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Abstract

An indegral respanse scoling meathod for o reduced-height test foclity 15 suggested and the sealing
lowee derived from i are compored with Ishil's sealing. In the presemd scaling method it furne out that
fow velocifies tr the verficol channel and through the break aren ar injecion area shawld be preserved.

RELAFPSMODSE cade coladotions af poi-hoiling, blowdawm, fest dronsfer in Steom Generador{SG
ard off-taks ore conductd for the validofion of the prezend scoling meathad, Four sealed-dowm maodels
are designed based on the presemt meathod and A scoling meathod given length ond area scodes of
15 and 11N, respectively, RELAPSMODS.E colerdadions show that the soded-dawn model dased on the
preserd soaling mathod well motrdatrns the stmilortty of the nondimensionad muxiure lavel tn pot-boiling,
the nondimensianal pressure i Maowedaer and the haot dransfer cogficient in SOGL

1. Introducition

In order to understend thermal-hydraulic phencmens in nucdesr power plante, meny mfegral and
peparate-effect. teet farilifies have been conetructed. In wew of the inherent difficulties aeecciated with
a full-ecale test fadlity, many scaling laws for intepral test fadlities are supgested by Larson’, Ishii
and Kocamustafaopullari®, Iehii and Katacka®, Reves', and N¥ The graling lawe rmoet commonly used
for moedeling maclear reactor eveELemE are hnear Bca]ing,ﬁ, wolime Bcslingf', and several sete of mngle-
and two-phase scaling criteria derived by Iehi™',

TTang three-ditmensional coneervation equatione along with the emuatione of etate, Mahavand af al®
denved two sete of scaling lawe lmesr ecabing for tmereduction ecaling law and volurne ecaling for
fitne-preserving ecaling law, In the linear scaling np and g, sre preset fo be ecaled as Jpfrg and

in/fh according to their dirnensions, respectively, The final scaling requirerments are rp=/p and
Qgrp= 1. Then, the wvdocity and pravity ecaling requirements becorme 1 and 1Y, respectively, Mote
that gravity ecalng con be lughly dietorted when J; 18 much emaller then 1. This distorfion ocommes
frerm the preeetting of the pravity scaling requirernent according o ite dimeneson. The linear ecaling

methed 1 walid for the ecaling of & eealed-dewm facilify with nepipible pravity confribution such ae
forced convection and blewdowm, In the wohooe ecaling e and gp 8re preset in the esrme way 88 n



the linear ecaling but with the time-preserving ecoling requirement, rp=1. The final ecaling
requiremente are derived ag f,=1 and 4, =1, reepectively. Then, both of the welodty snd gravity in
the pcaled-doem model are preserved Therefore, pravity ecaling 18 preserved, Hewever, the wohuome
praling 1 walid for the full-haipht and full-preemre experiment only,

Iehii presente a eet of ecoling requirenente which csn be sppled 0 & reducedhaght and
rediiced-pregeure experimmental faclity, Ishii'e ecaling lawe highly depend o the following relationship
corning fromn the ecaling law of the Froude murnber:

ur=V1p. (1]

With the sbowve relationehip, tine snd the wolwneic heat generafion rafte sre scoled as followe

re=1ipfun=\iz for time,
ar=Lre=1k for welwmetric heat generation. (2]

If a Dull-hapht model 15 used, Iehil's ecaling becornes wlenticsl with the wolume sceling. The above
three ecaling lawe are pumonarized and examined by Kiang® In order to mainfain ermilarite, Iehiie
welocity ecaling law, Eq. (1] requres the reduced weloaty for a model with reduced hapght. The reduced
velocity sealing cauees ecaling probleme for franeiente sach 8 pet-boiling and blewdewn which requires
maintainng the cometant weocities for beth of the protofype and the model Here, the mteprsal
responee eeoling method for a reduced-height test facility 6 suppesfed and the ecaling lawe derived
from it are compared with theee from Iehil's onee for pef-boiling, blewdewm and heat transfer in BG
using RELAPEMOTZ. 2%

2, Integral Response Secaling Methaod
for Full-pressure Reduced-height Test Facility

The following integral responee function® is expreseed i terme of the nendirmeneienal wariablee and
nendimeneional  ecaling  pararneters’, which represenfe the nendimensional seolutione of the
nonditneneiconal integral poverning equaficne with boundary and initial condifiene nfegrated over the
firme period frorm the nifial fime o 3 epecfied fime:

-
= [ Mo Moo, Mg, M, N, Wi Mot Moo, Moty e, Mpams, M,

. ) . 1]
Mg Mo, My B0 Mo, N W, T, G, B AFL AR g, G0
where ¥ vepreeente M M M AW, Vo 2L, o TT .
To eatiefy the mmilarity between the rmodel and prototype evetern, that is,
[@J].Q:wmdal.lr@}mw:l- 4]

The eimilarity citeria for different fluide af different preseuree sre exframely commplicated®. In thie
paper 4 ecoled-deem mmodel with the esmme solld materisl and the smme flud 15 conedered for a
penificant armount of ermplificatione,



Laf ue pef up the barc ecoling relationehipe among welocty, leipth, area, power, and fime given the
length and sres scaling ratios, /o and op We have the following scaling relafienelupe:

Mixture lewel:  [mpfugle=1 — [ale=1

Mornenfirn: [ & infle=[ £ &/D+ Epl e
Maze: [ 5le=[ wpAs] o= [20M =1 Gl — L] z=[ o/ Aol o= G/ M
— [Ghle=[Mx if [ale=L
Energy:
in the heated fuele  [MoDg'le=[ @ple — [Mig'le=[ @l if [Dle=1 — [hg'le=L.
in the B3 fubee [Nhaple=[ ke — [Me=[ ] &[] if [aple=1—[4]le=1.

Counter-current, flow lomitation and honzontal etratification requirernents i homzemtal pipes:

[uf/Dle=L1. (5]

For the reduced-tine ecaling in the horizonfal pipe the diarneter of the honzontal pipe 1 ecaled ae
followre:

[ We=[p2I% e=[ Qe — [Dle=] "1 (6]
Bubbly-elug franefion and counter-current flowr lnmitation in verfical chammde:
[Dle=1, [ale=L. (7
Time sealing
[fole=[ 4 2l (8

The srople way to mrmultanecudy eatiefy the sbove equatione 16 to buldd the full height full-preseure
faclity, If reduced heipht ie inevitable, the scaling lawe fromm mixture level, maes, and ensrpy are
patiefied threough [aple=1 In the werfical channele and [:,ug,."_D]R=l m the horizental pipes, snd the
follewing ecaling law fromm mommenfirn ghould be eafiefied:

[hle=[#4/D+ Epln 3]
Then, the tirne ecaling law becomees the following time-reduced one:
[e] = 4] = (10

Nete that [a]e=1 i required for the bresk sres snd injecticn ares in the blewdewn franeient and

for the werfical fuel channele in the pot-boiling franment except for the honzomtal pipee. The abowve
haegic ecaling relationehipe are described with theoee from other ecaling mmethode for compariect in Table
1, In Table 1 length and wvelocity eceling persmmetere are divided inte two, horizontal pipes and vertical
channele, The preseit method ueee different ecaling ratioe for the fwro caees while Ighil'® scaling does

the earmme omnee Thie difference leade to differenf tirne, flow rate, and power ecaling ratioes for the two



praling  rmethode. Left us ommpare the fwe gcaling mmethode ueing the beet estimation oode,
RELAPSModed 2, in order to pee which methode better describe the mmilarifty between the prototypic
gvetern and the ecaled-dowm modele.

8. Validation Using RELAPSMODS.2
3.1 Scaling for pot-boiling

If the water invenfory is reduced o that the fwo-phase mxtuwre level drope beow the top of the
active cove, it may underpgo the core uncovery and heatup procese™. Thie proceee ie called pot-beiling,
The ftwo-phape mixture level 15 penerslly marked ss a discontinuity in the axial weid distwibution'®. For
the view of eafety we need fo know the fwro-phase mixfure level during the pot-beiling phaee

The core boil-off with dowmcommer feed ie echamatically shewm in Fip 1.0 NO and Iehii™ penerated
the following nondinencsionsl parsmmetere o describe the nondinensonal two-phase mixture level;

M= ripy, Mo=pelpn Now=dbowlbin, No=unliw (11)

For the saroe presswure conditione Ishil's sceling method generates the eamme ecoling lawe for the firet
three parsmetere in Eq. (11) 3e the present method except that the drift flux parameter, [Male ie Vi

and 1 for Iehii's rmethod and the preeent method, respectively,

The recently relesped code wermon (RELAPSMODI wersonn 2.1.2) 15 used for the inwesfipation of
praling effects™” related to pot-beling Let ue construct RELAPSMODE.2 nodal medels on the base of
the preeent model and Iehil'e ecaling A reference model repreeenfing a8 reactor vweesel of Horea Mext
(leneration Reactor(ENGRI™ i nedalized in Fig 2. The scaled-dowm rmodels are initisted af the sarme
pregeare butf with the ecaled-down power and mlet flow, The firne wvariatione of the nondirmenesicnal
mxture level calculated froom RELAPSMOTR.2 are shown m Fig 3. An imitial incresee in the mixture
level represente lewel ewell due fo the rampd power increaee, The mmulatione end when the mixture
lewel reaches the fop of the active core,

The waration of the nondineneonal rmixture lewel in the ecaled-deem model generated by the
pregent. pealing maodel well aprese with that in the prototype. Heowever, the mixture level in the model
generated by Iehn's ecaling roethod i lower than thaf in the prototype. The falure of Iehi's ecaling 16
due fo the digtorfion of the welecifty ecaling The firmme wariafiene of the drift-flux pararmeter by the
praled-dowm modde are showm in Fig 4, The frend of the moda produced by the preeent method i in
good agreernent with that of the prototype. Thie preservation of the driff-flux parameter produces the
garne woid fraction ae that of the prototype ae ehewn i Fig 5 The woid fracfion in the model
produced by Iehil'e scaling methed 16 lower than that by the protetype untild the mixture lewel storte fo
form in the vwolume, The ecaled-up of the drift-flux parammeter resalte in the lowe woid fraction and
more rapid mixture drop in the moda penerafed by Ielii'e ecaling than thoee in the prototype It can
be concluded that power and mlet flow ehould be ecaled se the same a6 ores ecale fo preserve the
welocity in the ecaled-deoem model,



2.2 Bcoling jfor Blowdown

Coneider a eirnple eveterm in which puboooled water at hight preesure i digcharped from a reactor
weepel through s bresk of the Threct Veesel Injection(DdVI] line as shown in Fig 6.

The nendirneneional form of peverning equatione for the process are ae followe

Mixture maee balance:

My
= 12
(mﬂ]m' W;, (12)
where pibecript O denofee the inifial condifion, A ie the fotal evetemn maes, and W 1e the diecharge

flow rate through a break, Les and N1592)% showed that the nondirmensional parametere in Eg, (1Z]
gre fhe main ecaling parametere for the einulation of the nondimensonal preepure reEponEe I 4

blowrdowm traneent. These nondirnensonal wariablee are:

3 Wi

== WE:W' F= (13

£
5

Te obtain the nendimensienal fime and bresk flew in Eqo (13] the imfial bresk flew, Wy 1
caloalated ae

Wy =AJZrV 4By, (14]

Then ¢ and W are corvelated with the following relations:

:.=[A.sC chDp[:.] ; _ Wi s
My ' AL dFen

The pcaling parametere of depressurization are related fo the global pemoefry seuch ag ftoftal Evefem
wolime and break mze. From FEq, (15] the firne conetant rafio of the ecaled-doem model 18

[ry] o=

M) _
A| = (18)

Mowr, we can ees thaf the time conetant ratie of the present rmode aprees with that of Eq. (18],

The trende of the noendimeneional pressure and bresk flow from RELAPS caloulatione sre shown
Fipg. 7 and & The rapid decresee of preesure i initially cheerved following the sudden dmpl's of the
pregeure up fo ahout half of the mitial walue ae expected. The pressure behavior of the presenf rmodel
wall sprees with that of the protoftype. An earlier decresse in pressure in Iehil's ecaling model 1e due
to welocity ecaling dietorfion, According to Iehile ecaling method a bresk area should be ecaled ae
ap/ e G0 maintain the velocity scale at the break, However, if the tofal bresk of the pipe such ze the
cold leg break or the hot leg bresk tskee place, the bresk area i the esrne se the flow area. That 16
why the prespure more rapidly reduces in the rmedel despned by Ishii'es ecaling methed than that in
the prototype. The only way in which bresk ecaling ie eef to be the sarne ae flow ares ecaling i to eef
up tirne ecaling 86 rp=/p in the ssrone way i the presenft scaling method, preserving the welodty at the
break area in the ecalad-deoem model,



3.8 Scoling for keot tronsfer @ SG

RELAPSMODS 2 code celeulatione of two heat trenefer mechonieme for sngle-phase convection and
reflux condeneation in B3 are conducted for the walidafion of the presenf scaling method,

Fipure 5 shows the nodalization of the primary and secondary sides of B3,

Firet, eingle-phape convection in the B3 modd is caloulated by BELAPSMODE.Z2 fo validate the
pregent. eealing rmethod, Fipare 10 showe the eteady-sfate femperatures both in the primary and
pecondary eide of the B3, The fube mumbers, 1, 2, and 14 mmdicate the inlet plemum, firet cell of the
Tltube, and the cutlet plemun of 53, respectively, Since the flow welenty in the 530G TT-fube and its
diameter are preeerved in the present modd, both Heat Tranefar Coefficient(HTC) and fermperature
difference befwea B primary snd eecondsry eides are preserved. Therefere, with given secondary
termperature the dietnibutien of the primmary temperature by the present mode well apreee with that by
the protoftype 8 ehown in Fip, 10, Fipure 11 alep showe that HTC by the present model ie nesrly the
garne 8 that by the protetype. The convective HTC by Iehi's medel 18 lower than that by the
prototype becouee the flow welocty ie ecaled-dowm in thie model

Next, reflux condensation in the 50 medel i caloulated by RELAPSMOINE 2,

The condeneation HTC of Iehii's model 18 higher than thaf of the prototype while the HTC of the
pregent. medel well apreee with that of the prototype The distortion of the HTC of Ishii's meda cotnes
fromm the lower filmm Eeynolde mumber than that of the prototype. The film Reyneldse muonbar ie not
preserved due fo the reduced etesm welocty m Iehite moedel. Ae the condeneate filim prowe toward both
the B3 inlef and ouflef plenwmes, the condeneation HTCe in Fig 12 show a peak on the top of the 506G
T-tubee.

Condeneation of eteam and nen-condeneable misfure 18 alee caloulated by BELAFPSMODZ.Z. For thie
mrmulation stearn with the air maes fraction of 0.03 16 irgected for 600 sec 1n the reference model. The
mitial pressure is 1.0 MPa but continuously increaped e the alr ip acoumulated in the 506G TT-tubes
Frorm Fip, 13 we can eee that the frend of the degradafion of condeneation HTC by the presenf model
ie the parne ae that by the proteftype.

We can conclude frotm these sirmulafione thaf the preservation of the flow welocity in THfubee 16
espenfial to preserve the heat franefer rate in the prototype.

4, Conclusions

In the presmt ecaling methed it farne out that flow velecities m the wertical channel, and threugh
the break area or injection area should be preserved,

RELAPHMODS .2 caloulatione ehew that the scaled-down model based on the present sceling rmethod
wdl rmaintaine the Amiarity of the nondimeneional mixture level in pot-beoiling, the nendirmenesional
prespure in blewdewm, the HTC in 8G and the dischorge muality in off-take.

We can conclude that it e eseenfial fo set up firme ecaling ag r,={p and the eame break ares
ecaling 8 flow area scaling in the eame way 1 the present ecaling method, preserving the welooty at
the break ares in the scaled-dewn rmedel
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Tahble 1. Comparison of Scaling Parameters of Several Scaling Methods

Parameter Lingsr Wolu 1me Ishi_i's Preeent
Brealing Bealing Braling Method
Axizl length in 1 g i
Flor ares f‘g 233 g ap
Pipe diameter(H) I afF ap® ag®
Channel dismeter]V] 1 1 1 1
Heated fuel length ir 1 ir i
B3 tube length in 1 ig 1
Bresk area iE ae ap 137 &R
Injection area iF ar agp 137 e
Velodity (V] 1 1 137 1
Velocity (H] 1 1 a} ad®
Flow rate i axp i 13 an
Core power iF o ap {7 Zg
PowerVelume i 1 e !
# of heated tubes ap ag lg Iy
Time ip 1 13 e

* H : Horizontal pipe
V : Vertical channel
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Fig. 1. SBchematic of a3 reactor weesel during
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Fig. 5. RELAPS nodalization of B(3,
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