame w1thsquarecrosssect1m
and electrically 1solated with Celeron. To fully simulate a MIR SO0y,
12alumnum ates 1.58 mm thickness with no heating were soassenbledat
both sides of the heated plates. Tteelectn@alw};)pl is carried out by a current
rectifier with 24 kW capaaity (12 VDC, 2000 A) W}nchallows for power adjustrrents
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Hg. 7. Fuel elenent identification in the core.

n . A computer equi with a National Instrunent board
amﬁgb\wmgﬂwre(l\hn Instrunents, 1995) were wsed for data

isition.
used for the plyﬁowdistn'bution per TI’BSTARtCStSCCthHWBSHsggF

led in place of the fuel element 12 as shown in Hg, 7. This setup made it possible to
simulate the heated plates in a more realistic environnent, including the

effects fromneighbour components. The water coolant was recirculated between the
tank TK2 and the punp at a constant flow rate of 3.5 m?/h in each and every

iwotypasofaqaeﬁnmﬂsmeoorﬁtﬁed,bothoveralhpeﬁod In the first set
of expernents nanmed STARS3 and STARY, the heat flux imposed to the plates
corresponded to the mean heat fiux in the channel in the core with the maximum
integrated energy and not the one with the maximum local peak heat flux. Due to
the direct electnical heating of the plates no axial profile of the heat flux was
obtained. It was used instead a equivalent uniform fiux. This test can be considered
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Hg 8. Nommlized flow distribution.
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Hg 9. STAR test section and thermocouples positioning in plates 2 and 3.
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as the most conservative since it represents a fuel channel with 40% more energy
than the mean core condition. .
The second set of experinents naned STARSS and STARS6 simulates a hypo-
thetical fuel channel where the heat flux is uniformand equal to the naxinum peak
flux in the entire core. The energy generated in this channel is 66% higher than the
energy generated in the channel where the peak heat flux occurs, and 150% higher
%&Em ttllglrectlﬁer changed i followthe
expernnent pOwer Was m steps to follow the sane
behavior as the calculated decay heat curve. The duration of every experiment was 1
h, considering as the initial condition the decay heat corresponding to =300 s
(~140 kW) shutdown, Fig, 2. Preliminary testings indicated that the critical
period oocurs during the first 30 min.

4.2.1. STARS3 test

Fig 10 shows qualitatively the axial heat flux distribution in the channel with the
largest energy integral and the actual uniform heat flux used in the STARS3, both
W ﬂﬁmm%equalm.ﬂnadualmfmnlmtﬂmmhstorymedm
the experiments is shown in Hg, 11.

The recorded temperatures by the thermoocouples welded on the plates 2 and 3 are
shown in Figs. 12 and 13. One can observe that the critical period occurs during the
first 30 min of the transient when the reaches a maximum of 330°Cin
Dokt e sl of (e s (h poune 1 1wt che 0 0

o experirent the temperatures are lower to
reduction in the heat fluxes to follow the decay curve.

N
(o]
|

Axial Position / (cm)

[ [

Heat Flux
Fg, 10. Experinental and theoretical heat fhux profile.
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Although the thermocouples 6/6A and 7/7Aare located palrwse at the sane
axial position but in different plates, they VE%’& termperature
tine history as can be noted in 12and13 This behavior can be explained
byobsemngﬂaewaterﬂowpattemmthechamels It was observed visually
during the experinents that the cooling owssmocnposedbothbymter
evaporahmaswellaslmlconvecﬂontoﬁomngmter The flow pattern presents
a arbehawormtlnfonnof“ﬂlets”rmngalongtheermred]atml The
dit between the nmeasured from two adjacent thermocouples
1s due to the particular position of et” 1n relation to the thermocouples
position. Itcanbenoﬂcedﬂqatsonﬁmrmmﬂaemmomleuﬂcatesahglﬁ
temperature than its adjacent alxismEtlnEsthlsmlatlmlsuwertedmchcatlng
that the position of the water “fillet” is han%ng

Other test was perforned in order to ched %0 expennEnt(eg,
STARA). T}Btenpelalmemhst(xyshoxwdm
dlﬂerentposmormgof the water “fillets’ hltﬂaeaveragealﬁnnmmmoondmm

Inorderto ain how this peculiar cooling flow pattern can affect the resul
gl?ﬂbutlon, a nunerical 2D nodel was developed to solvetltrllng
statl oorximtlonequatlonfortm;iate "The model also allows for conmparison

ofthenﬁjenceon ents caused by the difference between the
experinental plates and elelmntsnatenalpropertles
422 STARSS test

Hg 10 shows the axial heat flux distribution at the hot channel, 1.e. the channel
with the maximum heat flux value in the core, and the uniform heat fiux value used

12 ! L 1 - L | I
"""""" theoretical-decay curve

J LT experimental q" - STAR|
L peak heat flux .

w i\L, STARSS |-

j /mean heat ﬂux

— T;‘L# :

STARS53

<
o0
|

Heat Flux q"/ (W/cm2)
e
~
!

0.0 w I ' T | ‘
0 1000 2000 3000 4000
Time / (s)

Hg 11. Experinental and theoretical heat flux tine history.



Walnir Meoiano Torres et dl. Armndls of Nuclear Frergy 26 (1999) 709728 721

400 L J 1 L 1
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Hg 12. Temperatures in the plate 2—STARS3 test.
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2 300 A T4 |
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01+ \ \
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Hg 13. Tenperatures in the plate 3 —STARS3 test.
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in the experinents. Hg, 11 shows the tine history of the peak fiux and the stepwise
experinental simulation of the decay heat curve. o . _

As nentioned before, the total delivered during this experinent is 66%
higher than the actual energy deli 1n the core, as can be seen in the shadowed
area of Hg 10. "_[émefmje, ﬂ&%wﬁ%&ﬂg&dﬂe IMAXITIMm
energy mput e during the acci even naxmum tenypera-
tures Werebemﬂn limiting design value of S00°C.

The experinental measured temperatures are shown in Fgs. 14 and 15. In this
case it is also observed that the most critical period is the first 30 min, when the
mmmqbsewedtargmaﬂnesaremﬂqerangbet\wen%OOCammC
mﬁcnvelymthepla;es and 3. _

these tests, a similar behavior to the previous tests was observed for
the adjacent thermocouples 6/6A and 7/7A as depicted in Figs. 14 and 15. It can be
observed for exanple that at a certamn instant, the temperature at the thermocouple
7A drops suddenly to 100°C staying at this value for some tine. This fact can be
e><plaimdbyt11ec%iectcooli11gofawater“ﬁllet”ﬂov&jngverydoseorevenontlﬁ

e.
Another test STARS6 was conducted in similar conditions to check for repeat-
ability, and the results compared to the STARSS showed that, although the tine
. cbperﬁerm temperatures ture histories on ar position
ofﬂnmater‘ﬁllet”isﬂbmmeforﬂﬁdiffemmebehwent%tshlitarﬂtie gtimonof
the maxinum temperatures values demonstrate that the overall energy balance is

|

STARSS Spray Flow
Q=3.5m3/h

400 — Tl
A TS

-o— T7

300 ’%ﬂ " ’ﬁ\’ & TIA ;

Temperature / (Celsius)

T ‘ T ‘ T ‘ T
0 1000 2000 3000 4000
Time / (s)
Hg 14. Tenperatures in the plate 2— STARSS test.
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500 | l . | | |
STARSS Spray Flow

Q=3.5m3/h |

400 —
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| /ﬁ /m\ /r’\w —— T4
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300 f% B T6A [

[\
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(=]
\

J |
M»m Kivaeal
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Temperature (Celsius)

0 I T T T T T T T
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Fg 15. Tenperatures in the plate 3 —STARSS test.

and enough to assure that no limiting temperature values will be violated. This
beﬁnt}grghanalysedbelowbyrgnn%elhngmret}ewler“ et” will be
pmhmndmﬂnnnstomservahveoordhm

5. Heat conduction modelling
The differences in the results observed between tests perforned under identical

conditions and the diflerence n the temperature tine history dunng the same
@@nnﬂnmswedbyachaoemﬂfmncoqdesleadmtoﬁnﬂﬂmumﬂﬁ

heat transfer at@hiﬂleﬁrstﬁnseofﬂlemwstlgah
observation of at@ cated that the flow pattern formed during p]
hastheformof“ ets” and the water OIlWlth salts

mlwveafootpnntmﬂleﬁatesaﬂomngwwal observation of the flow
pattern as illustrated in Hg, 16.

Comparison between the results obtained in different tests showed that the flow
pattern on the heated plates are not repeated, following different trajectories for
each test. This behavior, 1e., chanﬁmthepmltlonofthemter“ ets” relative
to the thermocouples, 1s e for the different temperature time history
nmsmedmeachldentmltest Due to this pecuharﬂowpattembehaworandalso
chntoﬂnmposmbhtyofmstaﬂmgnmeﬂnmmoqﬂestogwehgiﬁmsdmonm
the experinental mapping of the tenperature tine history, a nunerical model is
necessary to complenent the experinental data in order to reach a safe conclusion.
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chhrtownfyﬂbe%aolfsodfﬁeraﬁposﬂblepﬂ?trgﬁoffﬂn“%ts”uponthe
naxium tenmperatures toe ate ts from the expennents
erethelmtedplalerrmenallsal\i—(} oy to that of the fuel elements where
the nmatenial 1s an AHUO; alloy, a 2D heat ion model Kg. (1) was developed
using finite difference techniques.

or T 8’-T) ()

A =4 thige oz

where pis the nmaterial density in kg/n?, cis the material specific heat in J kg, °C, ¢
1sthevolmr:tncthenmlsowce1nthep1atem\7\7/m3 is the material thernal
conductivity in Wm °Cand T'is the

'The spatial dommain discretization is shown in Fg, 17 w1ththe plate width divided
nto 11 =30 nodes and the thickness mto Jj —5n0des The heat transfer coeffioient for
the water “fillets” was calculated using Thoms correlation (Thom et al. (1969)),
%\/ b}éEq 2, amlformtwalomvecﬂmooolmgbyalr a constant value of 7.5

°Cwas used.

T\;V — Tsal :22.6%)5 e—P/8/7’ (2)

where Ty, and Ty are the plate surface and saturation temperatures in °C, ¢ is the
}EatﬂlmmMVs/arIrPamlPrlistIEabsolmepresswemBar

Water Flow
Filleis

Hg 16. Pictorial side view of a plate showing “fillets” flow pattern.
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The measured experi volunretric flow rate for each individual channel was
always larger than 45 cn/min/channel, which is sufftient to cool the entire channel
even for the nost critical condition when the core maximumheat flux value of 1.133
Wan? is used. Under this condition, an overall energy balance showed that the
fraction of water evafpomledis around 30% from the entrance of the channel down
to the bottom This fact indicates that a constant “fillet” width and thickness model
will not introduce significant errors in the solution.

Hg, 18 shows the ~state surface temperature results fromthe numeric model
where only one 4 mmwidth water “fillet” was considered at 22 mm from the heated
plate border and 600 Wpower which is equivalent to a heat flux of 0.8 Wen?. Two
solutions are shown: one using the conductibility of the experinental heated
plate material (N-CGr) which 1s 12 WinrC and another the thermmal conduct-
1hility of the fuel el%AL{Q) whichis 144 WinrC The smaller value of the
thermal conductibility in the experiments causes a correspondent difference in
temperature gradients between the expennental heated plates and the actual fuel
element. When 1n the experinents the maximum temperatures were above 250°C,
under identical conditions, the actual fuel elements maximum temperatures should
bearound 150°C. ‘

Ore can also notice that when in the N-Gr plate thermocouple T7 neasures
ol elbaem et A IS ity
peratures m element respectively.
simlar behavior is observed at the T6 and T6A thermocouples positions. "ﬁllese
nunerical results explain the data obtained during the and STARSS

=

ii=30 |

Isolated Part
qn =0
h (air) =7.5 W/m2.C

Water Film ( h : Thom)
Fig 17. Heated plate cross section— 2D discretization.
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300 ! | ! I 1

Heat Flux = 0.8 W/em2 T2 - T5
-4 Water Film =4 mm =
Position = 22 mm T6A

250 |

Surface Temperature / (Celsius)

0 20 40 60
Position / (mm)

Hg. 18. Tenperature distribution — ¢’ =0.8 Wjen?.

emnﬁntsmﬂoﬂérapimlormnlogcalmgmforﬂntenpemtwechﬂém
neasured at two adjacent

Hg 19 analyses the ofnnrethancm\xa]:er“ﬁllets”andoft}ﬂrwdths
TWO ets”w1th2m11w1dtheach positioned at 27 and 51 nmm from the border
wenf:mnulaled,l;gmgtheh@alﬂuxat1103\7\7/(:m2 Under these conditions the
maximum calculated temperatures for the N-Gr heated plates were around S00°C
and the correspondent maxinum tenperature in the fuel is 150°C Hgs. 18 and 19
Hxhcatetlepommnofﬂtmtaﬂedﬂlemncoqiessoﬂm&nymnbewedto
interpret the experinmental data and to extrapolate for the actual core condition.

6. Condisions

The design of the emergency core cooling system of the IFA-RIm research reac-
tor, to operate at 5 MW, used conservative ters and redundancy
cntenatoassweﬂ]al,mﬂqeoamermofﬂnpcsnﬂ total loss of pool water, the
meximum fuel temperatures will be kept at safe levels. The spray flow distnbution
experinents defined the spray header speaifications and demonstrated that

every
coreomporﬂltlrx:hdngtheoomrol elements are adequately irrigated by the spray
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500 L | | 4| |
T4 -T7 Heat Flux = 1.103 W/cm2
i Two Water Films =2 mm |

Ni-Cr Positions =27 and 51 mm

200 - feeee e

Surface Temperature / (Celsius)
(8]
o
S
\

100 [ f ; f
0 20 40 60
Position / (mm)

Fg 19. Tenperature distribution— ¢ =1.103 Wen?.

critical period, even under very conservative conditions, the maxinum temperatures

&fe \Aeegﬂbelowﬂfthe S00°C limit. The nwﬂrgwﬁcal modelling is able to %ﬁ
to explain the peculiar water “fillets” pattern and cooling regime

to calculate the actual fuel elenents temperatures Mﬂcl&gﬂmﬁlﬂte saller than the

temperatures measured experinmentally due to different conductibility.
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